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Lung-Hsiang WONG 
Conference Chair 
National Institute of Education 
Nanyang Technological University 
Singapore 

On behalf of the organizing committee, I would like to extend my 
warm welcome to all delegates of the 26th International 
Conference on Computers in Education (ICCE) 2018, the flagship 
conference series of the Asia-Pacific Society for Computers in 
Education (APSCE). This is the first time the ICCE is held in the 
Philippines. The Philippines – an archipelago of 7,107 islands 
which is no doubt the pearl of Orient Seas, with astonishing 
sceneries and vibrant cultures; a country that is full of challenges 
and opportunities. The conference theme this year, “Towards a 
Technology-Enhanced Education Ecology for Inclusive Learning”, 
is highly relevant to the Philippines as well as the rest of the 
world with increasing disparities. Thus, the conference theme fits 
well with the aspiration of the ICCEs in promoting and 
celebrating both the academic excellence and the real-world 
impacts to make the world a better place with no one left behind, 
through transforming the education landscape with state-of-the-
arts and well-rooted techno-pedagogical models. 

 
Four outstanding keynote speakers will share their insights across varying areas in the field of 
computers in education. They are (1) Benedict DU BOULAY from University of Sussex, UK, who 
will offer us alternative views on the roles the Artificial Intelligence will play in the 1st century 
education; (2) Shuchi GROVER from Edfinity, USA, who will address how Computational Thinking 
and Computer Science curricula can leverage pedagogical ideas from the learning sciences as 
well as computing education research to design for deeper learning; (3) Cher Ping LIM from The 
Education University of Hong Kong, who will explicate the different models of ICT-enabled 
teacher professional development at scale that have been developed and implemented in China, 
Cambodia, India and the Philippines; and (4) Tanja MITROVIC from University of Canterbury, New 
Zealand, will share with us her research on providing personalized support for learning 
transferrable skills via active video watching. 
 
Furthermore, there are three equally inspiring theme-based invited speeches – (1) “Design, 
implement and orchestrate mobile and seamless learning in school education: A pedagogical 
perspective” by Yanjie SONG from The Education University of Hong Kong; (2) “STEAMing the 
ships for the Great Voyage—The innovative design and practice of an interdisciplinary education” 
by Ju-Ling SHIH from National University of Tainan, Taiwan; and (3) “Creating a Technology-Rich 
English Language Learning Environment to Enhance Language Learning and Teaching” by Vivian 
Wen-Chi WU from Asia University, Taiwan. 
 
In one way or another, these presentations connect with the essence of the aforesaid conference 
theme and will stimulate us to reflect upon the roles of learning theories, pedagogical strategies, 
and technological and non-technological tools in reshaping the new millennium. 
Indeed, organizing such a large-scale conference requires the orchestrated efforts and 
unwavering support from the conference organizing committee members and conference paper 
reviewers. To recognize these remarkable individuals, their names are listed in the proceedings. I 
would also like to record my sincerest appreciation to all the kind individuals who have rendered 
their help in every possible way to make this conference a reality. I am also grateful to all the 
paper authors and registered participants for their exciting academic contributions to the fruitful 
intellectual exchange in this conference. I hope all delegates will have opportunities to renew 
friendships, forge new friendships and professional collaborations. I hope that you will have a 
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productive and fun-filled time at this very special conference and leave Manila—a city with rich 
and amazing heritage—with beautiful, affectionate memories. 
 
Thank you! 
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Welcome to Manila! The Ateneo de Manila University is pleased 
to host ICCE 2018!  
 
The theme of this year’s conference is Towards a Technology-
Enhanced Education Ecology for Inclusive Learning. We chose 
this theme for two reasons. First: To recognize the educational 
disparities that exist between countries and among sectors within 
countries. The Philippines is one country that knows these 
disparities well. Since the 1990s, the Philippine government has 
invested literally billions of pesos in providing public schools with 
computers and connectivity. In 2018 alone, it is spending PHP 8 
billion to distribute computers to 11,000 schools nationwide. As 
the ICCE community knows, however, computer hardware is only 
a first step. For students to maximize learning with technology, 
schools need curriculum, pedagogy, software, connectivity, 
analytics, and many others. This brings us to the second reason 
we chose this theme: To recognize technology’s potential to 
bridge some of these divides, to make quality education 
accessible to more people. We hope that the knowledge and 
experiences shared by the ICCE community will find their way to 
the minds and hearts of educators and policy makers, to raise 
awareness of approaches and options and to inform choices 
regarding the allocation of resources and efforts. 
 
We thank the Asia Pacific Society for Computers in Education for 
entrusting us with this event. We thank the more than 250 
conference participants for their contributions to the conference 
and for their presence. In addition to attending the conference, 
we hope you find some time to enjoy Manila’s historical sites, 
food, and shopping! We thank the many sponsors who 
supported this event. Finally, we would like to thank our 
organizing team, the people whose energy and enthusiasm made 
this event possible. 
 
Mabuhay! 

Ma. Mercedes T. Rodrigo 
Local Organizing Chair 
 

Jessica O. Sugay 
Local Organizing Co-Chair 
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The International Conference on Computers in Education (ICCE) 
is an annual conference series encompassing a broad range of 
issues related to using Information and Communication 
Technology (ICT) for education, organized by the Asia-Pacific 
Society for Computers in Education (APSCE). ICCE 2018 takes 
place in Manila, the Philippines, from November 26th to 30th, 
2018. It aims to bring together researchers from all over the 
world to share and exchange research and to develop and 
deploy new ideas that span the field of Computers in Education. 
Following the tradition of previous conferences in this series, 
ICCE 2018 is organized as a meta-conference, where there are 
seven Sub-Conferences, each of which focuses on specialized 
themes. Each Sub-Conference is organized by a program 
committee appointed by the respective Special Interest Group 
(SIG– see http://www.apsce.net/sigs_list.php?id=1026).  

 
These Sub-Conferences are:  
C1: ICCE Sub-Conference on Artificial Intelligence in 
Education/Intelligent Tutoring System (AIED/ITS) and Adaptive 
Learning (AL)  
C2: ICCE Sub-Conference on Computer-supported Collaborative 
Learning (CSCL) and Learning Sciences (LS)  
C3: ICCE Sub-Conference on Advanced Learning Technologies 
(ALT), Learning Analytics and Digital Infrastructure 
C4: ICCE Sub-Conference on Classroom, Ubiquitous, and Mobile 
Technologies Enhanced Learning (CUMTEL)  
C5: ICCE Sub-Conference on Educational Gamification and 
Game-based Learning (EGG)  
C6: ICCE Sub-Conference on Technology Enhanced Language 
Learning (TELL)  
C7: ICCE Sub-Conference on Practice-driven Research, Teacher 
Professional Development and Policy of ICT in Education (PTP)  

 
The International Program Committee is led by a strong and dedicated team, which includes the 
Conference Chair, the Program Coordination Chair and Co-Chair, seven executive Sub-
Conference Chairs and 365 experts in the field of Computers in Education from 42 different 
countries or economies. Former ICCE local organizing and program coordination chairs have 
played as consultants in overseeing the organization process of this conference. 
The conference received a total of 202 papers (147 full, 39 short, and 16 posters) from 27 
different countries or economies. Table 1 provides the submissions by the country of the first 
author in each paper.  
  

Jie Chi YANG 
Chair 
National Central University 
Taiwan 
 

Maiga CHANG 
Co-Chair 
Athabasca University 
Canada 
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Table 1: Distribution of Paper Submissions for ICCE 2018 
Country of authors Number of 

submissions 
Country of authors Number of 

submissions 
Philippines 45 Australia 2 
Japan 40 Sweden 2 
China 25 Thailand 2 
Taiwan 14 Turkey 2 
Singapore 12 Bulgaria 1 
United States 11 Canada 1 
Malaysia 8 Croatia 1 
India 7 Ecuador 1 
Germany 6 Estonia 1 
New Zealand 5 Jordan 1 
Hong Kong 3 South Africa 1 
Indonesia 3 Spain 1 
South Korea 3 Vietnam 1 
Tunisia 3   

 
All papers were subjected to a rigorous review process by 3 to 5 reviewers from the respective 
Sub-Conference program committees. After the reviews were completed, a meta-review was 
provided for each paper. In total, 820 reviews and meta-reviews were received. After a discussion 
period within the individual program committees led by the Sub-Conference Executive Chairs 
and Co-Chairs, recommendations were made to the Program Coordination Committee Chair and 
Co-Chair, who oversaw the review process and quality for all Sub-Conferences. This resulted in 37 
full, 64 short, and 54 poster acceptances across all of the seven Sub-Conferences. The overall 
acceptance rate for full papers is 25%. The acceptance rate for the full papers in the individual 
Sub-Conference closely mirrored the overall acceptance rate. This is a testimony to the continued 
maintenance of the quality of presentations in our conference. The complete statistics of paper 
acceptance is shown in Table 2.  
 

Table 2: Breakdown of submission and acceptance by Sub-Conference for ICCE 2018 
 Submitted(Accepted) 
Sub-
Conference 

C1 C2 C3 C4 C5 C6 C7 Total 

Full 24 (6) 18 (5) 37 (8) 22 (6) 20 (5) 6 (2) 20 (5) 147 (37) 
Short 3 (6) 5 (8) 9 (9) 9 (19) 3 (9) 4 (5) 6 (8) 39 (64) 
Poster 1 (7) 1 (3) 5 (14) 2 (7) 1 (9) 3 (3) 3 (11) 16 (54) 
Total 28 (19) 24 (16) 51 (31) 33 (32) 24 (23) 13 (10) 29 (24) 202 (155) 

 
In addition to full papers, short papers and posters, ICCE 2018 includes various program 
components, such as Keynote Speeches, Theme-based Invited Speeches, Workshops, Tutorials, 
Panels, Work-in-Progress Posters (WIPP), Extended Summary (ES), Doctoral Student Consortia 
(DSC), and Early Career Workshop (ECW). All the papers in these program components are 
published in separate proceedings with their own ISBN numbers. Pre-conference events are held 
on the first two days of the conference, including 14 workshops, 3 tutorials, DSC, ECW, and 
APSCE Student Wing Workshop. 
 
We would like to thank all who have contributed to making ICCE 2018 a successful conference. 
First of all, we would like to thank all paper authors for your contributions and for choosing ICCE 
2018 as an outlet to present your research. We would also like to thank the IPC Executive 
Chairs/Co-Chairs and members, who undertook the responsibility of reviewing and selecting 

i-8



 

papers representing research of high quality. Specially thanks to our Keynote and Invited 
Speakers for accepting our invitations and bring inspiring research to ICCE 2018 participants. The 
Local Organizing Committee deserves a big thank you for their hard work under the tremendous 
time pressure.   
 
We hope that all participants will find the activities in ICCE 2018 interesting and inspiring, and 
have opportunities to meet old friends and establish new professional collaborations. 
Furthermore, we hope that participants will enjoy not only the academic activities, but also the 
vibrant and exciting culture experience in Manila. 

i-9



 

Organized by: Asia Pacific Society for Computers in Education 
Hosted by: Ateneo Laboratory for the Learning Sciences 

Ateneo de Manila University, Quezon City, Philippines 
 

 Conference Chair 
Lung-Hsiang WONG, Nanyang Technological University, Singapore 

 IPC Coordination Chair 
Jie-Chi YANG, National Central University, Taiwan 

 IPC Coordination Co-Chair 
Maiga CHANG, Athabasca University, Canada 

 Local Organizing Chair 
Ma. Mercedes T. RODRIGO, Ateneo de Manila University, Philippines 

 Consultants 
Wenli CHEN, Nanyang Technological University, Singapore 
Tanja MITROVIC, University of Canterbury, New Zealand 
Sahana MURTHY, Indian Institute of Technology Bombay, India 
Sridhar IYER, Indian Institute of Technology Bombay, India 

 

C1: ICCE SUB-CONFERENCE ON ARTIFICIAL INTELLIGENCE IN EDUCATION/INTELLIGENT 
TUTORING SYSTEM (AIED/ITS) AND ADAPTIVE LEARNING 

 PC Executive Chair 
Amali WEERASINGHE, The University of Adelaide, Australia 

 PC Executive Co-Chairs 
Sergey SOSNOVSKY, Utrecht University, The Netherlands 
Tomoko KOJIRI, Kansai University, Japan 
Chad LANE, University of Illinois, USA 

 
C2: ICCE SUB-CONFERENCE ON COMPUTER-SUPPORTED COLLABORATIVE LEARNING 
(CSCL) AND LEARNING SCIENCES 

 PC Executive Chair  
Kate THOMPSON, Griffith University, Australia 

 PC Executive Co-Chairs 
Elizabeth KOH, National Institute of Education, Singapore 
Daniel BODEMER, University of Duisburg-Essen, Germany 
Camillia MATUK, New York University, USA 

 
C3: ICCE SUB-CONFERENCE ON ADVANCED LEARNING TECHNOLOGIES (ALT), LEARNING 
ANALYTICS AND DIGITAL INFRASTRUCTURE 

 PC Executive Chair 
Judith AZCARRAGA, De La Salle University, Philippines 

 PC Executive Co-Chairs 
Tsuneo YAMADA, The Open University of Japan, Japan 
Khalid KHAN, Charles Darwin University, Australia 
Manuel Caeiro RODRIGUEZ, University of Vigo, Spain 
Lam-for KWOK, City University of Hong Kong, Hong Kong 
Stian HAKLEV, École Polytechnique Fédérale de Lausanne, Switzerland 

 

i-10



 

C4: ICCE SUB-CONFERENCE ON CLASSROOM, UBIQUITOUS, AND MOBILE TECHNOLOGIES 
ENHANCED LEARNING (CUMTEL) 

 PC Executive Chair 
Chengjiu YIN, Kobe University, Japan 

 PC Executive Co-Chairs 
Fuhua (Oscar) LIN, Athabasca Unviersity, Canada 
Ivica BOTICKI, University of Zagreb, Croatia 
Ting-Chia HSU, National Taiwan Normal University, Taiwan 
Su CAI, Beijing Normal University, China 
Daner SUN, The Education University of Hong Kong, Hong Kong 

 
C5: ICCE SUB-CONFERENCE ON EDUCATIONAL GAMIFICATION AND GAME-BASED 
LEARNING (EGG) 

 PC Executive Chair 
Gwo-Jen HWANG, National Taiwan University of Science and Technology, Taiwan 

 PC Executive Co-Chairs 
Morris S.Y. JONG, The Chinese University of Hong Kong, Hong Kong 
Tassos Anastasios MIKROPOULOS, The University of Ioannina, Greece 
Steven ZUIKER, Arizona State University, USA 
Ju-Ling SHIH, National University of Tainan, Taiwan 

 
C6: ICCE SUB-CONFERENCE ON TECHNOLOGY ENHANCED LANGUAGE LEARNING (TELL) 

 PC Executive Chair 
Jiyou JIA, Peking University, Hong Kong, China 

 PC Executive Co-Chairs 
Yun WEN, Nanyang Technological University, Singapore 
Agnes KUKULSKA-HULME, The Open University, UK 
Weichao CHEN, University of Virginia, USA 
Chih-Chen LIN, National Taiwan Normal University, Taiwan 
Masanori YAMADA, Kyushu University, Japan 
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 Riina VUORIKARI, Institute for Prospective Technological Studies, European Commission, 

Belgium 
 Maggie Minhong WANG, The University of Hong Kong, Hong Kong 
 Yoshitomo YAGINUMA, The Open University of Japan, Japan 

 

 Ivana BOSNIC, University of Zagreb, Croatia 
 Huiying CAI, Jiangnan University, China 
 Peijie CAO, National Institute of Education Sciences, China 
 To CHAN, The Chinese University of Hong Kong, Hong Kong 
 Ben CHANG, National Central University, Taiwan 
 Chi-Chen CHANG, National Taiwan Normal University, Taiwan 
 Chih-Hung CHEN, National Taiwan University of Science and Technology, Taiwan 
 Guang CHEN, Beijing Normal University, China 
 Jun-Ming CHEN, Soochow University, Taiwan 
 Sheng-Chih CHEN, National Cheng Chi University, Taiwan 
 Tzung-Shi CHEN, National University of Tainan, Taiwan 
 Kwok Shing CHENG, The Education University of Hong Kong, Hong Kong 
 Feng-Kuang CHIANG, Shanghai Normal University, China 
 Tosti Hsu-Cheng CHIANG, National Taiwan Normal University, Taiwan 
 Chih-Ming CHU, National ILan University, Taiwan 
 Hui Chun CHU, Soochow University, Taiwan 
 Daniel CHURCHILL, The University of Hong Kong, Hong Kong 
 Neven DRlJEVIC, European Parliament, Luxembourg 
 Haiguang FANG, Capital Normal University, China 
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 Ivona FRANKOVIĆ, University of Rijeka, Croatia 
 Chaohua GONG, Southwest University, China 
 Ping HE, Tianjin University, China 
 Nataša HOIC-BOZIC, University of Rijeka, Croatia 
 Martina HOLENKO, University of Rijeka, Croatia 
 Xiao HU, The University of Hong Kong, Hong Kong 
 Gwo-Hour HWANG, National Yulin Technology University, Taiwan 
 Gwo-Jen HWANG, National Taiwan University of Science and Technology, Taiwan 
 Jianli JIAO, South China Normal University, China 
 M. Carmen JUAN, Universitat Politècnica de València, Spain 
 Yih-Ruey JUANG, Jinwen University of Science and Technology, Taiwan 
 Tai-Chien KAO, National Dong Hwa University, Taiwan 
 Mi Song KIM, The University of Western Ontario, Canada 
 Ruilin Elizabeth KOH, Nanyang Technological University, Singapore 
 Chih-Hung LAI, National Dong Hwa University, Taiwan 
 Chiu-Lin LAI, National Taiwan University of Science and Technology, Taiwan 
 Yiu Chi  LAI, The Education University of Hong Kong, Hong Kong 
 Nguyen-Thinh LE, Humboldt-Universität zu Berlin, Germany 
 Chen-Yu LEE, Ling Tung University, Taiwan 
 Jing LENG, East China Normal University, China 
 Chih-Lung LIN, National Ping Tung University, Taiwan 
 Chiu-Pin LIN, National Tsing Hua University, Taiwan 
 Chen-Chung LIU, National Central University, Taiwan 
 Jun LIU, Capital Normal University, China 
 Pei-Lin LIU, National Chayi University, Taiwan 
 Yuan Chen LIU, National Taipei University of Education, Taiwan 
 Chee-Kit LOOI, National Institute of Education, Singapore 
 Luo MA, East China Normal University, China 
 Qing MA, The Education University of Hong Kong, Hong Kong 
 Igor MEKTEROVIC, University of Zagreb, Croatia 
 Pey-Tee OON, University of Macau, Macau 
 Lay Hoon SEAH, Nanyang Technological University, Singapore 
 Peter SEOW, Nanyang Technological University, Singapore 
 Junjie SHANG, Peking University, China 
 Yanjie SONG, The Education University of Hong Kong, Hong Kong 
 Jun-Ming SU, National University of Tainan, Taiwan 
 Guang-Tian SUN, National University of Tainan, Taiwan 
 Noriko UOSAKI, Osaka University, Japan 
 Sally WAN, The Chinese University of Hong Kong, Hong Kong 
 Zhihong WAN, The Education University of Hong Kong, Hong Kong 
 Jijun WANG, Tianjin Foreign Studies University, China 
 Xiao-Ming WANG, Zhejiang Normal University, China 
 Marcin WARDASZKO, Kozminski University, Poland 
 Silin WEI, Hangzhou Normal University, China 
 Xuefeng WEI, Ludong University, China 
 Yun WEN, Nanyang Technological University, Singapore 
 Bian WU, East China Normal University, China 
 Di WU, Central China Normal University, China 
 Fati WU, Beijing Normal University, China 
 Longkai WU, Nanyang Technological University, Singapore 
 Ting-Ting WU, National Yunlin University of Science and Technology, Taiwan 
 Haoran XIE, The Education University of Hong Kong, Hong Kong 
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 Yao XIONG, University of Pittsburgh, USA 
 Kai-Hsiang YANG, National Taipei University of Education, Taiwan 
 Tzu-Chi YANG, Academia Sinica, Taiwan 
 Xianmin YANG, Jiangsu Normal University, China 
 Yuqin YANG, Central China Normal University, China 
 Jane Yin-Kim YAU, German Institute for International Educational Research, Germany 
 Jong-Chun YEN, National Taipei University of Education, Taiwan 
 Shengquan YU, Beijing Normal University, China 
 Yin ZHAN, The Education University of Hong Kong, Hong Kong 
 Jingjing ZHANG, Beijing Normal University, China 
 Shaogang ZHANG, The Open University of China, Beijing, China 
 Xinglong ZHAO, National Center for Educational Technology, China 
 Gustavo ZURITA, Universidad de Chile, Chile 

 

 Liz Alison BACON, University of Greenwich Old Royal Naval College, UK 
 Tak-Wai CHAN, National Central University, Taiwan 
 Ben CHANG, National Central University, Taiwan 
 Chih-Kai CHANG, National University of Tainan, Taiwan 
 Chih-Tsan CHANG, Mingdao University, Taiwan 
 Chiung-Sui CHANG, Tamkang University, Taiwan 
 Maiga CHANG, Athabasca University, Canada 
 Ming-Puu CHEN, National Taiwan Normal University, Taiwan 
 Nian-Shing CHEN, National Sun Yat-Sen University, Taiwan 
 Zhi-Hong CHEN, National Taiwan Normal University, Taiwan 
 Hercy CHENG, Central China Normal University, China 
 Anurag DEEP, IIT Bombay, India 
 Muhammet DEMIRBILEK, Suleyman Demirel University, Turkey 
 Baltasar FERNÁNDEZ-MANJÓN, Universidad Complutense de Madrid, Spain 
 Susan GWEE, The English Language Institute of Singapore, Singapore 
 Toshihiro HAYASHI, Kagawa University, Japan 
 Christopher HOLDEN, University of New Mexico, USA 
 Chung-Yuan HSU, National Pingtung University, Taiwan 
 Mingfong JAN, National Central University, Taiwan 
 Jiyou JIA, Peking University, China 
 Venkatesh KAMAT, Goa University, India 
 Siu Cheung KONG, The Education University of Hong Kong, Hong Kong 
 Chen-Wo KUO, National Palace Museum, Taiwan 
 Rita KUO, New Mexico Institute of Mining and Technology, USA 
 Chang-Yen LIAO, Central China Normal University, China 
 Hao-Chiang Koong LIN, National University of Tainan, Taiwan 
 Saurabh MEHTA, VIT, Mumbai, India 
 Hiroyuki MITSUHARA, The University of Tokushima, Japan 
 Wolfgang MUELLER, University of Education Weingarten, Germany 
 Arindam NATH, Next Education, India 
 Kuo-Liang OU, National HsinChu University of Education, Taiwan 
 Michal PTASZYNSKI, Kitami Institute of Technology, Japan 
 Ma. Mercedes RODRIGO, Ateneo de Manila University, Philippines 
 Demetrios G. SAMPSON, Curtin University, Australia 
 Chun-Yi SHEN, Tamkang University, Taiwan 
 Ru-Chu SHIH, National Pingtung University of Science & Technology, Taiwan 
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 Masanori SUGIMOTO, Hokkaido University, Japan 
 Kaoru SUMI, Future University Hakodate, Japan 
 Chuen-Tsai SUN, National Chiao Tung University, Taiwan 
 Ashwin T S, NITK Surathkal, India 
 Shu-Yuan TAO, Takming University of Science and Technology, Taiwan 
 Hiroyuki TARUMI, Kagawa University, Japan 
 Ming Hsin TSAI, Asia University, Taiwan 
 Hongxue Harris WANG, Athabasca University, Canada 
 Wing-Kwong WONG, National Yunlin University of Science and Technology, Taiwan 
 Jianhua WU, Central China Normal University, China 
 Po-Han WU, National Taipei University of Education, Taiwan 
 Hsi-Hsun YANG, National Yunlin University of Science and Technology, Taiwan 
 Sheng-Kai YIN, Mingdao University, Taiwan 

 

 Emerita BAÑADOS-SANTANA, Universidad de Concepción, Chile 
 Alex BOULTON, Nancy University, France 
 Mei-Mei CHANG, National Pingtung University of Science and Technology, Taiwan 
 Zhenzhen CHEN, Beijing University of Posts and Telecommunications, China 
 Ying-Hsueh CHENG, National Chung Cheng University, Taiwan 
 Jozef COLPAERT, University of Antwerp, Belgium 
 Liliana CUESTA, Universidad de La Sabana, Colombia 
 Jun DA, Middle Tennessee State University, USA 
 Gülcan ERÇETIN, Boğaziçi University, Turkey 
 Yoshiko GODA, Kumamoto University, Japan 
 Robert GODWIN-JONES, Virginia Commonwealth University, USA 
 Yanhui HAN, Open University of China, China 
 Chia-Ling HSIEH, National Taiwan Normal University, Taiwan 
 Phil HUBBARD, Stanford University, USA 
 Hsiu-Ting HUNG, National Kaohsiung First University of Science and Technology, Taiwan 
 Yu-Min KU, National Central University, Taiwan 
 Ho Cheong LAM, The Education University of Hong Kong, Hong Kong China 
 Jeng-Yiiang LI, Minghsin University of Science and Technology, Taiwan 
 Jia (Joan) LI, University of Ontario Institute of Technology, Canada 
 Jiahang LI, Michigan State University, USA 
 Li LI, Singapore Centre for Chinese Language, Singapore 
 Jingjing LIAN, Beijing University of Posts and Telecommunications, China 
 Meei-Ling LIAW, National Taichung University of Education, Taiwan 
 Shijuan LIU, Indiana University of Pennsylvania, USA 
 Vera Lúcia MENEZES DE OLIVEIRA E PAIVA, Universidade Federal de Minas Gerais, 

Brazil 
 Carlos MONTORO, University of Guanajuato, Mexico 
 Misato OI, Kyushu University, Japan 
 Yuichi ONO, Tsukuba University, Japan 
 Teadira PÉREZ, University of Los Andes, Venezuela 
 Zahra SHAHSAVAR, Shiraz University of Medical Sciences, Iran 
 Chee Lay TAN, Singapore Centre for Chinese Language, Singapore 
 Siew Ming THANG, Universiti Kebangsaan, Malaysia 
 Meng-Ping TSUEI, National Taipei University of Education, Taiwan 
 Noriko UOSAKI, Osaka University, Japan 
 Takafumi UTASHIRO, Hokkai Gakuen University, Japan 
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 Jane VINTHER, University of Southern Denmark, Denmark
 Shuang WANG, Tianjin Coastal Polytechnic, China
 Junhong XIAO, Shantou Radio & Television University, China
 Shelley Shwu-Ching YOUNG, National Tsinghua University, Taiwan
 Shenglan ZHANG, Iowa State University, USA
 Di ZOU, The Education University of Hong Kong, Hong Kong China

 Chih-Kai CHANG, National University of Tainan, Taiwan
 Chih-Hung CHEN, NanGang Elementary School, Taiwan
 Hsiu-Ling CHEN, National Taiwan University of Science and Technology, Taiwan
 Jun-Ming CHEN, National Museum of Natural Science, Taiwan
 Tosti Hsu-Cheng CHIANG, National Taiwan Normal University, Taiwan
 Young Hoan CHO, Seoul National University, South Korea
 Chih-Ming CHU, National Ilan University, Taiwan
 Pedro GUERREIRO, University of Algarve, Portugal
 Gyeong-Mi HEO, McGill University, Canada
 Michael L. HOOVER, McGill University, Canada
 Olga IOANNOU, Technical University of Athens, Greece
 Azilawati Bte JAMALUDIN, National Institute of Education, Singapore
 Kosuke KANEKO, Kyushu University, Japan
 Ioanna KANZAVELOU, University of West Attika, Greece
 Gloria Yi-Ming KAO, National Taiwan University of Science and Technology, Taiwan
 Nikitas KARANIKOLAS, University of West Attika, Greece
 Derya KICI, University of Toronto, Canada
 Yusuke KOMETANI, Kagawa university, Japan
 Fan-Ray KUO, National Taiwan University, Taiwan
 Constantinos KYRIAZOPOULOS, University of West Attika, Greece
 Chiu-Lin LAI, National Taiwan University of Science and Technology, Taiwan
 Shu-Shing LEE, National Institute of Education, Singapore
 Gi-Zen LIU, National Cheng Kung University, Taiwan
 Emanuela MARCHETTI, University of Southern Denmark, Denmark
 Maria Lidia MASCIA, University of Cagliari, Italy
 Panikos MASOURAS, Technological University of Cyprus, Cyprus
 Ivan MILENTIJEVIĆ, University of Nis, Serbia
 Maria NIARI, Open University of Greece, Greece
 Yuichi ONO, Tsukuba Universtiy, Japan
 Johanna POYSA-TARHONEN, University of Jyvaskyla, Finland
 Maria SAMARAKOU, University of West Attika, Greece
 Guillaume SCHILTZ, ETH Zurich, Switzerland
 Jun-Ming SU, National University of Tainan, Taiwan
 Daner SUN, The Education University of Hong Kong, Hong Kong
 Han-Yu  SUNG, National Taipei University of Nursing and Health Sciences, Taiwan
 Jennifer Pei-Ling TAN, Nanyang Technological University, Singapore
 Lynde TAN, Western Sydney University, Australia
 Chew Lee TEO, Nanyang Technological University, Singapore
 Kate THOMPSON, Griffith University, Australia
 Hou-Yi TING, SooChow University, Taiwan
 Andrea VALENTE, University of Southern Denmark, Denmark
 Athanasios VOULODIMOS, University of West Attika, Greece
 Shu-Ling WANG, National Taiwan University of Science and Technology, Taiwan
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 Po-Han WU, National Taipei University of Education, Taiwan
 Kai-Hsiang YANG, National Taipei University of Education, Taiwan
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APSCE offers the Distinguished Researcher Award (DRA) and Early Career Research Award   
(ECRA) annually to honor outstanding individuals. DRA recognizes an active APSCE member   
who has shown distinguished academic accomplishments and contributions in the field of 
Computers in Education. The awardee of DRA must be under 50 at the time of nomination.   
ECRA recognizes an active APSCE member in the early stages of his/her career no later than 10 
years after receipt of the doctoral degree who has produced international quality research 
outputs and is able to demonstrate aspirations and potentials to achieve world-leading status. 
These awards also recognize contributions to APSCE.  Each awardee is required to contribute a 
paper to RPTEL, the official journal of APSCE, within two years of receiving his/her award. 
 
For 2018, APSCE received no nomination for DRA and three nominations for ECRA. After the 
qualification check by the Award Subcommittee, the three ECRA nominees were accepted as 
candidates for the award. The first voting phase for selecting the ECRA finalist was subsequently 
carried out. Given that one candidate received more than 2/3 votes of agreement from APSCE 
EC members, the candidate was declared as the winner without the need to proceed to the final 
selection phase. We are now pleased to announce the award winner of 2018 APSCE ECRA: 
Associate Professor Dr Ting-Chia Hsu, National Taiwan Normal University, Taiwan. 
 
In the following page, you will find a record of Dr. Hsu’s scholarship. The ECRA award winner will 
receive an APSCE ECRA Certificate, a monetary reward, and will have her name publicized on the 
APSCE web site as well as in the ICCE proceedings. She will also receive nomination for being a 
Theme-based Invited Speaker for ICCE in a future year. 
 
 
APSCE Award Subcommittee:  
Su Luan WONG (Chair) 
Tsukasa HIRASHIMA 
Chee Kit LOOI 
Chin-Chung TSAI 
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Ting-Chia Hsu (also known as Ching-Kun Hsu) is currently 
an Associate Professor with a distinguished reward in the 
Department of Technology Application and Human 
Resource Development in National Taiwan Normal 
University. Her research interests include computer-assisted 
learning and educational technology. Since Dr. Hsu 
received her Ph.D. degree in 2012, she has won academic 
awards almost every year from 2013 to the present from 
different associations. In terms of international academic 
impact, Dr. Hsu has published more than twenty SSCI 
journal papers. Dr. Hsu was awarded a government 
scholarship by Ministry of Education for project research 
abroad in 2011. She also received the National Science 
Council Recruiting Special Outstanding Talent Award in 
Taiwan in 2013. She is rewarded a National Taiwan Normal 
University Academic Excellence Award from 2014 to 2016, 
and from 2017 to 2019. The Ministry of Science and 
Technology grants her the Distinguished Young Scholars 
Project from August 1, 2014 to July 31, 2016 and from 

August 1 2016 to July 31, 2019. She gained the Special Outstanding Talent Award rewarded by 
the Ministry of Science and Technology from August 1, 2015 to July 31, 2019. She is rewarded a 
Ta-You Wu Memorial Award by the Ministry of Science and Technology in Taiwan in 2018.  
 
As for international academic service, Dr. Hsu has organized and leaded many international 
workshops (e.g., TELL, CUMTEL), panel (e.g., ICWL2013) sub-conferences (e.g., GCCE, ICCE) or 
main-conferences (e.g., GCCIL2017), and served as a guest editor for some international journals 
(e.g., IJMLO, RPTEL, IJOPCD). She is currently the chair of The Special Interest Group (SIG) on 
Technology Enhanced Language Learning (TELL) under the Asia-Pacific Society for Computers in 
Education (APSCE) from 2018 to 2019. She will be also the chair of The Special Interest Group 
(SIG) on Technology Enhanced Language Learning (TELL) under the Information and Computer 
Education Division in the Ministry of Science Technology in Taiwan from 2019 to 2020. She is 
currently also the Co-Chair of The Special Interest Group (SIG) on Classroom, Ubiquitous and 
Mobile Technology Enhanced Learning (CUMTEL) under the Asia-Pacific Society for Computers in 
Education (APSCE), 2018-2019.  
 
In highlight of her social impact, as a Computer Education major, Dr. Hsu is both outstanding in 
the research on technology-enhanced learning and active in the research on information and 
technology education. She has the experience of teaching from secondary schools to universities. 
These professional training and work experiences are related to and contribute to her position as 
an expert and a scholar in educational research. Dr. Hsu is currently the editor of the official set of 
text books for the compulsory education of the Information Technology subject in secondary 
education in Taiwan. The books will be published for all 7th grade students in 2019, for 8th 
graders in 2020, and for 9th graders in 2021. It is planned that the books will be used for ten 
years in Taiwan. 
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2017 
APSCE Early Career Researcher Award 

 Jon MASON, Charles Darwin University, Australia 
 
2015 
APSCE Distinguished Researcher Award 

 Lung-Hsiang WONG, Nanyang Technological University 
APSCE Early Career Researcher Award 

 Morris Siu-yung JONG, The Chinese University of Hong Kong 
 
2014 
APSCE Distinguished Researcher Award 

 Hiroaki OGATA, Kyushu University, Japan 
 
2011 
APSCE Distinguished Researcher Award 

 Antonija MITROVIC, University of Canterbury, New Zealand 
 Chen-Chung LIU, National Central University, Taiwan 

APSCE Young Researcher Leader Award 
 Ben CHANG, National Chiayi University, Taiwan 
 Wenli CHEN, Nanyang Technological University, Singapore 

 
2009 
APSCE Distinguished Researcher Award 

 Fu-Yun YU, National Cheng Kung University, Taiwan 
 Tsukasa HIRASHIMA, Hiroshima University, Japan 

APSCE Young Researcher Leader Award 
 Hiroaki OGATA, University of Tokushima, Japan 
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Benedict DU BOULAY 
University of Sussex, UK 
 
Title  
Artificial Intelligence in Education – the next 10 years (C1) 
 
Wednesday, November 28, 2018 
10:00-11:00, Hall A&B 

 
Artificial Intelligence plays two main roles in Education. First is in its provision of a wide variety of 
techniques that underpin various kinds of learning environment, including intelligent tutoring 
systems. These techniques enable the modelling of the domain of learning itself and of the 
learner’s fine-grained progress in developing the skills and understanding in that domain. These 
techniques also enable the system to conduct a dialogue (in the most general sense of that word) 
with the learner through an interface, and model and execute a pedagogic strategy and tactics 
that can drive forward a productive interaction between learner and system. 
 
The second main role of Artificial Intelligence in Education is in the provision of techniques to 
search for patterns in learner data of many kinds to help develop our understanding of learning 
itself, of effective and ineffective teaching strategies and tactics, as well as detecting learning and 
teaching issues with specific systems. 
 
Over the last few years, a number of meta-analyses and meta-reviews of AI in Education systems 
have revealed a generally positive story about the effectiveness of such systems as compared to 
more traditional classroom learning across a range of STEM domains. These reviews have also 
shown that the field is still some way from meeting the challenge of Bloom’s 2 sigma analysis of 
skilled, human, one-to-one mentoring. 
 
This talk will explore the current state of AI in Education and anticipate the next decade’s 
progress. It will focus on the broadening of learner modelling to include not just knowledge and 
skill, but also metacognition, affect and motivation. This broadening brings with it the need to 
develop the scope of pedagogic strategies and skills to include this extended sense of the learner 
as a whole person, and not just as a disembodied cognitive entity. Likewise, educational data-
mining and learner analytics have similar opportunities to explore learner and teacher behaviour 
in a more rounded fashion. 
 
Bio: Benedict du Boulay is an Emeritus Professor of Artificial Intelligence in the School of 
Engineering and Informatics at the University of Sussex and Visiting Professor at University 
College London.  Following a Bachelor’s degree in Physics at Imperial College London, he spent 
time both in industry and as a secondary school teacher before returning to university to 
complete his PhD in 1978 in the Department of Artificial Intelligence at the University of 
Edinburgh working on Logo.  
  
He has two main research areas.  The first is the Psychology of Programming where his main work 
has been in the area of novices learning programming and the development of tools to assist that 
process. The second is the application of Artificial Intelligence in Education.  Here he is 
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particularly interested in issues around modelling and developing students’ metacognition and 
motivation. 
 
He has co-organised various workshops on the above areas.  These have included the 1st and 
2nd International Workshop on Affect, Meta-Affect, Data and Learning (AMADL 2015 in Madrid, 
and AMADL 2016 in Zagreb) and the workshop on “Les Contes du Mariage: Should AI stay 
married to Ed?”, also in Madrid in 2015.  He has successfully supervised 25 PhD students in the 
above areas. 
 
He was President (2015-2017) and is currently Treasurer and Secretary of the International Society 
for Artificial Intelligence in Education and an Associate Editor of its International Journal of 
Artificial Intelligence in Education.   
 
He has edited/written 9 books and written some 190 papers in the areas indicated above. 
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Shuchi GROVER 
Edfinity, USA 
 
Title  
Thinking about Computational Thinking and How Learning 
Sciences Can Shape Deeper Learning of Computer Science in 
Schools (C2) 
 
Thursday, November 29, 2018 
09:00-10:00, Hall A&B 

 
As nations begin to scale computer science (CS) in primary and secondary school education, 
Computational Thinking (CT) and programming are being recognized as key 21st century skills. In 
the first part of her talk, Dr. Grover will reflect on CT, its evolution, meaning, relationship to 
programming, and vision for enriching learning of CS and other subjects. The second part of Dr. 
Grover’s talk will address the question: how and what can we draw from learning theory to help 
the next-generation of problem-solvers develop this emerging competency? Bridging learning 
theory, research, and practice, Dr. Grover will share how CT and CS curricula can leverage 
pedagogical ideas from the learning sciences as well as computing education research to design 
for deeper learning. Through varied examples drawn from research for curriculum design, 
pedagogy, and assessments that aim for deeper learning, Dr. Grover will synthesize learning 
principles that can serve to guide future designs for CT and CS teaching and learning. 
 
Bio: A computer scientist and learning scientist by training, Dr. Shuchi Grover’s work in 
computing education in both formal and informal learning settings has spanned US, India and 
Europe. Her current research centers on computational thinking (CT), computer science (CS) 
education, and STEM+Computing integration mainly in formal K-12 settings. 
 
Formerly a senior research scientist at SRI International, Dr. Grover is a recipient of several grants 
from the US National Science Foundation to conduct research on CT learning and assessment in 
varied PK-12 contexts including introductory CS education and STEM classrooms that integrate 
CS and CT. She also works at the intersectional space between learning, assessment and big data 
analytics to shape future environments for deeper learning with embedded assessment. 
 
Dr. Grover’s commitment to shaping both research and practice is evident in her outreach work. 
She has authored highly cited scholarly papers, book chapters, blog posts, and mainstream 
articles on the topic of CT and CS education in K-12 education. She is advisor to the national K-
12 CS Framework (k12cs.org) in the US, a member of the ACM Education Council and the 
Computer Science Teachers Association’s task force on Computational Thinking, on the editorial 
board of ACM Transactions on Computing Education, and an advisor to K-12 school districts on 
CS implementation/integration. 
 
She has a Ph.D. in Learning Sciences and Technology Design (focused on computer science 
education) from Stanford University, an Ed.M (Technology, Innovation, and Education) from 
Harvard University, and undergraduate and graduate degrees in computer science. 
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Cher Ping LIM 
The Education University of Hong Kong, Hong Kong 
 
Title  
ICT-enabled Teacher Professional Development at Scale for 
Quality Access to Education (C7) 
 
Wednesday, November 28, 2018 
13:30-14:30, Hall A&B 

 
Teachers have a pivotal role in the learning environment to engage all students in their learning, 
support them to monitor and manage their own learning, and provide opportunities for them to 
enhance their learning outcomes. For teachers to provide students with such quality access to 
learning and develop students’ lifelong learning skills, they have to possess the competencies to 
carry out such a role. Continuous professional development of teachers ensures that teachers 
develop this set of competencies and are kept current with curriculum and assessment reforms; 
when such professional development opportunities are provided for teachers, Sustainable 
Development Goal (SDG) 4 (quality education for all) is more likely to be realized. However, there 
is a “massive global teacher shortage” that acts as a critical bottleneck to achieving SDG 4. The 
2016 Global Education Monitoring report found that nearly one quarter of secondary school 
teachers in sub-Saharan Africa had no formal training. Furthermore, continuous teacher 
professional development for all teachers across the entire school system poses a challenge for 
many countries, especially developing ones with significant rural-urban and regional gaps, and 
limited resources. 
 
From the equity, quality and efficiency perspectives, Information and communication 
technologies (ICTs) have the potential to provide all teachers with cost-effective and quality 
access to continuous professional development. This presentation discusses the different models 
of ICT-enabled teacher professional development at scale (TPD@Scale) that have been 
developed and implemented in China, Colombia, India and the Philippines. It shows how ICT-
enabled courses and resources are implemented to ensure consistency of quality and access for 
all teachers, irrespective of their location and circumstances. It also shows how ICT enables 
professional learning communities of teachers to network, share and collaborate across schools 
and regions, and hence, supporting one another as they apply what they have learnt to their 
practices and reflect on these practices to enhance the quality of their student learning. 
Therefore, ICT-enabled TPD@Scale is more likely to support school systems to realize SDG4. 
 
Bio: Cher Ping Lim is the Chair Professor of Learning Technologies and Innovation at The 
Education University of Hong Kong and the Editor-in-Chief of The Internet and Higher Education. 
He is the lead of the Digital Learning for Development network. He was the Director of the 
Centre for Learning, Teaching and Technology at the university until 2014 and have been leading 
and supporting various quality enhancement initiatives in the university. Before joining the 
university in 2010, he was a Professor of Education, Director of International Partnerships and 
Director of the Asia-Pacific Centre of Excellence for Teacher Education and Innovations in 
Western Australia. Over the last two decades, he has engaged major education stakeholders at 
the national and international levels – UNESCO, Asian Development Bank, Microsoft, World Bank, 
Inter-American Development Bank, International Development Research Centre, USAID, HEAD 
Foundation, Sampoerna Foundation, and government agencies – as his research and 
development partners. 
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Antonija (Tanja) MITROVIC 
University of Canterbury, New Zealand 
 
Title  
Towards Personalized Support for Learning Transferable Skills via 
Active Video Watching (C3) 
 
Friday, November 30, 2018 
09:00-10:00, Hall A&B 

 
Intelligent Tutoring Systems and other adaptive learning systems have been shown to provide 
significant improvement in learning effectiveness in many formal instructional domains. Much less 
research has been done on supporting training of transferable (a.k.a. soft) skills. In this talk, I will 
present the research our team has done on providing personalized support for training of 
presentation skills. Transferable skills are difficult to teach in classrooms, as they are time 
consuming and it is difficult to collect evidence of learning. Such skills require the learner to 
appreciate other points of views, and to contextualize learning in their own experience. We 
implemented the AVW-Space platform, which supports learning from videos supported via micro-
scaffolds for reflection during note-taking. Our initial studies showed significant improvements in 
conceptual understanding of presentation skills for students who watched and comments on 
videos, and also rated comments written by others. However, other behaviours, such as passive 
watching of videos, did not result in learning. Using various forms of learning analytics, we 
identified important differences between students exhibiting various learning behaviours, which 
allowed us to formulate requirements for adding intelligence to AVW-Space. I will also present 
the results of a study we are currently conducting, with the version of AVW-Space enhanced with 
interactive visualizations and personalized nudges. 
 
Bio: Antonija (Tanja) Mitrovic is a professor at the Department of Computer Science and Software 
Engineering at the University of Canterbury, Christchurch, New Zealand. She is the leader of the 
Intelligent Computer Tutoring Group. Dr Mitrovic received her PhD in Computer Science from the 
University of Nis, Yugoslavia, in 1994. She is an associate editor of the following journals: 
International Journal on Artificial Intelligence in Education, IEEE Transactions on Teaching and 
Learning Technologies, and Research and Practice in Technology Enhanced Learning (RPTEL). 
She has published more than 240 journal and conference papers, and was awarded the 
Distinguished Researcher Award in 2011 by the Asia-Pacific Society for Computers in Education. 
Professor Mitrovic was the President of the International Society for Artificial Intelligence in 
Education from 2013 to 2015, and is President Elect of APSCE. Her primary research interests are 
in student modeling. 
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Yanjie SONG 
The Education University of Hong Kong, Hong Kong 
 
Title  
Design, Implement and Orchestrate Mobile and Seamless 
Learning in School Education: A pedagogical perspective 
(C4) 
 
Friday, November 30, 2018 
10:30-11:10, Hall A 

Abstract Mobile and seamless learning has been trialed and practiced over a decade in school 
education. Despite that positive findings have been reported, the majority of studies have not 
been grounded in pedagogical principles and have not been designed with explicit pedagogical 
approaches (e.g., Bano et al., 2018; Zydney & Warner, 2016). In addition, researches on class 
orchestration have been on the rise (e.g., Dillenbourg, et.al. 2011; Prieto et al. 2018; Schwarz et 
al., 2018). However, in many cases, studies on class orchestration have been focused more on 
making use of digital technologies or objects to help manage in-class learning activities, less on 
pedagogical use of technologies for class orchestration across different settings. Hence, this talk 
aims at addressing how to design, implement and orchestrate mobile and seamless learning from 
a pedagogical perspective, taking a few studies as examples. It is expected that the sharing can 
help highlight the importance of pedagogies in the design, enactment and orchestration of 
mobile and seamless learning in school education. 
 
Bio: Yanjie Song is a promising researcher in innovative pedagogical design and implementation 
leveraged by mobile technologies. She has conducted a series of research in seamless learning, 
mobile computer-supported collaborative learning (mCSCL), BYOD supported collaborative 
science inquiry, flipped classroom, and class orchestration. Yanjie developed a seamless inquiry-
based pedagogical model, the niche for seamless learning using the concept of affordances, 
framework of reflective engagement with BYOD in higher education and productive failure-based 
flipped classroom. Currently, her research is focused on class orchestration by developing a web-
based mobile-orchestration platform to help primary school teachers to manage collaborative 
science inquiry in a seamless learning environment, and integration of in-class and real-life 
language learning using a learner-generated tool. Yanjie has published over 20 SSCI journal 
articles and won a few awards, such as Dean’s Research Output Prizes at The Education University 
of Hong Kong (2018), Best Teacher Forum Paper Award (2016) in GCCCE 2016, Outstanding 
Paper Award in GCCCE 2013, Best Paper Award in ICCE 2011, and APSCE Merit Scholarship 
2008. 
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Ju-Ling SHIH 
National University of Tainan, Taiwan 
 
Title  
STEAMing the ships for the Great Voyage—The innovative 
design and practice of an interdisciplinary education (C5) 
 
Friday, November 30, 2018 
13:30-14:10, Hall A 

In this talk, I will introduce <Mast Dream>,<Fragrance Channel>, <STEM Port>,<ONE Peace>, a 
series of multimedia driven complex board games, with the goal of transforming the passive 
classroom learning into one that embraces interaction, participation, exploration, and knowledge 
construction. It is a historical and geographical board game integrated with STEAM, 
computational thinking, and Maker. By creating more human interaction and hands-on 
experiences, we enable NISE learning modes that are narrative, investigative, strategic, and 
explorative. 

In the game, students were put into groups that represent the European countries in the Age of 
Discovery, and conduct tasks. The tasks of the countries were to collect various spices from 
colonies owned by different countries, and solve international conflicts; therefore, cooperation 
and competition between countries were enforced. The students would go through a series of 
activities to prepare for skills needed, such as unplugged coding, coding with block editor, 
coding for robots, making and painting of robot ships, the maker game, and the summit game. 

It is an interdisciplinary activity, which refers to “doing one thing that requires knowledge and 
skills from various subjects” Instead of distributing the tasks into classes of different subjects. It is 
a STEAM activity with the addition of CHARM that covers both the science-oriented disciplines 
and the humanity- oriented disciplines. 

The activity requires four elements including students, companions, objects, and mobile devices. 
Through the process, students communicate with each other, form knowledge, operate objects 
with hands, re-construct knowledge along the way, and manage the situation. Through the 
observation of others’ strategies, they make synthesis, learn lessons, and launch for another cycle 
of adventure. It is our educational model “C-Formosa”. 

With all this, we are guiding the kids to sail to the world by STEAMing the ships for the great 
voyage. 

Bio: Ju-Ling Shih is a Professor and the chair of the Department of Information and Learning 
Technology in National University of Tainan, Taiwan. She earned her Ed.D. in Communication and 
Education from Teachers College, Columbia University. She has two Master degrees: Ed.M. in 
Communication and Education from Teachers College, Columbia University; and M.S. in 
Broadcasting Production from Boston University. Her research interests include instructional 
design and qualitative research in digital learning, game-based learning, mobile learning, and 
technology-mediated education in various levels and fields; and conduct interdisciplinary 
activities for educational practices. She has developed a cross- platform 3D role-play digital 
learning games “Taiwan Epic Game” that integrates the mobile-learning and digital games for 
the exploration of Taiwan history and culture, and a STEM-based maker game of the Great 
Voyage with computational thinking and robotic education in the context of history. With both 
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projects, she has won consecutive Excellent Young Scholars Projects from Ministry of Science and 
Technology, Taiwan in the last decade, and received the 2012 Ta-You Wu Memorial Award. Her 
publications can be seen in academic journals such as Educational Technology and Society, 
Computers & Education, and British Journal of Educational Technology among others. 
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Vivian Wen-Chi WU 
Asia University, Taiwan 
 
Title  
Creating a Technology-Rich English Language Learning 
Environment to Enhance Language Learning and Teaching (C6) 
 
Thursday, November 29, 2018 
10:30-11:10, Hall A 

Nowadays, the use of technology to assist second or foreign language learners is much in 
demand by students, but many language teachers are not sure “where” and “how” to start in 
incorporating technology. Their own teachers in years past did not use technology and they feel 
less sophisticated than their students in simply understanding today’s technology potential. In 
addition, these teachers feel outside their “comfort zones” when they encounter terminology 
such as Computer Assisted Language Learning (CALL), Mobile Assisted Language Learning 
(MALL), and Technology Enhanced Language Learning (TELL). Moreover, most academic 
literature about using technology for English language teaching reports on experimental one-
time tests and provides little guidance on how technology can be incorporated into the 
curriculum over the long term (Chwo et al., 2016). In my talk, I will first present a theoretical 
framework for how and why technology can actually enhance language learning. Then I will 
provide a step-by-step process for making decisions about technology use. Teachers must 
understand outcome goals for the class or curriculum, identify learning activities that allow 
students to achieve those outcomes, and only then select one or more technology platforms that 
can deliver those learning activities via task-based assignments. Evaluation of each potential 
technology should be based on the affordances of the technology. Best practices and examples 
will also be provided in my talk. 

In addition, I will also address how technology fits in with the overall language-learning 
environment, including the physical environment, the social/cultural environment, the 
instructional environment, and the assessment environment. This presentation uses accessible 
language and is based on the assumption that audience is teachers who do not currently make 
extensive use of technology but intend to do so in their language classrooms in the future. 

Bio: Wen-chi Vivian Wu, who received her doctoral degree in USA in 2006, is a distinguished 
professor of the Department of Foreign Languages and Literature at Asia University in Taiwan. 
Her recent research areas include CALL, MALL, cross-cultural communication, telecollaboration, 
robotics learning, and learner motivation for English as a global language. She has published 
extensively on CALL and technology-related prestigious journals, including CALL, System, 
Computer in Human Behavior, Educational Technology and Society, etc. She is on the editorial 
board of CALL Journal (SSCI) and serves as an executive peer reviewer of ETS Journal (SSCI). She 
is also a founding member of English Scholars Beyond Borders (ESBB) Association and has been a 
senior adviser of Asian EFL Journal (Scopus) and associate editor of Asian ESP Journal (Scopus) 
for many years. 

As an experienced English as Foreign Language (EFL) instructor, she teaches a variety of English- 
related courses at the undergraduate level as well as research-oriented courses at graduate level, 
such as business writing, academic writing, research methodology and application of technology 
into classroom instruction. Over the past few years, she has employed several innovative 
pedagogical methods to motivate the learners in her classrooms, like flipped classrooms and 
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problem-based learning. To cultivate a global view of learners, she has also integrated 
international experiences into her conversation and writing courses linking her students with 
college students and university professors in America and Japan.   
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Panel 1: “Smartness of Technology” or “Smartness of Learners”: 
Is it a Zero-Sum Game? Or Can We Have Both? 

Chair: 
Lung-Hsiang WONG, Nanyang Technological University (NTU), Singapore 
 
Panelists: 
Gautam BISWAS, Vanderbilt University, USA 
Ben DU BOULAY, University of Sussex, UK 
Ulrich HOPPE, University of Duisburg-Essen, Germany 
Riichiro MIZOGUCHI, Japan Advanced Institute of Science and Technology (JAIST), Japan 
 
Discussant: 
Chee-Kit LOOI, Nanyang Technological University (NTU), Singapore 
 
Abstract 
In the second decade of the 21st century, we see the proliferation of cloud computing, Internet of 
Things/People, and big data/analytics, and the rejuvenation of Artificial Intelligence, robotics, 
virtual realities and augmented realities, etc., which have triggered the trends of building smart 
nations, smart cities, smart offices and smart homes all over the world. Such a trend has also 
shown its influence in the learning technology field where scholars and developers have begun to 
adapt and synthesise such state-of-the-art technologies to construct smart learning environments 
and tools. Notwithstanding, it is the time for us to take a step back and reflect upon – in the era 
where even intelligent robots could sit in high-stakes examinations and “perform better” than 
most of the human students, what kind of smart students and smart citizens do we really need 
and want to foster? What kinds of smart learning environments do that we need to develop to 
achieve the stated aim? What are the underpinning educational principles that the designers of 
such environments should adopt? This panel aims to bring together scholars who have worked in 
specific learning technologies or technology-aided pedagogies to co-identify the human-oriented 
(rather than technology-driven) objectives of the “smart learning” wave, and to possibly re-look or 
even re-define the notion of “smart learning”.
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Abstract: In the second decade of the 21st century, we see the proliferation of cloud 

computing, Internet of Things/People, and big data/analytics, and the rejuvenation of 

Artificial Intelligence, robotics, virtual realities and augmented realities, etc., which have 

triggered the trends of building smart nations, smart cities, smart offices and smart homes 

all over the world. Such a trend has also shown its influence in the learning technology field 

where scholars and developers have begun to adapt and synthesize such state-of-the-art 

technologies to construct smart learning environments and tools. Notwithstanding, it is the 

time for us to take a step back and reflect upon – in the era where even intelligent robots 

could sit in high-stakes examinations and “perform better” than most of the human students, 

what kind of smart students and smart citizens do we really need and want to foster? What 

kinds of smart learning environments do that we need to develop to achieve the stated aim? 

What are the underpinning educational principles that the designers of such environments 

should adopt? This panel aims to bring together scholars who have worked in specific 

learning technologies or technology-aided pedagogies to co-identify the human-oriented 

(rather than technology-driven) objectives of the “smart learning” wave, and to possibly re-

look or even re-define the notion of “smart learning”. 
 

Keywords: Learning technology landscape, smart learning, educational principles 

 

 

1. Introduction 

 
Over several decades of development in the field of learning technologies, various research 

endeavors have been initiated in the quest to explore and appropriate new emerging technologies for 

the purposes of teaching, learning and assessment. Such endeavors would have their values in the 

sense that the scholars are pushing the boundaries of learning technologies which might 

subsequently inspire the educational theorist and practitioners in (otherwise unknown) new 

pedagogical possibilities. One such recent example is the learning technology field’s enthusiastic 

embracement of the new wave of smart technologies where the emerging or rekindling cloud 

computing, Internet of Things/People, big data/analytics, Artificial Intelligence (AI), robotics, 

virtual realities and augmented realities, among others, are becoming enablers of context-sensitive, 

adaptive, personalized, and humanized learning. 

Notably, the research field has not yet reached a consensus on the definition of “smart 

learning environments” (SLE). Liu, Huang and Wosinski (2017) investigated various definitions 

proposed in the literature between 1997 and 2014. In turn, they put forward a synthesized conception 

of SLEs “as the learning place or an activity space that can (be) aware (of) learning scenarios, 
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identify the characteristics of learners, provide appropriate learning resources and convenient 

interaction tools, automatically record the learning process and evaluate learning outcomes in order 

to promote the effective learning of the learners.” (p.18) (emphasis added by the authors of this 

paper) Notwithstanding, these definitions could be regarded as the outcomes of the attempts to 

delineate the types of technologies or educational affordances to be associated with the notion of 

smart learning. Indeed, the field is advancing with the aim of developing “smart, smarter, even 

smarter” technologies. The question is that “would smarter technologies be conducive in fostering 

smarter learners”? 

Contemporary educational researchers have been stressing the need for learners in “learning 

how to learn” (Novak & Gowin, 1984), which is no doubt a key enabler for autonomous and lifelong 

learning. In our point of view, the “learning know-how” encompasses a learner’s disposition and 

ability to self-determine the following key elements of learning: learning goals, learning pathways, 

learning strategies and learning resources (Wong, 2017). Learners in traditional didactic classroom 

are typically over-reliant on their teachers to determine the “four learning elements” for them. Then 

there comes the SLEs which bring (automated) adaptivity and personalization to individual learners. 

Nevertheless, would that simply mean the transfer of learners’ objects of reliance from 

human teachers to the technologies? As adaptivity and personalization are regarded as the key 

indicators of sophistication of SLEs, would the SLEs hinder the learners’ development of “learning 

know-how”? Or can SLEs be designed with alternative techno-pedagogical principles that do not 

simply focus on advancing adaptivity and personalization but more on developing learners’ learning 

and meta-cognitive skills in a long run? The following exposition by Marlene Scardamalia and 

colleagues would offer a different yet inspiring perspective for SLE researchers and developers, 

 

“It is not the computer that should be doing the diagnosing, the goal-setting, 

and the planning. It is the student. The computer environment should not be 

providing the knowledge and intelligence to guide learning, it should be 

providing the facilitating structure and tools that enable students to make 

maximum use of their own intelligence and knowledge.’’ 

(Scardamalia et al., 1989, p. 54) 

 

This panel aims to provide a platform for eliciting opinions and critiques on the motivations, 

the theoretical underpinnings and the common strategies that inform the development of SLEs. 

Through the panel interactions, it is hoped that the participants will be able to establish a renewed 

understanding of the purposes of the “smart learning” and perhaps offer food for thoughts in re-

calibrating the direction of the relevant research, development and practice to genuinely address the 

socio-economic and socio-cultural challenges that the new era is posing to the education field. 

 

2. Abstracts of Individual Panelists’ Presentations  

 

2.1 Smart Learning Environments: Can they empower and facilitate life-long learners? 

(Gautam BISWAS) 

 
Advances in computing resources and infrastructure have enabled a number of computational 

techniques and algorithms, many of them developed from ideas in the areas of Cyber Physical 

Systems, Distributed and Wireless Computing, Computational Economics, AI, and Machine 

Learning. They are revolutionizing our lives and the way we operate in our workplace, in our 

communities, and in our homes. Surely, all of this must filter down to our educational systems, but 

to what extent is our educational system changing to keep pace with the rapidly changing way we 

are and will be leading our lives? 

Research in education and educational technologies are responding to this challenge – for 

example, it is now being recognized that computation is the third pillar (alongside theory and 

experimentation) of science and engineering disciplines (Wing, 2016). Computing knowledge and 

skills provide the foundation for modern competency in a multitude of STEM-related fields, 

prompting research on how to best prepare students for the 21st century workforce and for lifelong 

learning (Honey, Pearson, & Schweingruber, 2014; Sengupta, et al., 2013, Weintrop, et al., 2016). 
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Exploiting the synergies of STEM disciplines and computational modelling in the design of 

technology infrastructure and research activities has the potential to bring about a fundamental 

change in the way that STEM learning occurs. Researchers have been responding to these challenges 

developing learning environments that support synergistic learning of STEM and Computational 

Thinking (CT) concepts and practices (Basu, Biswas, & Kinnebrew, 2017; Jona, et al., 2014; 

Wilensky, Brady, & Horn, 2014). These environments apply methodologies in learning by 

modelling and linking the modelling and problem-solving tasks to real-world problems to motivate 

and challenge students, and to make them aware that implications of learning extend beyond their 

classrooms and into meaningful and productive life experiences. In parallel, educators and 

researchers as well as industry stakeholders have also begun to recognize that students need to learn 

CT to become creators, and not just consumers of the next wave of computing innovations 

(Schnabel, 2011; Wing, 2006). 

In parallel, recently there has been a lot more focus on collecting and analyzing multi-modal 

data (log data, eye tracking data, face tracking data, physiological data) to understand learners as 

they work on their learning and problem-solving tasks (Baker, et al., 2010; Blikstein, 2013; Harley, 

et al., 2015). The idea is to gain a deeper understanding of students’ cognitive and metacognitive 

processes, as well as their affect, interest, intent, motivation, and self-efficacy in working on the 

learning materials presented (Harackiewicz, et al., 2008; Linnenbrink-Garcia, 2018). Knowing the 

answers to these questions for individual students is a key to developing smart and adaptive systems: 

by tracking learners’ progress, gauging and supporting their interests, and preparing them to be 

lifelong learners. 

Given these large advances in technology and research, a big question that policy makers, 

stakeholders, researchers, and practitioners need to address at this stage is “how do we get these 

technology and research innovations from labs into classrooms?” A related challenge is what tools 

and training mechanisms can we develop to empower teachers and school administrators to extend 

the current educational system and prepare students to be productive in the 21st century lifestyle and 

workforce. 

 

2.2 AI in Education: where are we now, both cognitively and motivationally? 

(Benedict DU BOULAY) 

 
Bloom found that expert human tutors, working one-to-one, increased students’ average post test 

scores by 2 standard deviations compared to ordinary classroom teaching where the teacher was 

working many-to-one (Bloom, 1984). Many AI in Education systems have aimed to match this 

performance of human expert tutors by adapting their teaching to the individual student. A number 

of recent meta-reviews and meta-analyses of the performance of such systems puts the average 

improvement figure at just under 0.5 standard deviation, typically for STEM subjects, as compared 

to traditional classroom/lecture hall instruction (du Boulay, 2016). 

So, from a cognitive point of view the above result counts as a reasonable success story. 

Side by side with focusing on the cognitive, many systems have also paid attention to the 

motivational aspects of learning (see for example, Arroyo et al., 2014). First, they have explored the 

motivational advantages of adapting the choice of what task to set the learner and the feedback to 

the learner to make the interaction more effective in terms of learner attributes such as their goal 

orientation. Second, they have also tracked and then adapted the interaction to the feelings of the 

learner. Again, the adaptation has been in terms of what task to set the learner, but some systems 

have also acknowledged the learner’s feelings through the empathetic demeanour, comments or 

actions of an on-screen pedagogical agent. Third, they have addressed the learner’s potential 

misunderstandings about the nature of learning itself, for example by praising effort and offering 

support for the idea that effort does in fact lead to learning. They have also assisted the learner’s 

insight into their increasing mastery of new skills and concepts through such devices as open student 

models and helped the learner’s ability to regulate their learning behaviour through hints and 

suggestions. 

Two areas that I would like to see developed: (i) systems being able to adapt their initial 

introduction, as well as the organization and the presentation of the domain in ways to pique the 

curiosity of learners and dampen down any negative feelings that might otherwise occur (see for 
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example, Rosiek, 2003); and (ii) systems being able to have a conversation with learners about their 

state of motivation and the reasons for it.  

 

 

2.3 Permeating learning scenarios with unobtrusive supportive technologies 

(H. Ulrich HOPPE) 

 
More than twenty years ago, in the context of the emergence of ubiquitous computing, Weiser & 

Brown (1997) anticipated a new age of “calm technology” in which we would be surrounded by 

multiple computerized services in an implicit and unobtrusive (i.e. “calm”) way. The explicit one-

to-one human-computer relationship would be replaced by the availability of certain services located 

in the physical and virtual environment, typically involving multiple devices. Background services 

would guarantee an integrated information flow embedding the multi-threaded, multi-device and 

multi-user interactions into one logical framework. In educational usage contexts, these ideas have 

resonated with the development and provision of technology to integrate learning processes beyond 

single learning applications enabling “learning flows” (Hoppe, 2007) and with the idea of “seamless 

learning” (Looi et al., 2010).  Nowadays, cloud computing can serve as a general platform to enable 

such integrated learning scenarios. Jansen et al. (2013) have characterized and classified educational 

applications of cloud technologies. Communication and repository services as already widely used 

and adopted for educational purposes whereas production-oriented cloud services that would enable 

learners to generate content are still mainly confined to simple text production such as wikis and 

forums (the latter overlapping with communication tools). As a further step, still to be further 

developed, “processing services” could help to process learning-related data with learning analytics 

plugin-services as a value enrichment for many web-based learning platforms or environments. 

In this perspective, integration is a central feature that contrasts with the striving for specific 

learning applications with high learner-adaptivity and system intelligence such as language or math 

tutors. It is characterized by over-arching solutions typically built on top of learning platforms that 

allow for orchestrating learning processes as a whole (cf. Roschelle, Dimitriadis, & Hoppe, 2013). 

The underlying technologies would support virtualization and scalability for large user communities. 

The primary objective of such a technology backbone would be the enabling and orchestration of 

integrated learning processes in a flexible division of roles and initiative between teachers and 

learners, including traditional pedagogical role models but also enabling new ones. Learning 

analytics services would support decision-making and reflection on the part of the human 

stakeholders in these scenarios (cf. the idea of “social learning analytics” as proposed by Ferguson 

& Shum, 2012). “Open student models” (Bull & Kay, 2007) would fit in perfectly with such a 

scenario as a resource to support the learners' self-awareness and self-regulation and to enrich the 

teacher-student interaction and relationship. 
Although the top-level goal of this vision is in-line with Marlene Scardamalia’s statement 

there is also a need for sophisticated computational solutions related to knowledge representation as 

a basis for open learner modeling, information mining and network analysis applied to networks of 

learners and learner-generated artifacts, and finally interoperability between the different services.   
 

2.4 Conservative approach to Smartness 

 (Riichiro MIZOGUCHI) 

 
In any investigation activity, what is the most important is to try to find the core or essentials 

of the target which are more or less stable. In this sense, I agree with the organisers who say we need 

“to take a step back and reflect upon…” We should not be technology- or trend-followers. Although 

it is true that learning/instructional theories have undergone a big change for these 50 years, it should 

not be understood as the new one is always better than the old. Each new theory captured a new 

aspect of learning. Constructivism does not work for acquiring basic skills, though behaviourism is 

very effective for it. Socio-constructivism does not make sense for learning of arithmetic. I do not 

think we have found new goals of learning/education in 21st century. Collaboration, Communication, 

Critical thinking and Creativity are valuable goals of learning all the time. There should be no 

difference between SLE and ILE (Interactive Learning Environment). Such a “language game” is 

i-39



 

just a disturbance and would mislead people. There is no difference between “smart” and 

“intelligent”. The issue is how to exploit sophisticated cutting-edge technology like AI for the 

appropriate purposes. 
You are first required to identify the core of learning and the context of learning, then to be 

aware of the specificity of the learning goal under consideration and the context. In doing so, you 

should be careful about not confusing the following three activities: (1) information access, (2) 

learning, and (3) development. The first and the rest two are different with respect to the depth of 

understanding, and the first two and the last are different with respect to the time span under 

consideration. You should use the term learning to mean only the second one rather than the other 

two. Following the above strategies you can conduct a principled research on what you want do 

without any possible disturbance. 

 

 

3. Discussion and Conclusion 

 
We pose the question of what are the underpinning educational principles that the designers of such 

environments should adopt. The following elements of smart learners can be extracted from the 

panelists’ statements:  

 identifying the core of learning and the context of learning in cognizance of the specificity 

of the learning goal under consideration and the context 

 preparing learners to be productive with STEM+C and to be lifelong learners 

 focusing on the cognitive as well as the motivational aspects of learning 

 enabling learning flows and seamless learning. 

Systemic issues that enable smart learning include: 

 harnessing technology and research innovations from labs into classrooms,  

 empowering teachers and school administrators to extend current educational practices that 

can prepare students to be productive in the 21st century.  

Indeed, these different perspectives are indicative of different priorities towards what defines and is 

important for smart learning.  

 We also pose the question of what kinds of smart learning environments do that we need to 

develop to achieve smart learning. The following elements of smart technologies are articulated as 

being critical to enabling smart learning: 

 systems being able to adaptive in their presentation and organization of the domain to 

motivate learners 

 systems being able to have a conversation with learners about their state of motivation and 

the reasons for it 

 smart and adaptive learning systems work by tracking learners’ progress, gauging and 

supporting their interests 

 systems that model the cognitive as well as the motivational aspects of learning  

 systems that support open student models and learners’ self-regulation.  

 development and provision of technology to integrate learning processes  

 sophisticated computational solutions related to knowledge representation for open learner 

modeling, information mining and network analysis applied to networks of learners and 

learner-generated artefacts, and interoperability between the different services. 

These perspectives of enabling technologies for smart learning also reflect different 

priorities of what is needed to empower smart learning, suggesting the spread of roles for 

technologies vs roles for the human learners in the light of Scardamalia’s earlier quote.  

 In the ensuing panel discussion, we will seek the common grounds (if any) and the 

differences that paint multiple pathways towards formulations of human-oriented objectives of the 

“smart learning”, and to reiterate some current as well as provide some other fresh perspectives of 

the notion of “smart learning” 
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Panel 2: Designing an Innovative PBL Pedagogy to Empower Language 
Learners 

 
Chair:  
Wen-Chi Vivian WU, Asia University, Taiwan 

Panelists: 
Ching-Huei CHEN, National Changhua University of Education, Taiwan 
Lu- Fang LIN, Institute of Applied English, National Taiwan Ocean University, Taiwan 
Lung-Hsiang WONG, National Institute of Education, Nanyang Technological University, 
Singapore, 
Tosh YAMAMOTO, the Center for Teaching and Learning, Kansai University, Japan  
 
Abstract 
Over the past two decades, PBL approach has been widely adopted as a principal teaching 
approach and proved to be an effective technique to enhance learner performance as well as 
other academic related skills, such as critical thinking, problem solving and autonomy, but the 
studies on PBL has been mainly conducted in medical related fields. Literature review on PBL in 
other disciplines remains relatively scant. In view of this, this panel containing five separate but 
interrelated PBL empirical studies will go beyond the scope of the medical discipline. 
Considering PBL is a multi-dimensional concept, each of the study will deal with a distinct 
aspect/skill as a result of PBL practice. Chen’s study examines self-regulated and shared-
regulated learning in the problem-based learning environment. Lin’s study focuses on fostering 
student affections for English language learners. Wu’s study deals with another vital PBL notion, 
which is social constructivism, resulting from active interaction and cooperation among language 
learners in the learning process of PBL instruction. Wong will present a conceptual design that 
hybridizes seamless language learning and problem-based language learning. Finally, 
Yamamoto’s study will combine PBL and TBL and approach PBL from a global perspective. 
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Abstract: Over the past two decades, PBL approach has been widely adopted as a principal 

teaching approach and proved to be an effective technique to enhance learner performance 

as well as other academic related skills, such as critical thinking, problem solving and 

autonomy, but the studies on PBL has been mainly conducted in medical related fields. 

Literature review on PBL in other disciplines remains relatively scant. In view of this, this 

panel containing five separate but interrelated PBL empirical studies will go beyond the 

scope of the medical discipline. Considering PBL is a multi-dimensional concept, each of 

the study will deal with a distinct aspect/skill as a result of PBL practice. Chen’s study 

examines self-regulated and shared-regulated learning in the PBL environment. Lin’s study 

focuses on fostering student affections for English language learners. Wu’s study deals with 

another vital PBL notion, based on the social constructivist theory, resulting in active 

interaction and cooperation among language learners in the learning process of PBL 

instruction. Wong will present a conceptual design that hybridizes seamless language 

learning and problem-based language learning. Finally, Yamamoto’s contribution is to share 

with the audience Kansai University’s collaborative pilot curriculum for PBL in global 

teams. 

 

Keywords: affections, problem-based learning, seamless language learning, self-regulation, 

social constructivist  

 

 

 

4. Introduction 

 
The educators of various academic fields may agree that the PBL approach generates ample effective 

learning outcomes. Regarding a general PBL instructional procedure, the teacher usually first 

proposes a problem and the students then search for related information to identify potential 

solutions to the problem. Students joining a PBL program experience a series of self-directed 

learning and inquiry processes. 

While PBL has been adopted by most instructors as a dominant instructional mode in 

medical related disciplines over the past two decades, such as nursing, psychology, and medicine, 

etc., empirical studies conducted in other areas remain scarce. Therefore, it is necessary to conduct 

studies on PBL beyond the border of medical discipline while exploring the effectiveness and 

efficiency of PBL approach and investigating the development of other important life-related skills 

of learners as a consequence of such a PBL approach, like self-regulation, learner affections, 

problem solving, critical thinking, adaptive learning, and seamless learning. 
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5. Abstracts of Individual Panelists’ Presentation  

 

Processes and prerequisites of self-regulated and shared-regulated learning in the 
problem-based learning environment 
(Ching-Huei CHEN) 

 
Problem-based learning (PBL) is a multidimensional concept. Conceptually it involves regulation 

processes, problem-solving, decision making, and creativity. One of the goals for problem-based 

learning is to promote self-regulation, yet its interrelationships with problem-based learning have 

been unclear. To clarify the interrelationships, this paper tries to illustrate the iterative processes 

among problem-solving stages (i.e., problem representation and solution generation) and regulation 

phases (i.e., planning, execution, and reflection). An experimental study was carried out to 

investigate the regulation processes that may occur within the context of problem-based learning, a 

differentiation between self-regulation (i.e., individual members regulate their own learning) and 

shared-regulation (i.e., the whole group regulates its learning). In addition, the measurement of 

prerequisites and processes of either self- or shared-regulation efforts were conducted. The presented 

methods ranged from Likert-scale self-report questionnaires, pre- and post-case study, videotaped 

discussion, and discourse coding schemes. These methods will be critically discussed, especially in 

terms of their transferability to studying self-regulated and shared-regulated learning in problem-

based context. The findings of this paper contribute to research and practice by providing a new lens 

to examine self-regulation and shared-regulation in PBL and offering guidelines to design effective 

tools and strategies to scaffold and assess PBL. 

 

Fostering the Chinese-Speaking Students’ Affections for Learning English through the 
PBL Approach 
(Lu-Fang LIN)  

 
The PBL approach has been administered in the field of English education in Taiwan, but students’ 

affections not been widely explored. The affective factors are generally related to emotional side of 

human beings, such as self-efficacy, willingness to communicate, and motivation. Affective 

individual differences likely mediate language learning, especially when learning is featured with 

interpersonal interaction. Most English educators may agree that English learners should be 

educated as English users and enjoy English learning. It is not enough to teach learners English 

linguistics knowledge (i.e. English pronunciations, vocabulary, sentences, or grammar). English 

educators also need to foster learners’ affections for learning English. In this study, two English 

classes in a Taiwanese university were randomly assigned to the experimental and control 

treatments. The experimental group assigned with small-group work received PBL instruction, 

whereas the control group was led by the teacher-led interpretations. The results showed that the 

PBL participants exhibited a significantly higher degree of agreements with the instructional 

treatment than their counterparts in terms of activating their interests in learning English and 

willingness to use English in their daily life. Pedagogical recommendations on how to design a PBL 

English curriculum are provided.  

 

When Problem-based Language Learning Goes Seamless 
(Lung-Hsiang WONG) 

 

A key element of any PBL design is to formulate an authentic and ill-structured problem as the 

context to trigger and delineate a problem-solving process among students. I argue that the two 

keywords here, authentic and ill-structured, are not only referring to the pre-defined problem but 

also what the collaborative learning (problem-solving) process should be. A “situationally authentic” 

problem can be regarded as real-world situations, such as a hypothetical situation of a university 

restricting students’ use of cars and motorcycles within campus due to rising number of accidents – 

a PBL group may role-play the Student Union leaders to discuss and propose alternative solutions 
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(problem-solving), and write a letter addressed to the university authority. Conversely, an 

“interactionally authentic” problem may not be a real-world activity, e.g., identifying the differences 

in two pictures, and yet whilst solving the problem, the students would need to interact in an 

authentic way in negotiating for meanings. For PBL, in particular Problem-based Language 

Learning (PBLL), it is indeed a requirement for the learning process (assuming to be carried out in 

the target language) to be interactionally authentic. 

The notion of seamless learning may provide a new lens for PBLL design. Seamless learning 

is when an individual or a learning community experiences continuity of learning, and consciously 

bridges the multifaceted learning efforts, across a combination of locations, times, technologies or 

social settings. Seamless learning privileges individual learners’ unique socio-cultural living spaces 

and inspires them in appropriating their prior knowledge and skill sets, personal experiences, and 

resources that they are possessing to support their subsequent learning endeavors. Prior research in 

seamless learning may inform PBLL designers in creating conducive conditions to make “every 

student contributing unique resources/ideas to advance the collaborative problem-solving process” 

happen, or to enhance such a process. The problem-solving process itself can take place in authentic 

environments. Situating the discussion in a Web 2.0 social media space used in seamless learning 

design instead of traditional online forum may encourage an open-ended discussion where the online 

resources could easily be shared to aid their problem-solving. The problem-solving process would 

take place across locations and time and the student interactions would be more authentic.  
 

Enhancing a Social Interaction in a Blended PBL Language Course 

(Wen-Chi Vivian WU) 
 

Although the PBL approach has been explored in diverse academic disciplines and has proven to 

have an impact on both learning outcomes and other academic-related life skills, such as problem-

solving and critical thinking, very few studies have been conducted in language courses, let alone 

among the learners learning English as a foreign language. In view of this, and with the social 

constructivist theory in mind, the researchers of this study redesigned the curriculum of an English 

Business Communication course to create a genuine and interactive learner-centered environment, 

with the goal of fostering critical thinking and problem solving skills. In the study, 51 English-

majored juniors at a four-year comprehensive university in Central Taiwan engaged actively in 

team-based discussion of business-related scenarios/cases to grapple with problems and find 

solutions. The participants were divided into nine groups and each group was assigned one tutor. 

They were required to tackle two real-life case studies with each case spanning three weeks. Each 

member in the group was assigned a major individual duty as well as collective responsibility to 

work in both online and physical classroom environments. PBL instruction did improve significantly 

the learners’ social interaction and problem solving skills; furthermore, the learners preferred 

learning via active discussion and interaction with their peers. The curriculum design and the 

implementation of the study are provided as a guideline for language instructors.  

 

Adaptive Learning for Global PBL and TBL 

(Tosh YAMAMOTO) 
 

The Institute for the Future predicts and defines the future work skills that may be necessary in the 

future. The key skills necessary for the global education must be identified in order to design the 

mission as well as its associated curriculum for PBL and TBL. The ten skills are: Sense Making, 

Social Intelligence, Novel Adaptive Thinking, Cross-Cultural Competencies, Computational 

Thinking, New Media Literacy, Transdisciplinarity, Design Mindset Visualized Communication), 

Cognitive Load Management, and Virtual Collaboration. It must be emphasized that none of the ten 

skills are currently incorporated in the education that is still bound by the traditional and legacy 

curriculum. Thus, for the successful launch for the global education enhanced with PBL and TBL, 

the ten skills must be incorporated in the curriculum. 

Kansai University, Asia University, National Central University, National University of 

Tainan and National Taiwan University collaborated to develop a curriculum incorporating the ten 

skills. When the course began, enrolled students from various campuses formed global teams to 
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engage in learning in PBL. It was indeed a PBL with global teams. The secrets of the success for 

such PBL with global teams are (i) the team building or trust building in the first class, and (ii) the 

continual maintenance of the learners’ motivation or “grit” to keep on working in teams till the end 

without giving up or dropping out. Such secrets will be elaborated in the panel discussion from 

global perspectives. Designing contents for the global team is another hurdle for such PBL with 

global teams, in which the consensus building through discussion is the key. The contents 

development will be elaborated further during the panel discussion. 

6. Discussion

The educational significance of PBL incorporates goals for students that are much broader than the 

memorization of subject knowledge in the textbook. The implications of the panel further promote 

PBL educational significance to enhance language learning. 

In this panel, the five panelists will present their own individual PBL studies each with 

different focus and share with the audience their unique PBL practice. It is hope that the detailed 

implementation procedures as well as the well-design research methods provided by each panelist 

will empower the researchers and instructors in all academic disciplines who wish to incorporate 

PBL approach into their instruction.  
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Panel 3: An International Forum on Computational Thinking Education in K-
12: Why, What, and How Computational Thinking Education is Being 
Implemented in Different Parts of the World 

Chair:  
Siu Cheung KONG, The Education University of Hong Kong, Hong Kong 

Co-Chair:  
Chee Kit LOOI, Nanyang Technological University, Singapore 

Panelists: 
Marcelo MILRAD, Linnaeus University, Sweden 
Marc JANSEN, University of Applied Sciences Ruhr West, Germany 
Chee Kit LOOI, Nanyang Technological University, Singapore 
Siu Cheung KONG, The Education University of Hong Kong, Hong Kong 

Discussant: 
Gautam BISWAS, Vanderbilt University, USA 

Abstract 
In this panel, there will be presentations by panelists from different countries/regions on their 
experience in practicing and promoting computational thinking education (CTE) in their own 
countries/regions. The aim of the international forum is to share the insightful experience and 
good practices, as well as spell out the worth-noting challenges encountered during the 
implementation of CTE in K-12. According to the experience of the project CoolThink@JC in 
Hong Kong, there are lessons learned in the aspects of curriculum development, teacher 
development, teaching assistant development, school leadership, and parental education. A 
national/regional strategy is genuinely needed for addressing these aspects in the promotion and 
implementation of a promising CTE in K-12. This panel will serve as an international forum for a 
discussion about national/regional policies on CTE in K-12, with the major concerns on an 
actionable curriculum in programming education, a short-/long-term teacher development plan, a 
sustainable parent education campaign, and a social consensus from the whole nation/region 
with determination to promote CTE for nurturing the competitiveness of next generation.
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Abstract: In this panel, there will be presentations by panelists from different 

countries/regions on their experience in practicing and promoting computational thinking 

education (CTE) in their own countries/regions. The aim of the international forum is to 

share the insightful experience and good practices, as well as spell out the worth-noting 

challenges encountered during the implementation of CTE in K-12. According to the 

experience of the project CoolThink@JC in Hong Kong, there are lessons learned in the 

aspects of curriculum development, teacher development, teaching assistant development, 

school leadership, and parental education. A national/regional strategy is genuinely needed 

for addressing these aspects in the promotion and implementation of a promising CTE in K-

12. This panel will serve as an international forum for a discussion about national/regional 

policies on CTE in K-12, with the major concerns on an actionable curriculum in 

programming education, a short-/long-term teacher development plan, a sustainable parent 

education campaign, and a social consensus from the whole nation/region with 

determination to promote CTE for nurturing the competitiveness of next generation.
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Tutorial 1: Exploring Computer-Based Learning Behaviour Using Lag 
Sequential Analysis Technique: A Tutorial 

 
Tutor 
Nurbiha A SHUKOR, Universiti Teknologi Malaysia 
 
Abstract 
In computer-based education, students’ learning behavior can be at macro and micro 
level. At the macro level, students’ learning behavior can include posting comments, viewing 
learning materials, or answering quizzes. At the micro level, learning behavior can be viewed from 
the way students interact with peers and instructors such as sharing facts, elaborating ideas, or 
arguing. At the micro level, understanding these behaviours usually applied content analysis 
technique but little is known about how significant were these learning behavior. Identifying the 
significant sequence of behaviours can assist social science researchers to evaluate the learning 
pattern and strategize the most effective intervention to induce the desired learning behavior. 
This tutorial will demonstrate the data analysis process to evaluate learning behavior using lag 
sequential analysis technique. It will also explain how data are interpreted and how a report is 
written based on the data to provide a meaningful contribution to a social science study. 
 
Tutorial Format 
Participants will be introduced to the importance of understanding behavioural learning pattern 
for computer education research, introduction to lag sequential analysis and previous studies that 
used this technique through lecture and active learning activities. Hands-on activities through 
exploration of GSEQ software will also be carried out. Participants will be able to experience the 
data analysis process using GSEQ software and learn how to report findings based on the data 
analysis process. 
 
Organizer Biography 
Nurbiha A Shukor, is a Creative Multimedia and Learning Technology Manager at Universiti 
Teknologi Malaysia and also an experienced Senior Lecturer with a demonstrated history of 
working in the higher education industry. Skilled in E-Learning, Educational Technology, 
educational data mining and recently involved in projects related to STEM Education in Schools 
with Ministry of Education Malaysia as a Project Manager for STEMazing Project UTM. Manages 
and conducted training on open education resources development including OCW and MOOCs 
for University. She is also active in tutoring several projects including UNESCO Open Education 
Project (http://unesco.ijs.si/project/open-education-resources-oer-for-statistic-and-probability-in-
pacific/) . She graduated from Universiti Teknologi Malaysia and received postdoctoral training 
from Radboud University, The Netherlands for the project Students’ Learning Regulation in 
Online Mathematics Learning.
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Tutorial 2: Application of Text Analytics to Enhance Teaching and Learning 
Experience 

 
Tutors 
Venky SHANKARARAMAN, Singapore Management University 
Swapna GOTTIPATI, Singapore Management University 
 
Abstract 
Education Domain has always had the power to generate a large amount of data. The data is 
either in the form of structured data such as grades, student profile, indexed library resources, 
and quantitative student feedback etc., or unstructured such as learning objectives, assessments, 
curriculum, course content, qualitative teaching evaluations, job and internship posting etc. The 
unstructured data can be in various forms including text, images, videos, audios etc. Mining such 
datasets provides valuable insights and enables the stakeholders to make informed decisions to 
improve the teaching and learning experience. Text analytics is a research area that studies a 
body of text to find meaningful patterns or insights. It is being applied in several business 
domains and is recently gaining popularity in education domain. 
 
Traditionally, qualitative analysis has been mostly a manual process which is a tedious and 
painstaking work. The traditional approach of processing text information involves human actions 
in information gathering, analysis, and dissemination. However, the emergence of analytics 
techniques and tools that leverages vast amounts of data sets to gain insights, from both 
structured and unstructured data, has opened new possibilities. The main objective of text 
analytics in education is to use a data-driven approach to gain insights into the effectiveness of 
the education process and thus improve the overall teaching and learning experience. This new 
capability, analytics technology, plays a major role to automate many stages and tasks of the 
education process. 
 
This tutorial will introduce and discuss the basics of text analytics, the different unstructured 
datasets in the education domain, and use cases in the education domain where text analytics 
can be applied. Additionally, we will look at emerging and likely future trends in this field that can 
give ideas to participants to discover use cases applicable in their institutions. The tutorial session 
will be highly interactive, discussion-oriented and will include examples and exercises to enhance 
participation. 
 
Key Learning Outcomes 
On completing this tutorial, you will be able to 

 Understand the basics of text analytics and explore various unstructured datasets in the 
education domain. 

 Gain insights into how text analytics can be applied to the datasets to enhance teaching 
and learning 

 Identify potential use cases where text analytics can be applied in your institution 
 
Tutor Biographies 
Venky Shankararaman is a Professor of Information Systems (Education) and Associate Dean 
(Education) at the School of Information Systems, Singapore Management University. He holds a 
PhD in Engineering from the University of Strathclyde, Glasgow, UK. His current areas of 
specialization include business process management and analytics, enterprise systems 
architecture and integration, and education pedagogy. He has over 25 years of experience in the 
IT industry in various capacities as a researcher, academic faculty member, IT professional and 
industry consultant. Venky has designed and delivered professional courses for government and 
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industry in areas such as business process management and analytics, enterprise architecture, 
technical architecture, and enterprise integration. He has published over 65 papers in academic 
journals and conferences. 
 
Swapna Gottipati is an Assistant Professor of Information Systems (Education) at the 
School of Information Systems, Singapore Management University. Her research interests include 
text analytics, natural language processing, information extraction, opinion mining, machine 
learning and social networking. Her focus is to enhance data mining models while she applies her 
research findings to software, education, security and mobile applications. Prior to joining SMU, 
she worked as a consultant for banking, financial, health and mobile projects, where she 
designed, developed and supported various software systems. 
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Tutorial 3 (Invited Tutorial): Introduction to Computational Thinking (CT) 
 
Tutors 
H. Ulrich HOPPE, University of Duisburg-Essen, Germany 
Chee-Kit LOOI, Nanyang Technological University, Singapore 
Gautam BISWAS, Vanderbilt University, USA 
 
Abstract 
This invited tutorial will provide an overview of the Computational Thinking in Education and two 
hands-on activities for beginners. 
 
Essential concepts of CT (30 minutes) 
The essence of Computational Thinking (CT) lies in the creation of “logical artifacts” that 
externalize and reify human ideas in a form that can be interpreted and “run” on computers. 
Although Papert had already used the term “Computational Thinking” (CT) ten years earlier, the 
current discussion of CT can be traced back to Wing (2006). Wing characterized CT by stating 
that it “involves solving problems, designing systems, and understanding human behavior, by 
drawing on the concepts fundamental to computer science”. This involves representing 
information in the form of data structures as well as techniques for the specification of algorithms 
for data processing and analysis. It is a problem of the current educationally oriented discussion 
of CT that the specific meaning of some of the underlying concepts (esp. “abstraction”) differs 
substantially from the common sense understanding. A better understanding of these specificities 
will be promoted through examples in this introductory module. 
 
Curricular/pedagogical relevance of CT (30 minutes) 
Beyond its direct relevance as an essential prerequisite for professions in information technology 
and computational systems, computational thinking (CT) has influenced scientific methods and 
models and thus our way of thinking and reasoning in general. Based on this perception, Wing 
(2008) asks: “If computational thinking is added to the repertoire of thinking abilities, then how 
and when should people learn this kind of thinking and how and when should we teach it?” 
Adequate answers to this bundle of questions have to be contextualized in and harmonized with 
general pedagogical theories of curriculum and lines of argumentation to justify educational 
content. This relation to pedagogy and curriculum theory will be explored in this Part 2 of the 
tutorial. 
 
Role of Unplugged activities in CT education (40 minutes) 
 “Unplugged” activities have been effective at engaging people of all ages in playful explorations 
of the big ideas in computer science through story-based problems, games, puzzles, and role 
play. Can activities that don’t use computers develop computational thinking? To what extent? 
How do we know? In part 3 of the tutorial, attendees will participate in unplugged activities, 
followed by a discussion exploring the tension between the open, inquiry nature of the original 
CS Unplugged activities for informal learning / outreach / enrichment, and the needs of a formal 
curriculum to assess students according to learning objectives. 
 
Synergistic learning of CT and STEM (45 mins) 
Synergistic learning of computational thinking (CT) and STEM has proven to be an effective 
method for advancing learning and understanding in a number of STEM domains, and, at the 
same time, disseminating and enhancing CT education. This Part 4 of the tutorial will discuss our 
approach to designing and developing a Collaborative, Computational STEM (C2STEM) learning 
environment. This system is based on a novel computational paradigm, which combines visual 
modeling with a domain specific modeling language (DSML) to promote a synergistic learning of 
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a number of science topics that include physics, earth sciences, and marine biology, along with 
CT concepts and practices. After a short introduction to the system and design approach, we will 
conduct a hands on tutorial with the C2STEM system. 
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PAPER TITLE AUTHORS PAGE 

C1: ICCE Sub-Conference on Artificial Intelligence in Education/Intelligent Tutoring System 
(AIED/ITS) and Adaptive Learning 

Full Papers   

Predicting Task Persistence within a Learning-
by-Teaching Environment 

Cristina DUMDUMAYA & 
Ma. Mercedes T. RODRIGO 

1 

Identifying Student Learning Patterns with  
Semi-Supervised Machine Learning Models 

Jeffrey MATAYOSHI & 
Eric COSYN 

11 

Modeling the Learning That Takes Place 
Between Online Assessments 

Ryan BAKER, 
Sujith Gowda, & 
Eyad SALAMIN 

21 

The Implications of a Subtle Difference in the 
Calculation of Affect Dynamics 
 

Shamya KARUMBAIAH, 
Juliana Maria Alexandra ANDRES, 
Anthony BOTELHO, 
Ryan BAKER, & 
Jaclyn OCUMPAUGH 

29 

Identifying teamwork indicators in an online 
collaborative problem-solving task: A text-
mining approach 

Dhivya SURESH, 
Hsiang Hui LEK, & 
Elizabeth KOH 

39 

Structure-mapping Support for Learning by 
Analogy with Kit-Build Concept Map 

Yusuke HAYASHI, 
Kan YOSHIDA, 
Keisuke MAEDA, 
Akira YAMANAKA, & 
Tsukasa HIRASHIMA 

49 

Short Papers   

Let’s Take a Break: Analysis of the Incubation 
Effect Among Students Using a Learning Game 
for Physics 

May Marie P. TALANDRON & 
Ma. Mercedes T. RODRIGO 

59 

Supporting Novices and Advanced Students in 
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Abstract: We attempted to model task persistence, a student attribute reflecting one’s 

dispositional need to complete difficult tasks in the face of frustration, within a learning by 

teaching intelligent tutoring system (ITS) called SimStudent. We used the interaction logs of 

32 students from the Philippines to develop a Naïve Bayes model to detect task persistence. 

Using forward feature selection, an optimized set of predictors was derived. Out of 11 

candidate features, those that significantly predicted task persistence were time on task, time 

spent on resources after failure, number of re-attempts to unsolved problems, and proportion 

of difficult problems attempted.  

Keywords: Task persistence, intelligent tutoring systems, Learning-by-Teaching, 

SimStudent  

1. Introduction

Task persistence refers to the continuation of a goal-directed action in spite of obstacles, difficulties 

and discouragement (DiCerbo, 2016). Persistence, a facet of conscientiousness, describes a category 

of student actions (e.g., focusing on tasks, believing in one’s own capacity to succeed, and making 

an effort to overcome challenges) that requires sustained thinking and decision making (Clarke, 

Cheeseman, Roche, and van der Schans, 2014).  Persistence does not only involve one’s initial drive 

to do a task. More importantly, persistence necessitates the ability to maintain that momentum 

regardless of the challenges that might hinder task success. Thus, a persistent individual unceasingly 

exerts effort and finds alternative approaches to accomplish difficult tasks instead of giving up.  

Persistence has been shown to predict academic achievement (DiCerbo, 2014) and other life 

outcomes (Kautz, Heckman, Diris, Ter Weel, and Borghans, 2014). For many of these outcomes, the 

predictive power of persistence on student’s success rivals cognitive abilities (Kautz et al., 2014) 

suggesting that developing student persistence is as important as nurturing their cognitive skills. 

Previous accounts stated that cognitive aptitude only reveals how much intellectual promise a 

student possess but does not specify the degree to which the student utilizes his potential (Borghans, 

Duckworth, Heckman, and Weel, 2008). In a problem solving task, student’s success or failure is 

often influenced by his persistence on the task, as much as his mathematical abilities (Lester, 

Garofalo and Kroll, 1989). Thus, gaining insights on how students’ attain success necessitates 

understanding of both the cognitive and non-cognitive variables that influence students’ academic 

achievement. Furthermore, studies have shown that non-cognitive skills, including persistence, are 

critically vital for the 21st century workforce however employees seemed to be deficient on these 

skills (American Management Association, 2012; Cator and Adam, 2013). Hence, the need to 

develop these critical skills in children while they are still in the academe.  

This work attempts to create a predictive model for student task persistence within a 

Learning by Teaching (LBT) environment called SimStudent, to be discussed in full in Section 3. 

We sought answers to these questions: 

1. What features predict student task persistence?

2. How well do these features predict student task persistence?
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This study may contribute towards applying data mining approaches to predict task 

persistence using behavioral data collected from students’ utilization of a computer-based learning 

environment (CBLE). Persistence in task is an important factor, besides general metal ability, 

influencing attainment in working life and the academe. Predicting which student will likely persist 

in academic tasks and identifying the behavioral features that may influence student’s persistence in 

a task could provide insights to educational technology designers on what student actions should be 

nurtured to ensure persistence in academic tasks. This could consequently serve as basis in 

formulating design guidelines for educational systems to encourage persistence among students and 

incorporating interventions to induce learners to persist in difficult tasks and to develop positive 

behaviour towards learning.  

 

 

2. Learning by Teaching 
 

This study will be explored within the context of a learning-by-teaching intelligent tutoring system 

(ITS). LBT is a pedagogical methodology where students learn by actively participating in their own 

learning (Martin and Kelchner, 1998). When students are actively learning, they are involved in the 

learning process not only by listening to the teacher or reading a text but in discussions and actual 

tasks (e.g., problem solving) resulting in deeper and fuller understanding, and stronger connection 

and commitment to both the learning materials and task goal. 

LBT has many aspects that contribute to improved learning, namely: structuring, taking 

responsibility and reflecting on processes and outcomes (Biswas, Segedy, and Bunchongchit, 2016). 

Teaching is an open-ended and self-directed process that charges tutors with the selection of the 

most appropriate material or the best strategy to stimulate learning. Preparation for the actual task of 

teaching requires the tutor to check whether he has sufficient domain knowledge to perform the task 

effectively. This action supports and trains one’s meta-memory functions (Schneider, 2008). As 

consequence of his judgments and adjustments, the tutor gains better understanding of the material 

and becomes more equipped for the task. The actual teaching also invokes the critical factors of 

learning. As the tutor interacts with the tutee (e.g., receiving questions, providing feedbacks), the 

tutor is reorganizing his own domain knowledge. Communicating with the tutee allows the tutor to 

reflect on the queries made, and assess and restructure his own understanding when necessary. 

Finally, effective teaching requires the tutor to monitor and evaluate task outcomes. These actions 

will possibly guide the tutor in deciding whether a different strategy must be adopted to improve the 

outcomes of the task (Kirkegaard, Gulz, and Silvervarg, 2014).  

With the goal of harnessing such benefits, several works have explored the use artificial 

intelligence in pedagogical approaches through virtual peers or teachable agents to support student 

learning. One of these systems is Betty’s Brain (Biswas, Segedy, and Bunchongchit, 2016). Betty’s 

Brain leverage the LBT paradigm to get the students to read about a science topic and construct a 

causal model of a phenomena to promote learning. The classroom experiments on Betty’s Brain 

demonstrated the effect of LBT on student performance and learning behaviour (e.g., Kinnebrew, 

Mack, and Biswas, 2013).   

 

 

3. SimStudent 
 

SimStudent (Matsuda, Barbalios, Zhao, Ramamurthy, Stylianides, and Koedinger, 2016) is an ITS 

based on the LBT pedagogical approach. SimStudent, a virtual teachable agent, learns procedural 

skills inductively from the examples given by a human tutor as they solve a linear equation problem. 

SimStudent attempts to solve a problem one step at a time, occasionally asking the human tutor 

about the correctness of each step or requesting for a demonstration. From the feedback and 

demonstrations, SimStudent generates production rules that represent the skills learned.  

SimStudent was first used in a classroom experiment in 2011 and has undergone several 

revisions.  For this study, we utilized a version that provides the human student with adaptive 

assistance on how to proceed with the tutoring task. When the human tutor requests for assistance, 

an embedded metatutor agent provides one of the four types of help: (a) quiz assistance to suggest 

when students should take the quiz and why, (b) problem selection assistance to suggest what 
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problem students to present next and why, (c) resource assistance to suggest when students should 

review a particular resource and why, and (d) impasse recovery assistance to suggest a problem 

restart or to give a new problem when students are stuck for a predetermined amount of time. Aside 

from the adaptive scaffold the system provides, the human tutor can utilize an array of learning 

resources (e.g., worked-out examples, step-by-step quiz solution, introduction video, unit overview, 

and problem bank) to support the activation of self-regulatory processes. These resources aid tutors 

in setting up their goals by learning what the task is all about, planning strategies by understanding 

the subject domain, teaching their tutee, and assessing their own understanding and performance. 

SimStudent have been used in several studies, for example, to examine the implications of  

prior knowledge on student learning (Rodrigo, Ong, Bringula, Basa, Cruz, and Matsuda, 2013). The 

data utilized in this work was previously analyzed to investigate the effects of scaffolding and prior 

knowledge  on students’ performance (Dumdumaya, Banawan, Rodrigo, Ogan, Yarzebinski, and 

Matsuda, 2017). Also, a cross-cultural analysis on how students customize an agent’s appearance 

across regions in the United States and the Philippines was conducted using the same dataset which 

findings emphasized learners’ profile diversity (Yarzebinski, Dumdumaya, Rodrigo, Matsuda,  and 

Ogan, 2017). The results of these works suggest the importance of taking into account learners 

attributes (e.g., skills, attributes and behaviors) when designing interventions in CBLEs to nurture 

students, both in cognitive and non-cognitive aspects. 

 

 

4. Data Collection and Preprocessing 
 

Our dataset came from an experiment involving 32 students interacting with SimStudent. The data 

was collected from eighth-grade or 2nd year high school students with age ranging from 12 to 15 

years old. Seventeen students were from Krus na Ligas National High School (KNLHS), a public 

junior high school in Quezon City; 11 were from Ateneo de Davao University (AdDU) in Davao 

City; and 4 from the University of the Cordilleras (UC) in Baguio City, both are private universities 

in the Philippines. Participation to the experiment was voluntary. Parental consent and child assent 

were obtained prior to the experiment. No compensation was given to the participants of the 

experiment. 

Prior to tutoring their SimStudent, the students took a pre-test to assess their proficiency in 

solving linear equations. They then started tutoring their SimStudent for 3 consecutive days, for 40 

minutes each day. The complete structure of the study was discussed elsewhere (Dumdumaya et al., 

2017). 

The interactions of each participant with SimStudent were tracked and automatically 

recorded into a file. The raw interaction logs had 58 features, comprised of nominal and numeric 

data that captured students’ actions, agents and system responses and all other related information 

totaling more or less 120 minutes. The interaction events included actions to prepare for the task, the 

actual tutoring actions, and post tutoring actions. The log file records specific parameters such as 

attempt identifier (e.g. UserID, sessionID), timestamp, the specific action taken (e.g., entered a 

problem, explained a hint, demonstrated a step, and viewed example solution), results (e.g., correct 

action and incorrect action), problem category (i.e., OneStep (one step equation), TwoStep(two step 

equation), BothSides (equation with variables on both sides)). From the logged information, we 

derived the feature set used in the study. 

As a preprocessing step, we first removed incomplete records (i.e., participants with 

incomplete and invalid data), segmented students’ interaction records into sessions, translated 

session logs into observational attribute vector, and distilled and summarized features. A session 

refers to a sequence of events commencing from the time the student initiates the program learning 

environment (PLE) until the student closes the PLE. A student could have none to multiple tasks or 

problem attempts within a session. From the 32 students, 129 sessions were obtained containing on 

average 817.20 (SD =512.08) transactions.  
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5. Feature Variables 
 

Eleven candidate features were explored as variables that influence task persistence within a LBT 

environment. They were categorized as follows: 

(1) Engagement- Student engagement have been consistently linked to persistence (Gentry, 

2014;  Jung and Lee, 2018).  Croxton (2014) underscored the impact of interactivity in student 

persistence suggesting the need of providing learning environments that allow students to engage in 

the learning process through active collaborations with peers, mentors, and the course content to 

encourage persistence. Based  on previous works (Cocea and Weibelzahl, 2007; Lloyd, Heffernan, 

and Ruiz, 2007; Zhang, Cheng, He, and Huang, 2003), we quantified engagement using the 

following features: 

(a) Tasks attempted (TaskAttempts) - the number of problems tutored within a session. 

(b) Time spent on task (TimeOnTask) - the average time (in seconds) a student spent 

tutoring problems within a session, regardless of the outcome. This was computed as total time on 

tutoring problems over total number of problems tutored. 

(c) Time spent on resources (TimeResources) - the average time (in seconds) spent viewing 

learning resources during the entire session (including prior, during and post task events). It was 

computed as total time spent on resources over the number of access to resources. 

(d) Time spent on Hints (TimeOnHints) - the average time (in seconds) spent on given 

hints. 

(e) Time spent by students on resources prior to task (TimePriorTask) – task preparation is 

indicative of broader patterns of development in relation to becoming independent, self-regulated 

and persistent learner. We investigated this feature using the average time spent on resources to 

prepare for the task which was computed as total time spent on resources prior to first problem 

tutored over the number of resources accessed prior to first problem tutored. 

(f) Number of bottom level hints explored (NumOfBottomHints) - the number of instances 

when students delved deeper into given hints to normalize confusion and to reflect on one’s 

strategies and actions when confronted with challenges. 

(g) Proportion of followed hints (%FollowedHints) - the percentage of hints followed by 

students, computed as the number of hints followed over the total number of hints provided.  

(2) Self-efficacy - Self-efficacy has been found to influence student’s persistence (Bandura, 

1997; Lent, Brown, and Larkin, 1984). Self-efficacy refers to one’s personal belief that he is capable 

of completing tasks successfully. As emphasized in previous works, self-efficacy impacts student’s 

problem or task choice (Mcquiggan, Mott, and Lester, 2008) and help-seeking behavior (Nelson and 

Ketelhut, 2008; Williams and Takaku, 2011). In this work, we quantified self-efficacy using the 

following features:   

(h) Number of reattempts to unsolved problems (NumOfReattempts) - the average number 

of re-attempts to a problem after a failed submission or being stuck in a step for a long time.  

(i) Proportion of Difficult problems attempted (%DiffProblemsAttempted) - the 

percentage of attempts to tutor equations having variables on both sides. This was computed as the 

number of target problems attempted over the total problems attempted. 

(j) Time spent on resources after failure (TimeResourcesAfterFailure) - the average time 

spent by the student viewing learning resources after an incorrect problem submission or being stuck 

in a step for a long time.  

(k) Time spent on resources after an incorrect step - the average time spent by the student 

viewing learning resources after committing a mistake in a specific problem step. 

 

 

6. Methodology 
 

6.1 Coding 

 
Students who are persistent believe that their intelligence is malleable, and can be developed through 

hard work, good strategies and input from others. They are unafraid to take on difficult mathematical 

problems as they look at these tasks as opportunities to cultivate their abilities.  In contrast, those 
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who are not persistent believe that intelligence is an unchangeable attribute. Hence, they avoid 

challenging tasks and exhibit helpless response to challenges (Suh, Graham, Ferrarone, Kopeinig, 

and Bertholet, 2011). 

We operationally defined students who are “persistent in task” to be students who attempted 

to tutor linear equation problems in progressing level of difficulty. For example, the student started 

with OneStep problem, then tutored a TwoStep problem and/or a problem having variables on both 

sides (BothSides) in succession, or students who attempted to tutor difficult problems only within 

the session regardless of task outcomes. Using a visualization of the students’ action sequences (see 

Figure 1), we coded 1 to indicate that the student exhibited task persistence in a session and coded 0 

otherwise. We used the annotated data as ground truth. 
 

 
Figure 1. Example of a visualization of student actions sequences: (a) action sequences within 

a session, (b) action sequences within a problem task. 
 

6.2 Modeling and Validation  
 

We used Naïve Bayes algorithm to detect task persistent behavior from interaction logs of students. 

Naïve Bayes is a probabilistic classifier, meaning that for student session s, the classifier returns the 

class c’ out of all classes c ∈ C which has the maximum posterior probability given the session 

parameters. An advantage of the naive Bayes classifier is that it requires a small amount of training 

data to estimate the parameters (means and variances of the variables) necessary for classification 

(Bhardwaj and Pal, 2012). Since Naïve Bayes assumes independence among predictors, only the 

variances of the variables for each class need to be determined and not the entire covariance matrix. 

In spite of their naive design and apparently simplified assumptions, Naïve Bayes classifiers have 

been used in many complex real-world situations (e.g., Parthiban, Rajesh, and Srivatsa, 2011),  and 

in educational data mining (e.g., Ahmed and Elaraby, 2014).  

Prior to modeling, the most relevant attributes of the feature set were selected using forward 

selection (Ren, Qiu, Fan, Cheng, and Philip, 2008). Forward selection exhaustively search for the 

best subset of features that optimized the prediction model’s performance by progressively 

incorporating variables into larger and larger subsets in iterations, starting with a NULL model until 

a stopping criteria is met. The stopping criteria was when there is no more increase in the classifier 

performance.  

Model performance was evaluated using 10-fold cross validation. In cross validation, data is 

randomly subdivided into subsets, in this case, ten. One subset is isolated for use as testing data and 

the remaining serve as training data. In successive iterations, the model is run with each subset 

serving as testing data to ensure that each student’s data was entirely either in the testing set or the 

training set which minimizes bias in calculating classification accuracy. The classifier was evaluated 

using two performance metrics: accuracy and Cohen’s Kappa (Cohen, 1960). Accuracy is simply the 

ratio of correctly predicted observation to the total observation. Cohen’s Kappa assesses whether the 

predictor is better than chance in recognizing which sessions implicate persistence behavior. A 

Kappa of 0 indicates that the predictor performs at chance, and a Kappa of 1 indicates that the 

predictor performs perfectly.  
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7. Results and Discussion 
 

7.1 Predictors of Task Persistence 
 

We derived a Naïve Bayes model predicting a binary variable, whether the student is persistent 

or not in his task. An optimized feature selection process selected 4 attributes among the 11 

candidate features as predictors of student task persistence. These variables were associated with 

engagement and self-efficacy.  

How long students tutored a problem (TimeOnTask) was linked to student task persistence, 

as with Jung & Lee(2018). Students who demonstrated persistence in their task spent higher amount 

of time on task compared to those who did not persist (PMean=342.29, PSD=206.57 vs. 

NPMean=245.92, NPSD=263.90, t(127)=2.26, p=0.03) corroborating previous works (e.g., Morris & 

Finnegan, 2008). This could mean that one characteristic of a persistent individual is to stick to the 

task of overcoming problems until they figure things out. Engagement in task for longer periods of 

time allows students to process instructions more deeply which help in achieving their goals. As 

persistence is linked closely with sustained attention or the ability to focus attention on task for 

extended periods of time  (DiCerbo, 2014), hence the amount of time invested by a student in a task 

could be indicative of the degree of persistence he will likely demonstrate as he tries to attain his 

goal.  

Consistent with the results that linked self-efficacy and persistence (Miller, Behrens, Greene, 

& Newman, 1993), this work also found an evidence associating self-efficacy and  student task 

persistence. Percentage of difficult problems attempted (%DiffProblemsAttempted), number of 

reattempts to a problem (NumOfReattempts), and time spent on resources after failure 

(TimeResourcesAfterFailure) were selected as predictors of task persistence.   

Persistence is specifically important in problem solving task. Unlike simple calculations that 

generally requires carrying out a single operation (e.g., OneStep linear equation problems), solving 

difficult linear equation problems includes several steps, such as carrying out mental 

transformations and building mental models, and selecting and applying a series of appropriate 

strategies (e.g., add, subtract, divide and multiply) to solve a problem. The feature selection process 

revealed that student’s problem choice is a marker of persistence. Students who exhibited 

persistence have higher percentage of attempts to difficult problems than those who are 

non-persistent (PMean=0.26, PSD=0.40 vs. NPMean=0.01, NPSD=0.06, t(127)=5.35, p<0.001). This 

finding characterizes persistent individuals as challenge takers. This class of students demonstrate 

strong confidence in their abilities by seeing difficult problems as opportunities they can control and 

manage through their skill. According to Dweck and Leggett (1988), students with high self-efficacy 

persist through difficult tasks as they consider difficult problems as challenges to be mastered rather 

than threats to be avoided. Conversely, individuals who have low sense of self-efficacy tend to shy 

away from difficult situations (Bouffard-Bouchard, 1990). Their goal commitment is weakened by 

negative self-cognition and negative affect and they tend to concentrate on personal deficiencies and 

obstacles rather than how to perform tasks successfully. As a result, they either skip difficult tasks or 

search for less challenging alternative activities.  

For persistent individuals, initial failure is just a cue to work harder. In this work, we found 

that NumOfReattempts to a problem is an indicator of task persistence as previously defined in 

(Ventura and Shute, 2013). Collins (1984) emphasized that children with high self-efficacy 

demonstrate greater effort and persist longer in reworking incorrect problems. In this case study, 

students who demonstrated persistence in their task re-attempted initially failed problems more 

frequently than non-persistent learners (PMean=0.54, PSD=1.06 vs.  NPMean=0.14, NPSD=0.48, 

t(127)=2.81, p=0.005). Re-attempts to task could be a manifestation of student’s beliefs in his own 

ability to control essential dimensions of learning as a coping mechanism to the challenges and the 

negative affect he might experience when trapped in learning impasses  (Bhanji and Delgado, 2014).  

Thus, we could infer that an “if failed-reattempt” strategy could be one’s approach to correct 

mistakes while staying the course. This action shows the dependency of one’s perceived ability to 

regulate facets of learning and his persistence on the task.  

A key construct relating to student’s persistence on a task is their personal perceptions of 

competence related to their ability to seek for help when it’s needed. As found in this work, 

TimeResourcesAfterFailure is a predictor of task persistence. When facing a challenge or initial 
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failure, persistent students tend to explore different strategies  to be able to continue on the same path 

and to avoid negative outcomes (Narciss, 2004). Help seeking after failure (e.g., viewing resources 

after an incorrect submission) is an approach to continue with the task and elude another failure.  As 

emphasized by Jõgi and Kikas (2016), persistent students are adaptive help seekers which manifests 

the influence of self-efficacy to student persistence. Highly efficacious individuals feel empowered 

to succeed, thus they utilize strategic approaches to complete the tasks and to sustain their efforts 

when difficulties are encountered. Self-efficacy acts on a broader level through more effective use of 

metacognitive and self-regulated learning strategies (Pintrich and Zusho, 2002). For example, when 

facing failure, a persistent student reflects on his performance, evaluates his domain understanding, 

and then regulates his strategy when necessary (i.e., seek direct or indirect help), which in turn 

influences his decision to persist in a task. Previous research have reported that highly efficacious 

students demonstrate better help-seeking behavior (e.g., Nelson and Ketelhut, 2008), however, this 

work revealed that while students who demonstrated persistence spent more time exploring learning 

resources after a failure than those who showed non-persistence, their mean difference is not 

significant at all (PMean=21.77, PSD=85.15 vs. NPMean=3.52, NPSD=20.11, t(127)=1.76, p>0.05). 

This means that contrary to findings showing that students with low self-efficacy avoid seeking help 

(e.g., Ryan, Gheen, and Midgley, 1998), the students in the present study were relatively active help 

seekers as well. It has been suggested that help seeking may serve multiple purpose (Nelson-Le Gall 

and Gumerman, 1984). Besides, adaptive help-seeking, it is also possible that students just seek help 

merely for task completion (i.e.,  seeking help without comprehension or mastery as an objective) or 

to avoid the task altogether (e.g.,  by gaming the system (d Baker, Corbett, Roll, Koedinger, Aleven, 

Cocea, Hershkovitz, de Caravalho, Mitrovic, and Mathews, 2013). Such cases demonstrate 

maladaptive help seeking behaviour which results to low persistence in task (Dweck, 1986). Help 

seeking is a multifaceted process in which students have to make decisions on whether to ask for 

help, what type of help to ask for, and from whom to ask for help (Schunk and Meece, 2012) that 

combines aspects of both cognitive and social interactions (Ryan, Gheen, and Midgley, 1998). Help 

seeking behavior is what discriminates a persistent from a non-persistent student (Kennedy, 

Sheckley, and Kehrhahn, 2000). While adaptive help seekers enjoy exerting effort, in pursuit of task 

mastery, by seeking for help when faced with setbacks and failures, maladaptive help seekers are 

inclined to demonstrate negative affect and negative self-cognition when faced with adversities 

(Dweck, 1986; Ahn, Teeters, Wang, Breazeal, and Picard, 2007). Their self-doubts and negative 

self-cognition seemed to weaken their commitment to the task. Rather than finding ways to 

overcome the challenge, maladaptive help seekers focus on personal inadequacies and on task 

difficulty that will possibly result to diminished ability of an individual with low self-efficacy to use 

strategic information seeking to efficiently control his learning experience. 
 

7.2 Validation 
 

The machine learned model was validated using 10-fold cross validation. The confusion matrix (see 

Table 1) shows the performance of the model in predicting the incidence of persistence and 

non-persistence in tasks. The model’s class precision (how good the model is at avoiding false 

positives) is 88.89% while its recall or sensitivity (how good the model is at avoiding false negatives) 

is 44.44%. The model’s overall accuracy is 74.42% with a Kappa rating of 0.435 indicating that the 

predictor was 43.5% better than chance in recognizing which sessions involve persistence behavior. 

 

Table 1 

Confusion Matrix  

Predicted Actual 

Persistent Not Persistent 

Persistent 24 3 (false positives) 

Not Persistent 30 (false negatives) 72 

 

 

8. Conclusion, Contribution and Future Work 
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The goal of this work was to identify the factors that may detect student persistence in peer tutoring 

task. We found that student’s engagement, denoted by average time on task, and self-efficacy, 

represented by average number of reattempts to a task,  average time spent on resources after a 

failure, and proportion of difficult problems attempted, are factors that influenced persistence as 

reported in previous studies (Jung and Lee, 2018; Lent, Brown, and Larkin, 1984). This means that 

students who tend to persists on a task spend more time working on the task in spite of challenges 

and failures. Moreover, students who attempt challenging problems, re-attempt a failed or unsolved 

problem, and take time to review resources after a failed step have the tendency to exhibit greater 

degree of persistence.  

The combination of Naive Bayes classification with forward feature selection identified the 

most efficient predictors for the given target attribute, although an increase in classification accuracy 

and kappa rating would have been more gratifying.  

Aside from contributing to the existing literature on task persistence, this study has 

presented the predictor variables of student task persistence within an intelligent tutor for Algebra in 

the context of Learning by Teaching. The model derived in this work will possibly help designers of 

computer-based learning environments in determining and integrating interventions that would be 

beneficial in developing persistent behavior in students which is an attribute considered vital for 

long term success. 

Previous works have shown that persistence is likely influenced by one’s affective states 

(e.g., Ahn et al., 2007). Unfortunately, affect as a predictor of persistence was not explored in this 

study. As a future work, we will investigate whether affective states indeed influence an individual’s 

decision to persist or abandon a task.  

In Palaoag, Rodrigo, Andres, Andres, and Beck (2016), the markers of persistence were 

found to indicate not only productive persistence but wheel spinning, a case of unproductive 

persistence (Kai, Almeda, Baker, Shechtman, Heffernan, and Heffernan, 2017). Hence, as part of 

our future work, we will attempt to distinguish productive persistence from unproductive persistence 

to gain further understanding about these constructs in the context of a learning by teaching 

environment. 
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Abstract: One of the benefits of adaptive learning systems is that they allow students to 

work at their own pace. Because of this, students may exhibit drastically different learning 

patterns, some of which are symptomatic of misuse or suboptimal use of the system, or 

simply of possible inadequacy in the system. Identifying such patterns allows the system or 

the instructor to take corrective action to ensure that students are having a successful learning 

experience. ALEKS, which stands for “Assessment and LEarning in Knowledge Spaces”, 

is a web-based artificially intelligent learning and assessment system. In this work we 

attempt to identify and classify various learning patterns that students exhibit while working 

in the ALEKS learning mode. To do this, we first build a set of statistical features for 

describing the learning behaviors that students exhibit. After using these features to identify 

an example set of students, we use semi-supervised machine learning techniques combined 

with an artificial neural network to apply these classifications to the rest of our dataset. 

Keywords: Semi-supervised machine learning, adaptive learning, knowledge space theory, 

artificial intelligence, neural network 

1. Introduction

ALEKS, which stands for “Assessment and LEarning in Knowledge Spaces”, is a web-based 

artificially intelligent learning and assessment system (Falmagne et al., 2006).  The artificial 

intelligence of ALEKS is a practical implementation of knowledge space theory (KST), a 

mathematical theory that employs combinatorial structures to model the knowledge of learners 

(Doignon and Falmagne, 1985; Falmagne et al., 2013; Falmagne and Doignon, 2011).  KST has 

been successfully applied to such subjects as math (Huang et al., 2016; Reddy and Harper, 2013), 

chemistry (Taagepera and Arasasingham, 2013) and even dance education (Yang et al., 2012).  

Using KST, the ALEKS system assesses a student's knowledge in a particular academic course, and 

it then places her at the appropriate place in the course so that she can begin with the material that 

she is most prepared to learn. In a typical ALEKS course, the bulk of a student's time is spent in this 

“learning mode", where the student receives targeted practice and instruction on the concepts that 

she has not yet mastered. 

In this paper, we attempt to understand and classify the various learning patterns that 

students exhibit in the ALEKS learning mode.  We start by building a set of statistical features that 

helps us separate the students with extreme learning patterns from the students with more typical 

behaviors.  Once we have these features, we devise four different learning classes, based on the 

behaviors that students exhibit, and then manually validate and assign a sample of students to each 

class.  Finally, we use semi-supervised machine learning techniques to combine this small amount 

of labeled data with the much larger amount of unlabeled data and build a classification model that 

allows us to label all of the students in our dataset.  A first implementation uses a logistic regression 

classifier. To overcome its observed limitations, our final model uses an artificial neural network. 

2. Background

In KST, an item is a problem that covers a discrete skill or concept.  Each item is composed of many 

examples called instances, which are carefully chosen to be equal in difficulty and cover the same 
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content.  A knowledge state in KST is a collection of items that a student could conceivably know 

at any one time.  In other words, a set of items is a knowledge state if one can expect a student to 

know all of the items in the set, while not knowing any of the items outside the set (after discounting 

lucky guesses and careless errors).  For example, the empty set and full set are always considered 

valid knowledge states. 

A student begins an ALEKS course by taking an initial assessment.  The initial assessment 

is an adaptive assessment designed to determine what the student knows and, based on this 

information, what he is ready to learn next.  We refer the reader to chapters 2 and 8 of Falmagne et 

al. (2013) for more detailed information on how the ALEKS assessment works. 

After the initial assessment, the student enters the ALEKS learning mode and works on the 

specific material that the system deems he is ready to learn.  The ALEKS learning mode functions 

by giving a student targeted instruction and practice on a single item at a time.  The student is 

presented several instances of the item, and he must correctly answer these instances until he 

demonstrates mastery of the item.  During this time, the student is allowed to view an explanation 

of the current instance, which instructs him on how to solve the given problem.  Once the student 

has finished viewing the explanation, he is then given a new instance to solve.  At any time in the 

ALEKS learning mode, the student has the option of working on any of the items that the ALEKS 

system deems him ready to learn. 

 

 

3. Measures of Student Behavior (Features) 
 

The dataset under consideration from the ALEKS learning mode consists of three types of actions, 

or events: correct answers, wrong answers, and viewing of the explanation.  Based on these actions, 

the following time-dependent rate functions of student behavior are used for our model. 

 

 Items learned per hour of login time (login hourly learning rate) 

 Proportion of actions consisting of using the explanation (login explanation rate) 

 Proportion of actions consisting of a correct answer (login correct answer rate) 

 Items learned per day in course (daily learning rate) 

 

For each of these rates, we are looking for a single statistic that captures the “steadiness” of a 

student’s performance with respect to that rate.  Thus, for each rate function f we compute the score 

 

∫ |
𝑇

0
𝑓(𝑡) − 𝜇(𝑓)|𝑑𝑡

∫ 𝑓(𝑡)𝑑𝑡
𝑇

0

, 

 
where t is time and μ(f) is the mean of the student's rate up to time T.  This gives a unitless measure 

that takes values on the interval [0, 2).  It is worth noting that this measure of steadiness does not 

depend on how a student performs relative to the other students or on the magnitude of the rate.  

Instead, it only depends on the (time) variation of the rate around its mean.  Additionally, we are 

also interested in how the hourly learning rate evolves over the length of a course.  To measure this 

evolution, a linear regression is fit for each student's hourly learning rate, and the slope of this 

regression is used as a measure of the student's “learning trend”.  Combining these measures, the 

five features for our model consist of the steadiness measures for the four rates, and the learning 

trend. 

 

 

4. Constructing the Student Labels 
 

The five features in the previous section are designed to identify and differentiate the following 

classes of student behavior. 

 

 Erratic (suspicious) learning 
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 Procrastination/cramming 

 Plateaued learning (“hitting a wall”) 

 Normal  

 

Our emphasis is not on identifying a student as being, for instance, a slow or a fast learner—for 

which the mean hourly learning rate would be an appropriate measure. Rather, we are interested in 

identifying changes in learning dynamics that point to potential underperformance in the use of the 

learning system. Consequently, feedback from instructors using ALEKS in a classroom setting, 

along with exploratory analyses of learning data from 2484 students in a college-level Basic Math 

course, lead to the selection of the above behavioral classes and to the use of rate steadiness to 

capture them. 

The students in the erratic, or suspicious, learning class are identified mostly by large 

fluctuations in their hourly learning rate.  Anecdotally, we have been informed of several cases 

where students are having someone else do their work in the ALEKS learning mode, resulting in 

short bursts of abnormally rapid progress.  An example of this behavior is shown in Figure 1 (blue 

curve).  From this plot it seems very likely that we are dealing with two distinct learning patterns, 

one during the first 28 hours or so of the course, and then another from there on.  Patterns such as 

these are what motivated the design of our features, which are engineered to find learning patterns 

that exhibit a large amount of variation. 

 

 
 

Figure 1. Example student with a highly variable hourly learning rate 
 

Interestingly, while the variation in the hourly learning rate is the most obvious, the erratic 

students also exhibit large amounts of variation in the rates in which they answer correctly, and also 

in which they use the explanation.  These effects are also shown in Figure 1.  As with the hourly 

learning rate, at about 28 hours both of these values show a distinct transition, with the correct rate 

starting below 0.6 and eventually peaking at over 0.95.  Conversely, the usage of the explanation 

becomes essentially non-existent after this time. 

The next class of student learning we encounter is that of procrastination and/or cramming.  

In contrast to the students with erratic learning, these students have a relatively consistent hourly 

learning rate, which is evidence that we are dealing with one actual student learning profile.  

However, the larger fluctuations appear in the daily learning rate, where for the most extreme cases 

it is clear that we are seeing students cramming their learning into a short period either before the 

end of the course, or before an important exam.  An example of such a pattern is shown in Figure 2, 

where the majority of the learning is concentrated in two periods near the end of the course.  For this 

same student, Figure 3 shows the hourly rate, along with the correct and explanation rates.  In 

contrast to the erratic profile in Figure 1, the shift for this student is more subtle.  While there is an 

increase in the hourly learning rate towards the end of the course, which corresponds to the spikes 

in the daily learning rate, the correct rate during this time is not significantly different from the time 

period just before (as opposed to the large spike in Figure 1).  Additionally, the increase in the hourly 
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learning rate can be reasonably explained by the large drop in the usage of the explanation, which 

previously constituted a significant amount of the student's learning events (roughly 30% for most 

of the course).  Thus, rather than this being the work of a separate person, this is most likely a student 

who had previously spent a significant amount of time using the explanation, which in turn lowered 

the hourly learning rate, and who thereafter made a more concerted effort to solve and master the 

items at a faster pace. 

 

 
 

Figure 2. Example student with a highly variable daily learning rate 
 

 
 

Figure 3. Login learning rate plots for student in Figure 2 

 

The third class of learning pattern consists of students whose learning has slowed down 

considerably, or even stopped completely, over the length of the course.  Like students with erratic 

learning, these students with plateaued learning (or, “hitting a wall”) also show variability in their 

hourly learning rate, though it tends not to be as extreme.  Additionally, they are also characterized 

by a negative trend in their hourly learning rate. Figure 4 shows one example of such a student. The 

student has a consistent hourly learning rate through the first few hours of the course, but after that 

time the rate begins to decline.  Interestingly, we can see that the correct rate is mostly steady, until 

it declines and reaches its minimum near the end of the course.  At the same time, while the correct 

rate is declining, we see a corresponding increase in the usage of the explanation, giving more 

evidence that this particular student is struggling to make progress in the learning mode. 
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Figure 4. Example student with declining hourly learning rate 

 

The final class consists of the rest of the students who do not fit into any of the previous 

three classes, and it comprises the bulk of the data.  

Based on the insights described in this section, the following procedure was used to assign 

class labels to a sample of students.  The five features were computed for each of the 2484 students 

in the Basic Math course, and these features were then used to identify a sample of 32 students 

containing potential examples from each class.  Typically, for students potentially in one of the three 

extraordinary classes, the values of one or more features were above the 95th percentile (see Table 

1).   These 32 students were then manually evaluated and labeled independently by two experts, who 

based their evaluations on the complete learning profiles of the students (i.e., extra data that were 

not part of the model were used for these evaluations).  The experts had an initial inter-rater 

agreement for these labels, as measured by Cohen’s kappa, of 0.77.  As a last step, the experts 

discussed the discrepancies and agreed on the final labels of the 32 students.  Table 1 shows the 

features for example students from each of the classes. 

 

Table 1 

Examples of learning patterns and their feature values for 7 of the 32 labeled students.  The 5th and 

95th percentiles for each feature are listed beneath the column headers, and values outside these 

bounds are highlighted in bold in the body of the table. 

 Steadiness Rates  

Class 
Hourly Explanation Correct Daily Trend 

(0.22, 0.53) (0.16, 0.62) (0.11, 0.29) (0.94, 1.65) (-0.44, 0.32) 

Normal 0.2848 0.1641 0.1659 1.3738 -0.0475 

Erratic 0.7547 0.929 0.2952 1.5842 2.985 

Erratic 0.6264 0.5197 0.3883 1.6749 -0.6103 

Hitting a wall 0.4362 0.2538 0.1509 1.3399 -0.510 

Hitting a wall 0.423 0.3478 0.2002 1.7609 -1.088 

Cramming 0.2855 0.3756 0.2462 1.8265 0.340 

Cramming 0.1812 0.2025 0.1131 1.8537 -0.184 
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5. Model Building 
 

To build our student classifier, we will use a semi-supervised machine learning model.  Semi-

supervised learning models lie between supervised and unsupervised learning, and the unique feature 

of these models is that they are able to take advantage of both labeled and unlabeled data.  Such 

techniques can be very useful in situations where the amount of labeled data is small in comparison 

to the amount of unlabeled data.  This situation can occur, for example, when assigning accurate 

labels to data takes a considerable amount of manual (human) effort.  In such a case, adding the large 

amount of extra unlabeled data can possibly give a large increase in the accuracy of the model 

(Mitchell, 1999; Nigam et al., 2000).  For a thorough introduction to semi-supervised learning, we 

refer the reader to Chapelle et al. (2006) or Zhu and Goldberg (2009) 

Our first attempt at building a classifier consists of a logistic regression model that is modified 

to take advantage of the unlabeled data using entropy regularization (Grandvalet and Bengio, 2006; 

Zhu and Goldberg, 2009).  The key assumption made by entropy regularization in a semi-supervised 

classification problem is that the classes are separated by low density regions (see Grandvalet and 

Bengio, 2006, section 9.2; Zhu and Goldberg, 2009, sections 6.3 and 6.4).  In our particular problem, 

we are looking for extreme student behaviors that fall outside the normal learning patterns.  Thus, 

we expect that any students fitting these patterns are well-separated from students exhibiting more 

standard learning patterns.  Using entropy regularization, the cost function for logistic regression 

can be modified with an additional summand of the form (see Grandvalet and Bengio, 2006, section 

9.2; Zhu and Goldberg, 2009, section 6.3) 

 

𝜆

𝑢
∑ ∑ 𝑃(𝑘|

𝐾

𝑘=1

𝑢

𝑖=1

𝐱𝑖)ln 𝑃(𝑘|𝐱𝑖), (1) 

 

where u is the number of unlabeled examples, K is the number of classes,  𝑷(𝒌|𝐱𝒊) is the predicted 

probability of class k, and 𝝀 is a scale factor that determines the contribution of the unlabeled data. 

The results using a logistic regression classifier are shown in Figures 5 and 6, where we can 

see that the classes seem to be relatively well-separated from each other.  For example, the students 

with plateaued learning are separated from the other classes by their low hourly learning rate trend 

values.  Similarly, the students exhibiting erratic learning are mostly identifiable by the large values 

of the hourly learning rate steadiness. 

 
Figure 5. Classifications using logistic regression and entropy regularization 
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Figure 6. Classifications using logistic regression and entropy regularization 

 

While the logistic classifier gives good results on the whole, upon closer examination it 

becomes apparent that there are some limitations to the model.  To better illustrate this point, the 

right plot in Figure 6 shows the performance of the classifier on the labeled data.  Each diamond 

represents a labeled data point from one of the three extraordinary classes.  The solid colored 

diamonds are correctly labeled by the classifier after training, while the diamonds with two colors 

are not.  For these mislabeled points, the left color represents the actual ground truth label, while the 

right color shows the predicted label assigned by the classifier. 

One issue has to do with the learning trend values.  As previously mentioned, a low value 

for this feature is typically a good indication that the student's learning has stalled.  Furthermore, 

when numerous example classifications from the logistic classifier are checked manually, this 

assumption holds for the vast majority of them.  However, there are a few specific cases where an 

extremely low learning trend value does not fit the intuitive definition of plateaued learning.  These 

cases follow a similar pattern where a student, at some point in the course, shows a large (and 

suspicious) spike in the hourly learning rate.  This spike is short-lived, and then the hourly learning 

rate returns to its previous level.  Thus, these students are better labeled as having erratic learning 

patterns, rather than having plateaued, because the increase in the learning rate is dramatic enough 

that it seems likely to have come through some sort of suspicious behavior (such as using unapproved 

outside resources, or having someone else doing the work for them).  However, if this spike in 

learning happens to have occurred early in the course, the overall hourly learning rate shows a large 

downward trend, which in turn (most likely) causes the logistic classifier to label the student as 

hitting a wall.  Thus, we are simply running into the limitations of a linear model (i.e., the logistic 

classifier) trying to separate classes with a non-linear boundary. 

To better handle the non-linear boundaries in the data, we next build a classifier using an 

artificial neural network.  Deep learning, of which neural networks are an important component, has 

recently achieved dramatic successes in various fields (LeCun et al., 2015) and is beginning to move 

into the education domain. One successful application employed deep learning for affect detection 

(Botelho et al., 2017), while another technique known as Deep Knowledge Tracing (DKT) is being 

actively studied (Khajah et al., 2016; Piech et al., 2015; Xiong et al., 2016).  Our specific architecture 

consists of a small multilayer perceptron with 3 hidden layers of 10 units (nodes) each.  For the 

activation function of our hidden units we use a rectified linear unit (ReLU), which is a common 

and successful non-linear activation function (LeCun et al., 2015).  To handle the unlabeled data, 

we again use entropy regularization as shown in equation (1).  

The results using the neural network are shown in Figure 7, where in the right plot we can 

see that all the labeled data for the extraordinary classes are now correctly classified.  Additionally, 

the neural network also shows improvement with other unlabeled extreme values.  For example, the 

logistic model has a tendency to classify students with extremely large positive learning trend values 
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as being procrastinators/crammers.  However, many of these students are more correctly classified 

as showing erratic or suspicious behavior, as the large value of the learning trend is (typically) caused 

by a large spike in the hourly learning rate at a later point in the course.  Similarly, the students with 

extremely low learning trend values are better classified by the neural network as being erratic 

learners, rather than as hitting a wall. 

 

 
 

Figure 7. Classifications using multilayer perceptron and entropy regularization 

 

 

6. Model Validation 
 

Now that we have evidence that the neural network approach improves on the limitations of the 

logistic regression, we will next validate the performance of the neural network model.  To do this, 

we begin by supplementing our data with an additional dataset from a college-level Intermediate 

Math course.  This new dataset consists of data from 8315 students, 32 of whom have been manually 

assigned a label from one of the four learning pattern classes (using a similar procedure to the one 

outlined at the end of section 4).  In total, we now have a combined dataset of 10799 students, 64 of 

whom have been assigned labels.  The 64 labeled students consist of 18 in the erratic class, 11 in the 

hitting a wall class, 14 in the cramming class, and 21 in the normal class. 
Due to the small amount of labeled data, we use cross-validation to estimate the accuracy of 

our model, rather than partitioning the data into fixed training and test sets.  Additionally, since we 

use the architecture described in the previous section (i.e., 3 hidden layers of 10 nodes each, 

combined with a ReLU activation function), the only hyperparameter that we vary is a scale factor 

determining the contribution of the unlabeled data to the loss function.  This scale factor is 

represented by 𝜆 in equation (1).  Thus, in order to vary this factor and still obtain an accurate 

estimate of the model’s performance, we apply nested k-fold cross-validation to the labeled data.  

Using nested k-fold cross-validation, rather than k-fold cross-validation without nesting, reduces the 

bias when evaluating a model’s expected performance (Cawley and Talbot, 2010; Varma and Simon, 

2006).  We use 16 folds of 4 data points each for the outer loop, and 15 folds of 4 data points each 

for the inner loop, while using the same complete set of unlabeled data for all training iterations.  

That is, at each iteration the training set consists of either 60 (for the outer loop) or 56 (for the inner 

loop) labeled examples, in addition to all 10735 unlabeled examples, while the test set simply 

consists of 4 labeled examples.  Using this procedure, 57 of the 64 labeled examples are correctly 

classified in the outer loop, for an overall estimated accuracy of 89.1%. 

Independently of the overall accuracy of the model, we are also interested in measuring the 

relative effect of adding the unlabeled data to the model.  Thus, as an additional analysis separate 

from the procedure discussed in the previous paragraph, we use repeated k-fold cross-validation, 

without nesting, for various values of the unlabeled data scale factor.  For reference, a value of 0 for 

this factor means the unlabeled data have no effect on the loss function, while a value of 1 means 
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the unlabeled data have equal weight in comparison to the labeled data (with the effect of the other 

values then falling somewhere in-between these two extremes).  Furthermore, we also evaluate the 

performance when entropy regularization is combined with a newer and more advanced method 

known as virtual adversarial training (VAT), a combination that has recently achieved state-of-the-

art performance on several standard benchmarks (Miyato et al., 2018; Oliver et al., 2018).  Using 

100 separate trials of k-fold cross-validation (with the trials being run independently for the two 

different semi-supervised models), Table 2 gives the average accuracy for several values of the scale 

factor. 

 

Table 2 

Results from 100 trials of k-fold cross-validation for unlabeled data scale factor (0=no weight given 

to unlabeled data; 1=equal weight given to unlabeled and labeled data).  Averages computed on the 

64 labeled examples over the 100 trials. 

 Entropy Regularization Entropy Regularization  

plus VAT  

Unlabeled Data 

Scale Factor 

Average 

Correct 

Average 

Accuracy 

Average 

Correct 

Average 

Accuracy 

0.00 55.85 0.873 55.86 0.873 

0.01 56.27 0.879 56.67 0.885 

0.05 56.39 0.881 57.31 0.895 

0.10 56.50 0.883 57.41 0.897 

0.25 55.94 0.874 56.84 0.889 

1.00 55.51 0.867 54.04 0.844 

 

The results in the table show the best performance for both models for the scale factor 0.1, which, 

in the case of entropy regularization plus VAT, gives a roughly 2.4 percentage point increase in 

accuracy over the fully supervised model (scale factor 0).  Also, note that giving too much weight 

to the unlabeled data appears to degrade the performance of the classifier, with the lowest accuracy 

reached for the scale factor 1, again for both models. 

 

 

7. Discussion 
 

We have studied the various learning patterns that students exhibit while working in the adaptive 

learning mode of the ALEKS system.  After developing a measure for the steadiness of a student 

with respect to informative time-dependent variables, we classified a sample of the students into one 

of four different learning behaviors.  We then combined these labeled students with the large amount 

of unlabeled students and built two different semi-supervised machine learning models.  Using only 

a small set of carefully chosen and engineered features, we saw that the neural network model was 

able to separate and classify the unlabeled students in an intelligent and intuitive manner. 

Practically speaking, classifying and differentiating the students in the ALEKS system based 

on their learning patterns is an important step in ensuring that students are having an optimal learning 

experience.  If such information can be quickly and effectively communicated to the instructor, 

corrective intervention can be performed. For instance, a student whose learning stalls will benefit 

from a diagnostic of the possible cause by the instructor. Similarly, a student whose learning is 

suspected to have been performed by someone else will deserve closer scrutiny from the instructor. 

Finally, such information can also be used to improve the ALEKS system itself, where students who 

are struggling can be targeted for further review of the material.   

An actual implementation of such an alert system would also take advantage of the semi-

supervised aspect of the model, in which feedback from instructors can be used to retrain and 

improve the classifier.  Specifically, once a student is identified by the model as exhibiting one of 

the learning patterns, this can be communicated to the instructor.  The instructor can then verify that 

the label is correct, or even propose a different label if they disagree with the system’s classification.  

In either case, this new piece of labeled data can be fed back into the semi-supervised learning 
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algorithm to improve the predictive performance of the model. 
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Abstract: Student models for adaptive learning environments and intelligent tutoring 

systems typically assume a paradigm of use where a student completes exercises or 

activities, and learns from those exercises or activities. However, many modern systems, 

including MOOCs, intersperse declarative content or lecture with assessment of the learning 

from this content. In this paper, we present a variant of a common student modeling 

algorithm, Bayesian Knowledge Tracing, which assumes that most learning occurs during 

use of declarative content rather than between exercises. We compare this algorithm’s 

predictive ability to classic Bayesian Knowledge Tracing and another common algorithm, 

Performance Factors Assessment. We find that our new algorithm, BKT-PL, performs 

slightly better than algorithms designed for the standard intelligent tutoring paradigm. 

Moreso, we can use BKT-PL to determine which declarative content is most and least 

effective, to drive iterative re-design. 

Keywords: Student modeling, adaptive learning, Bayesian Knowledge Tracing 

1. Introduction

The algorithms designed to model student learning within intelligent tutoring systems and adaptive 

learning have become increasingly effective in recent years (Khajah et al., 2016; Wilson et al., 

2016). While there has been ongoing debate about whether approaches based on machine learning, 

psychometrics, or interpretable student modeling are superior (e.g. Khajah et al., 2016; Wilson et al., 

2016), these algorithms have typically shared key assumptions. One such assumption is the 

assumption that learning is concurrent with practice; these algorithms have generally assumed that 

students learn as they are completing exercises, and have assumed that students learn as they are 

assessed, from features such as hints and feedback (Desmarais & Baker, 2012). 

This assumption is a reasonable one for most intelligent tutoring systems and is indeed one 

of the key ways that student modeling in adaptive learning systems typically differs from the types 

of tests that are typically the subjects of psychometric assessment (Desmarais & Baker, 2012). 

However, there is a middle ground between the type of ongoing learning seen in intelligent tutoring 

systems and the intentional design to avoid learning during assessment seen in psychometric 

examinations: periodic learning. 

In this third case, periodic learning, a student alternates between receiving learning 

experiences and being assessed as to their learning. This case is common in many widely-used 

learning systems today. To give one example, the considerable majority of contemporary Massive 

Online Open Courses (MOOCs) ask students to watch videos or interact with other instructional 

content, and then provide quizzes which the student completes afterwards. Although this practice 

has been criticized (Koedinger et al., 2015), an argument can be made for the use of extended 

instruction of challenging conceptual materials. For example, this practice underlies much of the use 

of Khan Academy, a widely-used platform which has initial positive evidence for efficacy (e.g. 

FSG, 2015). It is also seen in the Alef NextGen platform, a platform currently used by learners in the 

Middle East and New York City, which we will discuss below. Moreso, extended explanations have 

been a part of many successful intelligent tutoring systems, from the original LISP Tutor (Anderson, 

Conrad, & Corbett, 1989) to recent extensions to the ASSISTments system today (Heffernan et al., 
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2016). These systems represent a hybrid between continual learning/assessment and periodic 

learning/assessment, suggesting that the standard assumptions of most student modeling algorithms 

may also not hold in these cases. 

In this paper, then, we introduce a new algorithm, BKT-PL (Periodic Learning), which is 

designed for this situation. BKT-PL assumes that learning is not concurrent with assessment, but 

instead assumes that periodic learning occurs. We analyze this algorithm in terms of prediction of 

future student performance, comparing it to algorithms that assume continual learning and 

assessment, to see whether BKT-PL better represents student knowledge in a periodic learning 

system. We then analyze BKT-PL’s possible applications for understanding the quality of different 

conceptual content. 

 

1.1 Student Modeling Algorithms 
 

Since the publication of Corbett and Anderson’s landmark paper on student knowledge modeling in 

1995 (Corbett & Anderson, 1995), the framework they proposed – Bayesian Knowledge Tracing – 

has remained the most widely-used student knowledge modeling framework in adaptive learning, 

being used in adaptive learning systems used by hundreds of thousands of students a year 

(Koedinger & Corbett, 2006). Bayesian Knowledge Tracing has several virtues – reasonably good 

prediction of future performance within the learning system, effective prediction of future 

performance outside the learning system, an interpretable estimate of student knowledge, 

meaningful parameters that can be used to understand the properties of the learning system, and 

considerable extensibility to handle variant learning situations. Other frameworks perform better 

than classic BKT on prediction of future performance within the learning system (e.g. Khajah et al., 

2016), but no other framework captures each of these elements. 

Classic BKT assumes that, at any given time, a student either knows a skill or does not 

know that skill. The student starts with an initial probability P(L0) of knowing the skill. At any 

opportunity to demonstrates that skill (an “item”), the student can either get the item correct or 

incorrect. If the student knows the skill, their probability of correctness is governed by the 

probability that they slip and make an error despite knowing the skill: P(S). If the student does not 

know the skill, their probability of correctness is governed by the probability that they guess and 

produce a correct response despite not knowing the skill: P(G). If the student does not know the 

skill, they have a certain probability P(T) of learning the skill in the course of going from one 

problem to the next. The student’s knowledge and behavior are estimated using the following set of 

formulas, based on Bayes’ Theorem as shown in Figure 1: 

 

 
Figure 1. Bayesian Knowledge Tracing algorithms – used both in the original formulation of BKT 

and in the extension BKT-PL introduced in this paper 

 

One of the key virtues of BKT is its extensibility. Modifications to the underlying form of 

BKT and the semantics of its parameters have been used for a range of applications – to modify BKT 

for a specific MOOC with virtual labs and complex multi-step homework (Pardos et al., 2013), to 

add item properties (Pardos & Heffernan, 2011), to estimate the moment of learning (Baker, 

Goldstein, & Heffernan, 2011), and to estimate the probability that a student error represents 

carelessness (San Pedro, Baker, & Rodrigo, 2011). We take advantage of BKT’s extensibility within 

the current paper, modifying BKT as follows. 
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Classic BKT assumes that each problem or problem step encountered offers an 

opportunity to learn that skill – P(T). However, as discussed above, within many online learning 

systems learning can be expected to occur primarily between sets of problems. In many of these 

contexts, feedback is not given until a set of problems is completed, and instruction is offered wholly 

through videos or other conceptual content between problem sets (sets of problems given together, 

without any intervening instructional activities).  

BKT-PL modifies BKT to take this different situation into account. In BKT-PL, we use 

the exact same algorithms as in classic BKT, shown in Figure 1, but we change the situation in 

which one equation is applied. Specifically, in BKT-PL the third equation of Figure 1 – the equation 

adjusting knowledge based on P(T) -- is applied when a problem set is completed rather than when a 

problem is completed. In other words, BKT-PL assumes that students learn between problem sets, 

from conceptual instruction, rather than through completing problems. This shift in how BKT is 

applied allows us to explicitly model – and investigate – the differences in learning rates associated 

with the conceptual content associated with different skills. 

Additionally, when assessment and instruction are separated, one can assume that the 

problems included will be of differing difficulty levels; to address this, BKT-PL adopts a separate 

guess and slip parameter for each problem, following other work to assess problem difficulty within 

BKT (Pardos & Heffernan, 2011). 

We compare the performance of this modified algorithm, entitled BKT-PeriodicLearning 

(BKT-PL), to both classic BKT and the second most-common student knowledge modeling 

algorithm, PFA (Performance Factors Analysis; Pavlik et al., 2009), which is based on logistic 

regression and estimates the degree of improvement associated with both correct and incorrect 

answers. We do not include recent algorithms which do not attempt to make interpretable 

estimations of parameters, as they cannot be used to determine which content is more and less 

effective. For instance, DKT (Deep Knowledge Tracing; Khajah et al., 2016) is not investigated, as 

it performs comparably to BKT variants and lacks the interpretability that the other approaches 

investigated afford. 

 

1.2 Learning System 
 

We study this system in the context of the Alef NextGen learning environment, a holistic education 

technology system. Alef NextGen is now in use by students in public sector schools in Abu Dhabi, 

in the United Arab Emirates, with students in New York City charter schools slated to begin use of 

the system in Fall 2018. Whereas many adaptive learning environments focus solely on practice of 

procedural skill, Alef NextGen alternates between conceptual instruction (in the form of 

multimedia, videos, and texts) and opportunities to practice the skills being learned, shown in 

Figures 2 and 3. These opportunities to practice the skill take the form of a set of problems to 

complete, referred to as a problem set. In order to promote greater reflection on the material being 

practiced, Alef NextGen utilizes delayed feedback, where students complete every item in the 

problem set and then receive feedback on each of those items, detailing whether and how each item 

is incorrect. Items within Alef NextGen can receive partial credit as well as full credit.  

While students work with Alef NextGen, teachers receive real-time data. As students work 

through any given Alef lesson there are around 15 data collection points that provide the teacher 

with real-time data to group and remediate students during class time (cf. Miller et al., 2015). 

Periodic change management sessions are also held by Alef to assist teachers in building a rapid 

feedback loop between the data from the platform and their instructional strategies. Teachers are 

also supported in this through the provision of a series of offline experiential learning kits, usually 

consisting of manipulatives, simulations, and other hands-on activities.  

Alef NextGen currently contains content on 402 topics for 6th-8th grades, spanning six core 

subjects ranging from Social Studies to Science to the Arabic language, taught in both English and 

Arabic. Within this paper, we focus on content from 49 topics in middle school mathematics, 

focusing on mathematics because the item/skill mapping is most straightforward for this content. 
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Figure 2. Alef NextGen video instruction 

 

 

 
Figure 3. Alef NextGen assessment of problem-solving skill 

 

These several differences in design suggests that existing student knowledge frameworks 

may be less effective for Alef NextGen than an approach tailored to Alef NextGen. In addition, by 

explicitly modeling the learning that takes place within the video and conceptual instruction, we 

may be able to understand which conceptual instruction is most effective and least effective at 

promoting learning. Alef’s content is built on the principle that a student should receive multiple 

opportunities to encounter the same concepts, experiencing the content, concepts, and skills in 

multiple fashions. As such, it may be that some ways content is presented will be more effective than 

others, for a specific content area. Determining which content is more and less effective for specific 

content can foster the iterative enhancement of Alef NextGen’s video and other conceptual content. 

Across Alef’s entire body of content, investigating these issues has the potential to generate broadly 

usable knowledge about learning in this type of learning activity. 

 

 

2. Methods 
 

We obtained data from 298 students, who completed a total of 45, 135 assessment activities within 

Alef NextGen’s content for 6th-grade mathematics, aligned with United Arab Emirates Ministry of 

Education standards. 
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We then compared the performance of these algorithms at predicting next-problem student 

correctness, within existing data. For all approaches, we built the models on 70% of the students and 

tested on the other 30% of the students. We evaluated models in terms of AUC ROC (also referred to 

as A’ or Wilcoxon) (Hanley & McNeil, 1982). AUC ROC represents the probability that the 

algorithm can differentiate between a student who is about to provide a correct answer, and a student 

who is about to provide an incorrect answer. 

We built and compared three model variants within our data: Classic BKT, BKT-PL, and 

PFA, each discussed above. 

We then determined whether the models are statistically significantly different in their 

ability to predict next-problem student correctness, using the method in (Baker, 2018), where the 

AUC ROC is computed for each student, compared statistically within each student using Hanley & 

McNeil’s (1982) method – e.g. treating AUC ROC as Wilxocon – and then using Stouffer’s method 

to integrate across students. 

 

 

3. Results 
 

Classic BKT performs relatively better than expected, achieving AUC ROC = 0.677, a level of 

performance that would typically be considered acceptable even if the learning system was closer to 

the system design BKT was originally envisioned for. It is theorized by Beck & Xiong (2013) that 

even in that context, performance should not be expected to be above AUC ROC =0.75. 

BKT-PL performs better than Classic BKT, though only to a modest degree, achieving 

AUC ROC = 0.699. PFA performs slightly worse than Classic BKT and BKT-PL, achieving AUC 

ROC = 0.665. 

Though the differences in AUC ROC value are relatively modest, BKT-PL performs 

statistically significantly better than Classic BKT, Stouffer’s Z = 12.90, p<0.001, computed on 78 

students (the test set). BKT-PL also performs statistically significantly better than PFA, Stouffer’s Z 

= 25.72, p<0.001, computed on 78 students. 

 

3.1 Use of BKT-PL 
 

One advantage to using BKT-PL is that we can identify some of the most effective and least 

effective content. Learning rates, according to BKT-PL, were high overall, with an average P(T) = 

0.182, indicating that students mastered the system’s skills through accessing Alef NextGen’s 

video/conceptual content 18.2% of the time. However, there is still room for improvement. The least 

effective content are candidates to be iteratively improved. The most effective content are cases to 

examine to understand why they are so effective, and learn lessons for the improvement of all the 

system content. 

In identifying the most effective content, it is important to consider both P(T) and P(L0). 

Very high P(T) along with very high P(L0) may indicate very easy content. By contrast, lower P(L0) 

along with high P(T) indicates skills that are challenging to learners but are quickly learned with the 

content. In doing so, it is important to only consider content with sufficiently high frequency for 

estimates to be valid. Based on Slater et al. (under review)’s recommendations, we only consider 

cases where at least 25 students completed the material. In practice, every skill in the table below 

(see Table 1) has at least 150 cases. 

Some of the skills with content that matches that profile – low P(L0), high P(T) – include: 

 

Table 1 

Content with the Highest Learning Rate among Skills with Low Initial Knowledge 

Skill Item-Set Preceding highly 

effective content 

P(L0) P(T) 

Least Common Multiple 3rd set 0.031 0.989 

Identifying Fractions 3rd set 0.026 

 

0.989 

Simplifying Fractions 3rd set 0.015 0.989 
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Estimate Products of Multi-Digit 

Numbers 

3rd set 0.01 0.989 

Multiply Decimals by Whole 

Numbers 

3rd set 0.226 0.989 

Percents Greater than 100% and 

Less than 1% 

Initial set 0.002 0.451 

Estimate Products of Fractions Initial set 0.005 0.441 

Dividing Fractions by Fractions Initial set 0.001 0.431 

Convert Customary Measurement 

Units (Capacity Length, and 

Weight) 

Initial set 0.059 0.401 

Least Common Multiple Initial Set 0.031 0.382 

 

Note that the highly-effective content comes both from the first set of remedial content 

(following the initial set of items) and the 3rd set of remedial content (following the 3rd set of items 

given to the student). This indicates that many students are still learning even after receiving 

multiple item sets and remedial materials, but that higher learning rates are not simply an artifact of 

the amounts of content received.  

In identifying the least effective content, we again want to consider skills and concepts 

which are not initially known, and which are learned – e.g. low P(L0) and low P(T). Again, it is 

important to only consider content with sufficiently high frequency for estimates to be valid. Here 

we have an interesting surprise – some of the skills which have some of the most effective content 

also have some of the least effective content. These skills have at least one piece of content where 

the learning rate is at the minimum level of 0.001: Converting Customary Measurement, Percents 

Greater than 100% and Less than 1%, and Dividing Fractions by Fractions. In other words, these 

skills both have content associated with very high learning and content associated with very poor 

learning. While in some cases this may reflect a small number of students who struggle after all 

other students have mastered a skill – perhaps due to missing prerequisite knowledge or other 

factors – in other cases, this difference in learning rates may indicate differences in content 

effectiveness that are worth understanding and using to fix less effective content. Investigating the 

differences between the most effective and least effective content therefore represents an important 

area of future work. 

 

 

4. Conclusions 
 

In this paper, we propose a new model, BKT-PL (PeriodicLearning), which assumes that learning of 

content occurs periodically during the learning and assessment process, typically when video or 

other instructional materials are reached. This model is a closer match to the design of conceptual 

learning environments and Massive Online Open Courses than previous versions of Bayesian 

Knowledge Tracing (BKT) and other widely-used student knowledge modeling algorithms. We 

apply this model to data from a learning environment, Alef NextGen, where the design is for 

learning to be periodic, primarily driven by video content. We show that this model performs better 

on new data than Classic BKT or PFA, two popular learning algorithms. The differences are 

statistically significant, though relatively modest in size. 

We also show that BKT-PL can be used to determine which content is most and least 

effective at promoting learning, and find that some skills have both highly effective and less 

effective content. One limitation to interpretation is that the order of content is not currently 

randomized. As such, a piece of content with a low learning rate seen after multiple pieces of highly 

effective content may simply be catching only a small number of students who are missing 

prerequisites for the current material. However, a piece of content with a low learning rate followed 

by content with a high learning rate can be more confidently inferred to be less effective and in need 

of revision. 

These findings can be used to understand the properties of more effective content. Past 

work, for instance, has identified attributes associated with differences in learning rates for different 
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content (e.g. Slater et al., 2016). Even without doing so, however, it is now possible to identify 

which content is less effective and send it to a content development team for iterative revision. 

Following these paths has the potential to take a system which already has substantial amounts of 

effective content and make it even better. 
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Abstract: D'Mello and Graesser’s (2012) highly-cited model of affect dynamics proposes a 

sequence of theoretically-grounded transitions between affective states during learning. 

However, empirical studies in a range of contexts have not produced the predicted results. 

Several factors may explain this lack of replication, including the demographics of the 

populations studied, the degree of authenticity of the learning setting (e.g. classrooms versus 

laboratory studies), the grain-size of observation, affect data collection procedure, duration 

of research sessions, and the methodological choices used to analyze transitional patterns. In 

particular, whereas D'Mello and Graesser (2012) exclude self-transitions (when a student 

remains in the same affective state across two observations) in calculations of transition 

probabilities, most other published works in this area, including some of their earlier 

publications, do not. This paper investigates the impact of this seemingly minor 

methodological choice by applying both analyses to previously collected data from a study 

of the Physics Playground system. In particular, this paper investigates whether this 

difference is sufficient to produce (or suppress) the transitions theorized in D'Mello and 

Graesser's theoretical model. 

Keywords: Affect Dynamics, Student Emotion, D’Mello’s L, Engagement, Virtual Learning 

1. Introduction

Affect within intelligent tutors and other types of adaptive and artificially intelligent educational 

systems has been shown to correlate with a range of other important constructs including self-

efficacy (McQuiggan & Lester, 2009), analytical reasoning (D'Mello, Person, & Lehman, 2009), 

motivation (Rodrigo et al., 2008), and learning (Bosch & D’Mello, 2017; D’Mello et al., 2012; 

D’Mello & Graesser, 2010). Consequently, affect-sensitive interventions have been designed to 

improve student learning gains (D’Mello et al., 2010; DeFalco et al., 2018) and overall experience 

(Karumbaiah et al., 2017). Developing effective interventions that occur in real-time depends on 

understanding how affect develops and manifests over time, an area of research termed affect 

dynamics (i.e. Kuppens, 2015), with a large body of research examining how students transition 

from one affective state to the next during learning activities (i.e., Andres & Rodrigo, 2014; Baker 

et al., 2007; Bosch & D’Mello, 2013; Bosch, & D’Mello, 2017; D'Mello & Graesser, 2012; D'Mello 

et al., 2009; D'Mello et al., 2007; D’Mello & Graesser, 2010; Guia et al., 2011, 2013; McQuiggan 

et al., 2008., 2010; Ocumpaugh et al., 2017; Rodrigo, et al., 2008, 2011, 2012). The most commonly-

cited model of affect dynamics in this context, D’Mello & Graesser (2012), postulates that a specific 

set of affect transitions will be particularly prominent, but few empirical studies have matched that 

model’s predictions, an issue which this paper investigates.  

Research has shown that affect plays three primary roles in learning and education: 

signaling, evaluation, and modulation. These roles refer to the ability of affective states to draw 

attention to learning challenges (Schwarz, 2012), appraise learning (Izard, 2010), and guide 

cognitive focus (Barth & Funke, 2010; D’Mello & Graesser, 2015; Fredrickson & Branigan, 2005; 

Schwarz, 2012). These roles play a key function within the D’Mello and Graesser (2012) model of 

affective dynamics during learning, which hypothesizes transitions between the educationally-

important affective states of engaged concentration, confusion, frustration, and boredom (e.g., Fig. 
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1). That model builds upon another theoretical model that includes delight and surprise, but this 

alternate model (in the same paper) has not received the same degree of attention in the literature 

and will not be the focus of this paper. The primary model cited from the paper predicts that students 

who detect an impasse during the flow state will transition to a state of disequilibrium, experienced 

as the affective state of confusion. If the students resolve this impasse, they are predicted to transition 

back to flow. If, however, the confusion is not resolved, students are hypothesized to become “stuck” 

(experienced as frustration). If the frustration persists, the model suggests the learner will disengage, 

transitioning to boredom. Two other links in this highly cited model (confusion→frustration and 

boredom→frustration) are also hypothesized as likely, but the justification for these transitions is 

not discussed as thoroughly. 

 
Figure. 1. D’Mello & Graesser’s (2012) model of affect dynamics  

 

D’Mello and Graesser’s model has been widely referenced (with nearly 250 citations) by 

various research studies on affect dynamics, including many which have used the likelihood statistic 

advanced in D’Mello et al., (2007; 2012) to evaluate how probable a transition is, given the base 

rate of the affective states involved. However, empirical studies across a range of learning 

environments have not consistently found results that align with the model’s proposed affective 

transitions. A number of factors may be contributing to divergence between the theoretical model 

and these empirical results. These include population differences as well as variation involving the 

learning context and the methodology used to examine it.  

However, another key difference between D’Mello and Graesser (2012) and other research 

is how the data are represented when a student remains in the same affective state across several 

observation points. In D’Mello and Graesser (2012), only transitions between differing states were 

considered, whereas in many other studies (including earlier work by the same authors), a student 

remaining in the same affective state was considered to exhibit a self-transition that was included in 

calculations. The current study explores how this subtle difference may impact results of affect 

dynamics analyses by re-analyzing data from a previously published study (Andres et al.’s (2015b) 

study of Physics Playground) using both methods of calculation. This paper seeks to address whether 

the difference in reported results and the apparent lack of agreement with D’Mello and Graesser’s 

model are simply due to the treatment of self-transitions in the analysis of affect dynamics. 

 

 

2. Affect Dynamics in Previous Research 
 

Prior to investigating this methodological difference, we offer a broader review of the past literature 

on affect dynamics and how it varies both in terms of this methodological choice and other factors. 

We focus on fourteen past studies that represented changes in affect using D’Mello’s L (2007), a 

metric used to determine the likelihood of an affective transition. The current study will focus 

primarily on the affective states included in the D’Mello and Graesser model (i.e. boredom, flow, 

frustration, and confusion), but as Table 1 summarizes, a range of other emotions have been included 

in these previously published papers (i.e., anger, anxious, confusion, curiosity, delight, disgust, 

eureka, excitement, fear, happiness, neutral, sadness, and surprise).  

These studies have yielded a range of results. From the 14 studies considered, transitions 

that are both significantly more likely to occur than chance and align with the model of affect 

dynamics have been found predominantly in studies by D’Mello and his colleagues. 

Flow→confusion was reported in multiple D’Mello studies (2007; 2010; 2012; 2013; 2017) as well 

as in McQuiggan (2008; 2010) and Ocumpaugh (2017). Frustration→boredom was reported in 
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D’Mello studies (2012; 2017) and was marginally significant in one Rodrigo study (2008). 

Confusion→flow was reported in two D’Mello studies (2010; 2012; 2017) and in one study by 

Ocumpaugh (2017). Boredom→frustration was reported by in studies by D’Mello (2007; 2012) and 

in one study by Rodrigo and colleagues (2012). Transitions of frustration→confusion (in D’Mello 

et al, 2009; 2013, 2017) and confusion→frustration (in D’Mello et al., 2010; 2012; 2013; 2017) were 

reported in exclusively in studies by D’Mello and his colleagues. However, as Table 2 summarizes, 

there are a variety of methodological and population differences that may have influenced these 

findings.  

 

Table 1 

  

Affective States studied in Previous Research on Affect Dynamics. Categories studied in D’Mello & 

Graesser’s Model are Highlighted in Gray. (BORed, FLOw, DELight, FRUstration, SURprise, 

NEUtral, CONfused, ANXious, ANGer, DISgust, SADness, EUReka, CURious, FEAr, EXCited) 

 
Studies BOR FLO DEL FRU SUR NEU CON ANX ANG DIS SAD EUR HAP CUR FEA EXC 

Andres & Rodrigo, 2014 x x x x x  x          

Baker, Rodrigo, & Xolocotzin, 2007 x x x x x x x          

Bosch & D’Mello, 2013 x x  x   x          

Bosch, & D’Mello, 2017 x x  x x x x x x x x  x x x  

D'Mello & Graesser, 2012 x x x x x x x          

D'Mello et al., 2009 x   x x x x x x x x x x x   

D'Mello, Taylor, & Graesser, 2007 x x x x x  x          

D’Mello & Graesser, 2010 x x x x x  x          

Guia et al., 2011 x x x X x x x          

Guia et al., 2013 x x x x x x x          

McQuiggan et al., 2008; 2010 x x x x   x x x  x    x x 

Ocumpaugh et al., 2017 x x  x x  x x         

Rodrigo et al., 2008 x x x x x x x          

Rodrigo et al., 2011; 2012 x x x x x x x          

  

Table 2  

 

Summary of the Observed Methodological Differences across 14 Studies on Affect Dynamics  

 

 Region  Age N 

School/Grade 

Population 

Learning 

System 

Class v. 

Lab  

Obs. Type/ 

Grain Size  

Obs. 

Session  

Self-

trans  

Aligned 

Transitions 

Andres & 

Rodrigo, 2014 

Quezon City, PH  13-16 60 Public school Physics 

Playground 

C QFO 2hrs Inc 0 

Baker et al., 2007 Manila, PH  14-19 36 High school Inc. Machine C QFO ev. 60s 10min Inc 0 

Bosch & D’Mello, 

2013 

US  -- 29 Undergrads Unnamed L RJP on 100 

fixed points 

25min Exc 3 

Bosch, & 

D’Mello, 2017 

Midwestern US  17-21 99 Undergrads Unnamed L RJP on 100 

fixed points 

25min Exc 5 

D'Mello & 
Graesser, 2012 

Southern US  -- 28; 
30 

Undergrads Auto-Tutor L RJP every 20s; 
fixed points 

32min; 
35min 

Exc 4;5 

D'Mello et al., 

2007 

Southern US  -- 28 Undergrads Auto-Tutor L RJP ev. 20s 32min Inc 2 

D'Mello et al., 

2009 

Southern US  -- 41 Undergrads Unnamed L RJP on fixed 

points 

35min Exc 1 

D’Mello & 

Graesser, 2010 

Southern US  -- 28; 

30 

Undergrads Auto-Tutor L RJP ev. 20s; 

fixed points 

32min; 

35min 

Exc 3;3 

Guia et al., 2011; 

2013 

Quezon City, PH  18-20 60 Undergrads SQL Tutor C QFO ev. 200s 1hr Inc 0 

McQuiggan et al., 

2008; 2010 

US  21-60 35 Grad students Crystal Island L SRI 35min Inc 1 

Ocumpaugh et al., 

2017 

New York, US  18-22 108 West Point vMedic C QFO ev.122s -- Inc 2 

Rodrigo et al., 

2008 

Quezon City & 

Cavite Prov., PH 

 9-13 180 Private school Ecolab C QFO 40min Inc 1 

Rodrigo et al., 

2011; 2012 

Quezon City, PH  12-14 126 High school Scatterplot 

Tutor 

C QFO ev. 200s 80min Inc 1 
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* PH: Philippines, QFO: Qualitative field observation, RJP: Retrospective judgment protocol, SRI: self-

report based on interactions, Inc: self transitions included, Exc: self transitions excluded 

 

2.1 Demographic Differences in Previous Work Examined 
 

The 14 studies summarized in Table 2 differ noticeably in terms of the demographic characteristics 

of their samples, including age and the region where the research was conducted. Differences in 

culture influence variation in beliefs and personal dispositions towards emotional expression and 

moderation (Tsai & Levenson, 1997; Uchida et al., 2009) and the frequency and emergence of 

certain affective states (Kitayama et al., 2000) while age influences emotional expressivity (Dunn & 

Brown, 1994; Gross et al., 1997) and inhibition (Cole, 1986). It is possible that differences in results 

may be due to these factors; if so, this would suggest that D’Mello and Graesser’s model may not 

be general across cultural contexts. 

 

2.2 Learning Settings 
 

The studies were conducted across multiple instructional settings, including regular classroom 

environments and laboratory settings. Educational software has covered a variety of educational 

content, including mathematics (Rodrigo et al., 2011, 2012), biology (McQuiggan et al, 2008; 2010; 

Rodrigo et al., 2008), emergency medical content (Ocumpaugh et al., 2017), physics (Andres & 

Rodrigo, 2014; Baker et al., 2007; D’Mello, Taylor, & Graesser, 2007), computer literacy and 

programming (Bosch & D’Mello, 2013, 2017; D’Mello & Graesser, 2010; Guia et al., 2011, 2013), 

and analytical problem solving (D'Mello et al., 2009). The learning systems that have been used 

across these studies have also differed in terms of design. Scatterplot Tutor, SQL-Tutor, AutoTutor 

and the other researcher-built learning environments used in studies conducted by D’Mello follow 

more linear designs wherein learners must complete problems before they are able to proceed. On 

the other hand, environments such as Physics Playground, Crystal Island, Incredible Machine, 

vMedic, and Ecolab, are open-ended systems that offer learners the opportunity to explore the range 

of possible solutions.  

 

2.3 Data Collection Procedure, including Observation Grain-Size and Session Duration 
 

Six of the 14 studies use the Baker Rodrigo Ocumpaugh Monitoring Protocol (BROMP; Ocumpaugh 

et al., 2015), a momentary time sampling method that uses a holistic coding practice to code for both 

affect and behavior. In this protocol, students are observed for up to 20 seconds in a round-robin 

manner throughout the given observation period to ensure uniform frequencies of student 

observation. The protocol is enforced by an Android application known as the Human Affect 

Recording Tool (HART, Ocumpaugh, et al., 2015).  

By contrast, D’Mello and his colleagues have used self-reporting methods, collecting affect 

data through retrospective judgment protocols which synchronize webcam video of students’ faces 

to screen capture of the learning environment (Bosch & D’Mello, 2013, 2017; D'Mello et al., 2007; 

2009; D’Mello & Graesser, 2010, 2012). McQuiggan et al., (2008; 2010) also collected self-reported 

data, but used in-game dialogs to collect spontaneous reports rather than a retrospective technique. 

Observation sessions in this research varied in length, ranging from 10 minutes (Baker et 

al., 2007) to 2 hours (Andres & Rodrigo, 2014), potentially influencing the affect that emerges 

during observation. Prolonged exposure to similar tasks may produce fatigue or boredom (Gonzalez 

et al., 2011), decreasing learner performance (Healy et al., 2004). It may also increase students’ 

susceptibility to what D’Mello et al., (2007) describe as vicious cycles of boredom, where learners 

are unable to transition to other affective states.  

 

2.4 Differences in the Treatment of Self-transitions Between Studies 
 

All of the studies considered in this section analyze time series data (e.g., the order of the occurrences 

of each affective state), but they have been inconsistent in their treatment of self-transitions, which 

occur when a student remains in the same affective state over two consecutive observations. In more 

recent studies, D’Mello and colleagues have removed self-transitions during the data preparation 
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stage (Bosch & D’Mello, 2013; 2017; D'Mello et al., 2009; D’Mello & Graesser, 2010; 2012). For 

example, a sequence of confusion, flow, flow, boredom has one self-transition (from flow to flow). 

However, this practice is not followed in all work. Nearly a dozen other studies conducted in this 

field do not report discarding self-transitions in their data processing (Baker et al., 2007; 2012; Guia 

et al., 2011; 2013; McQuiggan et al., 2008; 2010; Ocumpaugh et al., 2017; Rodrigo et al., 2008; 

2011), including early work by D’Mello and his colleagues (e.g. D’Mello et al., 2007). As we will 

demonstrate, this seemingly small step may have disproportionate effects on study outcomes. 

  

 

3. Methods 
 

In this section, we discuss the method for affect dynamics analysis used in this paper, and present 

the previously published dataset (from Andres et al., 2015b) that is used to assess the impact of 

how self-transitions are considered (see section 2.4). 

 

3.1 Dataset: Physics Playground 
 

We investigate the implications of how self-transitions are represented in affect dynamics analyses 

using a previously published data set with which none of the current authors were previously 

involved in collecting or analyzing (Andres et al., 2015b). In this study, 120 8th graders and 60 10th 

graders spent 2 hours using Physics Playground, a learning environment that teaches qualitative 

physics to secondary students (Shute & Ventura, 2013). In this 2-dimensional game, students sketch 

different objects like pendulum, ramp, lever, and springboard to guide a ball to touch a balloon. 

Laws of physics apply to all the objects on the screen.  

This data was collected in 2015 in schools in Baguio, Cebu and Davao, Philippines (Andres 

et al., 2015b) using BROMP (Ocumpaugh et al., 2015). This data set was selected because the study 

had multiple observers, resulting in a high rate of sampling. Each student was observed 

approximately once per minute, for an average of 135 observations per student (24,330 total).While 

affective states have been studied in Filipino classrooms using Physics Playground (Andres et al., 

2014), this data has not been previously used for such purposes. Previously published analyses on 

this data have involved the development of a wheel-spinning model (Palaoag et al., 2016), challenges 

encountered in field studies (Andres et al., 2015b), and the development of a model of student 

carefulness (Banawan et al., 2017), but none specifically considered affect beyond its relationship 

to eureka moments (Andres et al., 2015a).  

 

3.2 L statistics and Affect Dynamics Analysis  
 

The studies cited above have employed the D’Mello L statistic (Equation 1) to calculate the 

likelihood that an affective state (prev) will transition to a subsequent (next) state, given the base 

rate of the next state occurring. L values greater than 0 indicate that a transition is more likely than 

chance, and L values less than 0 indicate that a transition is less likely than chance; 0 indicates 

chance. The value of L varies from 1 to -∞. 

  𝐿(𝑝𝑟𝑒𝑣 →  𝑛𝑒𝑥𝑡)  =
 𝑃(𝑛𝑒𝑥𝑡 | 𝑝𝑟𝑒𝑣) − 𝑃(𝑛𝑒𝑥𝑡)

1 − 𝑃(𝑛𝑒𝑥𝑡)
   (1) 

The L value for each affect combination is calculated individually per student. For m 

affective states, there are 𝑚2 possible types of transitions if self-transitions are included, and 𝑚2 −
𝑚 possible types of transitions if self-transitions are omitted. The probability P(next) of an affective 

state is the percentage of times that the state had occurred as a next state. Thus, the first affective 

state in the sequence of a student must be excluded from this calculation since this state cannot take 

the role of a next state. Similarly, the calculation of the prev state excludes the last state in the 

sequence. The term P(next|prev) is a conditional probability calculated using Equation 2, where 

Count(prev → next) is the number of times the prev state transitioned to the next state, and 

Count(prev) is the number of times the state in prev occurred as the previous state.  
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𝑷(𝒏𝒆𝒙𝒕 | 𝒑𝒓𝒆𝒗)  =
𝑪𝒐𝒖𝒏𝒕 (𝒑𝒓𝒆𝒗 → 𝒏𝒆𝒙𝒕)

𝑪𝒐𝒖𝒏𝒕 (𝒑𝒓𝒆𝒗)
  (2) 

The cases below illustrate situations where transition calculations may not be straight forward:  

1. L is 0 for any transition going into a state that did not occur in a student's affect sequence. 

In that case, P(next) = 0 and P(next | prev) = 0, and thus, L = 0. 

2. The L value is undefined for any transition out of a state that does not occur for a student, 

as we do not know what would have followed that state if it had occurred. 

3. When a student remains in one affective state throughout an observation period, all 

transitions to states other than that state are 0, and all transitions to the single affective state 

seen have undefined L, as the denominator of the equation is 0 in that case. 

4. When self-transitions are discarded from the data, an affect sequence consisting of a single 

state is reduced to a single state. In this case, since there would be no affective state in the 

next value, L is undefined for all states. 

In all cases where L is undefined, those values are discarded from further analysis.  

This procedure is implemented in a software package which can be found at 

https://github.com/Shamya/L-Statistic-for-Transition-Likelihood 

Two tailed t-tests are conducted on the calculated L values to measure whether each 

transition is significantly more or less likely than chance (i.e., is L across students significantly more 

or less than 0, the chance level). A Benjamini-Hochberg post-hoc correction procedure is used to 

control for false positive results (using an initial α of 0.05) since the set of hypotheses involves 

multiple comparisons. As in previous studies, the present analysis considers any value that is 

statistically significantly higher than zero, however small, to indicate that a transition is more likely 

than chance. 
 

3.3 Data Analysis 
 

In conducting this analysis, affective states that were not incorporated in the D’Mello and Graesser 

model have been merged into NA, a dummy state. Across students in the Physics Playground dataset, 

the mean and standard deviation of the proportion of occurrence of the affect states are – 73%±14% 

flow, 6%±6% confusion, 5%±6% frustration, 3%±6% boredom and 13%±11% NA.  

It is worth noting that in some of the previously published papers on affect dynamics listed 

above, P(next) within the D’Mello’s L metric was calculated across all students whereas, as 

elaborated in the detailed data analysis steps in the previous section, we are calculating P(next) for 

each student while computing the corresponding L value. By calculating these individually, 

percentages are normalized per student rather than across the entire dataset, avoiding outlier 

estimates of L where a specific student’s prevalence of a specific affect state varies considerably 

from the rest of the sample.  

 

 

4. Result 
 

Results comparing the 2 methods for calculating L (with vs. without including self-transitions) show 

that this difference has a substantial effect on both L values and, to a lesser degree, the number of 

transition patterns that are found to be statistically significant. As Table 3 shows, both techniques 

yield the same number of transitions that occur significantly above chance, but the inclusion of self-

transitions yields far more transitions that occur less often than chance. These lead to very different 

result patterns, but neither provides substantial evidence for D’Mello and Graesser’s (2012) model. 

 

4.1 Including Self Transitions 
 

When self-transitions are included, 14 of 16 possible transitions are statistically significantly 

different than chance, but only 6 of these transitions are more likely than chance. Two of these are 

hypothesized by D’Mello & Graesser (confusion→frustration and frustration→boredom), but four 

of these are self-transitions that were not hypothesized (flow→flow, confusion→confusion, 

frustration→frustration, and boredom→boredom.).  
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Overall, though, these results do not support the hypothesized model when self-transitions 

are included. The primary cycle of flow→confusion and confusion→flow, thought to be critical for 

learning, is shown to occur significantly below chance. Likewise, the transition from 

frustration→confusion has an L value of 0, and the transition from boredom→flow is significantly 

below chance.    

 

4.2 Excluding Self Transitions 
 

If self-transitions are removed, the proportion of L values that occur above chance increases. Six 

transitions previously found to be less likely than chance with the previous method flip sign (i.e. 

becoming more likely than chance) upon the exclusion of self-transitions, but only two of these were 

hypothesized in the model (flow→confusion, and confusion→flow). The other four transitions that 

are significantly above chance were not hypothesized, including two with relatively small Ls 

(flow→frustration, flow→boredom), but also two with relatively large Ls (frustration→flow, and 

boredom→flow).  

The hypothesized model fares only slightly better when self-transitions are excluded. The 

cycle from flow→confusion and confusion→flow becomes more likely than chance upon the 

exclusion of self-transitions, but frustration→confusion goes from being non-significant to 

significantly below chance. The remaining three hypothesized links (confusion→frustration, 

frustration→boredom, and boredom→ frustration) showed L values that were very close to chance 

and were not found to be statistically significant. 

 

Table 3 

 

L Values with and without Self-transitions. Self-transitions (st) and Transitions Hypothesized (h) in 

D’Mello & Graesser’s Model are noted. L Values that Flipped Sign (i.e, a less likely transition 

became more likely by removing self-transitions or vice-versa) are Highlighted in Gray, while those 

that are Significantly Above Chance are given in Bold. All Significance After B&H is marked with 

Asterisk 

  

Transition D'Mello's L with self-transitions D'Mello's L without self-transitions 

from to   Mean L Std T p   Mean L Std t p   

FLO FLO (st) 0.13 0.16 10.81 0.00 * - - - -  

 CON (h) -0.01 0.02 -4.18 0.00 * 0.15 0.17 11.16 0.00 * 

 FRU  -0.01 0.04 -3.97 0.00 * 0.09 0.13 9.57 0.00 * 

  BOR   -0.02 0.04 -4.63 0.00 * 0.03 0.07 6.1 0.00 * 

CON FLO (h) -0.71 2.85 -3.04 0.00 * 0.52 0.48 13.12 0.00 * 

 CON (st) 0.09 0.17 6.6 0.00 * - - - -  

 FRU (h) 0.04 0.19 2.5 0.01 * -0.01 0.22 -0.38 0.7  

  BOR   -0.02 0.07 -2.49 0.01 * -0.02 0.08 -2.77 0.01 * 

FRU FLO  -0.42 1.5 -3.42 0.00 * 0.47 0.52 11.06 0.00 * 

 CON (h) 0 0.11 -0.02 0.98   -0.07 0.16 -4.94 0.00 * 

 FRU (st) 0.07 0.16 5.81 0.00 * - - - -  

  BOR (h) 0.03 0.16 2.38 0.02 * 0.02 0.18 1.58 0.12  

BOR FLO  -0.77 1.96 -3.37 0.00 * 0.56 0.49 9.94 0.00 * 

 CON  -0.05 0.09 -4.54 0.00 * -0.1 0.15 -5.61 0.00 * 

 FRU (h) 0.01 0.14 0.86 0.39   -0.01 0.17 -0.74 0.46  

  BOR (st) 0.23 0.25 8.02 0.00 *  - - - -  

 

 

5. Discussion 
 

D’Mello and Graesser’s (2012) model has been one of the most notable theoretical 

frameworks in affect dynamics research. It postulates how affect develops over time during learning 

35



and theorizes how the transitions in affect that are hypothesized may contribute to processes of 

learning and disengagement (D’Mello & Graesser, 2012). However, relatively few studies have 

found these transitions. By examining previously published research and data from the affect 

dynamics literature, the current study has attempted to shed light on potential underlying 

explanations for the observed differences. Specifically, it investigates the degree to which the results 

of analyses are influenced by the inclusion or exclusion of self-transitions in the calculation of 

likelihood metrics. Including self-transitions may suppress non-self transitions. If some affective 

states are particularly persistent (Andres & Rodrigo, 2014; Baker, D'Mello, Rodrigo, & Graesser, 

2010), the inclusion of self-transitions could lower the transition probabilities for transitions to new 

affective states, and/or in some cases, cause them to become non-significant. In contrast, D’Mello 

and Graesser’s (2012) approach, which excludes self-transitions, may inflate the frequency of seeing 

transitions between affective states. Yet when applied to the data studied in this paper, neither 

method resulted in strong evidence for the theoretical model. 

While D’Mello and Graesser’s method increases the proportion of transitions that occur 

above chance (and the number of statistically likely non-self transitions), it does not increase the 

degree of conformance with their hypothetical model. When including self-transitions, two of the 

six hypothesized transitions are observed, and no non-hypothesized (non-self) transitions are seen. 

When excluding self-transitions, two of the six hypothesized transitions (not the same ones) are 

observed, and four non-hypothesized (non-self) transitions are seen. Therefore, we can conclude that 

the differences between D’Mello’s hypothesized model and previously published results are not 

simply due to differences in this analytical method, but are likely related to other factors.  

Future research should consider a number of potential reasons for these findings.  As we 

have highlighted, previous studies have differed in several fashions, including variation in student 

demographics, learning environments, lab versus classroom settings, different grain-sizes of 

observations, different data collection procedures, and different study session durations. These 

variations are indicative of the difficulties that emerge in studying affect dynamics. However, unlike 

the methodological differences analyzed here, such variables are more difficult to control for in a 

retrospective analysis. 

Beyond simply providing evidence as to whether D'Mello and Graesser's model is accurate, 

the findings in this study indicate that analytical choices should depend on the research goals and 

questions of the study. Excluding self-transitions reveals a larger number of affective patterns that 

might otherwise be suppressed by the presence of persistent affective states. Conversely, including 

self-transitions in analysis helps us to better understand each state’s persistence, but dilutes any 

transitions between different affective states. The former is likely important in theoretical models, 

but the latter might be particularly useful for algorithms being used to trigger interventions, for 

example. 

Future research may help to uncover additional elements that have not yet been recognized 

in order to better understand affective dynamics, but this study has shown that there are multiple 

areas of divergence in the methodology that has been employed to date in the affect dynamics 

literature and the full extent of these differences has yet to be investigated. By studying a broader 

range of datasets and further investigating which factors are associated with studies matching the 

predictions in D’Mello and Graesser’s model, we can better understand not just its validity, but its 

scope of applicability.  
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Abstract: Teamwork is an important competency for 21st century learner. However, 

equipping students with an awareness of their teamwork behaviors is difficult. This paper 

therefore aims to develop a model that will analyze student dialogue to identify teamwork 

indicators that will serve as formative feedback for students. Four dimensions of teamwork 

namely coordination, mutual performance monitoring, constructive conflict and team 

emotional support are measured. In addition, the paper explores multi-label classification 

approaches combined with feature engineering techniques to classify student chat data. The 

results show that by incorporating linguistic features, it is possible to achieve better 

performance in identifying the teamwork indicators in student dialogue.  

Keywords: Teamwork, Pre-processing, Supervised machine learning, Text mining, Learning 

analytics, Feature engineering, Formative assessment, Chatlog 

1. Introduction

Teamwork is an important competency for our 21st century learners. In collaborative 

problem-solving tasks, good teamwork helps in promoting task success. Moreover, teamwork is an 

important end in itself, as students will have to work in various teams as they progress in their life 

journey. However, students may be unaware of their behaviors and how it contributes to or harms 

the team. Therefore, there is a need for ways to provide students with greater awareness of their 

behaviors in teams. This research examines the text chatlog of students in an online chat while 

participating in an online collaborative problem-solving task. It aims to identify teamwork indicators 

from their dialogue in order to provide students with feedback to become more aware of their 

teamwork competency.  

A text-mining approach is adopted in this paper with an elaborate effort in feature 

engineering to incorporate linguistic properties of the text into text classification. This approach is a 

refinement of a previous method by Shibani, Koh, Lai, & Shim (2017) which considered a 

rule-based classification and a simple unigram text classification. In this paper, we also performed a 

comparison study and the results show that by incorporating linguistic features, it is possible to 

achieve better performance in identifying the teamwork indicators. The paper focuses on four main 

teamwork dimensions – coordination, mutual performance monitoring, constructive conflict and 

team emotional support (Koh, Hong, & Tan, 2018), which were drawn from several empirical and 

conceptual studies. The dataset for the chatlog is taken from an in-school activity, where Secondary 

school students in teams of three and four, participated in a collaborative problem-solving activity. 

They had about 45 minutes to solve an icebreaker task followed by the main dilemma task.  

This paper seeks to evaluate a refined approach using feature engineering to assess 

teamwork dialogue. The remaining sections of the paper are organized as follows: Section 2 is a 

brief literature review on teamwork and the various multi-label approaches in text data. Section 3 

describes the methods and methodology. Section 4 discusses the results and analysis while section 5 

concludes the paper with implications and future work.  
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2. Literature Review 
 

Traditionally, assessment of teamwork projects focusses heavily on the application of knowledge 

and the outcome rather than the teamwork process (Hughes & Jones, 2011).  Feedback to students 

tends to be towards the end rather than during the collaborative problem-solving process itself. 

Formative assessment is an important pedagogy to help students be more aware of their behaviors 

and understanding especially in teams (Strijbos & Sluijsmans, 2010). The feedback can serve as the 

basis for their change and possible transformation. 

Several studies have used a text mining approach to provide students with indicators of their 

online behaviors. He (2003) for example, analyzed questions and chat messages posted online to 

examine the patterns in student learning behaviors in online platforms. While there has been some 

work done in extracting meaning from chatlog text (Anjewierden, Kolloffel, & Hulshof, 2007; Rosa 

& Ellen, 2009), there have been limited studies that focus on the topic of teamwork. 

 A promising approach to analyzing chat text is feature engineering and data pre-processing 

(Aggarwal & Zhai, 2012). Previous work (Chandrasekar & Qian, 2016; Günal, Ergin, Gülmezoğlu, 

& Gerek, 2006; Uysal & Gunal, 2014) have shown that feature engineering and data pre-processing 

play a significant part in the performance of text classification tasks. Some of the features that are 

typically used for this problem include part of speech (POS) tags, named entity, bag of words 

(BOW), and data pre-processing typically include tokenization, removal of stop words, and 

stemming (Uysal & Gunal, 2014). 

 Most of the work in text classification has considered single-label classification where each 

classification instance has only one class label. The commonly used machine learning algorithms 

that have been previously adopted include Naïve Bayes classifiers, Decision Tree classifiers, 

Support Vector Machines, Rule-based classifiers, and Neural Networks (See Allahyari et al. (2017) 

and Aggarwal & Zhai (2012) for a survey of some of these approaches). However, it is possible to 

perform multi-label classification where each classification instance can have one or more class 

labels. Gibaja and Ventura (2015) group such approaches into two main categories: problem 

transformation methods and algorithm adaption methods. Problem transformation methods generate 

multiple binary classifiers, one for each label and combine the classification results together in order 

to achieve multi-label classification. Whereas, algorithm adaption methods extend the single-label 

algorithm in order to directly deal with multi-label data. This approach may be suitable for 

identifying teamwork indicators from chat text. 

 

 

3. Methods and methodology 
 

This section covers the various approaches used for the classification task of our research project. 

 

3.1 Teamwork competency dimensions  
 

This project is part of a larger study on teamwork in which teamwork competency is conceptualized 

as a multi-dimensional concept of the process of members working in a team (Koh et al., 2018; Salas 

et al., 2009). Four dimensions of teamwork are focused on; these are applicable across team types 

and task (Salas et al., 2009). They are:  

1. Coordination (COD) – the ability to organize team activity to the complete task on time  

2. Mutual Performance Monitoring (MPM) – the ability to track the performance of team 

members  

3. Constructive Conflict (CSC) – the ability to deal with differences in interpretation between 

team members through discussion and clarification.  

4. Team Emotional Support (TES) – the ability to bond emotionally and provide psychological 

support to other team members 

 

 Two dimensions from previous work (Koh et al., 2018; Shibani et al., 2017) are excluded 

from this study due to theoretical, methodological and practical reasons including the importance of 

developing measures that are easy to understand and distinct, that would surface in sufficient 

quantities for analysis and enable easier future applications.  
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3.2 Corpus and Manual Coding of chat data 
 

Based on the above-mentioned four dimensions, a coding scheme was created and used for manual 

coding. The corpus for this text analysis consists of 19,762 chat messages collected from 272 

students in 76 teams who participated in the study. A subset of chat data from seven teams was 

annotated by two coders with a Cohen's kappa > 0.65 after which the entire corpus was coded 

individually by them. The unit of analysis was a chatline, and each chatlog could be annotated for 

any of the four dimensions, or had no code (nc) if the line did not fall into any dimension. In 

addition, the team found it useful to add a spam category, to mark the line as spam. Manually coded 

data from 76 teams excluding the spam and nc was used for the classification task. The chat data set 

was split for training and test purposes such that 80% of the data consisting of 9,893 lines formed the 

training set and 20% of the data consisting of 2,474 lines formed the test set. To better understand the 

context of the data, example chatlines of the four teamwork dimensions are shown in Table 1. 

 

Table 1 

Sample Coding for Teamwork Dimensions in a Chat Log 

Name Message COD MPM CSC TES 

A Hi 0 0 0 1 

B Alice's here? 1 0 0 0 

A Yep 1 0 0 0 

Chat 

Admin 

/takeover Lets do an ice-breaker activity!  

Describe your ideal teacher 0 0 0 0 

A an ideal teacher is someone that is understanding 0 0 1 0 

A u all no idea ah 0 1 0 0 

B alice describe cher sia 0 1 0 0 

 

3.3 Pre-processing 
 

To prepare the data for pre-processing, nc chatlines were removed from the dataset. The data 

preparation step was followed by data pre-processing to simplify the text such that the classifier 

could easily learn the features. Pre-processing steps include  

1) Emotions and punctuation tagging: to replace all emotions and punctuation with tags  

2) Chat abbreviation expansion: to expand short forms and acronyms 

3) Local terms replacement: to replace all Singapore English terms with English equivalents 

4) Named entity recognition: To replace all names with a NAME tag 

 

The above-mentioned steps in preprocessing were done as part of previous research and a 

detailed description of each of the steps in preprocessing is described in Shibani et al. (2017). An 

example of each of the preprocessing steps is given in Table 2.  

 

Table 2 

Examples of the Pre-processing Steps 

Step No Preprocessing Step  Example 

1 Emotion & Punctuation Tagging ! - ^exclaim_mark^  

:) - ^pos_emo^ 

2 Chat Abbreviation Expansion jk - just kidding, lol - laughing out loud 

3 Local Terms Replacement ah ma - grandma, can lah – okay 

4 Named Entity Recognition Alice - ^NAME^ 
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3.4 Feature Engineering and Extraction 
 

Features are the basic building block for machine learning algorithms. The features in the dataset 

have a huge impact in the machine learning outputs. The quality of features in dataset can be 

improved using processes such as feature engineering and feature selection. Our current research 

focusses more on the creation of new features to improve the performance of the classifiers. Ten new 

features were created by writing context-sensitive rules using indicative terms dictionary, POS 

tagging and regular expressions. These newly created features are then passed to the classifier along 

with the existing features. The lists of the ten new features created are listed in Table 3. 

 An example of how a feature was created is briefly explained. According to the coding 

scheme, chatlines that elaborate on an idea is coded as part of the category, constructive conflict. So 

a new feature named idea elaboration is created as follows  

1. An indicative terms dictionary consisting of task-related words was created 

2. Then the conditions for idea elaboration were created using the coding scheme  

a. Condition 1: Chatline should contain more than three task-related words from the 

indicative terms dictionary 

b. Condition 2: Chatline should not contain a <final_answer> tag as it does not 

representation elaboration of ideas 

3. If both the conditions are satisfied then the F_ELABORATION feature is set to 1.  

if condition 1 & condition 2: 

  append Idea Elaboration tag 

else: 

  return chatline 

 

 This is followed by a unigram/bag of words feature extraction step. In order for the machine 

learning algorithms to use these features, a vectorization process adopted to convert their values into 

a numeric form. The end result of this process produces a vector where each unique word token is a 

column and each document is a row of numeric values for each of these unique token. For our 

current dataset, we experimented using three vectorizers (i) Count vectorizer (ii) Hash vectorizer 

(iii) term frequency-inverse document frequency (TF-IDF) vectorizer. A closer look at the result of 

vectorization showed that the TF-IDF vectorizer performed better as it chose the most important 

features rather than selecting word just based on the count of their occurrences.  

 

Table 3 

List of Features 

Sno  Feature Name  Description  Example 

1 F_Time  Identifies chatlines that express 

task related time comments  

"5 more minutes" 

"Faster lah" 

2 F_INSTRUCTION Identifies chatlines that instruct 

team members to perform an 

activity and come up with 

answers 

"Describe lah" 

"Combine the answer" 

3 F_PROGRESS Identifies chatlines which 

indicates student's sharing their 

progress on the activity 

"Solved already" 

"We are done" 

4 F_CLARIFICATIONQN Identifies chatlines that are 

clarification questions related to 

the task 

"Patient and Interesting?" 

"They should find a way to 

reduce the smoke produced?" 

5 F_ELABOARATION Identifies chatlines that 

elaborate on ideas 

“I don’t think we can find a 

way to reduce the smoke 

produced” 

"At least your dad would be 

able to find another job" 
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6 F_DISAGREEMENT Identifies chatlines that 

expresses student disagreement 

on ideas 

"i disagree" 

7 F_GREETING Identifies chatlines that are 

greetings 

"Hi", "Good morning guys" 

8 F_POSEMO Identifies chatlines that express 

positive emotions and 

humorous talks 

"Yay!", "just kidding" 

9 F_AGREEMENT Identifies chatlines that express 

explicit agreement 

"agree with that", "yes ok" 

10 F_APPRECIATION Identifies chatlines that express 

appreciation  

"Alice types the fastest", 

"Good job Bob" 

 

3.5 Classification 
 

Traditional single-label classification tasks are typical supervised learning problems where each 

instance is associated with a single label learnt from a set of examples with a single label. Multi-label 

classification on the other hand, is different in a way where each instance is associated with multiple 

labels. There are multiple approaches to handle multi-label classification. Two common methods 

include problem transformation and algorithm adaption.  

 For the problem transformation approach, we experimented using the most widely used 

transformation method known as the Binary Relevance (BR Learning). It is the same as the 

one-versus-all (OVA) approach of solving a multi-class problem using a binary classifier (Katakis, 

Tsoumakas, & Vlahavas, 2008). To train the classifier we used the Support Vector Machine (SVM) 

learning algorithm with a linear kernel.  

With regard to the adaptive algorithm approach, we worked with five different classifiers to 

evaluate which one was the best in classifying our chat dataset. These classifiers include 

KNeighborsClassifier (KNN), DecisionTreeClassifier (DT), ExtraTreeClassifier (ET), 

ExtraTreesClassifier (ETs) and RandomForestClassifier (RT). 

 

3.6 Evaluation Measures 
 

The evaluation measures for multi-label classification are different in contrast to the traditional 

single label classification. While some of the evaluation measures are carried out on a per-label 

basis, other measures are based on evaluation of label sets. The former is called label based 

evaluation and the latter is called label-set based evaluation (Read, Pfahringer, Holmes, & Frank, 

2011).  

In order to compare the performance of the classifiers, the following metrics were 

calculated: Precision, Recall, F Score, Accuracy and Hamming Loss. In multi-label context, 

accuracy is a label-set measure where the set of labels predicted for a sample must exactly match the 

corresponding set of test labels. When a predicted set of labels exactly matches the true set of labels, 

the evaluation is called the exact match measure or 0/1 loss. However, 0/1 loss tends to be too strict 

as the entire set of labels must be correctly predicted. Whereas Hamming Loss on the other hand 

based on the binary evaluation of each of the labels assigned. This measure is lenient when 

compared to the 0/1 loss.  

Precision is the ratio of positive examples that were correctly classified to the total number 

examples labeled as positive. Recall is the ratio of number of correctly classified positive examples 

to the total number of positive examples in the data (Sokolova & Lapalme, 2009).  F Score is the 

harmonic mean of precision and recall.  

 

 

4. Results and Discussion 
 

This section discusses the results based on three different comparisons to answer the following 

questions.  

43



1. Can feature engineering lead to better classification performance? 
2. Which approach, binary relevance or adaptive algorithm, performed better in assessing 
3. teamwork dialogue? 
4. Which classifier performed the best in classifying teamwork dimensions? 

  

The results of the classification task are presented in terms of the following metrics: 

Precision, Recall, F Score, Accuracy and Hamming Loss. Results of the different classifiers were 

compared with two sets of data 1) The baseline with no new features added 2) The feature 

engineered dataset with additional new features. Table 4 reports the performance metrics of the six 

different classifiers that were used for the classification task. In addition to these, the two approaches 

proposed by Shibani et al. (2017) namely rule-based approach and machine learning approach using 

just (BOW) features were also added. The values are calculated by taking the average of the best 

performing classifiers in the four teamwork competency dimension from Shibani et al. (2017).  

  

Table 4 

Results of Different Approaches and Classifiers 

    OVA KNN DT ET ETs RF Rule-based BOW 

Precision  Baseline* 0.81 0.76 0.76 0.73 0.82 0.84 0.68 0.84 

New^ 0.84 0.79 0.78 0.74 0.84 0.85 - - 

Recall Baseline 0.63 0.45 0.62 0.59 0.59 0.62 0.4 0.65 

New 0.68 0.48 0.68 0.64 0.64 0.66 - - 

F Score Baseline 0.71 0.56 0.68 0.65 0.68 0.7 0.5 0.73 

New 0.74 0.58 0.72 0.68 0.72 0.74 - - 

Accuracy Baseline 0.63 0.52 0.62 0.57 0.62 0.63 - - 

New 0.67 0.53 0.66 0.61 0.65 0.67 - - 

Hamming Loss Baseline 0.108 0.145 0.119 0.132 0.113 0.105 - - 

New 0.097 0.139 0.109 0.126 0.103 0.097 - - 

Note. * Baseline dataset without new features. ^ Dataset with new features. 

 

From the comparison of metrics in Table 4 based on the two sets of data, it can be seen that 

the performance of the models using the feature-engineered dataset was higher than the performance 

of models using the baseline data. The dataset with additional new features outperforms the baseline 

in terms of all the metrics. However, in order to look at a balanced classification model with an 

optimal balance for precision and recall, we focused on the F score. The F scores for all the 

classifiers were high for the dataset with new features. This clearly implies that the proposed 

linguistic features are useful to improve the classifier performance and demonstrates that feature 

engineering will be able to further improve the existing methods. A visual representation of the 

metrics is given in Figure 1. 

Note that the results from Shibani et al. (2017) presented in Table 4 are an upper bound of 

performance (for BOW) that could be achieved rather than actual performance because they are 

taken from the average of the best performing classifiers in the four teamwork competency 

dimensions. This means that for example, the best performing classifier of recall under the COD 

category and the best performing classifier of recall under TES might not be the same type of 

classifier. Regardless of this, the comparison results show that the performance of classifiers using 

the proposed new linguistic features are able to outperform the best performing results from Shibani 

et al. (2017) for OVA and RT. In both cases, the BOW classifiers in Shibani et al. (2017) initially 

had better performance before feature engineering was incorporated. 
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 Figure 1. Performance metrics of all algorithms 

 

The data coded by the system was compared with the human annotated data which is 

considered gold standard in order to check for reliability between the two sets of data. We calculated 

the reliability scores using the Krippendorf’s alpha statistic in which reliability score was > 0.65 

indicating that there is a good reliability between the human annotated and the system coded data.  

With regard to the classification approaches, it can be seen from the F score measures that 

the adaptive algorithm approach and the problem transformation approach tie in performance. 

Further fine-tuning of parameters as well as inclusion of more features is required to decide which 

approach works best for our classification task. Finally, with regard to the classifiers used within the 

adaptive algorithm approach, the Random Forest classifier performed the best with an F Score of 

0.74. At a dimension level, it can be seen from Table 2 that TES was easier to classify as individual 

F Score values for each of the classifier is relatively high when compared to the other dimensions. 

The classification performance for MPM was the weakest when compared to the other dimensions. 

This is mainly attributed to the difficulty in writing the rules for this dimension. More time and effort 

will be needed to address this need for refined rules that can code these dimensions effectively. 

Future work can focus on creating more features with better predictive capabilities and using a larger 

data set to train and test the models.  

 

Table 5 

F Score of the Different Classifiers at Dimension Level 

 
OVA KNN DT ET ETS RF 

COD 0.65 0.57 0.65 0.61 0.63 0.65 

MPM 0.56 0.49 0.50 0.50 0.48 0.50 

CCF 0.77 0.40 0.73 0.65 0.75 0.77 

TES 0.87 0.79 0.87 0.85 0.86 0.88 

F Score 0.71±0.13 0.56±0.16 0.68±0.15 0.65±0.14 0.68±0.16 0.70±0.16 
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4.1 Qualitative analysis 
 

Identifying and creating strong predictive features can play a vital role in machine learning 

techniques. This section discusses on how the addition of predictive features helped the model in 

classifying text in a better way. Table 6 shows a few example chatlines that were coded correctly by 

the model. These chatlines are those that were predicted correctly mainly because of the addition of 

new features and were otherwise not actually tagged correctly while using the dataset without 

features.  

For instance, a new feature to identify chatlines that denote progress of team members was 

created. This feature “F_PROG” will tag progress related chatlines by matching them with a list of 

words that denote progress such as “done”, “accomplished”, “finished”, etc. Another example of a 

feature created would be the positive emotions feature (F_POSEMO) which tags chatlines that 

denote positive emotions like happy smileys and words such as “just joking”, “thank you” etc. These 

examples briefed above explain the basis in which chatlines were tagged correctly.  

 

Table 6 

Examples of Chatlines that were Classified Correct 

Sno Chatline without new 

features 

Chatline with new features  Test 

Label 

Predicted 

Label  

1 nothing already .. we are done nothing already .. we are done 

F_PROG 

COD COD 

2 stop please stop please F_INS MPM MPM 

3 okay den say use air purifier 

filler pos_emo 

okay den say use air purifier filler 

pos_emo F_POSEMO 

F_ELABORATION 

CSC TES CSC TES 

 

Table 7 shows example chatlines that were incorrectly predicted. A closer look at the data 

shows that the main reasons for the model to misclassify or not classify chatlines were irregularities 

in text and also the need for further refinement in the rules and the indicative terms dictionary that 

are used for these rules. 

 

Table 7 

Examples of Chatlines that were Classified Incorrect 

 

 

5. Conclusion and Future Work 
 

This paper describes a text-mining approach to perform multi-label text classification of text-based 

chatlog into four teamwork competency dimensions. Unlike previous text classification approaches, 

this research has undergone an elaborate feature engineering process and produced a list of 

contextual features. A comparison study is then conducted to investigate the effect of incorporating 

the contextual features in various machine learning algorithms. The results show that by 

incorporating these features, it is possible to improve the classification scores regardless of the 

Sno Chatline without new features Chatline with new features  Test 

Label 

Predicted 

Label  

1 talk about work talk about work COD  

2 ^NAME^ copy and paste ^NAME^ copy and paste COD 

MPM 

COD 

3 ^NAME^ i suggest you go read 

the passage a few more timew 

^NAME^ i suggest you go read 

the passage a few more timew 

F_INS 

COD 

MPM 

COD 

4 air/smoke can travel anywhere air/smoke can travel anywhere CSC  

5 Trololololololtrololololoololl Trololololololtrololololoololl TES  

6 sure that seems like it works. sure that seems like it works. TES  
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machine learning algorithm. Such a feature engineering exercise is promising and with more work, it 

is possible to further refine the features and achieve even better predictive capabilities. Future work 

will focus on further refining the system by training on larger datasets and also implementing 

complex rules. With regard to using larger datasets, since human coded data is considered gold 

standard, training using larger datasets also implies that more time and effort will be needed to 

manually code the datasets such that they can be used for training purposes. Once the model is 

reliably able to code all the four dimensions of teamwork, future data can be automatically coded 

using this system. 

 This current work as mentioned earlier will enable us to automatically identify and code the 

four dimensions of teamwork. This system can be seen as a way to automatically process the chat 

data after the student activity. The data coded will be aggregated by dimension to generate a 

micro-profile visualization of students’ teamwork. For students, this visual analytic will serve as 

formative feedback and allow them to gain a better awareness of their teamwork dynamics and assist 

them in improving their teamwork. Teachers, on the other hand, can be empowered as this rapid 

assessment can complement existing observations and measures to provide timely and holistic 

feedback to students. Essentially, this approach serves as a basis to assess teamwork in student chat 

dialogue to enable students to gain a better awareness of their teamwork behaviors.  
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Abstract: When people learn new things that are similar to what they already know, 

analogy enables them to learn faster and deeper by associating knowledge and reinforcing 

the network of knowledge. However, there are obstacles to using analogy correctly in 

learning. In this study, we attempt to support learning by analogy through structure mapping 

of the learning base and target. Expressing the structures of similar contents on a concept 

map enables learners to recognize the overall similarity by seeing the structures and the 

correspondence of each component in detail. We propose a learning environment in which 

learners can try to map the structures of base and target domains as a kit-build concept map. 
We experimentally used the system at an elementary school to test the feasibility of the 

learning activity and the learning gain. As the results, students learned with the system 

understood the target domain more than the students without the system. In addition to that, 

the students learned with the system could also retain the understanding of the base domain 

more than the students without the system. 

Keywords: Learning by analogy, Structure mapping, Kit-build concept map 

1. Introduction

Analogy is a powerful cognitive mechanism for a wide range of purposes, including 

problem-solving, explanations, and arguments (Gentner, 1997). Although it plays an influential role 

in learning, there are obstacles to using analogy correctly in learning (Gentner, 1986) (Sandoval, 
1995). This study proposes an environment for learning by analogy using a Kit-Build Concept Map 

(KBmap) (Hirashima, 2011) (Hirashima, 2015). 

There are several models of analogy: symbolic, connectionist, and hybrid (French, 2002). 
This study focuses on the symbolic model, especially, the structure-mapping theory of analogy 

(Gentner, 1983). This theory assumes that knowledge is represented as a propositional network of 

nodes and predicates. The similarity between base and target domains can be described as the 
relation between propositions. The theory defines two types of similarity involved in analogy, 

surface and structural, and the latter is important in the analogy. The MAC/FAC model (Forbus, 

1995) is a comprehensive description model of the human analogy process as the implementation of 
the similarity distinctions in theory on a computer. Fobus and Hinrichs (Forbus, 2006) developed 

Companion Cognitive Systems based on this model and used the concept map (Novak, 2006) as a 

user input. 
The concept map is a graphical representation of propositions as the relations between 

concepts. It is useful for organizing and externalizing learner knowledge and understanding (Pailai, 

2017). It has significance in enabling learners to express their understanding. However, in the 
general concept map, evaluation is difficult because learners can freely create concept maps. On the 

contrary, a KBmap (Hirashima, 2011) (Sugihara, 2012) can automatically diagnose concept maps 

because learners create concept maps from the components that are decomposed from a concept map 
created by teachers. This enables learners to organize their understanding in a comprehensible way 

in the form of the concept map and allows teachers to confirm learners' understanding immediately 

(Hirashima , 2015). 
This study uses KBmaps in which learners create concept maps of two topics and map the 

concepts. A concept map itself represents the structure of concepts. Therefore, it is helpful for 
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learners to compare the structure because it clarifies the structure as the relationships among 
concepts. Also, providing components to create concept maps in KBmaps allows learners and 

teachers to compare concept maps and the structural mapping. For this reason, we propose a learning 

method for structure mapping using KBmaps. 
This paper discusses the proposed learning method and the effectiveness of the system 

implementing the method. This paper is structured as follows. Section 2 presents the basic idea of 

KBmap. Section 3 presents the overview of analogical reasoning and the support functions in the 
KBmap system for structure mapping that is one of the sub-processes in analogical reasoning. 

Section 4 presents an evaluation of KBmap’s function in the elementary classroom. Section 5 

concludes this paper and presents future work. 

 

 

2. Kit-Build Concept Map 

 
Following are examples of learning activities with the KBmaps. They are an overview of the current 

systems. 
 

2.1 The Goal Map and the Kit 

 
In the KBmap, teachers create concept maps as a summary of the learning concepts presented to 

learners. The validity of the concept map is guaranteed by the teacher. The goal map represents: (1) 
the expected learners' understandings as the learning goal, and (2) components that the teacher 

provides for learners to demonstrate their understanding. The kit is the decomposition of the goal 

map. The teacher gives the kit to learners and asks them to compose a concept map. Figs. 1 and 2 
show an example of the goal map and the kit. 

 

  
Fig. 1. A goal map Fig. 2. The kit from the goal map 

 

 

2.2 Learner Map 

 
With KBmap, learners assemble the components in the kit to create concept maps as the 
representations of their understanding. Providing components helps learners' understanding process 

in which they first recognize the components in the learning content and then structure them as the 

overall understanding of the learning content. 

 

2.3 Diagnosis and Feedback 

 
One characteristic of KBmaps is that the teacher can check the learners' understanding as the 
difference between the goal map and the learner maps. The learner maps, consisting of the 

components of the goal map, enable a comparison between them. The differences represent the gap 

of understanding between the teacher and the learners as well as among the learners. The KBmap 
assessment method is automated, and its validity for evaluating learners’ understanding has been 

confirmed (Wunnasri, 2018). In addition to the one-on-one comparison, it is possible to overlap the 

learner maps as the representation of aggregated understanding of learners. The teacher can also 
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compare the over-lapped map with the goal map. With the overlapped map, the teacher can analyze 
the trend of learner understandings in the class. The analysis is helpful for the teacher to provide 

feedback to the learners (Pailai, 2017) (Yoshida, 2013). 

 

2.4 KBmap System 

 
The system for Kit-Build Concept Mapping is called the “KBmap system.” (Sugihara, 2012) The 

KBmap system is composed of two client systems: “KBmap editor” and “KBmap analyzer,” and the 
server system are “KBmap DB.” KBmap editors work on tablet computers. This allows the system 

to be used in ordinary classrooms. Learners use KBmap editor for creating a learner map from a kit. 

KBmap analyzer works on web browsers on PCs. Teachers use KBmap analyzer to assess learner 
maps. KBmap covers a variety of subjects: science in elementary schools (Hirashima, 2011) 

(Hirashima, 2015), geography in junior high schools (Nomura, 2014), learning English as a second 

language (Alkhateeb, 2015), and university-level social science and computer science (Hayashi, 
2014) (Hayashi, 2015). 

 

 

3. Structural Mapping in KBmap 

 

3.1 Structural Mapping in Analogy 

 
The basic process components of analogy are (1) recognizing analogous bases, (2) elaborating and 
extending analogical mappings, (3) evaluating the support of analogical inferences, and (4) 

consolidating confirmed inferences (Hall, 1989). The structure-mapping theory (Gentner, 1983) 

defines the mapping in the second process component as the comparison of propositions. 
Propositions can be described as object-attributes or relations between objects. Structural mapping 

requires relations between objects, rather than object-attributes. This study aims to establish the 

KBmap-based learning environment in which learner’s experience structural mapping of domains 
and find similarity between them for learning analogy. 

 

3.2 Structural Mapping in KBmap 

 
Structural mapping in KBmap requires the additional function for mapping two concept maps. It is 

possible to create each concept map of a domain in the KBmap system. The required additional 

function is that learners can create and associate with two different concept maps. This study 
proposes a procedure of structural mapping in KBmap. First, learners make a concept map of the 

base domain. Then, they are provided the target domain concepts and juxtapose the concepts with 

the base domain concepts composing the base domain concept map.  
 

3.3 Structural Mapping Mode of KBmap System 

 
Fig. 5 shows a screenshot of structural mapping mode in KBmap system. This mode displays the 

base domain concept map (fish) at the top edge of the screen. Learners cannot change the map. They 
can operate only the components for the target domain map (human) displayed at the bottom edge of 

the screen. Each concept in the base domain concept map has a slot to assign the associated target 
domain concept. Learners place the target domain concepts on the slots to associate the concepts 

with the base domain and connect the target domain concepts with the links for the target domain. 

After learners upload the associated maps of the base and target domains, teachers can also check the 
aggregation of learners' structural mapping on KBanalyzer. 
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base domain map

the components for the target domain map

slot to assign the associated 
target domain concept

 
Fig. 5. Structural mapping mode of KBmap system. 

 

 

4. Experimental Use of Structural Mapping Mode of KBmap system in Classroom 

 

4.1 Participants 

 
This study was carried out with two class-groups of 6th-year elementary school students (11-12 

years old) in science lessons (n = 36 and 33, respectively). The students in both groups had used 
KBmap system before. The same teacher is in charge of the science lessons in these two classes. The 

teacher also conducts lessons in this study. There two classes are divided in such a way that there is 

no significant difference between the two classes regarding grades and there are no significant 
differences in and the score of the previous end-of-term exam. One class is the experimental group, 

and the other is the control group. This group assignment is decided by the teacher.  

 

4.2 The Purpose of the Experimental Use 

 
This study tests the hypotheses about the learning of the structural analogy described in the previous 

section: "learning by structural mapping with KBmap is more effective to facilitate understanding 
structural similarity than teaching structural mapping," also "structural mapping support function is 

applicable in lectures." In the experimental group, students learn with the structural analogy support 

functions implemented in this study. They make structural mapping by themselves. In the control 
group, they learn only using the standard KBmap without the new functions. They do not make 

structural mapping by themselves. Instead, the teacher explains the structural mapping showing the 

associated map. The learning content was "development of a fish" as the base and "development of a 

human" as the target. Although all the learners had already had classes for learning human and fish 

independently without KBmap system, they did not learn the association of them. The goal of the 

classes in the experimental use is to associate the two domains and enrich the understanding of them. 

The teacher created goal maps as shown in Fig. 6. In both groups, the teacher conducted the lectures 
for the same purpose of learning the relationship between the two topics. The effect on the learning 

outcome is measured by the change of learner maps and a written test. 
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Fig. 6. Goal maps of "development of a fish," (base) and "development of a human" (target). 

 

 

4.3 The flow of the Experimental Use 

 
The learning demonstrated during class is almost the same in the experimental and the control group. 

As shown in Fig. 7, the difference is whether the use of the structural mapping support functions in 

KBmap or not in expressing the structural similarity between the two topics. 
The class takes 90 min using two class-units. This includes the pre- and post-test and does 

not include a delayed test. First, students create learner maps of "development of a human" on the 

KBmap editor as the pre-test. Second, students receive an explanation of "development of a fish" 
and then create learner maps of it on the KBmap editor. Third, the teacher analyzes the results of 

learner maps of "development of a fish" on the KBmap analyzer and then provides feedback on the 

points that the learners have misunderstandings or a lack of understanding. Finally, students create 
learner maps of "development of a human" again on the KBmap editor as the after-fish-test. Note 

that the teacher does not provide any explanation about "development of a human." 

This is where the experimental and the control group have a different activity to demonstrate 
an understanding of "development of a human." The experimental group created the corresponding 

relationship between “development of a fish” and “development of a human” with the structural 

mapping mode in KBmap and receives feedback on the result from the teacher. On the other hand, 
the control group did not create a structural mapping of the two maps by themselves but just receives 

the lecture by the teacher on the corresponding relationship between "development of a fish" and 

"development of a human" with the structural mapping of the two concept maps. Through this phase, 
both groups have looked at the correct mapping of the two concept maps and have received the 

explanation by the teacher. The teacher’s explanation for each group is by the structural mapping of 

two concept maps. After that, both groups create learner maps of "development of a human" again 
on the KBmap editor as the post-test.  

Two weeks later, students create learner maps of "development of a fish" and "development 

of a human" again as the delayed test. Also, they answer a written test to measure their 
understanding. Between the post- and delayed-test, there is no class about this topic and no use of 

KBmap system. The delayed-test is not announced in advance. 
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Fig. 7. The flow of the experimental use in the elementary school. 

 

4.4 Analysis Results and Discussion 
 
These classes are conducted for testing hypotheses based on the objectives of this study; 

Objective A: to test whether learning by structural mapping with KBmap is useful for 

understanding structural similarity, and  
Objective B: to test whether the structural mapping support function can help learners to understand 

structural similarity. 

This study sets five hypotheses corresponding to the objectives as follows: 
Hypothesis A: learning "development of a fish" facilitates learning "development of a human," 

Hypothesis B1: the experimental group that learns with the structural mapping support function can 

understand "development of a human" better than the control group, 
Hypothesis B2: the experimental group that learns with the structural mapping support function can 

retain the understanding of "development of a human" after the classes better than the control group, 

Hypothesis B3: the experimental group that learns with the structural mapping support function can 
understand "development of a fish" fish" better than the control group, and 

Hypothesis B4: the experimental group that learns with the structural mapping support function will 

score higher on the written test than the control group.  
This section illustrates and considers the result of the classes. Figs. 8 and 9 and Tables 1 and 2 shows 

the score, and the differences between the groups by Wilcoxon signed-rank test within groups or 

Wilcoxon rank sum test between groups with Bonferroni correction. 
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Table 1. Scores of learner maps of human (target). 
group  pre after-base post delayed 

experimental mean 21.7 79.3 96.5 86.1 

(n = 36) sd 14.0 21.2 8.59 18.8 

Comparison  

with the  

previous test 

adjusted 

p-value 

 0.0000 ** 0.0001 ** 0.0597 + 

effect size  

(Cohen's d) 

 3.85 

(huge)  

0.80 

(large) 

-0.36 

(small) 

control mean 34.7 71.6 77.4 67.5 
(n = 33) sd 15.6 20.6 19.2 25.7 

Comparison  

with the  

previous test 

adjusted 

p-value 

 0.0000 ** 0.4979 n.s. 0.1591 n.s. 

effect size  

(Cohen's d) 

 2.77 

(huge) 

0.45 

(medium) 

-0.36 

(small) 

difference  

between groups 

adjusted 

p-value 

0.0100 * 1.312 n.s. 0.0000 ** 0.0102 * 

 effect size  

(Cohen's d) 

-0.46 0.29 

(small) 

0.97 

(large) 

0.71 

(large) 

 

 
Fig. 8. Scores of learner maps of human (target). 

 

Table 2. Scores of learner maps of fish (base). 
group  test delayed-test 

experimental mean 88.0 90.8 

(n = 36) sd 18.2 17.0 
Comparison with  

the previous test 

adjusted p-value  1.54 n.s. 

effect size (Cohen's d)  0.31 (small)  

control mean 91.0 76.4 

(n = 33) sd 16.6 24.7 

Comparison with  

the previous test 

adjusted p-value  0.0709 + 

effect size (Cohen's d)  -0.36 (small) 

difference  

between groups 

Adjusted p-value 1.46 n.s. 0.0237 * 

 effect size (Cohen's d) -0.13 (negligible) 0.53 (large) 
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Fig. 9. Scores of learner maps of fish (base). 

 

Consideration of Hypothesis A 
Hypothesis A is that learning "development of a fish" facilitates learning "development of a human." 

To test this, we analyze the change in the learner maps of "development of a human." As shown in 
Tables 1 and 2, both the experimental and the control group show significant improvements. 

Although there was no learning activity on "development of a human" between the pre- and 

after-fish-tests, they produced significant effects. These results support Hypothesis A. 

 

Consideration of Hypothesis B1 
Hypothesis B1 is that the students in the experimental group who learn with the structural mapping 

support function can understand "development of a human" better than the control group. As shown 

in Tables 1 and 2, the after-fish-test result has no significant difference, and the post-test results of 
the experimental group are higher than the control group. This result shows that the use of the 

function is useful for understanding "development of a human" in the classes. 

 

Consideration of Hypothesis B2 
Hypothesis B2 is that the students in the experimental group who learn with the structural mapping 
support function can retain their understanding of "development of a human" after the classes better 

than the control group. As shown in Tables 1 and 2, the result of the experimental group is higher 

than that of the control group. This shows that, even after two weeks, students in the experimental 
group have a better understanding than the control group. However, there is no significant difference 

in the reduction of the results between the groups after two weeks. It was found from the results that 

the understanding was not temporal. However, this result does not show that a student who learns 
with the structural mapping support function can retain the understanding better than the control 

group. 

 

Consideration of Hypothesis B3 
Hypothesis B3 is that the students in the experimental group who learn with the structural mapping 

support function can also understand "development of a fish" during class better than the control 

group. This hypothesis means that the activity the experimental group students mapped by them with 
the structural mapping support function helps to enrich their understanding. As shown in Tables 2, 

the result of the learner map of "development of a fish" as the post-test during class shows no 

significant difference (p = 0.252) between the groups. However, the result of the learner map of 
"development of a fish" as the delayed test does show a significant difference (p = 0.005) between 

the groups. The only difference in the activities between the groups was the use of the structural 

mapping support function. This shows that the function helps the learners to retain the understanding 
of "development of a fish." 
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Consideration of Hypothesis B4 
Hypothesis B4 is that the students in the experimental group who learn with the structural mapping 

support function can score higher on the written test than the control group. The written test asked 
the learners about their understanding of "development of a fish," "development of a human," and 

the relationship between them. The average score of the experimental group on a 9-point scale was 

4.36 (sd = 2.34), and the control group was 3.18 (sd = 2.30). There is a significant difference 
between them (p = 0.0342) by Wilcoxon rank sum test, and the effect size (cliff's delta) was 0.29. 

This result also shows that the experimental group gains a better understanding than the control 

group. 

 

4.5 Summary of the Experimental Results 
 

The objectives of the experimental use in classrooms are to test the five hypotheses mentioned in 

Section 3.3. The improvement of Hypothesis A shows that learners can enrich their understanding of 
"development of a human" through the review of "development of a fish." The improvement of 

Hypothesis B1–B4 shows the effectiveness of the structural mapping support function for learning 

structural similarity between "development of a fish" and "development of a human." It is also 
interesting that the consideration of hypothesis B4 says the learners in the experimental group could 

have enriched their understanding of "development of a fish." This is also considered as the effect of 

learning structural similarity between the domains. 
The difference between the experimental and control groups are that the learners make the 

structural mapping by themselves or that the teacher provides the structural mapping with the 

learners. Pepart emphasizes the importance of working with concrete materials in learning as 
Constructionism (Papert, 1991). Learners in the experimental group could not get instruction from 

the teacher but consider the relation between "development of a fish" and "development of a human" 

by themselves. According to Constructionism, this is the important factor of learning in this case. 
This reflects on learning of not only the target domain but also the base domain. In the experimental 

group, their understanding of it also improved because structural mapping by learners requires the 

review of the base domain for the association of the domains. 

 

 

5. Conclusion 
 
This paper proposed a method for learning structural similarity using KBmap, the implementation of 

its support function, and the validation thereof. The results show that learning by structural mapping 

using KBmap is beneficial to learn the structural similarity between two adjacent domains. 
The characteristic of the result is that the proposed system has been effective for learners to 

enrich and retain their understandings about both of the base and the target domains. We could 

consider the results as the organization of the target and the elaboration of the base with the 
category of learning strategies (Weinstein, 1896). About the effect for the understanding of the 

target domain, it is the ordinary goal of learning by analogy and the original goal of this study. 

Creating KBmaps is a kind of guided organization of the learning contents with the provided 

components. In the experimental use, the students enriched their understandings through the 
creation of maps of human (target) and fish (base) and interaction with the teacher and the other 

students as we expected. The difference between the groups is to create the structural mapping or not. 

Both groups received an explanation from a teacher with completed structural mapping. Creating the 
structural mapping by themselves is more effective to enrich and retain their understandings than 

receiving a lecture from the teacher. 

From the result of the delayed test, the student retained not only the target but also the base. In 
the classes, the students are required to not just understand two domains independently but associate 

the target (human) with the base (fish). This could be the elaboration of each domain as the 

extension of it with the other. This is now just a hypothesis, and it is necessary to investigate in the 
future. In future work, it is necessary to investigate the effectiveness in dissimilar domains in which 

only some of the concepts correspond to each other. Furthermore, it is necessary to consider the case 

of structural mapping in which the structure is not identical. 
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Abstract: This study continues prior work of the investigation and modeling of Incubation 

Effect, a phenomenon in which a momentary break helps the generation of a solution to a 

problem, among students using in a computer-based learning environment called Physics 

Playground. This paper attempts to improve the detection of IE-False by identifying notable 

features among instances of unsuccessful incubation by using a combination of t-SNE 

dimensionality reduction and x-means clustering techniques. We found that there are 

overlaps on some characteristics of IE-True and IE-False incidences but discovered features 

that do not make a break beneficial which are low success rate prior to post-incubation, too 

many levels played during the incubation phase even if some of these are similar to the 

unsolved problem, a lengthy incubation duration, and too much attempts on the level which 

has been previously related to frustration. 

Keywords: Incubation Effect, t-SNE, clustering, Physics Playground 

1. Introduction

Taking a break from a series of failed attempts to solve a problem may facilitate the solution process 

(Fulgosi & Guilford, 1970; Gilhooly, Georgiou, & Devery, 2013; Penaloza & Calvillo, 2012; Sio & 

Ormerod, 2009). This momentary break is known by the name incubation (Sio & Ormerod, 2009). 

During some incubation periods, an internal mental process associates new information with past 

information to generate solution ideas (Medd & Houtz, 2002). In the context of education, students 

who get stuck in a problem-solving activity may temporarily engage in another task, after which, 

they return to the original problem and find a solution. When the student solves the problem after 

incubation, the phenomenon and its positive result is called the Incubation Effect (IE). This 

phenomenon is divided into 3 phases: (Gilhooly et al., 2013): (1) pre-incubation phase, (2) 

incubation phase, and (3) post-incubation phase. The pre-incubation phase is the period when the 

student tries to solve a problem and gets stuck. Incubation happens when the student decides to take 

a break from the unsolved problem to either rest or try other problems. The post-incubation phase 

occurs when the student returns to the unsolved problem and tries to solve it again.  

This study continues prior work (Martinez, Obispo, Talandron, & Rodrigo, 2016; 

Talandron, Rodrigo, & Beck, 2017) where the model was able to predict IE but has the tendency to 

predict many incubation instances as beneficial even if they weren’t. This time, we attempt to focus 

on detecting instances where breaks were not beneficial to the problem-solving tasks. In this 

research we ask: when is a break not beneficial in the context of the incubation effect? 

2. Prior Work

Prior work on IE in the context of classroom tasks (Ellwood, Pallier, Snyder, & Gallate, 2009; 

Fulgosi & Guilford, 1970; Gilhooly et al., 2013; Penaloza & Calvillo, 2012; Sio & Ormerod, 2009) 

investigated which specific factors lead to successful incubation and suggested that  engaging in a 
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different activity may produce a better outcome. On the other hand, (Penney, Godsell, Scott, & 

Balsom, 2004) claimed that engaging in a task with similar nature would promote priming which 

allows students to realize the correct solution to the problem but (Segal, 2004) said that the task 

during incubation has no effect on its outcome.  

The initial investigation of the incidence of incubation effect in the context of a 

computer-based learning environment was conducted by Martinez et al., (2016) and found evidence 

that majority of the students who took a break after being stuck in a particular level were able to 

solve the problem. Also, they found a relationship between incidence of incubation and frustration. 

 To further explore the IE phenomenon, (Talandron et al., 2017) attempted to model IE and 

examined possible factors that predict the successful outcome of incubation using logistic regression 

with feature selection and resulted to a model with four features: total badges earned prior to 

post-incubation, the problem’s level of difficulty, total attempts made prior to post-incubation, and 

time interval of post-incubation. They noted that incubation was no longer helpful to relieve mental 

exhaustion in the later part of the 2-hour activity session. 

 

 

3. Methodology 
 

3.1 Physics Playground 
 

Physics Playground (PP), formerly known as Newton’s Playground, is a two-dimensional 

computer-based educational game designed to teach concepts of qualitative Physics for high school 

students. This same environment was used in the prior work on IE (Martinez et al., 2016; Talandron 

et al., 2017). The game environment simulates how physical objects work in relation to Newton’s 

laws of motion (Shute & Ventura, 2013). The objective is to guide the green ball to the red balloon 

by drawing simple machines. A player gets a gold badge if the problem was solved using at or below 

a par number of objects determined by the game designers. Otherwise, a silver badge is given. 

Further gameplay details are discussed in prior studies (Banawan, Rodrigo, & Andres, J M, 2015; 

Martinez et al., 2016; Palaoag, Rodrigo, Andres, Andres, & Beck, 2016; Talandron et al., 2017) 

which also used PP as the learning environment.     

 

3.2 Data Set 
 

The data used in this study is the same dataset in prior work on IE (Martinez et al., 2016; Talandron 

et al., 2017). It was collected from 60 2nd year high school students with aged 13 to 18 years old 

(M=15.7). Twenty-nine were from a public junior high school; and 31 from a private university, 

both in Baguio City, Philippines. The students took a pre-test, after which they played PP for 2 

hours. The interactions of each player were recorded and logged into a file. After playing, the 

students took a post-test.  

 

3.3 Feature Variables 
 

In prior attempt to model IE (Talandron et al., 2017), they used a total of 14 handcrafted features 

based on IE literature and mapped them with the features from the interaction logs of the students. 

Aside from the 14 features, this study added 3 more features in relation to how the students tried to 

solve the problem in each potential IE. As mentioned in the previous section, each level has 1 or 2 

canonical solutions (i.e. the ideal solution for playground 1 level 2 is a ramp). Based on this 

information, we looked at the similarity of the problems encountered during the incubation period 

and added two features: 1) total levels played during incubation similar to level X and 2) similarity 

rate which was computed as total levels similar to X during incubation over all levels played during 

incubation. Also, the duration of their post-incubation phase was taken into consideration. In total, 

this study used 17 features. 
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3.4 Data Visualization and Clustering 
 

According to literature (Bouveyron & Brunet-Saumard, 2014; Ding, He, Zha, & Simon, 2002; 

Marbac & McNicholas, 2016) clustering may not be as effective when used in high dimensional data 

and suggested that a dimensionality reduction technique is applied first. More so, it is helpful to get 

a preview of the structure of the data through visualization to see if there are indeed possible clusters. 

The t-Distributed Stochastic Neighbor Embedding (t-SNE) (Maaten & Hinton, 2008) is a technique 

well suited for the visualization of high-dimensional datasets. There are several ways to implement 

t-SNE and dimensionality can be lessened to as low as two dimensions. In this study, we chose to 

have the two resulting dimensions which was visualized through a scatter plot with each data point 

identified by its respective label. The value of perplexity was chosen based on which gave the 

highest t-SNE-nearest neighbor accuracy rate. 

From the t-SNE visualization, we get an insight of the structure of the data which can then 

help decide if it is appropriate to do clustering. Thus, when possible clusters are present, we then use 

a clustering technique to group the cases. In this study, we used X-means clustering which is a 

variation of K-means clustering that treats cluster allocations by repetitively attempting partition and 

keeping the optimal resultant splits, until some criterion is reached (Pelleg & Moore, 2000). We then 

plot the result of each cluster model onto the t-SNE graph. Each cluster was then analyzed to extract 

notable features. 

 

 

4. Results and Discussion 
 

4.1 Data Visualization and Clustering 
 

Thirty-seven (62%) out of 60 players exhibited potential IEs (PIE) resulting to a total of 180 PIE. 

Seventy-seven (43%) of these were IE-true while 103 (57%) were IE-false. Using t-SNE, the dataset 

of 180 potential IEs with 17 features was reduced and visualized in a two-dimensional plot to 

uncover data structure that may be helpful in the analysis of the incubation effect. Figure 1 shows the 

t-SNE graph where we can see possible groups of data points. The label S means “solved” for 

IE-True and NS means “not solved” for IE-False.  Several runs of t-SNE were conducted with 

varying values for perplexity and in order to decide on the most appropriate value, the one with the 

highest t-SNE nearest neighbor accuracy was selected. In this result, the perplexity of 20 yield the 

highest t-SNE nearest neighbor accuracy of 81%. 

 From the t-SNE result in Figure 1, we can already observe possible groups of data points. 

Then, we applied x-means clustering which resulted to 4 clusters with a Davies–Bouldin index of 

0.07, which were plotted into our t-SNE graph (Figure 2).  

 

         
 

Fig. 1. t-SNE visualization of all Potential IEs     Fig. 2. X-means clusters from the t-SNE output 
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 In Figure 3, the t-SNE plot with the identified clusters show that IE-True is very rare in 

clusters C and D and almost all potential IEs resulted to IE-False in these clusters. We focus our 

analysis in identifying distinct characteristics of clusters C and D. 

 
 

Fig. 3. t-SNE plot showing the clusters based on x-means clustering 

  For us to interpret the characteristics of these clusters based on the 17 features, we analyzed 

the features for each cluster. Significant differences in the data for each feature for each cluster were 

also validated using Scheffé's method and false discovery rate for multiple comparisons. Table 1 

shows 7 notable features out of 17 for clusters C and D. 

 

Table 1 

Potential IE clusters table of means 

 

Attributes Clusters 

 
A B C D 

(F3) Total attempts on level X 1.72 2.13 2.31 3.59 

(F5) Incubation duration 8.74 7.44 59.48 41.04 

(F7) Badges earned during incubation 1.45 1.38 3.62 3.27 

(F8) Levels played during incubation 4.02 6.32 42.31 28.18 

(F9) Levels played during incubation 

similar to level X 
1.80 3.52 15.08 14.95 

(F16) Total levels played prior to 

post-incubation 
20.65 50.63 88.23 55.95 

(F17) Success rate prior to post 

incubation 
0.60 0.50 0.19 0.25 

 
 We found that notable features in clusters C and D are the following: 

1. (F3) Total attempts on level X –  Prior work (Martinez et al., 2016) showed a relationship 

between frustration and the incidence of potential IEs which means that frustrated students 

tend to re-attempt the levels more. However, results indicate that more attempts on the 

unsolved level were not helpful even after taking a break. There were also observations of 

multiple consecutive attempts on the unsolved problem during the pre and post incubation 

periods which might be indications of wheel-spinning (unproductive persistence) which was 

previously investigated and observed in the same data set (Palaoag et al., 2016).  

2. (F5) Incubation duration – Based on the investigation of Martinez et al., (2016), for a 2-hour 

session, the average incubation duration of IE-True is at 11 minutes. There was no 

significant correlation between incubation duration and success rate, but results show that a 

lengthy break seems to be ineffective. 

A 

B 

C 

D 
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3. Productivity – these are (F7) badges earned during incubation, (F8) levels played during 

incubation, (F16) total levels played from the beginning of the session until the 

post-incubation phase, and (F17) success rate from the beginning of the session until the 

post-incubation phase for a particular potential IE, respectively. It can be seen from table 1 

that for clusters C and D, the numbers of levels played during the incubation period are more 

than 5 times higher than those in clusters A and B. However, the badges earned are just 

around twice as much. This discrepancy contributed to the relatively low success rate in 

clusters C and D which means that taking a break is not as helpful if one was unproductive 

before and during the incubation period. Previous study (Ellwood et al., 2009; Fulgosi & 

Guilford, 1970; Gilhooly et al., 2013; Penaloza & Calvillo, 2012; Sio & Ormerod, 2009) 

said that incubation period with high cognitive demand tasks resulted to smaller incubation 

effect more so if the learner has not been productive with these tasks. 

4. (F9) Total levels played during incubation that are similar to the unsolved problem in terms 

of the canonical solutions and total levels played during incubation – It might seem odd that 

playing more levels similar to level X during the break was not beneficial. However, if we 

take into consideration the total number of all levels played during the break (F8) as well the 

total number of levels played from start of the session until the post-incubation phase (F16) 

which were both relatively high, we can infer that the similarity might have been 

overshadowed by all the other levels that the player attempted to solve. Also, having played 

many levels can cause fatigue even during the break which prior work (Ellwood et al., 2009; 

Talandron et al., 2017) considered to be a hindrance to beneficial incubation. 

 

 

5. Conclusion, Contribution, and Future Work 
 

This study aims to further understand incubation effect by using visualization and clustering. Results 

showed that some features of IE-True and IE-False seem to overlap and warrants deeper analysis. 

On the other hand, on the clusters where the incidence of IE-True is rare and IE-False is prevalent, 

we are able to identify features which most likely lead to an ineffective break. 

 Some of these features were similar to the findings of (Talandron et al., 2017) in terms of 

playing too many levels before and during the break without reaching a certain rate of productivity 

which, according to previous researchers (Ellwood et al., 2009; Fulgosi & Guilford, 1970; Gilhooly 

et al., 2013; Penaloza & Calvillo, 2012; Sio & Ormerod, 2009), may not result to a positive 

incubation effect. There were also features that were not included in the previous IE model 

(Talandron et al., 2017) which are the length of incubation and similarity of levels encountered to the 

unsolved problem. IE authors (Fulgosi & Guilford, 1970; Sio & Ormerod, 2009; Smith & 

Blankenship, 1991) reported evidence that the length of incubation may improve performance 

during the post-incubation period but in the case of IE in PP, an incubation period which is greater 

than half of the total session duration was no longer helpful. In terms of the similarity to level X, 

(Penney et al., 2004) said that engaging in a task with similar nature would promote priming which 

allows students to realize the correct solution to the problem. However, this study showed that even 

if you engaged in similar problems but overwhelmed the supposedly priming process with a high 

number of other problems, then incubation may not be effective. 

 Incubation effect may not be a familiar term but its context is a common phenomenon and 

the benefits of incubation may be incorporated into computer-based learning environments to help 

students’ performance. The prior and present work on IE in PP can only be considered preliminary. 

Experimental researches where a controlled environment can be designed can be conducted in order 

to test these results and discover more factors that may or may not make a break beneficial in the 

context of a computer-based learning environment. 
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Abstract: We present our study on PyKinetic with various activities to target several skills: 

code tracing, debugging, and code writing. Half of the participants (control group) received 

the problems in a fixed order, while for the other half (experimental group) problems were 

selected adaptively, based on their performance. In a previous paper, we discussed the 

general findings from the study. In this paper we present further analyses and focus on 

differences between low performing students and students with higher pre-existing 

knowledge. We hypothesized that: (H1) novices will benefit more than advanced students, 

and (H2) advanced students in the experimental group will benefit more than those in the 

control group. The results confirmed H1 and revealed that this version of PyKinetic was 

more beneficial for novice learners. Moreover, novices showed evidence of learning 

multiple skills: code writing, debugging and code tracing. However, we did not have enough 

evidence for hypothesis H2. 

Keywords: mobile Python tutor, Parsons problems, adaptive problem selection, code 

debugging, code tracing, code writing 

1. Introduction

In 2015, we started developing PyKinetic, a mobile Python tutor for novices designed for Android 

smartphones where all activities are designed to be completed without typing, and only require tap 

and long-tap interactions (Fabic, Mitrovic & Neshatian, 2016). Our motivation was to develop a 

mobile tutor as a supplement to lectures and labs. The current version of PyKinetic targets multiple 

coding skills via five types of activities: regular Parsons problems, Parsons problems with 

incomplete lines of code (LOCs), identifying erroneous LOCs, fixing erroneous LOCs, and output 

prediction. We conducted a study comparing two versions of PyKinetic: a version with the fixed 

sequence of problems, and a version which selected problems for students adaptively, based on their 

performance. In a previous paper (Fabic, Mitrovic & Neshatian, 2018) we presented the overall 

results of that study, focusing on the differences between experimental and control groups and 

showed that the adaptive version was more beneficial for learning in comparison to the version with 

a fixed order of problems. In this paper, we delve deeper in the same study and present further 

analyses for novices and advanced students. Our hypothesis is that novices will benefit more than 

advanced students in using this version of PyKinetic (H1). We also hypothesize that advanced 

students in the experimental group will benefit more than advanced students in the control group 

(H2). Based on results from our previous study, advanced students benefit more with debugging 

activities (Fabic, Mitrovic & Neshatian 2017a). Therefore, the adaptive version may provide more 

suitable problems for advanced students and result in better-quality learning. 

A variety of skills necessary for programming have been discussed in the literature. 

Researchers found that code tracing must be learned before code writing (Lopez et al., 2008; 

Thompson et al., 2008; Harrington & Cheng, 2018). Further evidence proves existence of 

relationships between code tracing, code writing and code explaining (Lister et al., 2009; Venables, 

Tan & Lister, 2009). A strong positive correlation was found between code tracing and code writing 

(Lister et al., 2010). Harrington & Cheng (2018) conducted a study and found that regardless of 

whether the student is better in either code tracing or code writing, a large gap between the two skills 

is most likely due to students struggling with understanding core programming concepts. 

Ahmadzadeh, Elliman & Higgins (2005) conducted a study on the debugging patterns of novices 
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and found that most learners competent in debugging were advanced programmers (66%). However, 

only 39% of advanced programmers were also competent in debugging. These findings provide 

indications that debugging and tracing someone else’s program requires a higher order of skill than 

code writing. 

Parsons problems are exercises that aid learners in recognizing the sequential and non-

sequential aspects of programming. These problems were originally developed as a fun way to learn 

Turbo Pascal (Parsons & Haden, 2006) to improve syntactic skills. These problems are suitable for 

novices as they contain syntactically correct code that only needs to be arranged in the right order. 

There are variations of Parsons problems implemented such as Parsons problems with distractors 

(extra LOCs) (Fabic, Mitrovic & Neshatian 2016; Kumar, 2018), and Parsons problems with 

incomplete LOCs (Fabic, Mitrovic & Neshatian 2017a; Ihantola, Helminen & Karavirta, 2013). 

More variants are considered by Denny et al. (2008) and (Cheng & Harrington, 2017). To the best 

of our knowledge, most work in Parsons problems contains fragments of code containing multiple 

lines for each fragment. However, in our work, all versions of PyKinetic containing Parsons 

problems all had code fragments containing exactly one line per fragment, which requires more 

effort (moves) for a problem to be solved. Similarly, Kumar (2018) also implemented Parsons 

problems with fragments containing single LOCs. 

Self-explanation (SE) is a learning activity which promotes deeper learning, by producing 

inference rules and justifications which are not directly presented by the material (Chi et al., 1989). 

SE prompts were first introduced as open-ended questions which encourage learners to think without 

any set limitations. Over the years, SE activities have been proven useful in various domains such 

as geometry (Aleven, Koedinger & Cross, 1999), probability (Atkinson, Renkl & Merrill, 2003; 

Berthold, Eysink & Renkl, 2009), data normalization (Mitrovic, 2005), database modelling 

(Weerasinghe & Mitrovic, 2006), electrical circuits (Johnson & Mayer, 2010), and chemistry 

(McLaren et al., 2016). There were several studies comparing different forms of self-explanation 

(Wylie & Chi, 2014). In PyKinetic, we have used menu-based SE prompts, which provide choices 

from a menu, instead of traditional open-ended questions proven to be effective in our previous study 

(Fabic, Mitrovic & Neshatian, 2017a; 2017b). 

 

 

2. Types of Problems in PyKinetic 
 

A PyKinetic problem contains a description, a code snippet, and one or more activities. Activities 

can be Parsons problems, completing missing elements in LOCs, output prediction, identifying 

incorrect LOCs and fixing them. We defined seven types of problems (see Table 1, second column). 

Problem types 1–4 consist of a single activity each, whereas other types (5–7) are combinations of 

two or more activities. The problem types are ordered by the complexity and the number of coding 

skills involved. The code provided for problems with debugging activities contain 1–3 incorrect 

LOCs, whereas other problem types contain error-free code. PyKinetic covers six Python topics: 

string manipulation, conditional statements, while loops, for loops, lists, and tuples. 

The simplest problem type (Level 1) is a regular Parsons problem (Reg_Pars) which only 

requires LOCs to be rearranged by dragging and dropping. Correct indentations are provided for all 

LOCs as scaffolding. For each Reg_Pars, there is one predefined hint. Subsequent incorrect attempts 

result in alternating simple feedback and a predefined hint. When the learner successfully reorders 

the LOCs in the correct order, PyKinetic provides positive feedback. 

On Level 2 (Out), the student is given one or more test cases, and needs to predict the output 

of the given code. For each Out activity, there are three incorrect and one correct choice. One 

predefined hint is provided if the learner selects an incorrect choice. After an incorrect attempt, a 

choice cannot be made without first closing the output prediction dialog box to encourage learners 

to review the code. 

Level 3 problems consist of a single debugging activity (Dbg), requiring the student to 

identify n erroneous LOCs, where n is given. In Dbg activities, the learner is given the problem 

description and some test cases with the actual output the code produces. If the solution is correct, 

the student receives positive feedback. When the solution is incorrect, feedback is firstly given if the 

student selects too many or too few incorrect LOCs. If the learner selects exactly n lines, but the 

selections are all incorrect, this would result in alternating simple feedback and a predefined hint 
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like given in Reg_Pars (Level 1). Also, like Reg_Pars, there is only one predefined hint given for 

each Dbg activity. Moreover, the learner is notified when their solution was partially correct. 

Level 4 contains Parsons problems with incomplete LOCs and SE prompts (Pars_Inc). 

Initially, the student is given the description of the problem and the expected output. Each Pars_Inc 

problem contains up to three incomplete lines. An incomplete LOC contains a blank line, which may 

require one or more keywords. The length of the blank line is indicative of keywords needed. To 

complete a LOC, an answer is chosen by tapping between provided options instead of typing like 

work of Ihantola, Helminen, & Karavirta, (2013). When the learner selects the correct option, the 

learner next gets the SE prompt, which is associated to the line just completed. The learner is only 

allowed to attempt the SE question once to avoid guessing and is not allowed to avoid it. 

Level 5 problem is a combination of debugging and output prediction (Dbg –> Out). Dbg –

> Fix (Level 6) is a combination of debugging and fixing activities. Lastly, the most complex 

problem type is Dbg –> Out –> Fix (Level 7), which is a combination of three activities: identifying 

erroneous LOCs, predicting the output for the same erroneous code, and fixing the identified errors. 

 

 

3. Experimental Design and Adaptive Problem Selection 
 

We recruited 30 participants from an introductory programming course at the University of 

Canterbury. The participants learnt all Python topics covered in PyKinetic before the study. The 

study was approved by the Human Ethics committee of the University of Canterbury. The 

participants were randomly assigned into control or experimental group. The session length was two 

hours. The participants were first given a brief introduction and their consent was obtained, followed 

by a pre-test on computers (18 minutes). Next, a briefing paper was given for PyKinetic, together 

with an Android phone with the app installed. For the experimental group, we entered the pre-test 

scores into PyKinetic, so that the adaptive strategy could select the first problem based on each 

learners’ pre-test score. Both groups had 14 problems to solve. A learner must complete a problem 

to proceed to the next one. Participants interacted with PyKinetic for an hour, then a post-test was 

given, with the same constraints as the pre-test. There were two tests of similar complexity that were 

alternatively used as the pre-test for half of the participants. Both tests had six questions of the same 

types as in PyKinetic. However, instead of having two variants Parsons problems, there was only 

one Parsons problem with three extra LOCs (distractors) completed by drag and drop. Moreover, a 

code writing question was included which required the learners to type their code without being able 

to run it. Other questions were answered by multiple choice and drop-down list boxes. Each question 

was worth 1 mark for each problem it required, apart from the Parsons problem with distractors (2 

marks), and the code writing question (5 marks). 

The control group received problems in the fixed order, as shown in Table 1. The problems 

given to the experimental group were selected adaptively based on each student’s performance. In 

steps 1–7, the participants could receive a regular Parsons problem (Reg_Pars), output prediction 

problem (Out) or be asked to identify erroneous LOCs (Dbg). Steps 8–14 were composed of more 

difficult problems (levels 4–7). The 14 problems that were given to the control group correspond to 

42 problems for the experimental group, to provide three difficulty levels. For example, problem 1 

was a Reg_Pars for the control group; for the experimental group, the same problem was given either 

as a Reg_Pars, Out or Dbg. For steps 2–14, the adaptive strategy selected the problem type based on 

the student’s score on the previous problem.  

For the experimental group, the first problem was selected based on the participant’s pre-

test score. If the participant scored below 50%, a Reg_Pars was given. Participants who achieved at 

least 50% but less than 75% were given an Out (level 2) problem; however, a Dbg (level 3) problem 

was given if the learner performed well on Out or performed similarly compared to Dbg. For 

participants who scored more than 75%, a Dbg problem was given. 

After the first problem, the adaptive strategy used the performance on the previous step to 

select the next problem. If the score is less than 50%, a problem of difficulty level 1 is selected. A 

difficulty level 2 problem is selected for scores more than 50% but less than 75%, and a difficulty 

level 3 if the score is at least 75%. PyKinetic calculates the score for each activity in a problem 

separately, and the problem score is the average of the activities scores. The score for an activity 

depends on the time taken (TimeScore) and the number of attempts (AttemptScore). The ideal 
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number of attempts for an activity is the minimum number of submissions needed to complete. 

TimeScore is the quotient of ideal time and the actual time the student took. AttemptScore is 

calculated as the quotient of the ideal and the actual number of submissions the student made. Both 

scores are then combined to compute the score for the activity: ActivityScore = (0.5 * TimeScore + 

0.5 * AttemptScore) – Penalty. Furthermore, a penalty is applied if the time per attempt is less than 

10 seconds (0.17 min – AttemptTime). The penalty is calculated based on the time taken per attempt 

(AttemptTime) and on 10 seconds threshold. The shorter the AttemptTime, the bigger the penalty.  

 

Table 1 

Problems for each step: Fixed (Control group) vs. Adaptive (Experimental group) 

Step Fixed (Control) Adaptive (Experimental) 

1 
Regular Parsons problem (Reg_Pars) 

Difficulty level 1: Reg_Pars 

Difficulty level 2: Out 

Difficulty level 3: Dbg 

2 

3 
Output prediction (Out) 

4 

5 
Identifying erroneous Lines of Code (Dbg) 

6 

7 Parsons Problem with incomplete  

Lines of Code and Menu-based SE 

(Pars_Inc) 
8 

Difficulty level 1: Pars_Inc 

Difficulty level 2: Dbg –> Out 

Difficulty level 3: Dbg –> Fix 
9 

Dbg –> Out 
10 

11 Dbg –> Fixing erroneous Lines of Code 

(Fix) 
Difficulty level 1: Pars_Inc 

Difficulty level 2: Dbg –> Out 

Difficulty level 3: Dbg –> Out –> Fix 

12 

13 
Dbg –> Out –> Fix 

14 

 

 

4. Findings and Conclusions 
 

We eliminated one outlier from the control group and present the results for the remaining 29 

participants (15 in experimental and 14 in control). Due to the fixed session length, only 12 

participants (41%) finished all 14 problems (6 from each group). On average, the participants 

completed 89% of the problems (12.52, s = 1.6). We divided the participants based on the pre-test 

scores: the participants who scored less than the median (72.92%) were labelled as novices, while 

the rest were considered as advanced participants. Due to random allocation of participants, we 

discovered that numbers of novices vs. advanced students were unbalanced in both groups. There 

were 15 novices (ten from experimental and five from control), and 14 advanced students (five from 

experimental and nine from control). Table 2 reports the results of pre/post-test scores of novices 

and advanced students. 

Using the Wilcoxon Signed Ranks test, we found that the novices improved their scores 

significantly from the pre- to the post-test (W = 102, p = .017, Cohen’s d = 1.14). Furthermore, their 

improvement on the code writing question was also significant (W = 75, p = .039, Cohen’s d = .87). 

There were no significant improvements between the pre- to post-test scores for the advanced 

students. We also compared the scores of novices and advanced students. We expected to see 

significant differences for most of their pre- and post-test scores, due to the disparity between their 

abilities. The scores for identifying and fixing errors were significantly different only on the pre-test 

(U = 58.5, p = .023), but not on the post-test. Similarly, the output prediction scores on the pre-test 

were significantly different (U = 60, p = .029) but there was no difference on the post-test, showing 

benefits on the learning of novices. Even though novices improved significantly on their code 

writing scores, there was still a significant difference between their post-test scores when compared 

with advanced students (U = 59.5, p = .026). We used the Wilcoxon Signed Ranks test to identify 

whether there were significant improvements for the subgroups. Only novices in the control group 
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improved significantly between pre-/post-test (W = 15, p = .043, Cohen’s d = 1.38). The imbalance 

of the students between control and experimental group likely affected our results.  

 

Table 2 

Some Pre-/Post-test Results for Novices and Advanced Participants 

Scores (%) 

 

Novices (15) 

10 Exp. and 5 Cont. 

Advanced (14) 

5 Exp. and 9 Cont. 

Mann-Whitney U 

test 

Pre-test 57.64 (12.9) 88.99 (8.5) U = 0, p = .000 

Post-test 74.17 (15.9) 89.88 (8.9) U = 48, p = .007 

Pre-test Dbg, Fix and Dbg –> Fix 60 (28.7) 83.33 (25.3) U = 58.5, p =.023 

Post-test Dbg, Fix and Dbg –> Fix 66.67 (28.2) 85.72 (21.5) ns 

Pre-test Out 60 (20.7) 82.14 (24.9) U = 60, p= .029 

Post-test Out 73.33 (32) 75 (32.5) ns 

Pre-test Code Writing 42.67 (32.6) 91.43 (16.6) U = 16, p = .000 

Post-test Code Writing 70.67 (31.7) 95.71 (6.5) U = 59.5, p = .026 

Normalized Gain 33.66 (46.74) 14.29 (74.3) ns 

 

We also compared performances of novices and advanced students within PyKinetic. There 

were no significant differences on the average time, number of attempts per problem and average 

problem level between novices and advanced students. However, average scores in PyKinetic of 

advanced students were significantly higher than scores of novices (U = 41, p = .004). Novices in 

the experimental group received significantly more Level 3 (Dbg) problems than novices in the 

control group (U = 7.5, p = .028); they were also significantly faster on the initial seven problems 

(U = 46, p = .008). Furthermore, advanced students from the experimental group received 

significantly harder problems in the first half of the session than advanced learners from the control 

group (U = 5, p = .019). Advanced students in the experimental group received significantly fewer 

Level 1 (Reg_Pars) problems (easiest activity in PyKinetic) than advanced in the control group (U 

= 40.5, p = .012). 

Our results show enough evidence to accept hypothesis H1, that PyKinetic is more beneficial 

for novices. Despite having only interacted with PyKinetic for an hour, novice students learned 

significantly from the pre- to post-test overall and on code writing. Furthermore, the Cohen’s d effect 

size on both were notably high, 1.14 for the overall improvement, and 0.87 for code writing. 

However, the post-test scores of novices for code writing were still significantly lower than scores 

of advanced students. This is consistent with results from literature, showing that code writing skills 

require higher order of knowledge than other coding skills. We also found some evidence that the 

novice learners were learning multiple coding skills. The scores of novices on debugging 

(identifying errors and code fixing) and output prediction questions on the pre-test were significantly 

lower than the scores of advanced students. However, their post-test scores for those question types 

were not significantly different; indicating that the novices have reduced their gap on debugging and 

code tracing skills. 

Hypothesis H2 was that advanced students in the experimental group would benefit more 

than those in the control group. Results revealed that advanced students in the experimental group 

received more difficult problems than those in the control group. However, that was not enough 

evidence to support hypothesis H2. There were only five advanced students in the experimental 

group but ten in the control group which most possibly affected our results. The main contribution 

of this paper is that a programming tutor in a smartphone can also be useful even for students with 

low prior knowledge to learn multiple coding skills by support of various activities. PyKinetic is 

designed to enhance coding skills in Python, and our findings support this. 

The limitations of this study include the small set of participants, unbalanced abilities of 

participants in both groups, and limited feedback provided by PyKinetic. One direction for future 

improvement of PyKinetic is to add more hints and provide more constructive feedback. This study 

has the potential of revealing which activities are most effective for specific coding skills. Our future 

work includes repeating the study with more participants, and possibly conducting a longer study to 

investigate the benefits of PyKinetic over a longer period. 
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Abstract: Considerable evidence demonstrates that motivational constructs predict 

educational outcomes, but little research has examined how these constructs manifest within 

online learning systems. This study addresses this gap by surveying Math Identity measures 

(self-concept, value, and interest in mathematics) and correlating them to behavior and 
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1. Introduction

Studies of online learning environments primarily focus on short-term learning measures, 

performance on standardized tests, and other normative learning outcomes. Research shows that 

intelligent tutoring systems (ITS) produce learning improvements roughly equivalent to one-on-one 

tutoring, while functioning at a much larger scale (Kulik & Fletcher, 2016; Ma et al., 2014). 

Comparatively less research examines how student engagement predicts long-term development of 

interest (e.g. Ocumpaugh et al., 2016), value, or self-concept. 

Early work suggests that positive self-concept is associated with goal setting (Bong & 

Skaalvik, 2003). Domain-specific self-perceptions, e.g., math self-concept, are known to predict 

achievement above and beyond measures of ability (Spinath et al., 2006). Self-efficacy is theorized 

to influence everything from self-regulatory behaviors in Expectancy-Value Theory (Eccles et al., 

1983; Wigfield & Eccles, 2000), to interest in Social Cognitive Career Theory (Lent et al., 2002), the 

latter of which encompases both intrinsic interest (e.g., Gottfried, 1985) and utility value (e.g., 

Eccles et al., 1983). 

Childhood development of math self-concept, interest, and value is not thoroughly 

understood. Self-concept measures are often only weakly correlated to performance (Gottfried, 

1985; 1990, Steinmayr & Spinath, 2009). However, both self-concept and interest have reciprocal 

relationships with achievement (Guay et al., 2003; Marsh & Yeung, 1997), which suggests that even 

though they are separate constructs, they are each necessary components to understanding which 

students are most likely to show sustained engagement. The detailed documentation of ITS offer 

opportunities to explore how different experiences encourage students to value domain learning and 

to incorporate domain-specific success into their self-concept (e.g., math identity) in ways that lead 

to long-term interest. Yet developmental research shows that these scores are more often start high 

and decline rather than grow with experience (Frenzel et al., 2010). 

This study examines the early development of math identity among elementary students 

working with Reasoning Mind, an ITS for mathematics. We operationalize this concept by adapting 

three survey scales (self-concept, interest, and utility value) used by Ryan & Ryan (2005) to explore 

how social stereotypes affect math idenity. We survey students at the start and end of the school year 

to examine how differences in these scales relate to student behaviors within the learning software. 
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2. Reasoning Mind 
 

Reasoning Mind (RM) is an ITS for mathematics that is used by over 100,000 pre-K to 8th grade 

students in the U.S. Prior work shows that it is associated with higher test scores (Boriack et al., 

2015), interest (Waxman & Houston, 2012), and student engagement (Ocumpaugh, 2015). RM 

activities are organized within the context of RM City, a virtual town where students navigate from 

building to building using multiple modes: Guided Study (the main learning mode), My Place 

(where students decorate their virtual room) and Game Room (students participate in timed speed 

games, or solve math puzzles, like those found in the Riddle Machine). Content is classified by 

function and difficulty (Khachatryan et al., 2014). Theory problems teach mathematical concepts 

with animations and exercises. Notes Test problems require students to review Theory concepts 

while reinforcing good note-taking practices. A-level problems test basic material, while B-level 

problems may require multiple skills or steps. C-level problems are conceptually advanced, 

requiring higher-order thinking. While using RM students interact with virtual characters, including 

a pedagogical agent known as the Genie. Interactions are largely automated, but students can send 

email messages to the Genie (through RM software), which is answered in character by RM 

employees in a Wizard-of-Oz manner.  
 

 

3. Methods 
 

3.1 Students and Surveys 

 

This study surveys 394 Texas students who used Reasoning Mind during their regular 2nd-5th-grade 

mathematics instruction in the 2016-2017 school year. Surveys questions were adapted from Ryan 

and Ryan’s (2005) study on identity in mathematics, and they were administered using a 4-point 

Likert-style scale. Three different Math Identity scales were used, including  mathematics 

self-concept (5 items capturing the degree to which students see themselves as a “math person,” e.g., 

“I have always been good at math”), interest in mathematics (3 items capturing intrinsic curiosity or 

enjoyment of mathematics, e.g., “How much do you like math?”), and value of mathematics (5 items 

capturing the degree to which students find math useful, e.g., “How important is it to you to get good 

grades in math class?”). The Cronbach’s α of each scale was 0.72, 0.69, and 0.72, respectively. 

 

3.2 Feature Engineering 

 

A total of 185 features were extracted from over 3.5 million interaction log events produced across 

the school year, and measures related to these actions were aggregated into monthly and yearly 

values. These include basic measures of performance, e.g. the percentage of correctly worked 

problems in Guided Study, the Office, and the Notes Test, across A-level, B-level, and C-level 

problems as well as activities in the Game Room and the Riddle Machine. We also assessed students’ 

rates of contextual guess and slip (Baker et al., 2008). Other features included measures of how 

students spent the points that they earned in the system (for books, videos, and decorations) and 

features designed to capture goal-setting or challenge-seeking behaivors such as voluntarily working 

on difficult C-level problems. 

Performance and temporal measures were used to contextualize some features, such as 

students’ hint use (hints during poor vs. strong performance or followed by short or long pauses), the 

average time between an incorrect answer and a student’s next response, and the proportion of 

incorrect answers in a moving six-second window. Some features were generated only at the yearly 

level , while other descriptive and summary features were generated at a monthly level and allowed 

us to examine yearly trends (slope, skewness, and kurtosis). 

 

3.3 Analyses 

 

Features were correlated against three identity scales: value, self-concept, and interest in 

mathematics. We examined both pre-year and post-year scores, as well as change from pre-year to 
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post-year. The nonparametric Spearman Rho correlation coefficient was used, as normality 

assumptions were not universally met for our measures, and Benjamini and Hochberg’s (1995) false 

discovery rate (FDR) control was applied due to the large number of tests (168 features x 9 

outcomes). Only correlations that meet this adjusted significance criteria are discussed. 
  

 

4. Results 
 

4.1 Pre-Year and Post-Year Surveys 

 

Paired-samples t-tests found no significant score differences between pre-year and post-year 

measures for value, t(393) = -0.284, p = 0.777, self-concept, t(393) = -0.620, p = 0.536, or interest, 

t(393) = 1.728, p = 0.085, though there was some evidence of a positive trend for interest. Ceiling 

effects may partially explain these findings: 81% of students had pre-year scores within a standard 

deviation of the maximum score for value, 40% for self-concept, and 58% for interest. As Table 1 

shows, students above the median pre-year score (‘high’) for each subscale show slight decreases in 

their average post-year scores (-1.1 self-concept, -1.0 value, -1.2  interest), while those at are or 

below the median (‘low’) increase slightly (+1.0 self-concept, +1.1 value, and +0.6 interest).  
 

Table 1 

Averages for low and high-scoring students, as divided by median scores for each outcome measure. 

  PRE-YEAR  POST-YEAR   

  Low High All Low High All CHANGE 

  Avg SD Avg SD Avg SD Avg SD Avg SD Avg SD Low High All 

S.C. 12.3 2.16 17.9 1.44 14.7 3.36 13.3 3.31 16.8 1.98 14.8 3.46 1 -1 0.1 

Val. 17.7 2.33 20 0 18.2 2.22 17.8 3.16 19 2.69 18.2 2.19 1.1 -0.7 0 

Int. 10.5 2.57 15.1 0.81 12.6 3.05 11 3.31 14 1.98 12.4 3.14 0.6 -0.9 -0.2 

 

4.2 Correlations with Self-concept 

 

Table 2 summarizes the features associated with pre-year and post-year self-concept scores. Of the 

19 features that correlate to one or more of the outcome measures in this study, 18 correlated with 

the post-year scores of self-concept,  7 correlate to its pre-year scores, and none correlate to 

change. 

 

Table 2 

Correlations between student interaction features and self-concept; asterisks mark sig. p-values 

(after FDR corrections). Sig. negative correlations are in light gray; positive correlations are in 

dark gray. 

  Pre-year Post-year Change 

  rho p   rho p   rho p   

A-level Problems: %Correct (Avg) 0.183  0 * 0.263 0.00 * 0.105 0.04   

A-level Problems: %Correct (SD) -0.121 0.02   -0.202 0.00 * -0.102 0.04   

B-level Problems: %Correct (Avg) 0.162 0.00 * 0.202 0.00 * 0.03 0.56   

B-level Problems: %Correct (SD) -0.2 0.00 * -0.155 0.00 * 0.055 0.29   

C-level WoM: %Correct (Avg) 0.141 0.00 

 

0.196 0.00 * 0.062 0.22   

C-level WoM: Prop. Of Actions (Avg) 0.122 0.02 

 
0.168 0.00 * 0.041 0.41   

C-Level WoM: Prop. Of Actions (SD) 0.118 0.02 

 

0.16 0.00 * 0.039 0.44   

C-level WoM: Prop. Of Time (Avg) 0.124 0.01 

 

0.172 0.00 * 0.061 0.22   

C-Level WoM: Prop. Of Time (SD) 0.122 0.02   0.168 0.00 * 0.043 0.4   

Known Skills: Cont. Guess (Avg) -0.169 0.00 * -0.212 0.00 * -0.068 0.18   
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Known Skills: Cont. Slip (Avg) -0.168 0.00 * -0.219 0.00 * 0.074 0.14   

Speed Game: %Correct (Avg) 0.155 0.00 * 0.213 0.00 * -0.063 0.21   

Speed Game: %Correct (SD) -0.065 0.20 

 

-0.16 0.00 * -0.092 0.07   

Speed Game: Completion Time (Avg) -0.093 0.07 

 
-0.159 0.00 * -0.081 0.11   

Theory Problems: %Correct (Avg) 0.142 0.00 
 

0.209 0.00 * 0.087 0.08   

Theory Problems: %Correct (SD) -0.127 0.01   -0.166 0.00 * 0.064 0.2   

Wrong after 6sec: Prop. Of Actions (Avg) -0.163 0 * -0.245 0.00 * -0.117 0.02   

 

One pattern that emerges in this data is the relationship between features based on the 

percentage of correctly worked problems and the standard deviation (SD) of the same value. For 

A-level, B-level, Speed Games and Theory Problems, the percentage of correct problems (Avg) is 

positively correlated with post-year self-concept scores, but the SD is negatively correlated. This 

suggests that while average performance is associated with self-concept, students who show less 

consistency in their performance are less likely to have a strong self-concept. Trends for this pattern 

are also seen in the pre-year values for self-concept, which is positively correlated with percent 

correct for three of these problems types (A-level, B-level, and Speed Game Problems) and 

negatively correlated with one of the SD measures (for B-Level Problems). 

Another important set of patterns that emerge is self-concept’s relationship to performance on 

C-level Problems (the most advanced problem type) and known skills. Six features associated with 

C-level Problems are positively correlated with post-year self-concept scores. Generally speaking, 

learners who chose to spend time and actions on C-level Problems and performed well on them 

reported higher post-year self-concept. Conversely, features related to known skills (Guess and Slip) 

are both negatively correlated to post-year scores of self-concept. 

Finally, we see relationships between self-concept scores and speed measures. The feature, 

“Wrong After 6 Sec” is negatively correlated with self-concept scores, as is the Average Completion 

Time (slower pace) in the Speed Game. These trends suggest that students rapidly guessing on 

normal problems,or not answering questions quickly in speed games are also lower in math 

self-concept. 

 

4.3 Correlations with Value 

 

Only 5 features are significantly correlated to value scores: 4 to post-year scores and 2 to pre-year 

scores (see Table 3). Average performance (percent correct) is positively correlated to value. For 

post-year results, only 2 features are significant, and for pre-year results, only performance on 

A-Level problems is significant. Likewise, the SD of average performance is negatively (but not 

significantly) correlated to both pre-year and post-year value. Features related to C-level Problems 

are not significantly correlated to value, but those related to performance on Known Skills (Slip and 

Guess) are negatively correlated. 

Results for features related to speed also mimic the trends for self-concept. Speed Game 

Completion Time is negatively correlated to value scores, as are frequent incorrect attempts during 

regular activities (Wrong After 6 Sec). Though the former is not significant, it is notable in that it 

follows the trend seen for self-concept; the latter is significant, but only for post-year scores.  

Table 3 

Correlations between student interaction features and value; asterisks mark sig. p-values (after 

FDR corrections). Sig. negative correlations are in light gray; positive correlations are in dark 

gray. 

  Pre-year Post-year Change 

  rho p   rho p   rho P   

A-level Problems: %Correct (Avg) 0.171 0.00 * 0.233 0.00 * 0.096 0.06   

B-level Problems: %Correct (Avg) 0.126 0.01   0.168 0.00 * 0.076 0.14   

Known Skills: Cont. Guess (Avg) -0.163 0.00   -0.197 0.00 * -0.061 0.22   

Known Skills: Cont. Slip (Avg) -0.173 0.00 * -0.203 0.00 * -0.041 0.42   
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Wrong after 6sec: Prop. Of Actions (Avg) -0.143 0.00   -0.218 0.00 * -0.087 0.09   

 

4.4 Correlations with Interest 

 

Like value, interest scores correlate to a total of five features. As shown in Table 4, only one feature 

is associated with pre-year scores for interest, and the general pattern of correlation coefficients 

mirrors self-concept and value. Average performance (percent correct) is positively correlated with 

higher scores, and this finding is significant for A and B-level problems. The SD of B-level problem 

performance is negatively correlated with both pre- and post-year scores of interest, though not with 

normalized gains. Wrong after 6 seconds is again significant for post-year scores. 

Though not significant for self-concept or value, students who became faster at solving 

speed game problems over the course of a year show higher post-year interest. This suggests that 

students interested in mathematics also become more skilled at fast mental-math style operations. 

 

Table 4 

Correlations between student interaction features and interest; asterisks mark sig. p-values (after 

FDR corrections). Sig. negative correlations are in light gray; positive correlations are in dark 

gray. 

  Pre-year Post-year Change 

  rho p   rho P   rho P   

A-level Problems: %Correct (Avg) 0.074 0.14   0.181 0.00 * 0.101 0.05   

B-level Problems: %Correct (Avg) 0.134 0.01   0.235 0.00 * 0.119 0.02   

B-level Problems: %Correct (SD) -0.197 0.00 * -0.235 0.00 * -0.033 0.53   

Speed Game: Completion Time (Slope) -0.043 0.39   -0.207 0.00 * -0.176 0.00   

Wrong after 6sec: Prop. Of Actions (Avg) -0.09 0.08   -0.183 0.00 * -0.093 0.07   

 

 

5. Conclusions and Future Research 
 

This study examines how Reasoning Mind student interactions correlate with math identity, which is 

operationalized as math self-concept, value, and interest. Notably, there are not large decreases in 

these scores, despite these children being at an age when research suggests that their self-concept 

should drop. The features examined include both those which were derived directly from 

performance (e.g. Percent Correct) and those more likely to demonstrate student choices (e.g., 

proportion of time on C-level problems). This variation in feature design was deliberate, as the 

literature has been careful to define self-concept as distinct from simple performance measures.  

Two trends emerge from our data that provide further opportunities to study math identity. 

First, while average performance on A, B, and C-level problems is positively correlated with all 

three survey scales, standard deviations for these measures are negatively correlated. If students 

perform better on these problems, they also score higher for self-concept, value, and interest. 

However, relatively minor changes in performance (as reflected by higher standard deviations) may 

affect students’ identity despite high overall performance. This fits with the literature on the 

developmental patterns associated with this age group, even though most of the students in this 

sample are not experiencing declines. Second, low post-year self-concept and value scores are 

associated with more guess and slip (Baker et al., 2008); the higher the probability that a student’s 

actions are random guesses or careless errors, the lower their post-year scores for self-concept and 

value. 

There are multiple avenues for future research, but analyses examining potential thresholds 

for improved math identity (e.g., a specific slope of performance over the course of the year that 

correlates with improvements) seem particularly important. Identifying the point at which students’ 

self-concept typically starts to increase could help us to better understand identity development and 

to support students who might otherwise not notice their improvements because they are continuing 
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to receive challenging material rather than being allowed to plateau. In doing so, we have tried to 

address an area of research that has not been thoroughly explored by ITS researcers.. 
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Abstract: The research objective is to propose a research activity support system for 

cultivating novice researchers’ intention sharing skills. We develop a research activity 

support system in which researchers focus on organizing the structure of their own thinking 

processes as a pyramidal structure consists of chains of inquiries and answers. Then, we 

explain support functions and evaluation results about our system. Based on the practical 

use, we confirmed that the proposed system contributes to learners’ positive changes in 

consciousness toward intention sharing. 

Keywords: Intention sharing skills, structuring inquiries, thought organization support 

system 

1. Introduction

A speaker’s skill at accurately recognizing and explicitly sharing his or her own speech intentions 

(intention sharing skill) is particularly important not only for the simple communication of facts, but 

also for creative discussions about ideas and concepts (Enrici et al., 2011). Deficiency in this skill 

can lead to problems such as confusion due to the speaker’s intentions being misunderstood, or 

inability to cover the items that should have been discussed, making it impossible to obtain consent 

or creative input from other participants in the discussion. 

In this study, we focused our attention on the improvement of intention sharing skills at 

academic research meetings, which is expected to contribute to the development of creative 

discussions. Academic research meetings often involve discussions of ambiguous and unclear 

concepts, and the research process is confined within a small group of researchers. In a place aimed 

at creative discussions, the sharing of thought contexts is essential, and to achieve this, researchers 

must have not only a comprehensive understanding of their own thought processes but also 

high-level communication skills to communicate these ideas clearly. Because academic research 

meetings are continuous and cumulative, it is reasonable to consider them as places where the 

improvement of intention sharing skills requires the accumulation of long-term training. 

To cultivate intention sharing skills in academic research meetings, it is important for 

learners to organize their thoughts and improve their readiness for meetings. In this study, we focus 

on internal self-dialogue as an activity that encourages organization of thoughts. Based on this idea, 

we prepared “inquiries” that stimulate the internal self-dialogue (Ash & Clayton, 2009), and we 

structured them based on thought processes that are considered to be necessary for learners to 

organize their thoughts.  

2. Approach

2.1 Thought Organization Activities to Improve Intention Sharing Skills 

We present an outline of a learning model of intention sharing skills, taking academic research 

meetings as an opportunity. In this study, we are targeting learners who have just started doing 
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research. Our proposed model aims to gradually improve their intention sharing skills with reference 

to the research activity cycle described by Tsuchida et al. (2007). Regarding the contents to be 

shared in discussions, we perform (1) preliminary thought organization activities to perform deep 

introspection before academic research meetings (thought organization), and then (2) prepare 

materials for these meetings based on these activities (thought systematization). Then, (3) display 

intention sharing skills in the academic meetings (spoken intention sharing) and (4) by performing a 

high-quality review of content of the discussion, we perform activities to prepare for the next 

discussion (thought reconstruction).  

By repeating the above four phases in a series of cycles, this model aims to gradually 

cultivate intention sharing skills. The research beginners targeted in this study sometimes omit their 

reasons and objectives, and only reflect the facts and results in the creation of materials at step (2) 

and in the discussions of phase (3). In this learning model, the learner’s own research activities are 

organized at step (1) before the discussion, and after the academic research meeting, the learner 

reviews the discussion contents and reorganizes his or her thoughts at step (4). This process is 

thought to lead to clarification of the learner’s intentions, and an explanation of the gist of the 

research. In other words, as an activity to increase the learner’s readiness for academic research 

meetings at step (1) and (4), we aim to encourage the verbalization of latent thought processes in the 

learner’s research tasks. Inspecting the structure of expressed thoughts makes it easier to perform 

metacognitive monitoring and control compared with organizing thoughts inside one’s head and 

should make it possible to achieve a logical organization of one’s thought structures on the subject of 

research. 

We use the Pyramid Principle (Minto, 2009) as an expression framework for thought 

organization. This is a structuring principle that is useful for hierarchically organizing thought 

structures and clarifying the intentions behind thoughts (such as the reasons for thinking this way, 

the thought processes from which they arose, and so on). Although there are guidelines and exercises 

for structuring one’s thoughts, adapting this knowledge to one’s own thought context (research 

content) is not easy for research beginners. Therefore, by providing “inquiries” as stimuli in line 

with the learner’s thought context, we can implement a mechanism that encourages the verbalization 

of intentions in a thought organization activity. 

 

2.2 Structuring Inquiries to Promote Verbalization of Intentions 
 

In thought organization based on the Pyramid Principle, “inquiries” are prepared to encourage deep 

thought through repeated inquiries and answers. To draw out the learner’s thought context and 

adaptively present the inquiries to be considered, the inquiries should preferably not be listed in an 

ad hoc way but systematically structured based on the generality or uniqueness of the research field. 

Since the system is able to grasp the correspondence between inquiries, it can dynamically select and 

present inquiries that are useful for encouraging deep exploration of intentions with regard to 

thoughts that are expressed linguistically by the learner. 

In our study, this is achieved by structuring inquiries from the viewpoint of thought 

processes based on ontology engineering methods (Mizoguchi & Bourdeau, 2016). In the ontology, 

the concepts of inquiries are categorized from the viewpoint of thought activities into three main 

categories: meta-cognitive activities, cognitive activities, and actions. In meta-cognitive activities, 

concepts are defined with reference to the characteristics of critical thinking advocated by Tanaka & 

Kusumi (2007). In cognitive activities, concepts that cross over between research fields are defined 

with reference to the hypothetical thought methods of Uchida (2006), while concepts that are 

specialized to a particular research domain (the field of intelligent learning support system) are 

defined with reference to the constituent elements needed for intelligent educational systems 

presented by referring to Mizoguchi (1995). Concepts related to actions define activities represented 

as outside actions as a result of the abovementioned cognitive activities. 

The concept of meta-cognitive activity is defined in terms such as “thinking about 

discovered problems as a result of thought process that are worth tackling”, and “thinking about 

other selection criteria”. The concept of cognitive activity is defined in terms such as “thinking about 

research objectives”, “thinking about solution methods”, and “thinking about practical designs”, and 

the concept of action is defined in terms such as “writing”, “reading”, and “implement systems”. 
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Each thought activity with inquiry concept specifies its sub-activities, inputs and outputs. A 

sub-activity is an activity that is necessary in order to achieve an activity. For example, when 

performing the thought process “thinking about educational practice designs”, the sub-activities are 

defined as “thinking about a purpose of educational practice”, “thinking about a hypothesis of 

educational practice”, “thinking about practical procedures”, and “thinking about ideal results of 

educational practice”. In addition, the inputs prescribe the concepts necessary for considering a 

certain thought process, and the outputs prescribe the concepts of the results produced by this 

thought process. It also specifies concepts defined as objects (results) that are separate from the 

concept of thought processes (e.g., research objectives, learner models, educational practice designs, 

etc.). Taking the concept of “thinking about educational practice designs” as an example, the inputs 

are specified as “research objectives” and “learner models”, while the outputs are specified as 

“educational practice designs”. 

By building an ontology in this way, it is possible to associate concepts based on 

sub-activities and input/output attributes. By using this relationship to present adaptive inquiries 

according to the learner’s thought context, it should be possible to make learners aware of the 

activities that are necessary to clarify their own thoughts. 

 

 

3. Thought Organization Support System 
 

To increase the learner’s readiness for discussions, we developed a thought organization support 

system that incorporates the structured inquiries (Fig. 1). For this system, assuming that it will be 

used in the actual context of research activities, we provided an interface (Fig. 1(1)) where inquiries 

(blue nodes) and their answers (orange nodes) can be represented in a pyramidal chain structure. By 

adopting this representation form, we aim to gradually change the learner’s latent intentions into 

verbal expressions. 

The inquiry-list area (Fig. 1(2)) shows a list of inquiries related to the thought processes that 

are considered to be necessary when engaged in research. This is implemented by reading a file that 

specifies the ontology of the inquiries mentioned in Section 2.2. From the displayed inquiries, the 

learner can freely select those that match his or her thought context and add them to the thought 

representation map. This is aimed at implementing support that incorporates the learner’s thought 

context by providing the learner with thought organization “training wheels” in the form of inquiry 

stimuli from the system while respecting the learner’s own thoughts. When the learner has selected 

an inquiry from the list, the system understands the concepts embedded in the thought representation 

map, so inquiries associated with this concept are presented. In this way, by adaptively presenting 

inquiries related to the learner’s thoughts, we hope to stimulate the activity of the internal 

self-dialogue and encourage improvement of the quality of thought organization activities. The 

inquiry list is divided into the following three categories according to when inquiries are presented to 

learners on the system. 

Information expression category (Fig. 1(a)): The inquiries at the base are displayed when building 

the structure of the entire target research field. For example, the concept “put into educational 
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Figure 1. Thought Organization Support System 
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practice” of a selected inquiry (“How is it put into educational practice?”) is defined with 

“educational practice design” as the input. Here, inquiries relating to the concept “thinking about 

educational practice designs” that have “educational practice design” defined as the output (e.g., 

“What is educational practice design?”) are presented to the learner. In this way, we encourage base 

level thought organization activities by adaptively presenting inquiries according to the learner’s 

thought context.  

Reason/purpose category (Fig. 1(b)): As an inquiry to promote the expression of reasons and 

purposes, two inquiries are displayed relating to reasons (“Why do you think so?”) and purposes 

(“What is the purpose?”). These inquiries are essential for organizing one’s thoughts and are set 

based on the idea that it is necessary to be constantly aware of one’s reasons and purposes to clarify 

one’s intention. Regardless of the thought states that appear in the thought representation map 

created by the learner, we expect meta-cognitive activities are promoted by always displaying these 

two inquiries.  

Rationality category (Fig. 1(c)): Here, inquiries about rationality are displayed based on the 

ontology. Regarding the learner’s thoughts that are turned into verbal expressions in a thought 

representation map, it is important to examine the links between an inquiry and its answers, and to 

consider their rationality, such as whether related thoughts give rise to contradictions. Based on 

these ideas, we implemented a mechanism to make learners think rationality. The procedure is 

shown in Fig. 1(3). Currently, when multiple sub-activities are defined for a particular concept, their 

relationships are defined heuristically by considering that it is important to examine rationality in 

this sub-activity. 

 

 

4. System Evaluation Experiment 
 

Twelve students (five 4th-year undergraduates, three 1st-year master’s students and four 2nd-year 

master’s students) have been using this system continuously from April 2017 to March 2018. In this 

paper, we investigate whether continuous use of the proposed system can contribute to the desired 

improvement of intention sharing skills. 

 

4.1 Questionnaire Survey of Thought Organization Support System 
 

It is difficult to establish common evaluation criteria because of the feature whereby intention 

sharing skills are implicit, and because the opportunities to demonstrate these skills depend on what 

is discussed at academic research meetings in a laboratory. We therefore conducted a questionnaire 

survey to measure what sort of change in learner awareness is encouraged as a result of introducing 

this system from the viewpoint of intention sharing. The questionnaire categories were as follows.  

Usefulness of the system: This category checked the effects contributed by this system in each 

phase of the learning model discussed in Section 2. These effects were evaluated on a five-point 

scale (5: Very useful, 4: Somewhat useful, 3: Indifferent, 2: Not very useful, 1: Not at all useful), and 

the reasons for these choices were also solicited (free response).  

System function: This category checked whether each function provided by this system is useful for 

thought organization. The evaluated functions were i) clarity of inquiries and answers, ii) 

information expression category, iii) reason/purpose category, and iv) rationality category. 

Critical thinking attitude: Critical thinking is a skill that can be used to examine whether expressed 

thoughts have a logical structure. We confirmed whether this system’s thought organization 

activities caused a noticeable increase in the awareness of critical thinking. We prepared a 

questionnaire based on the Japanese version of Critical Thinking Attitude Scale (Hirayama & 

Kusumi, 2004).  

 

4.2 Evaluation Results and Discussion 
 

Results of Evaluating the Usefulness of the System: Table 1 shows the average score of each 

phase in the learning model. The system received favorable evaluations in each phase.  
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Thought organization phase (Table 1A): The reasons they gave for these responses included “It’s 

important to express one’s thoughts in order to organize the contents of one’s research, and this 

system seems to be suitable for systematically summarizing a project at the level of bullet points”, 

and “I was able to get a comprehensive grasp of the entire research project”. These results confirmed 

that the system encourages learners’ thought organization activities. 

Thought systematization phase (Table 1B): This suggests that by organizing the contents of research 

on a thought representation map, the system contributes to the reflection of their research in media 

conveyed to other people (in materials for academic research meetings, slide shows, and so on). 

Intention sharing phase (Table 1C): Their reasons included “It makes it easier to express my own 

ideas clearly, resulting in smoother communication of ideas”, and “It makes it easier to share 

premises of my own thought process, resulting in deeper discussion of the content”. When involved 

in actual creative arguments, many learners felt that the thought organization activities led to better 

quality discussions. 

Reconstruction of thought phase (Table 1D): Although this system does not have inquiries or 

supporting functions dedicated to reflection activities, it was judged to be useful for organizing 

thoughts after discussions. This suggests that learners feel it contributes to their reflection activities 

by clarifying inquiries in the thought organization phase. 

 

System Function Evaluation Results: Table 2 shows the results of evaluating whether each of this 

system’s functions promotes thought organization activities. The evaluation results and 

considerations for each function are described below. 

Expressing inquiries and answers (Table 2E): Based on a comment that said, “Since the inquires 

with no answers are expressed as points that have not been considered, it is possible to recognize 

parts that are not understood, and parts that need to be understood”, we found that the clarification of 

inquiries helps learners to grasp their state of understanding. It can be said that this contributes to an 

understanding of research structures that is considered to be necessary for the organization of 

thoughts in this research. 

Information expression category (Table 2F): Eight out of twelve learners responded that the 

inquiries presented in this category were useful for organizing their thoughts. The comments 

explaining these evaluations included one that said, “The inquiries presented in this category were 

important for clarifying my own ideas”. This suggests that the structured inquiry set is useful for 

organizing thoughts about research. 

Reason/purpose category (Table 2G): Eight out of twelve learners gave helpful responses to this 

item with comments such as “I felt that thinking was prompted simply by the explicit word ‘why’,” 

and “I tend to ignore reasons and purposes, so having to think about this inquiry constantly made me 

more aware”. This suggests that the intended action of the system was function. 

Rationality category (Table 2H): Eight out of twelve learners responded that the function for 

thinking about rationality was useful for organizing their thoughts. On the other hand, most of the 

learners who answered “3: Indifferent” remarked that the timing of this function made it difficult to 

use. Based on this response, it is necessary to consider improving the system. 

 

Critical Thinking Attitude Evaluation Results: The learners were asked to evaluate their 

experiences on 33 items with a 5-point scale (–2: Totally disagree  2: Strongly agree). The scores 

for each item were added together to obtain average scores. We found that all the learners gave 

Table 1 

Evaluation Results Relating to the Usefulness  

of the System 

Phase 
Average score 

(Variance) 

A. Thought organization 4.33 (0.24) 

B. Systematization of toughts 4.08 (0.27) 

C. Spoken intention sharing 3.91 (0.27) 

D. Reconstruction of thoughts 4.17 (0.52) 

 

Table 2 

Evaluation Results Relating to System Functions 

 

System function 
Average score 

(Variance) 

E. Clarity of inquiries and answers 4.50 (0.45) 

F. Information expression category 4.08 (0.81) 

G. Reason/purpose category 3.92 (0.63) 

H. Rationality category 4.08 (0.81) 
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positive responses. With regard to their critical thinking attitude, we observed a positive change 

against the background, so it can be said that this system achieves the intended effect. 

Figure 2 shows the scores arranged in ascending order. From the overall viewpoint, it can be 

seen that the average scores were higher for the 1st-year master’s and 4th-year undergraduate 

students than for the 2nd-year master’s students. This suggests that the system achieved the intended 

effect as a set of training wheels especially for novice researchers. 

Also, Fig. 3 shows the ratio of the number of inquiries created by learners themselves (not 

prepared by the system) to the total number of inquiries expressed on thought representation maps 

by each learner. From Fig. 3, it can be seen that the learners with more experience (the 1st-year and 

2nd-year master’s students) tended to use a larger proportion of inquiries prepared by themselves. 

This result also supports a usefulness of the system as a training wheels for relatively novice 

researchers derived from Fig. 2. 

 

 

5. Concluding Remarks 
 

The purpose of this research is to use academic research meetings as an opportunity to improve 

intention sharing skills. We structured inquiries from the viewpoint of thought activities in research, 

and we developed an ontology based thought organization support system incorporating these 

inquiries. We also conducted a long-term evaluation experiment for about one-year. As a result, we 

were able to confirm that the use of this system brings about a change in the awareness of intention 

sharing skills. 
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Abstract: Academic emotion is one of the important factors impacting on learning effect. A 

robust automatic academic emotion inference method will have significant meaning for the 

educational field. This paper presents a study on the relationships between spontaneous 

facial expressions and academic emotions when students take online learning courses. First 

we establish corpora. The images from 82 students are collected with high definition 

cameras in an almost natural environment. Both students and external coders are invited to 

label the corpora. Then, the methodologies of academic inference algorithms are described 

based on both artificial feature and Convolution Natural Network (CNN). A preliminary 
experiment inferring self-annotation academic emotion is carried out to validate their actual 

effect. Among all the algorithms, the CNN-based algorithm using some tricks exhibited the 

ability to infer learners’academic emotion from the learner’s expression has the highest 

accuracy. This study has potential value to make up for emotion absence existing in online 

learning. 

Keywords: Academic Emotion Inference, Spontaneous Facial Expression, Machine 

Learning, CNN 

1. Introduction

Emotion is one of the important factors impacting on learning effect (Newton, 2013). The 
learning-related emotion is also called academic emotion. Although it is an inner psychological 
reaction, a seasoned teacher can still grasp the emotion through exterior behaviors from students. As 

the most visible reflexes of emotions, facial expression is an important study objective (Ekman, 
1984). One hot study topic is inferring emotions manifested by facial expressions with the help of a 
computer. It is a complex task, which involves the study of computer version, machine learning and 
behavioral science (Lucey, Cohn, Kanade, & Saragih, 2010). However, it also has some significant 
advantages compared to other inference methods. For example, facial expression recognition (FER) 
is non-contacted, which implements the function with a minimal interference. FER has been one of 
the most common technologies in educational affective computing field (Monkaresi, Bosch, Calvo, 
& D’Mello, 2017).  

Collecting the data, obtaining the ground truth, and defining the appropriate emotion model 
are some of the challenges in building any affective model (Picard, 2003). And a few of publicly 
available facial expression datasets relate to academic emotions now. Therefore, an online-learning 
spontaneous facial expression corpora is established in this paper. Basically, five meaningful 
academic emotions are included, respectively, confusion, neutral, distraction, fatigue, and 
enjoyment. The labels are marked by both participants and external coders, which are also validated 
by Fleiss’ kappa (Fleiss, 1971) and Cohen’s kappa. With these high quality corpora, it is hopeful to 

identify the effect of some inferring algorithms in the next stage for the purpose of getting more 
insights of this study’s application value. 
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2. Methodology 

 

2.1 Corpora 

 
Academic emotion belongs to the subtle affective state, which cannot be described using the basic 
emotions (Pekrun, Goetz, Titz, & Perry, 2002). However, there is still no consolidated definition of 

it. Hara and Kling report that frustration, isolation, anxiety, and confusion are the most frequent 
feelings that students experienced in online learning (Noriko, & Kling, 2003). But, You et al. 
identify enjoyment, confidence, fear, frustration, boredom, and anxiety toward the learning system 
as conventional emotions in online learning (You, Kim, & Park, 2012). In these corpora, the 
academic emotions included must have relatively apparent facial expression features. Therefore, 
five meaningful academic emotions are selected, namely enjoyment, confusion, fatigue, distraction, 
and neutral. The encodings are defined as follows: the academic emotion of confusion is coded if the 

student seems puzzled and not sure how to continue or is struggling to understand the material; 
enjoyment appears when the student shows interest or feels enjoyable in current course; fatigue will 
descend on the student when he feels drained of strength and energy or looks lethargic and yawns; 
distraction is coded if the student gets his mind off the screen combining the concrete circumstance 
of online learning. The last academic emotion, neutral, is coded when the student does not express 
any mood. 

82 healthy students between the age of 17 and 26 (mean age = 20.09; standard deviation = 
2.26; male = 29; female = 53) voluntarily participate in the experiment. They all sign informed 

consents and have the right to quit the experiment at any time. The corpora only include the images 
of the participants who sign the consent form agreeing to their facial images being used for study 
purposes. Before the experiment, the participants’ characteristics including learning styles, content 
preference and cognitive level are identified through investigation and statistics. Then some 
personalized online video courses collected from MOOC platforms are prepared to elicit different 
academic emotions (Jaggars, & Xu, 2016). The durations of these stimuli range from about 10 
minutes to roughly 60 minutes. Among the courses, some with appealing content and humorous 

teaching styles are chosen to elicit enjoyment; some appealing but high-level cognitive 
mathematical and logic courses are selected to elicit confusion; some unattractive and long-winded 
courses are prepared to elicit fatigue and distraction academic emotions; the neutral are collected 
during the entire process. Before the formalized experiment, the effectiveness of these stimuli has 
been verified by a pretest. 

The whole experiment is conducted in a study hall, where a normally functioning computer 
is prepared to play the online courses. A webcam is placed above the screen, which records video at 

30 frames per second with a resolution of 1280 × 720. The recordings throughout the learning 

process will be saved in the experiment. Besides, the illumination and occlusion conditions are not 
strictly controlled here. Actually, the differences between the experiment and the real world are 
minimized to reduce Hawthorne effect that the experiment will affect the natural behavior of 

participants as well as guarantee the objectivity and authenticity of data. The subjects can participate 
in the experiment anytime during the day or night and the fluorescent lights are on when the light is 
poor in the room. Therefore, the brightness changes in a large range. There also exist some obstacles 
which disguise important facial expression information, such as spectacles, hair, and hands. 
Although these confounding variables increase the hardness of recognition, they can make the 
corpora more realistic and are beneficial for evaluating the robustness of algorithms. In one 
sentence, the facial expressions captured in an almost natural environment. 

It has been emphasized that participants could not know the experiment’s true intention 
when getting spontaneous facial expression (Sebe, Lew, Sun, Cohen, Gevers, & Huang, 2007). 
Therefore, the participants are directed to the study hall and informed to take some online lessons for 
curriculum assessment. Then, the stimuli are displayed in the order of enjoyment, confusion, 
distraction and fatigue. Afterwards, the participants are told the experiment’s true intention and 
asked to watch their own video recordings to finish a subjective emotion assessment form, since 
participants themselves often provide a useful source of information about their emotions 
(Porayska-Pomsta, Mavrikis, D'Mello, Conati, & Baker, 2013). If the participants find a facial 

expression belongs to a specific academic emotion, they should record the academic emotion label, 
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the starting time and ending time of this expression. Except for the five pre-defined academic 
emotions label, the participants can also add others if they want. One advantage of the retrospective 
reporting is that it eliminates the problem of increased cognitive load and interference with the 
learning activity. In addition to that, the retrospective reporting can also offer to the participants a 

possibility to verbalize and discuss those reflections with a researcher, which may contribute to the 
students’ development of better emotion judgment (Porayska-Pomsta, Mavrikis, D'Mello, Conati, & 
Baker, 2013). Before the self-annotation, all the participants are trained to select video clips and 
make self-annotations for academic emotion to control the quality. A total of 1274 video clips are 
segmented with self-annotation from the recordings. Besides, four coders are also invited to make 
external annotation on the segmented video clips. The external annotation has fairly high confidence 
that all reports of an emotion state involve the same constructs and unlikely to have intentional bias 
(Porayska-Pomsta, Mavrikis, D'Mello, Conati, & Baker, 2013). Each video clip is converted to an 

image sequence after face detection and composes the image corpora. 
 

            

(a) (b) 

            

(c) (d) 
Figure 1. (a) All five academic emotions with the same participant, (b) Some expression images of 
different occlusions, (c) Some expression images of different illuminations, (d) The different 

intensity of same expression. 
 

The final corpora include 30,124 facial expression images. The number of confusion, 
neutral, distraction, fatigue and enjoyment are 5292, 8278, 4866, 5524, 6224, respectively. All five 
academic emotions of one participant are displayed in Figure 1(a), which are enjoyment, distraction, 
confusion, neutral, and fatigue from left to right. However, not every participant shows all five 
academic emotions in the corpora. Since the spontaneous expression of the same academic emotion 
an individual shows varies with the situation and time, several expressions of the same participants 
are included in the corpora. Some expression images with different occlusions and illuminations are 

demonstrated in Figure 1(b) and 1(c), respectively. In the corpora, 62.2% of the participants are 
bespectacled, and some facial expression features are covered by hands, hair. The intensity of an 
expression varies in different phases because each clip records the facial expression from onset to 
apex. Figure 1(d) illustrates the variation. The Fleiss’s kappa among external coders is 0.867 while 
the Cohen’s kappa between the external and the self-annotation is 0.943, where the external label is 
decided by the majority of the trained coders. It is credible that the annotations in our corpora are 
high-quality. The corpora is made publicly accessible, which will certainly be useful in educational 

affective computing, especially the practicality of academic emotion inference. If you want to get 
the corpora, the access can be requested by emailing the corresponding author. 

 

2.2 Academic Emotion Inference Algorithms 

 

Face Detection
Image 

Preprocessing

Feature 

Extraction
Classification

CNN

Outcome

Artificial Feature based Algorithm 

CNN-based Algorithm

 
Figure 2. The flow diagram of inference algorihms. 
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To realize automatically academic emotion inference, two kinds of inference algorithms have been 
implemented. The flow diagram is shown in Figure 2. First they need to detect and crop the face 

region from the input image and do preprocessing operations like illumination normalization. Then, 
the artificial feature based algorithm has to take feature extraction and classification while the 
CNN-based algorithm only relies on CNN. Specifically, Local Binary Pattern (LBP) is taken as the 
artificial feature, and K-nearest neighbors (KNN) or Support Vector Machine (SVM) is the classifier 
in this study. LBP is a particular case of Texture Spectrum model, which compresses the pixel value 
in a location to its neighboring pixel value and generates a binary number representing the pattern. 
The feature of an image is usually extracted as the histogram of LBP to cope with illumination and 

rotation variation. In this study, the face image is divided into 5×5 non-overlapping sub regions at 
first. Then, the histogram of each region is concatenated as a vector, so the detail and position of the 
pattern are captured. KNN, an adopted classifier, is a type of instance-based learning, or lazy 
learning, whose function is only approximately local and all computations are deferred until 
classification. SVM is a supervised learning algorithm, which intends to create an optimal separating 
hyper plane between different classes to minimize the generalization error and thereby maximize the 
margin. The SVM based on radial basis function kernel is used here.  

CNN is an end end-to-end algorithm, where the feature extraction and classification are 
integrated (Szegedy, Liu, Jia, Sermanet, Reed, Anguelov, Dumitru, Vanhoucke, & Rabinovich, 
2015). It is becoming more and more popular in the computer vision field. The framework of CNN 
usually consists of several convolutional layers and fully connected layers. And between them, there 
may also be pooling layers, normalization layers and other special layers to improve the 
performance. In our study, VGG16 is adopted as the concrete CNN architecture, which has been 
proved to be a good choice in some computer version task (Ren, He, Girshick, & Sun, 2017). The 
VGG16’s input is an image of fixed-size 224 × 224 × 3. Most of the convolutional layers in VGG16 

use a convolution kernel 3 × 3 with a small receptive field. However, some convolutional layers 
utilize 1 × 1 kernel which can be seen as a linear transformation of the input channels. To preserve 
the spatial resolution, all convolutional layers take 1 pixel stride in convolution operation. One point 
needs to be emphasized: the output size of the last full connected layer in VGG16 is adjusted to five 
which represents the numbers of academic emotions 
 

2.3 Training Models 
 
The experiment using facial expression images to infer the self-annotation academic emotion is 
conducted on the above corpora. Numerically, the corpora are enough to train both KNN and SVM. 
However, because CNN models often have too many undetermined parameters, training them need a 
large number of samples as the basis. Without sufficient samples, it will lead to the over-fitting. 
Therefore, some necessary tricks must be adopted in our study to counter the limited corpora. The 

first one is transfer learning where the basic idea is to utilize the feature extraction module and adapt 
the classification module trained in the source-domain to the target-domain (Shin, Roth, Gao, Lu, 
Xu, Nogues, Yao, Mollura, & Summers, 2016). In detail, the pre-trained VGG16 model is selected 
to initialize the network parameters and only a part are adapted relying on training data. Because the 
CNN model makes no sense without transfer learning, the trick is adopted by default. Data 
augmentation is another effective trick, which is used to expand the existing data set. It can be 
implemented in many ways, such as adding noise and applying affine transformations (Han, Liu, & 

Fan, 2018). The ways include scaling, rotating, translating, dropout, additive Gaussian noise, 
element wise multiply, perspective transforming, cropping and padding. Each original image is 
randomly changed twice, based on one of the nine forms each time. Each output is saved as a new 
sample. Therefore, the size of the corpora is doubled. 

It must be stated that training CNN-based model consumes massive computing resources 
while artificial feature based model is relatively small. In our study, a workstation with an Intel Xeon 
E5-1650 V4 CPU and 32GB RAM is prepared as the experimental platform. However, two NVIDIA 
GeForce GTX 1080Ti GPUs are used to complete the training process of CNN model within a 

limited time. 
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3. Preliminary Results 
 

The performances of different algorithms are presented in Table 1, where the precision, recall, F1, 

average accuracy and kappa score for each algorithm are provided by using ten-fold cross validation 
over participants. The recall and the precision are intuitively the abilities of the algorithm to find all 
the positive samples and not to label a negative sample as positive, respectively. The accuracy is the 
ratio of samples that have been correctly classified. The F1 score can be interpreted as a weighted 
average of the precision and recall. The kappa is a statistic that measures the internal consistency 
between predictions and real labels. CNN-DA is the CNN-based algorithm that adopts data 
augmentation. The results show that although CNN is powerful, the CNN-based algorithms are not 

always the best. LBP-SVM is superior to both LBP-KNN and CNN in all indictors with 0.751 
accuracy and 0.684 kappas. However, after adopting data augmentation, the CNN-based algorithm 
is significantly improved, 0.877 accuracy with 0.880 F1, which is also the state-of-the-art algorithm. 
Due to the limited sample size and subtle expression in these corpora, the algorithms are 
underperforming in it compared with others. But overall, 

The preliminary results indicate that inferring academic emotion based on facial expression 
images is feasible.  

 
Table 1: The results for different algorithms 

Method Precision Recall F1 Kappa Accuracy 

LBP-KNN 0.361 0.356 0.357 0.142 0.328 

LBP-SVM 0.744 0.762 0.747 0.684 0.751 

CNN 0.641 0.599 0.563 0.450 0.560 

CNN-DA 0.908 0.861 0.880 0.840 0.877 
 

4. Conclusions and Future Work 

 
In this paper, we describe a methodology for inferring academic emotion based on spontaneous 
facial expressions from students in online learning. In the process, a spontaneous facial expression 
corpora is created. Then, the experiment conducted on the corpora demonstrates the effectiveness 
and reliability of our methodology. The preliminary results show that our methodology is feasible 

and CNN-based algorithm using some tricks is superior. However, we only use the facial expression 
images from learners in this experiment. The future study will consider various clues, such as 
behaviors and speeches, to improve the academic emotion inference.  
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Abstract: Knowledge tracing is a core technology in many intelligent learning systems. In 
this paper, we propose a novel knowledge tracing method that predicts learner’s knowledge 

state within a single programming exercise. Given a programming task, a student’s 

intermediate solution is represented by an abstract syntax tree and evaluated by computing 

its tree edit distance to the best solution. With the measure of solution quality, the learning 

trajectory of each student can be encoded as a real-valued sequence. Using the mean value 

of the sequence as a primary feature, we developed a logistic regression model to predict 

students’ knowledge state. We compared our method with three popular models on a 

large-scale dataset collected from a classic block-based programming task. The 

experimental results suggest that the proposed method that captures features derived from 

student's problem-solving processes can significantly improve the prediction performance. 

Keywords: Bayesian knowledge tracing, deep knowledge tracing, additive factor model, 

block-based programming 

1. Introduction

Programming exercise for students is more than just coding. Indeed, it is a cognitive process that 

requires rather sophisticated computational problem-solving skills regarding concepts, practices and 

perspective (Mitchel et al., 2009). The assessment of such computational skills has important 
pedagogical value in computational thinking education. Most research on measuring computational 

skills in programming tasks have relied on the final code students completed checking the use of 

programming constructs such as loops, conditionals and logic. This approach is incomplete as it 

ignores the learning paths that can be substantially different among individuals and thus better 
reflect students’ mastery of knowledge and skills than the finished products (Grover et al., 2017).  

Knowledge tracing (KT) is a task that estimates students’ proficiency of the required 

knowledge components using data collected from their problem-solving processes. Predicting 
students’ knowledge states allows educators to recommend suitable learning resources in students’ 

needs. The most popular knowledge tracing method in literature is the Bayesian Knowledge Tracing 

(BKT). It models a student’s knowledge by a latent variable in a hidden Markov chain and updates 
its state by observing the correctness of each attempt in which he or she applied the knowledge and 

skills in answering the question (Corbett and Anderson, 1995). Another important KT method is 

called Additive Factor Model (AFM), which estimates the probability of a student being correct on 

the first attempt using a logistic model (Cen, et al., 2007). Most recently, Piech et al., (2015) 
proposed a method namely Deep Knowledge Tracing (DKT) that utilized long short-term memory 

(LSTM) model to predict students’ knowledge state. All these KT techniques require students to 

complete multiple exercises and use information like their performance on knowledge component or 
the number of attempts to build prediction models. Inspired by this fundamental observation, in this 

paper, we seek to develop a more comprehensive and efficient solution to estimate knowledge state 

using deeper process data within a single programming exercise. 
To the best of our knowledge, the earliest work in our research setting is a DKT-based 

method proposed by Wang et al. (2017). Their method uses a recursive neural network to vectorize 

the abstract syntax tree (AST) representation of student programs, and feeds them into a LSTM 
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network. Although that approach seems promising, it is also complicated, unintuitive and 
computationally expensive. Different from the way they used AST, we propose a simpler and yet 

more efficient KT method based on the standard logistic regression model. Particularly, instead of 

using AST directly, we introduced a metric called approaching index (AI) to quantify the closeness 

of students’ current program to the best solution based on the idea of tree edit distance (TED). With 
the AI metric, each student’s learning path, i.e., a series of programming solutions is represented by 

an AI sequence. We approximated a student’s overall performance by the mean of all the values in 

an AI sequence, namely AIScore. Finally, we used three features, i.e., correctness of student’s 
program, number of attempts and AIScore to construct a logistic regression model for prediction. We 

call our proposed method Process Knowledge Tracing (PKT), due to its strong connection to the 

learning process data. 
 

2. Knowledge Tracing 
    

 One of the earliest knowledge tracing method is Bayesian Knowledge Tracing (BKT) that proposed 

by (Corbett and Anderson, 1995). BKT assumes that at any given opportunity to demonstrate a skill, 

e.g., student solves a programing problem, the knowledge state of a leaner is a binary variable, i.e., 
mastered or not, and the observed performance is a correct or incorrect response. The probability 

that the student has mastered the skill can be updated based on our observation on student’s 

performance in each practice opportunity. In classical BKT, only the first attempt for each 
opportunity is taken into account, and it is assumed that each item corresponds to only a single skill 

(or knowledge component). Technically, the BKT model can be characterized by four parameters as 

follows, where the first two are learning parameters, while the last two are performance parameters. 

 𝑃(𝐿𝑛): Probability the skill is mastered after 𝑛 opportunities of practices. 

 𝑃(𝑇): Probability of student’s knowledge of a skill transitioning from not known to known 

state after a practice opportunity 

 𝑃(𝐺): Probability the student will guess correctly if the skill is not mastered. 

 𝑃(𝑆): Probability the student will make a mistake if the skill is mastered. 
 More precisely, BKT uses the following equations to infer student’s latent knowledge based 
on his or her performance. 

𝑃(𝐿𝑛|𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑛) =
𝑃(𝐿𝑛−1) ∗ (1 − 𝑃(𝑆))

𝑃(𝐿𝑛−1) ∗ (1 − 𝑃(𝑆)) + (1 − 𝑃(𝐿𝑛−1)) ∗ 𝑃(𝐺)
 

𝑃(𝐿𝑛|𝐼𝑛𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑛) =
𝑃(𝐿𝑛−1) ∗ 𝑃(𝑆)

𝑃(𝐿𝑛−1) ∗ 𝑃(𝑆) + (1 − 𝑃(𝐿𝑛−1)) ∗ (1 − 𝑃(𝐺))
 

𝑃(𝐿𝑛) = 𝑃(𝐿𝑛|𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑛) + (1 − 𝑃(𝐿𝑛|𝑂𝑏𝑠𝑒𝑟𝑣𝑒𝑛)) ∗ 𝑃(𝑇) 
    Most importantly, from above equations, the probability of a student will practice correctly in an 
upcoming practice is computed as 

𝑃(𝐿𝑛+1) = 𝑃(𝐿𝑛)(1 − 𝑃(𝑆)) + (1 − 𝑃(𝐿𝑛)) ∗ 𝑃(𝐺) 
    Knowledge tracing models applying logistic regression often define that the probability of a 
correct response to a task is a mathematical function of student and skill parameters. These models 

assume that the binary task response (correct/incorrect) follows a Bernoulli distribution. A notable 

model in this kind is the Addictive Factors Model (AFM) (Cen, et al., 2007), which is a logistic 
model that predicts the likelihood of the student being correct on the first try on a task. More 

precisely, AFM computes  

𝑃(𝑦𝑖𝑗 = 1|𝜎𝜃𝑖
2 , 𝛽, 𝛾) =

1

1 + 𝑒[−(𝜃𝑖+∑ 𝑞𝑗𝑘(𝛽𝑘+𝛾𝑘𝑇𝑖𝑘)
𝐾
𝑘=1 )]

 

Where 

 𝑦𝑖𝑗 is the response of student 𝑖 on task 𝑗. 

 𝜃𝑖𝑁(0, 𝜎𝜃𝑖
2 ) is a random effect referring to the proficiency of student 𝑖. 

 𝛽𝑘 is the coefficient for the learning rate of knowledge component 𝑘. 

 𝑇𝑖𝑘 is the number of practice opportunities student 𝑖 has had on knowledge component 𝑘. 

 𝑞𝑗𝑘 = 1 if task j uses skill k, 𝑞𝑗𝑘 = 0 otherwise. 
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 𝐾 is the total number of knowledge components in the Q-matrix. 

 𝑞𝑗𝑘 = 1 if task j uses skill k, 𝑞𝑗𝑘 = 0 otherwise. 

 𝐾 is the total number of knowledge component in the Q-matrix. 

 
Figure 1. (a) A long short-term memory network for knowledge tracing. (b) The structure of LSTM cell 

    Most recently, (Piech et al., 2015) proposed Deep Knowledge Tracing (DKT) that uses the 

recurrent neural network to predict student’s responses. The “deep” in its name refers to the 

recurrent structure of the neural network and the “depth” of information over time (Xiong et al., 
2016). In DKT, the input vectors are representations of whether the student answered a particular 

question correctly or not at the previous time step, and the output vectors are representations of the 

probability that a student will get the question correctly at the following time step. Figure 1 (a) 

demonstrates an LSTM-based DTK model and its cell structure. Specifically, the LSTM update 

operations are given by 
 

𝑖𝑡 = 𝜎(𝑊𝑖𝑥𝑥𝑡 +𝑊𝑥ℎℎ𝑡−1) 
𝑓𝑡 = 𝜎(𝑊𝑓𝑥𝑥𝑡 +𝑊𝑓ℎℎ𝑡−1) 

𝑜𝑡 = 𝜎(𝑊𝑜𝑥𝑥𝑡 +𝑊𝑜ℎℎ𝑡−1) 
𝑔𝑡 = 𝑡𝑎𝑛ℎ(𝑊𝑔𝑥𝑥𝑡 +𝑊𝑔ℎℎ𝑡−1) 

𝐶𝑡 = 𝑓𝑡 ∙ 𝐶𝑡−1 + 𝑖𝑡 ∙ 𝑔𝑡 
ℎ𝑡 = 𝑜𝑡 ∙ 𝐶𝑡 

Where the input 𝑥𝑡 in each time point is a one-hot encoding of the student’s response tuple 𝑥𝑡 =
𝑞𝑡 , 𝑎𝑡  , which represents whether the student answered a particular question 𝑞𝑡  correctly (𝑎𝑡 = 1) 

or not (𝑎𝑡 = 0) at the time step 𝑡; ℎ𝑡−1 is the LSTM output from previous time step; 𝜎 and 𝑡𝑎𝑛ℎ 

represent sigmoid and tanh non-linear transfer functions; 𝑊 are the model weight parameters that 

can be learned when training the model. As shown in Figure 1 (b), 𝑦𝑡  can be inferred at each time 

step by adding a sigmoid layer from the LSTM output ℎ𝑡. As we can see from the above review, all 
the three popular knowledge tracing methods require students’ multiple historical response data to 

predict future performance. However, rich historical response sequence is not existed, especially in 

open-ended learning environments.  

 

3. Process Knowledge Tracing 
   

A typical setting for our research problem is students are given a programing task (without loss of 

generality, we may assume there is only one best solution) that is allowed to be complete in multiple 
attempts with some programming language. In each attempt, students can compile programs and 

modify their programs according to the compiler’s feedbacks, i.e., whether their last attempts were 

correct or not. Suppose we have access to their submitted programs, we can store each of them as an 

abstract syntax tree (AST), a finite, labeled and ordered tree, whose internal nodes are labeled by 
operators, and leaf nodes represent the operands of the node operators (Piech et al., 2012). The 

problem solving process in the programming task can be considered as a series of edit actions made 

to the source code. Note we can also think it of as a sequence of edits on an initial AST that transform 
it into other ASTs. Generally, three types of edit actions, i.e., insertion, deletion and replacement of 

tree nodes can change the state of an AST. If a student’s current solution is incorrect, he/she will 

make one or more edits on his/her source code to solve the problem correctly. Moreover, if a 

student’s current program is incorrect, there could be more than one pathways by which he/she can 
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reach the correct solution (or the goal state of AST). This means that there can be 𝑘 different edit 

sequences 𝑆 = 𝑆1, 𝑆2, … , 𝑆𝑘  that can transform AST from 𝑇1  to 𝑇2 . We used tree edit distance 

(TED) of AST, the shortest edit path from current solution to final solution, to evaluate every 

intermediate solution given by each student. We call it approaching index (AI) and give its formal 

definition as follow. 

 [Definition 1] The approaching index of 𝑖-th student's 𝑗-th submission 𝐴𝐼𝑖𝑗  is defined as the TED 

between the 𝑇𝑖𝑗  and the perfect solution 𝑇𝑝. 

𝐴𝐼𝑖𝑗 = 𝑑(𝑇𝑖𝑗, 𝑇𝑝) = 𝑚𝑖𝑛𝛾(𝑆𝑖𝑗→𝑝) 

Where 𝛾(𝑆𝑖𝑗→𝑝) denotes the TED of all the possible edit sequences that can transform 𝑖-th 

student's current submission 𝑇𝑖𝑗  to the perfect solution 𝑇𝑝. 

 The minimization problem in Definition 1 is often treated as a dynamic programming 

problem, which can be solved efficiently by the well-known Zhang&Shasha algorithm (Zhang & 

Shasha, 1989). In this work, we applied Zhang&Shasha algorithm to compute the AI for each 
submission. 

 After the AI of each intermediate solution was computed, we obtained an AI sequence, 

which represents how the solution quality changed over time. Based on the AI sequence, we further 
constructed an overall measurement of the quality for each student. The metric is called AIScore, 

which is defined formally as 

𝐴𝐼𝑆𝑐𝑜𝑟𝑒𝑖 =
∑ 𝐴𝐼𝑖𝑗
𝑄𝑖
𝑗=1

𝑄𝑖
 

where 𝑄𝑖 denotes the number of attempts the 𝑖-th student made, i.e., the trajectory length. Consistent 

with prior research, we used AIScore, number of attempts, and the correctness of the current solution 

to predict student’s performance on the next task that involves the same knowledge component as 
the previous one. Similar to AFM, a traditional logistic regression model is chosen in our current 

study. 

 

4. Dataset 
   
The dataset used in this work to compute AIs was generated when students solved one of the classic 

maze problems using a block-based programming language in the Hour of Code1. Instead of coding 

text, students drag and drop visual blocks to compose their programs. There are twenty classic maze 

problems that are aimed at teaching beginners fundamental programming constructs. In this paper, 
we focused on No.18 maze problem (HOC18), because it is a relatively complicated task that 

involves multiple programming constructs, such as repeat-until, if-else, and their nesting statements. 

The actual HOC18 problem and its perfect solution are shown in Figure 2.  
 This HOC18 dataset contains 79,553 unique code submissions and 83,955 trajectories, 

made by 263,569 students. All code submissions are stored as AST files, which can be downloaded 

from Hour of Code2. When preprocessing this dataset, we found 22,942 missing code submissions 
(19,257 invalid trajectories). Therefore, the valid number of code submission and trajectories are 

49,533 and 64,698, respectively. There are 187,616 students who completed task No.18 and also 

attempted task No.19, both of which have the same knowledge component. Due to the missing code, 

we focused only on 164,221 students with valid code submissions and trajectories. Among these 
students, 150,875 of them solved the next problem HOC19 task successfully with a success rate 

about 91.87%. The HOC19 task is a little more complicated maze problem that has the same 

knowledge components with HOC18. When students completed HOC18 the system would jump to 
HOC19 task automatically. Observing students' performance in HOC19 task can help us figure out 

whether students learned knowledge from HOC18 task, especially for the students failed in HOC18.  

 

5. Experiment results 
   

                                                
1https://studio.code.org/courses 
2https://code.org/research 
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In this section, we will compare the proposed KT method with the three most popular KT methods in 
the literature, i.e., BKT, AFM and DKT. The running environment is a MacBook laptop (OS 

10.12.3) with Intel Core i5 2.7GHz CPU and 8GB memory. We did all data prepossessing and 

cleaning in Python 2.7, and used the Python package zss 3  (that implements Zhang&Shasha 

algorithm) to compute TEDs. The Python version of AFM implemented by (MacLellan et al., 2015) 
and DKT by (Khajah et al., 2016) were used in our experiment. To make a fair comparison, all the 

four methods were run in a 10 fold cross-validation manner on the HOC18 dataset. Three widely 

used metrics, i.e., accuracy, AUC and F1, were used for performance evaluation.  

 

 
Figure 2: The HOC 18 programming task (left) and it’s best solution (right) 

 

 
Figure 3: Boxplot of the prediction performance of the four methods 

 
Figure 4: comparison between PKT and the best method among BKT, AFM and DKT on each indicator. 

 
 Figure 3 shows the box plot of the performance of the four models. First, we observe that our 

proposed PKT method achieves the highest mean value and the smallest deviation on all the three 

metrics. We also notice that AFM performs well on Accuracy and F1 index. Second, we see that the 

two logistic models (AFM and PKD) outperform the two sequence-based models (BKT and DKT) 
on Accuracy and F1 index. This result reveals potential limitation of the sequence-based approach: 

its predictive power can be extremely restricted when the lengths of input sequences are short. In 

fact, the presence of short sequences is common for many basic programming tasks that are designed 
to educate novices (e.g., kids) computational thinking skills. Third, the three simple models, BKT, 

AFM and PKT were found to have superior Accuracy and F1 score to DKT. This may be because 

DKT overfited our smaller amount data with its sheer number (about 16,400) of parameters. 

Moreover, the three simpler methods have just a few three parameters, saving significant amount of 
time in the model training. This finding also reminds us that if we do not have enough data, more 

sophisticated approach like DKT maybe not a good choice. Figure 4 compares PKT with the best 

method among the other three methods on each metrics. As depicted in the plot, PKT provides the 
higher average value and smaller deviation on all three performance measures. The ANOVA test 

                                                
3https://github.com/timtadh/zhang-shasha 
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results, in the lower right corner of each figure, also shows that PKT performs significantly better 
than the remaining methods on all three metrics. 

 

6. Conclusion 

   
In this paper, we proposed a new knowledge tracing method that makes use of the data hidden in the 

intermediate solutions given by students in solving a single programming problem to estimate their 
knowledge mastery states. Compared with existing knowledge tracing methods, deeper process data 

was used to construct a logistic model. We compared our PKT method with three popular methods, 

e.g., BKT, AFM and DKT, on a large-scale dataset collected in a classic block-based programming 
task. The experimental results not only demonstrated the advantage of PKT over other methods, but 

also confirmed that the approaching index as we proposed is an effective and significant feature, 

which is unfortunately undiscovered in prior work on knowledge tracing. 
 Extending this model encompasses several potential directions to pursue. A technical 

challenge we encountered in developing current approach is how to compute the tree edit distances 

on AST both efficiently and accurately. In the future, we could explore using more efficient tree edit 

distance algorithms to compute the approaching index. Another interesting direction relates to the 
quest of how to extend the proposed model to open-end programming tasks (there can be more than 

one best solution). Lastly, we may also explore the possibility to directly feed the AI sequences into 

a LSTM model to do knowledge tracing. 

 

Acknowledgements 

 
This work is partly supported by the National Natural Science Foundation of China under Grant No. 

61503340, Scientific Research Fund of Zhejiang University of Technology under No. Z20160133.  
 

References 

 
Cen, H., Koedinger, K. R., & Junker, B. (2007). Is Over Practice Necessary?-Improving Learning Efficiency 

with the Cognitive Tutor through Educational Data Mining. Frontiers in artificial intelligence and 

applications, 158, 511. 

Corbett, A. T.; Anderson, J. R. (1995). "Knowledge tracing: Modeling the acquisition of procedural 

knowledge". User Modeling and User-Adapted Interaction. 4 (4): 253–278. 

Grover, S., Basu, S., Bienkowski, M., Eagle, M., Diana, N., Stamper, J. (2017). A Framework for Using 

Hypothesis-Driven Approaches to Support Data-Driven Learning Analytics in Measuring 

Computational Thinking in Block-Based Programming Environments A Framework for Using 
Hypothesis-Driven Approaches to Support Data-Driven Learning Ana. ACM Transactions on 

Computing Education, 17(3), 1–25. 

Khajah, M., Lindsey, R. V., & Mozer, M. C. (2016). How deep is knowledge tracing? In Proceedings of the 

9th International Conference on Educational Data Mining. 

MacLellan, C. J., Liu, R., & Koedinger, K. R. (2015). Accounting for Slipping and Other False Negatives in 

Logistic Models of Student Learning. In Proceedings of the 8th International Conference on Educational 

Data Mining. 

Mitchel, R., John, M., Andres, M. H., & Natalie, R. (2009). Scratch: Programming for All. Communications of 

the ACM, 52(11).  

Piech, C., Bassen, J., Huang, J., Ganguli, S., Sahami, M., Guibas, L. J., & Sohl-Dickstein, J. (2015). Deep 

knowledge tracing. In Advances in Neural Information Processing Systems (pp. 505–513). 
Piech, C., Sahami, M., Koller, D., Cooper, S., & Blikstein, P. (2012). Modeling How Students Learn to 

Program. In Proceedings of the 43rd ACM technical symposium on Computer Science Education (pp. 

153–160).Wang, L., Sy, A., Liu, L., & Piech, C. (2017). Deep Knowledge Tracing On Programming 

Exercises. In Proceedings of the 4th ACM Conference on Learning@ Scale (pp. 201–204).  

Xiong, X., Zhao, S., Van Inwegen, E., & Beck, J. (2016). Going Deeper with Deep Knowledge Tracing. 

In Proceeding of 2016 International Conference on Educational Data Mining (pp. 545–550). 

Zhang, K., & Shasha, D. (1989). Simple Fast Algorithms for the Editing Distance between Trees and Related 

Problems. SIAM Journal on Computing, 18(6), 1245–1262.  

94



Generating Abstract and Real-World Coding 

Exercises with Adjustable Difficulty 

Thomas James TIAM-LEE & Kaoru SUMI 

Future University Hakodate, Japan 

g3117002@fun.ac.jp 

Abstract: We developed an approach for automatically generating abstract and real-world 

coding exercises with adjustable difficulty. Using our approach, we can produce exercises 

based on abstract computational operations for learning the syntax of a programming 

language, and exercises based on real-life contexts for learning abstraction and logic 

formulation. We present an initial evaluation of the exercises by students and teachers of 

programming. This work can pave the way for the development of intelligent programming 

tutors with adaptive and personalized feedback that can display content based on the state of 

the student. 

Keywords: Programming, education, content generation 

1. Introduction and Related Studies

Previous work on intelligent programming tutors display different types of adaptive feedback to 

students while learning programming. In Ask-Elle, hints are given as feedback based on the 

student’s code (Gerdes, Heeren & Jeuring, 2017). In Java Sensei, empathetic responses are given 

based on the student’s detected emotion (Cabada et al., 2015). In our previous work, we developed a 

system for programming practice that offers a guide and adjusts the difficulty of the problems based 

on the presence of confusion (Tiam-Lee & Sumi, 2018). 

In this paper, we discuss an approach for generating coding exercises as adaptive feedback 

for learning programming, which few studies have explored. Previous work on this domain have 

either focused on generating tracing and debugging exercises, such as that found in the work of 

Wakatani & Maeda (2016) or relied on parameterized questions, such as those found in the work of 

Prados et al. (2005) and Hsiao, Brusilovsky & Sosnovsky (2009). In this paper, we instead discuss 

an approach for generating coding exercises that have flexibility to produce exercises that vary in 

terms of solution structure and difficulty. 

2. Generation of Programming Exercises

We represent an exercise as a set of nodes arranged in a flowchart-like structure, which represents 

the sequence of operations in a solution for the exercises. We generate exercises based on abstract 

computations by procedurally combining nodes to form an exercise structure. First, the structure of 

the exercise is generated (Figure 1a). Then, an algorithm ensures that all operations are relevant to 

the output (Figure 1b). Finally, the remaining parameters are randomly assigned (Figure 1c). In this 

exercise, the difficulty can be adjusted by setting the number of nodes or operations to be performed 

in the exercise. The exercise text can be generated by mapping of each node configuration to text. 

We generate exercises based on real-world computations by mapping real-world 

computations such as getting the area of a square or converting meters to feet to a flowchart 

structure. Each computation also has a set of requirements that need to be fulfilled by a simple plot 

planning algorithm. For example, if the chosen action is computing the area of a square in feet, then 

the plot planning algorithm should produce a story in which the length of the side of a square object 

is given in feet, and there is some intention to compute the area of that object. In this type of exercise, 

difficulty can be adjusted based on the type of the computation chosen, and difficulty can be further 
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increased by performing regression on the chosen computation. For example, when regression is 

applied to the action to compute the area of a square in feet in the action to covert meters to feet, then 

the problem should now give the length of the side of the square object in meters. The solution 

would now be to convert the value to feet first, and then compute the area. Once the computations 

have been determined, we use a backward state-space search planner on a domain commonsense 

knowledge base to produce a simple narrative that serves as the context of the computation, like a 

Mathematics word problem. Table 1 shows examples of exercises generated by our approaches. 

 

 
Figure 1. Exercise generation process. In (a), the exercise structure is generated. In (b), all nodes are 

ensured to be relevant to the output. In (c), the remaining parameters are assigned. 

 

 

3. Initial Evaluation 
 

We perform an initial evaluation of the generated exercises by seeking feedback from students and 

teachers of programming. For the student evaluation, the participants are 13 students in a Japanese 

university. The students were asked to rate each exercise on two criteria on a 5-point Likert scale: (1) 

how easy it is to understand and (2) how engaging it is to answer. Table 2 shows the results. 

On average, the score for “how easy it is to understand” is 4.08 for the abstract level 

questions and 3.75 for the real-world level questions. A common feedback cited on real-world level 

questions is some student’s unfamiliarity with some concepts such as “body mass index” and “feet”. 

On average, the score for “how engaging it is” is 3.52 for the abstract level questions and 3.75 for the 

real-world level questions. Some students think that the exercises in the abstract level are repetitive. 

We also sought the qualitative feedback of 7 programming teachers handling university 

programming courses. Most of the teachers have stated that the exercises on the abstract level are 

usable for teaching programming (5), but are simple and straightforward (6) so it is appropriate for 

beginners (3). Some teachers stated that the exercises do not require students to analyze the problem 

on a higher level (2). Some teachers stated that they perceive the exercises on the real-world level to 

be of higher quality (3). Reasons cited are because they are relevant to real world concepts (3) and 

they are not straightforward and thus require the student to do a higher level of analysis (1). 

However, some teachers stated that the types of computations in the examples given to them are 

simple and limited for practical use (2). Almost all the teachers have stated that the exercises in the 

abstract level are easy to understand (6). One of the teachers is concerned that the lack of an 

intention in the context of a real world may cause the exercises to be difficult to understand (1). 

Some teachers have stated that the real-world context of the problems allow students to 

imagine and understand them better (3), but there are also concerns that the irrelevant story 

components that are not necessary for the problem could cause distractions in understanding (2). A 

common concern is that the grammar and wording of the sentences sound unnatural (3) and could 

affect understanding. For example, names are repeated instead of using pronouns. 

The teachers perceived the exercises in the abstract level as a way for teaching students the 

syntax of the programming languages such as remember the syntax of an if-else statement or 

remembering how to write arithmetic expressions (5), while the exercises generated in the 

real-world are more appropriate for logic formulation and/or mapping real-world relationships to 

programming statements (4), although the types of computations might need to be diversified for it 

to become very useful. The two different levels of abstraction can potentially be used to target 

different aspects of coding skill. 
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Table 1 

Examples of Exercise Generated with Abstract and Real-World Computational Operations 

Complete the 

function. If -4 is 

not equal to I1, 

return 4. 

Otherwise return 

7. 
int func(int 

I1) { 

} 

 

Complete the function. 

If I1 and -3 have 

different values, return 

6. Otherwise do the 

instructions in A. 

A: If 2 is less than or 

equal to I2, return 7. 

Otherwise return 7. 
int func(int I1, 

int I2){ 

} 
 

 
Cloud is a doctor. 

Cloud wants to buy a 

new stethoscope for 

work. A stethoscope 

costs A yen. Cloud has 

a total of B yen. 

Complete the function 

which should return 

yes if Cloud has 

enough money to buy 

the stethoscope, or no 

otherwise. 
String 

func(double A, 

double B) { 

} 

 

Thomas is overweight. Thomas 

wants to get more fit. Thomas 

weighs A pounds. The height of 

Thomas is B feet. Complete the 

function that computes the body 

mass index (BMI) of Thomas. 

To compute the BMI, divide the 

weight in kilograms by the 

height in meters squared. 1 meter 

is 3.28084 feet. 1 kilogram is 

2.20462 pounds. 
double func(double A, 

double B) { 

} 

 

 

 

Table 2 

Results of Student Evaluation 

  Abstract Real-World 

How easy to understand is it? Avg. (Std. Dev.) 4.08 (1.57) 3.67 (1.42) 

How engaging is it? Avg. (Std. Dev.) 3.52 (1.44) 3.75 (1.37) 
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Abstract: We explore a student carefulness model using cluster-based outlier analysis. In a 

related work by the authors, a predictive model of student carefulness was created, built and 

empirically validated using Philippine samples. Carefulness was found to exist in the dataset 

and could be robustly predicted using features derived from Physics Playground’s 

interaction logs. In this work, we found that clusters of outliers existed in the dataset and 

studied how these affect the model.  In our prior work we found that carefulness did not have 

any linear relationship with post-test learning gains. Investigating the outliers, in this study, 

resulted to findings that post-test learning gains of the outlying (least careful) and 

non-outlying (more careful) groups are significantly different. Further, we also found that 

the degrees of carefulness between the clusters within the non-outlying groups were also 

significantly different. With this finding, educational pedagogies and interventions can be 

more effective when we consider that carefulness among students are varied and can be 

addressed distinctly and not in general to be able to achieve the desired learning gains.     

Keywords: Carefulness, cluster-based outlier analysis, Physics Playground 

1. Introduction

We study carefulness in the context of Physics Playground (PP), an educational game that supports 

learning Newtonian Physics.  Carefulness has been modeled by PP developers as a facet of 

conscientiousness (Shute, et.al., 2013) and have identified in-game predictors. In our prior work, we 

have empirically validated these predictors using sample datasets from at least three different 

locations in the Philippines. Carefulness is a characteristic of a student’s actions that can be 

described as mindfulness, alertness, attentiveness or being thorough (Banawan, Rodrigo, Andres, 

2017). In this study, we investigated the phenomenon of outliers and discover its effect on the 

student carefulness model for Physics playground within Philippine sample sets.  This study would 

like to answer the research questions: With outlier analysis, which factors differentiate the students 

in terms of carefulness predictors?  

2. Methods

2.1 Student Carefulness in Physics Playground 

Physics Playground (PP) is a two-dimensional educational game designed for learning qualitative 

Physics. The player is expected to apply Newton’s three laws of motion by drawing objects and any 

of the different agents like ramp, pendulum, lever or springboard in the game’s levels/problems. A 

non-verbal understanding of the physical world and how it operates is exhibited by the player as 

he/she comes up with solutions to the different game levels. PP has been the test bed of prior work in 

investigating student behavior, affect or learning in general (Moore & Shute, 2017), (Ventura, Shute 

& Small, 2014). PP developers modeled carefulness and identified candidate in-game indicators. 

Carefulness means giving close and cautious attention to the task at hand and being 

thorough/painstaking in its execution (Morris, 1969). When a student is careful, he/she is most likely 

to avoid trivial and/or careless errors and is less likely to commit mistakes improving overall student 
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performance (Gong, Rai, Beck, & Heffernan, 2009).  In the authors’ previous work, a student 

carefulness model for PP has been empirically validated using the candidate predictors of the game 

developers and expanded these predictors to include in-game indicators of social science constructs 

that have been researched to be related to carefulness, i.e. reflectivity, mastery and novelty 

(Banawan, Rodrigo, & Andres, 2017).   

 

2.2 Cluster-based Outlier Detection 
 

Outliers are usually removed as they distort the resulting model. Not handling outliers skews the 

model such that the mean and covariance estimates of the observations do not reflect actual behavior 

of the data. There is, however, merit in outlier detection and analysis. Outlier detection has been 

used to find anomalies in datasets to better understand the deviation of observation points to the 

central tendencies or behavior exhibited by the entire sample. It involves finding patterns 

(anomalies, discordant observations, faults, defects, peculiarities, etc.) in data that do not conform to 

expected behavior (Chandola, et.al. 2009). A number of outlier detection work used clustering to 

detect outliers (Elahi, et.al., 2008) (Pamula, Deka, & Nandi, 2011) and resulted to an understanding 

of students’ behavior and detect students with learning problems (Romero, & Ventura, 2007). For 

this paper, the dataset was normalized to rescale the attribute values using the statistical 

normalization, z-transformation or z score. Then, we used X-means clustering (Pelleg & Moore, 

2000) to discover the optimal number of clusters (Jain, 2010). Further, we used the local outlier 

factors (LOF) in outlier detection (Breunig, Kriegel & Sander, 2000). We also computed the 

post-test learning gains from the test results of the students prior to and after their PP usage and 

performed independent t-tests to verify if there is a significant difference between the carefulness 

and post-test learning gains means between the clusters.  

 

 

3. Results and Discussion 
 

3.1 Outliers and Non-outliers  
 

Three well-separated clusters (clusters 0, 1 & 2) were formed after the X-means clustering algorithm 

was used. LOF was used in the computation of outlier scores of each student, which resulted to 

outliers found in the three clusters. Cluster 1 had all points computed as outliers, making cluster 1 an 

outlying cluster. The non-outliers were found only from the two clusters, i.e. Cluster 0 & 2. The 

mean carefulness of the outlying (2.24) and non-outlying (2.46) groups show that the outliers tend to 

be less careful than the non-outliers. The non-outliers, clusters 0 & 2, can be described as those who 

have more mastery as evidenced by the resulting cluster centroids for the features: badges earned, 

time spent on the problems and the re-attempts and those who, while also careful, did not exhibit the 

same level of mastery respectively. For the outlier group (least or not careful students), we found 

three sub-groups: (1) those who spent the longest time solving problems yet solved the least number 

of problems; (2) those who were able to solve the problems but solved them too fast; and (3) those 

who solved the problems in a non-optimal way by drawing the most number of objects;  

  

3.2 Comparison of Means of Carefulness and Post-test Learning Gain 
 

The results of the one-tailed distribution t-test of the 2 clusters in the non-outliers reveal that there is 

a significant difference between their mean values (p = 0.00016). Hence, within the non-outliers, 

there are 2 significantly different clusters, i.e. one cluster being the more careful cluster than the 

other. The result of the t-test on the post-test learning gain showed that there is a significant 

difference between the learning gains of the non-outliers from those of the outliers (p=0.02648). The 

two clusters of non-outliers are not significantly differentiated in terms of post learning gains but the 

outliers and non-outliers has been found to be significantly differentiated, with the non-outliers 

having higher post-learning gains than the outliers. 
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4. Conclusion and Findings 
 

We found that carefulness exists in both the outliers and the non-outliers and a statistically 

significant difference has been found between the means of the carefulness of the two clusters of 

students in the non-outlying (more careful) group, i.e. one cluster is more careful than the other. 

Interestingly, post-learning gains did present to be statistically differentiated between the outliers 

and non-outliers when in the authors’ previous work post-test learning gains did not have any 

relationship to the predictors of carefulness. As a contribution to this field of study, carefulness can 

exist in varying levels or degrees among students regardless of their level of mastery and creativity. 

With the outliers identified in this study, a clearer model of student carefulness has resulted: (1) that 

non-outliers (those who can be considered as careful students) can have significantly varying 

degrees of carefulness; (2) that post-test learning gains are more significantly pronounced with 

non-outliers than the outliers; and (3) that carefulness can even exist within the outliers, which 

explains why the previous work of the authors was able to build the predictive model given the entire 

dataset even without any anomaly or outlier detection.  
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Abstract: The goal of this paper was to investigate the generalizability of affect detectors 

created from facial expressions. Videos of students were captured while they were playing 

an educational game in a natural computer laboratory setup.  Trained observers annotated 

the learning-centered affective states which served as affect labels for training detectors. 

Detectors were trained using data from students in the northern part of the Philippines and 

were tested from data of students from the southern part of the Philippines.  We discuss the 

results, challenges and future work of face-based affect detectors from facial expressions 

taken in the wild. 

Keywords: Affect detection, facial expressions, Physics Playground 

Affect detection refers to the automatic recognition of emotions or affective states of a person while 

interacting with a computer.  It is a challenging problem because emotions are constructs that are not 

directly quantifiable. Despite the many advances in vision computing, automatic facial expression 

recognition systems still have many challenges in the natural environment. Human observers can 

easily accommodate for changes in pose, scale, illumination, occlusion, and individual differences, 

and other sources of variation. But in computer vision, these factors pose many challenges (Cohn, 

2011). Though affect is well studied, many of the studies in the literature on emotions in facial 

expressions are focused on recognizing a limited set of basic emotions as defined by Ekman (happy, 

sad, anger, disgust, fear, surprise). However, a meta-analysis conducted by (S. K. D’Mello, 2013) 

found that these may not be the emotions that normally occur in a learning environment context. 

In this paper we focus on face-based affect detection. Our training data is taken from a group 

of students studying in the Northern part of the Philippines and testing data is taken from a group of 

students in the Southern part of the Philippines. Data were gathered two weeks apart. In this study 

we tried to address the temporal and demographic generalizability of face-based affect detectors by 

using data gathered in different days and at different locations. 

To assess whether face-based affect detectors generalize over time and demographics, the 

current paper attempts to answer the question: how well can a face-based affect detector perform 

when applied to data gathered on another week (temporal generalizability) and in a different location 

(demographic generalizability)? 

This paper uses part of a dataset that was used previously on face-based affect detection. 

However, in this study we expanded it to include data gathered from another location. 

We collected data while students were playing Physics Playground (PP) in the computer 

laboratory. Physics Playground is a two-dimensional computer game that is designed for high school 

students better understand physics concepts related to Newton’s three laws of motion: balance, mass, 

conservation and transfer of momentum, gravity, and potential and kinetic energy (Shute et al., 

2013). 

Data were collected from three different schools in the Philippines. In the southern part 

(Davao City), we have 60 grade 7 students (20 male, 40 female) between ages 12 to 14. In the 

northern part of the country (Baguio City), we have 62 grade 10 students (32 male, 30 female) 

between ages 13 to 18 participated in the study.  Inexpensive webcams were mounted at the top of 

each computer monitor. All instructions were given by the experimenters who also served as field 

observation coders. 
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Student affect and behavior was collected using the Baker-Rodrigo-Ocumpaugh Monitoring 

Protocol (BROMP), a method for recording quantitative field observations (Ocumpaugh, Baker, & 

Rodrigo, 2015). The affective states observed in this study were engaged concentration, confusion, 

frustration, boredom, happiness, delight, curious, excited, hope and anxious.  

For the video data, we used Emotient FACET to extract five categories of information from 

raw video data input (https://imotions.com/emotient/).  

For feature engineering, we synchronized the FACET and affect logs using the timestamps 

for alignment. Similar to the studies of (Bosch et al., 2015), we created datasets for five different 

window sizes (3, 6, 9, 12, and 20 seconds).  The window ends at the time the affect log was observed. 

For each window size, we obtained the maximum, median, mean and standard deviation for each of 

the action units. However, when the FACET log does not register a face for at least one second in the 

window size, that particular BROMP data will be dropped.  
 Attributes that exhibited high multicollinearity were eliminated (variance inflation of factor 

> 5) from both the training and testing datasets. We also applied Relief-F feature selection and 

created models on different weights (0.3, 0.5 and 0.7) on the different time windows (Kononenko, 

1994). We used the open source R statistical software in our analysis (https://www.r-project.org/). 

 To do supervised learning, we created two classes for each affective state. An affective state 

was discriminated from all other states. Imbalance in the distribution of the dataset was  addressed 

by applying SMOTE on the training datasets only (Chawla, Bowyer, Hall, & Kegelmeyer, 2002). 

 A total of 10,679 affect observations were collected from both locations. Shown in Table 1 

is the distribution of the different affective states. Clearly, we have a case of imbalanced datasets in 

the two-class modeling. 

 

   Table 1 

   Affect Observations in the two locations 

Affect 

Training Dataset 

(Baguio City) 

Testing Dataset 

(Davao City) 

Total 

Boredom            219                96          315  

Engagement         4,449          3,718       8,167  

Confusion            413             288          701  

Delight               69               96          165  

Frustrated            521             323          844  

Happy            186             301          487  

Total         5,857                4,822   10,679  

 

We have created four different sets of data for modeling, one is the result of removing the 

features with high multicollinearity and the three other sets were the result of applying the 

RELIEF-F algorithm with varying weights (weights greater than 0.3, 0.5 and 0.7). As we selected 

features of higher weights, we noticed a decrease in the number of remaining predictor attributes. 

However, when we compared the performance of these models in the test dataset, it was observed 

that the models from the dataset without the RELIEF-F applied to it performed better. Shown in 

Table 2 are the best performing models when validated using the testing datasets in this experiment. 

We note several differences in our results to that of Bosch et.al. First, our detector 

performances are marginally lower compared to their models. Second, we also see differences in 

terms of the number of features and window sizes at which the detector performed best. However, 

we notice that Naïve Bayes tend to deliver better performance in the testing datasets even if its 

performance in the training datasets are way lower compared to the other classifiers. 

In conclusion, we have attempted to address the generalization of face-based affect 

detectors across time and demographics. The marginally low detector performance confirms the 

challenging task of building reliable detectors from data from the wild that performs well across time 

and demographics. 
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Table 2 

Details and result of classification 

Affect AUC Classifier No. of Features Window Size (sec) 

Boredom 0.569 Naïve Bayes 42 9 

Engagement 0.563 Naïve Bayes 38 6 

Confusion 0.539 Naïve Bayes 52 20 

Delight 0.599 Naïve Bayes 52 20 

Frustrated 0.549 Random Forest 46 12 

Happy 0.657 Random Forest 42 9 
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Abstract: This paper describes a computer-supported posing exercise of numerical expressions 

that can be solved by using efficient calculation methods. This exercise is designed to promote 

students in an elementary school to change their procedural interpretation to relational 

interpretation of numerical expressions because the efficient calculation methods request 

learners to interpret the numerical expressions relationally.  

Keywords: Procedural Interpretation, Relational Interpretation, Numerical Expression, 

Efficient Calculation Methods, Efficient Calculation Problem, Problem-Posing 

1. Introduction

This paper describes a computer-supported posing exercise of numerical expressions that can be solved 

by using efficient calculation methods. Efficient calculation methods that make calculation easier by 

transferring a numerical expression, for example, changing calculation order (Cooper et al., 1996, 

Heirdsfield, 2004) are one of learning targets in an elementary school. Since it is an exercise that a 

learner has to pay attention to the relations in a numerical expression, it is expected to be effective for 

relaxing the difficulty in introduction phase of mathematics in a junior high school which reported in 

several researches (Booth, 1998). Several investigations suggest that posing a problem is a promising 

exercise to promote learners to think about the relations included in the problem (Silver, 1994, English, 

1988). Moreover, in problem-posing, immediate feedback for the posed problems is effective to 

promote the learning (Nakano et al., 1999, Hirashima et al., 2007, Kojima et al., 2013). Based on these 

considerations, we have designed and developed a computer-supported posing exercise environment of 

efficient calculation problems. The environment has ability to automatically diagnose posed numerical 

expressions and generate feedback for based on the diagnosis results. So, in the exercise, a learner is 

able to receive immediate feedback for his/her posed problems. 

2. Procedural Interpretation and Relational Interpretation of Numerical Expression

Because of the major change of the interpretation of the expressions at the introductory phase of 

mathematics in a junior high school, many students feel difficult to learn it (Booth, 1998). In order to 

relax this gap and smoothly connect to mathematics learning, it is promising to let students experience 

relational interpretation of numerical expression in arithmetic learning. Efficient calculation methods 

that are one of teaching targets in an elementary school request a learner to interpret a numerical 

expression as relations. Problem-posing of efficient calculation problems is a learning method which 

cannot be solved by executing procedural operation, and it is a relational operation of the numerical 

expressions at the same time. In order to effectively conduct the problem-posing, diagnosis of correct 

answers and appropriate feedback based on diagnosis are important. Unlike solving problems, multiple 

correct answers can be considered in problem-posing learning. In order to deal with the multiple correct 

answers, an interactive learning system with diagnosis function of posed problems is indispensable. 

104

Yang, J. C. et al. (Eds.) (2018). Proceedings of the 26th International Conference on Computers
in Education. Philippines: Asia-Pacific Society for Computers in Education 



3. Problem-Posing Exercise System 

 

3.1 System Interface 

 
The interface of the system developed in this research is shown in Fig. 1. The system consists of four 

exercises, (Exercise 1) problem solving exercise that only requests an answer of calculation, (Exercise 

2) problem solving exercise that requests to write efficient calculation process, (Exercise 3) 

problem-posing exercise that requests to pose a problem that can be calculated with the same efficient 

calculation method used in exercise 2, and (Exercise 4) problem-posing exercise that requests to pose a 

problem that cannot be applied the efficient calculation method used in the previous exercises. In this 

exercise system, for one numerical expression, the four exercises are assigned. In Figure 2, the four 

exercises deal with “27 + 9” as the numeric expression, and targeting efficient calculation methods can 

be shown as “(27 + 3) + (9 - 3). 

 
Figure 1. Interfaces of Exercises. 

 

3.2 Details of Exercises 

 
Fig. 2 shows examples of the four exercises constituting the problem-posing learning of efficient 

calculation methods. Exercise 1 is a calculation exercise that requests a learner only a correct answer 

and does not matter how the answer was derived. Exercise 2 is an efficient calculation exercise requests 

a learner to calculate following an example. Exercise 3 is a solution-based problem-posing exercise. 

The efficient calculation method of the learning target is presented as an example, and students pose a 

problem that can be solved by exemplified efficient calculation method. If the problem itself, the 

calculation process, and the final answer are all correct, the posed problem is regarded as a correct 

answer. Exercise 4 is an efficient calculation problem-posing (negative example). Unlike the efficient 

calculation problem-posing exercise, let the learner pose a problem that the efficient calculation method 

is not applicable, students only pose a problem and do not make the calculation process and final 

answer. 
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Figure 2. Details of Exercises. 

3.3 Diagnosis and Feedback 
 

In each exercise, the system automatically determines whether the answer inputted by the learner is true 

or false. In addition, the system interactively returns feedback to the learner. If it is wrong, feedback 

according to the contents of the error. 

 

 

4. Conclusions 

 
In this research, we designed and developed a problem-posing system for Efficient calculation 

problems. This system was experimentally used in an elementary school 6th graders and the results 

suggest that the exercise promoted the students to interpret the numerical expressions relationally. The 

results of the experimental use will be reported by another paper (Enomoto et al.,2018). 
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Abstract: It is important to know the mental states of learners during the learning process to 

improve the effectiveness of teaching and learning. In this study, we first extracted the 

relationships between learners’ mental states and teachers’ speech acts, as well as learners’ 

physiological information, by constructing a deep learning system. The physiological 

indexes were near infrared spectroscopy (NIRS), electroencephalography (EEG), 

respiration intensity, skin conductance, and pulse volume. Learners’ mental states were 

divided into nine categories in accordance with the Achievement Emotions Questionnaire. 

In our experiment, the system achieved a high accuracy in predicting the learner’s mental 

states from the teacher’s speech acts and the learner’s physiological information. A mock-up 

experiment was then conducted, which revealed that the system’s interface was able to 

support teaching and learning in real time. 

Keywords: physiological information, deep learning, emotion estimation, Achievement 

Emotions Questionnaire, learning support 

1. Research Background and Objective

To improve the effectiveness of teaching and learning, it is substantially important to know the 

mental states of learners during the learning process. Fundamental studies in educational technology 

have revealed a lot about the relationships between learners’ physiological information and acts and 

their mental states. Thus, in this study, we developed a deep learning system that could estimate the 

mental states of learners from multifaceted information of their learning. The possibility of 

providing real-time support to learners using the system’s interface was also tested and discussed. 

2. Literature Review

Matsui & Takehana (2015) investigated the relationships between learners’ physiological 

information and acts and their mental states. They formalized how the teacher’s speech acts, 

learners’ physiological information, and learners’ mental states interacted. On the other hand, 

Horiguchi, Kojima, & Matsui (2010) developed a model and fundamental technique that estimated 

learners’ comprehension and psychological states using machine learning, which could promote the 

realization of automatic mentoring. They put forward a difficulty evaluation system based on the 

low-level interaction resource proposed by Ryu & Monk (2004), which consisted of finely sampled 

action attributes. However, problems such as optimization of neural network training and methods 

of obtaining learners’ psychological states still remained. 
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3. Experiment for Obtaining Multifaceted Information of Learning 
 

One teacher and one student from a private tutoring school participated in the experiment. We 

measured the physiological information—the pulse volume, respiration intensity, skin conductance, 

brain blood flow (using near infrared spectroscopy [NIRS]), and electroencephalography 

(EEG)—of the learner during a class, which was conducted in the usual manner. While watching the 

video recording of the class, we used an application that we developed to divide the teacher’ speech 

acts into nine categories—Explaining, Questioning, Comprehension Checking, Repeating, Praising, 

Alerting, Task Fulfillment Checking, Chatting, and Others—following the same procedure as 

Matsui and Takehana (2015). We also divided the student’s mental states into nine 

categories—Enjoy, Hope, Pride, Anger, Anxiety, Shame, Hopelessness, Boredom, and Relief—in 

accordance with the Achievement Emotions Questionnaire (Pekrun, Goetz, Frenzel, Barchfeld, & 

Perry, 2011). 

On a later day, the student was asked to watch the video recording and, using the 

aforementioned application, report how her mental states changed during the class. On the other 

hand, the teacher was also asked to watch the video recording but predict the change in the student’s 

mental state. Across the nine mental state categories, the consistency between the student’s 

introspective report and the teacher’s prediction was 24.11%. 

 

 

4. Analysis by Deep Learning 
 

Here, we introduce the deep learning system that we constructed to extract the mappings between 

the student’s physiological information and mental states in the experiment (mentioned in Section 

3). This system had five inputs—the teacher’s speech acts and the student’s skin conductance, pulse 

volume, respiration intensity, and NIRS—while the outputs were the degrees of the nine mental state 

categories. For ease in practice, we did not perform preprocessing, such as bandwidth averaging of 

NIRS data and data standardization, except for equalizing the granularity of the inputs through 

interpolation because of their different sampling rate. 

The system comprised a six-layer perceptron: an input layer, four hidden layers, and an 

output layer. The first hidden layer was adjusted to include 69 nodes, the second 89 nodes, the third 

80 nodes, and the fourth 69 nodes. 

TensorFlow (version 0.12.1) for Python 3.5 was used to implement the system. The training 

data for each inter-layer mapping was used for 70,000 iterations. The activation functions were the 

tanh for the hidden layers and the softmax for the output layer. Cross-entropy error was the cost 

function, while the optimization method was the gradient descent. The learning rate was set to at 

0.08. A cross-validation was run 10 times, with 60 percent of the data used as training data and the 

remaining 40 percent as validation data. 

As a result, the system estimated the student’s mental state from the physiological 

information to accuracy of 76.17%, which was far higher than the 24.11% of the human teacher’s 

prediction. This suggests that the system can provide support to teaching and learning. 
 

 

5. Mock-Up Experiment on Real-time Assistance in Teaching and Learning 
 

A mock-up experiment was conducted to evaluate the ability of the deep learning system in 

providing real-time support for teaching and learning. This experiment aimed to verify whether the 

teacher changed her acts according to the information obtained through the system’s interface. 

One teacher and one student participated in the experiment, which consisted of four 

10-minute classes. After each class, an interview was conducted to test the effectiveness of the 

system’s interface. For ease of reading, we designed the interface to display a “positivity score” and 

a “negativity score.” The former totaled the degrees of the mental state categories Enjoy, Hope, 

Pride, and Relief, and the latter those of Anger, Anxiety, Shame, Hopelessness, and Boredom. These 

degrees were determined and input into the interface manually, rather than computed by the system 

from real-time measured physiological information. The displayed positivity and negativity scores 

were updated every 2.5 seconds. 
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From the interview results, we discovered that the teacher was unable to see the system’s 

interface when providing explanations. Therefore, it is necessary to use vibrations that would alert 

the teacher to changes in the positivity and negativity scores. From interviews to the teacher, the 

results did reveal that the teacher adjusted her teaching strategies according to the displayed scores 

in an attempt to improve the student’s comprehension. This implies that the system was effective in 

assisting teaching and learning in real time. 
 

 
 

Figure 1. The setting for the mock-up experiment and the configuration of the deep learning 

system’s interface 
 

 

6. Summary and Implications for Future Work 
 

First, we conducted an experiment to obtain multifaceted information of learning using 

physiological information measuring instruments. The data was preprocessed and analyzed by 

constructing a deep learning system, which was able to estimate the student’s mental state to an 

accuracy of 76.17%. Then, we conducted a mock-up experiment, the results of which suggested that 

the system’s interface was effective in supporting teaching and learning in real time. 

However, there still remain problems in optimization of the multilayer perceptron training 

and with the user experience. The results of the mock-up experiment revealed that the physiological 

information measuring equipment needs to be simplified, and that the location and display of the 

system’s interface should be more convenient for the teacher (e.g., vibrations could be used to notify 

the teacher of any change in the displayed positivity and negativity scores). 
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Abstract: In this study, we aim to develop a novel learning support system that imparts a 

positive learning attitude to learners by having them perform historical interpretation 

activities in an exploratory way using historical cartoons as learning materials that are 

provided to illustrate historical events. In this paper, we propose a historical interpretation 

activity support system based on cartoon semantics whereby learners can perform 

self-exploratory learning in a step-by-step manner according to the historical interpretation 

process model as well as they are provided with support to encourage their historical 

interpretation activity according to their interests and learning situations. 

Keywords: Historical cartoon semantics, historical interpretation, question generation 

ontology 

1. Introduction

It is important for learners to perform interpretation activities from their own original viewpoints. 

This not only deepens their knowledge, but also helps to cultivating their logical thinking skills by 

viewing topics from different angles. In particular, it is recognized that historical consideration 

skills are important for studying history (Levstik, 1996). Historical consideration is a 

knowledge-building activity whereby learners develop their own historical interpretations of 

historical events by thoroughly investigating their surrounding circumstances. Studying such an 

interpretation requires a learning attitude whereby learners have access to an extensive range of 

knowledge about historical facts and causal relations. However, ordinary learners find it hard to 

identify historical viewpoints that can be used to interpret a historical event, and often fall back on 

rote memorization of historical facts (Spoehr & Spoehr, 1994). 

In this paper, we focus on ‘historical cartoons’ as learning materials to prompt 

self-directed exploratory learning in order to gain a deep understanding of historical events. 

Historical cartoons include strong messages conveyed by the cartoonist, who conveys information 

about the state and behavior of characters in a historical event by imagining what they might be 

thinking. Our aim is to build a learning environment that uses semantically enhanced historical 

cartoons to cultivate learning attitudes whereby learners try to understand the background of 

historical events more deeply and are prompted to develop their own original historical 

interpretations. 

2. Historical Interpretation Activity Support System

2.1 Learning support system for historical interpretation 

We have developed a learning support system for historical interpretation activities. Figure 1 

shows the interface of our system. The system is designed so that learners can perform historical 

interpretation activities and then build their own original historical interpretations according to the 

Kuroda’s historical interpretation process model ((i) Read overall components and their relations, 

(ii) Analyze facts, and (iii) Build own interpretation) that historians use when reading historical

artworks (Kuroda, 1986). The system interface comprises following four areas:
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(A) Cartoon viewing area: This area shows a historical cartoon as learning resource and concept 

map. The learners examine each object depicted in the cartoon and takes notes on their states and 

behaviors. 

When it is detected that the learner’s gaze is fixated on a particular object in the cartoon 

(the characters and their states and behaviors), the system shows a pop-up window that prompts 

the learner to think more deeply about the object. Then, the representation object is magnified 

when the learner gazes at it in more details. The object is also located and visualized in a concept 

map.  

(B) Object consideration area: This area is provided for learners to consider each object and the 

stakeholder it represents (e.g. a nation or organization). The learner associates stakeholders with 

each object by choosing from a list defined by us (authors of the learning materials). 

The system judges if the results are adequate, and offers suggestions to reconsider based 

on the historical cartoon semantics of the learning materials specified by us. 

(C) Historical background and thought consideration area: This area is provided for the 

learners to consider the historical background and the respective stakeholders’ thoughts by 

observing their states or behaviors. It consists of two panels in which they can deepen their 

thinking about the historical background and thoughts of the stakeholders they wish to consider.  

The system includes historical cartoon semantics (section 2.2) that convey historical 

background and thoughts (Fig. 2(II)) and historical viewpoints (Fig. 2(III)). Based on the 

semantics and question generation framework, this area displays questions that encourage the 

learner to consider historical backgrounds and thoughts according to the learner’s request, e.g., 

Let’s consider from an international status viewpoint why the Japanese man is depicted with a 

topknot hairstyle? 

(D) Historical interpretation area: This is where the learners build their original historical 

interpretations and historical movements by considering the historical background and thoughts 

gathered in area (C). Learners indicate their historical thoughts, then either choose a pre-prepared 

historical viewpoint or create their own interpretation of the historical background. Their historical 

viewpoint appears based on the specifications in the historical cartoon semantics (Fig. 2(III)). They 

build their original historical interpretation in Fig. 1(D-I) by deepening their historical thought 

based on the set of historical viewpoints. 

When requested, the system asks questions to prompt learners to undertake further 

historical interpretation with the same mechanism of area (C) (e.g., Let’s consider why Japan 

wanted to annex the Korean Peninsula by force based on the viewpoint of Japan’s domestic 

economics). When the learner clicks the arrow button, the statement described moves on to area 

(D-2), where the learner can deepen his/her historical contemplation by thinking about its 

significance/impact on subsequent eras. 

 

2.2 Historical Cartoon Semantics and Adaptive Support 

 
It is important that the content of historical cartoons is represented in a way that can be understood 

by machine understandable way in order to implement adaptive support mechanisms that can grasp 

the content of a learning context. In our research, we propose the three-layered historical semantics 

model shown in Fig. 2, which corresponds to the historical interpretation process model (Kuroda, 

1986) as the basis of our historical cartoon learning support system. This model comprises 

(A) Cartoon viewing 
area

(B) Object 

considerati

on area 

(C) Historical background 
and thought consideration 

area

(D) Historical interpretation 
area

(D-1) (D-2) 

 
Figure 1. System Interface 
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presentation, historical structure and historical viewpoint layers, and can give adaptive support to 

learners by capturing their historical interpretation model. 

In this research, the system (1) focuses on interactions through gaze recognition and 

semantically enhanced representation objects to capture their interests and (2) gives adaptive 

questions based on the historical cartoon semantics based question generation mechanism 

according to their learning processes. Regarding (1), by specifying gaze-aware representation 

object at the presentation layer, the system can capture part of a learner’s interests from his/her eye 

movements on the cartoon, allowing the system to interact with the learner based on the semantics 

attached to the target representation object. Regarding (2), by specifying computational semantics 

according to the historical cartoon semantics model, the system can generate semantics-based 

questions by using the ontology based question generation framework developed in our previous 

work (Jouault et al, 2016). More concretely, the system can provide support for historical 

interpretation activities by giving ‘evaluative-type questions’ that prompt their inference activities. 

On the other hand, one of the things most learners find it hard to understand is the 

intentions of their instructor when giving evaluative-type questions. To overcome this problem, the 

system provides evaluative questions with ‘historical viewpoints’ to be considered, e.g., Consider 

why Japan intended to occupy Qing dynasty as part of its national strategy, based on the historical 

semantics specified at the historical structure and historical viewpoint layers. 

These questions are generated based on the historical cartoon semantics (knowledge base) 

and evaluative-type question template specified in the question generation ontology. By 

developing the question generation framework, the system can dynamically generate questions that 

encourage interpretation activities for various historical cartoons by adding or modifying historical 

cartoons semantics without having to specify different questions for each individual historical 

cartoon. 

 

 

3. Conclusion 
 

In this research, we developed a system that supports historical interpretation activities whereby 

learners can perform self-exploratory learning in a step-by-step manner based on historical cartoon 

semantics. Future work is needed to evaluate the proposed system to validate the effectiveness of 

learners’ historical interpretation activities. 
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Abstract: In this paper, we characterize the gaze collaboration patterns of successful and 

unsuccessful programming pairs as they traced and debugged fragments of code. A dual eye 

tracking experiment was performed on pairs of novice programmers and their fixation 

sequences were analyzed using Cross-Recurrence Quantification Analysis (CRQA), which 

is an analysis on cross-recurrence plots (CRP).  Other eye tracking metrics were also used. 

Findings revealed that successful and unsuccessful pairs can be characterized distinctively 

based on their CRQA results, CRPs, and other eye tracking metrics. Successful pairs have 

more incidences of low CRQA reflected on their CRPs as single and isolated points, 

presence of more white bands and empty regions, and few rectangular segments known as 

laminar or “trapped” states. On the other hand, the unsuccessful pairs have more 

occurrences of high CRQA manifested on their CRPs as heavily clustered points and 

visually recurring patterns because of their more pronounced similar scan and fixation 

cluster patterns compared to successful pairs. Other eye tracking metrics also provided 

differentiation between the successful and unsuccessful pairs. These preliminary findings 

provide the groundwork to objectively quantify and characterize collaboration among 

programming pairs and can also be used in similar studies to strengthen pair programming.  

Keywords: Collaboration, pair programming, eye tracking, cross-recurrence plots 

1. Introduction

In recent years, dual eye tracking has been used to study joint attention in pair programming 

(Pietinen et al., 2008; Jermann, Nüssli & Dillenbourg, 2011; Olsen et al., 2015). Two eye trackers 

can be utilized to study the gaze of two individuals working together to solve a problem (Pietinen et 

al., 2008). We begin this paper with the definitions of its three foundational concepts: the use of eye 

tracking to quantify collaboration, the concept of joint attention and its effect on collaboration, and 

pair programming. 

Eye tracking is a technique whereby an individual’s eye movements are measured so that 

the researcher knows where a person is looking at any given time, and how their eyes are moving 

from one location to another (Poole and Ball, 2006). Eye tracking methodologies have been applied 

to collaborative tasks either as a tool to understand interpersonal communication or describe how 

collaboration unfolds based on gaze patterns. For example, studies have investigated how quickly a 

test participant fixates on a target after it is mentioned by the partner (Richardson & Dale, 2005). 

These and similar measures indicate how well the listener understood what the partner said. 

In collaborative learning situations, an indicator of productive collaboration is joint 

attention, i.e., “attending to something together with someone and being aware that both are 

attending” (Schilbach, 2015). Joint attention occurs when participants synchronize their gazes. Prior 

research has associated that the more joint visual attention partners share, the more productive 

collaboration often is (Jermann, Nüssli & Dillenbourg, 2011; Schneider & Pea; 2013). 

Finally, pair programming is a form of collaborative learning where two programmers 

execute programming activities together. It may be co-located, where programmers share a single 

screen or may occur remotely or in a spatially distributed mode in which programmers look at the 

same code but on different screens (Baheti, 2002). It is a popular collaboration paradigm used in 

teaching introductory programming courses, with research showing benefits to students’ learning 
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and attitudes towards programming, better quality of code, greater student confidence, increased 

likelihood of success in programming courses, faster completion of tasks, and attainment of goals 

that would seem difficult or impossible on an individual basis (Hannay, Arisholm, & Sjøberg, 2009; 

Olsen et al., 2015). 

Eye tracking studies that used joint attention to assess collaboration in pair programming 

often employ the use of gaze coupling (Richardson & Dale, 2005), which refers to moments when 

the participants are looking at the same target. These studies claimed that eye gaze coupling could be 

an indicator of quality interaction and better comprehension (Richardson & Dale, 2005) and could 

reflect tightness of collaboration (Pietinen et al., 2008; Jermann, Nüssli & Dillenbourg, 2011). There 

is also evidence that moments of joint attention, particularly gaze patterns during program 

comprehension, are related to deeper and complex processing and the overall gaze coupling level is 

strongly related to the quality of the collaboration (Nüssli, 2011).  

The goal of this paper is to characterize gaze collaboration patterns of novice programming 

pairs in the act of tracing fragments of code and debugging. To this end, we make use of an analysis 

method known as Cross-Recurrence Quantification Analysis (CRQA; to be discussed in greater 

detail in section 2). This paper attempts to answer the following: (1) Is there a significant difference 

on the CRQA results between successful and unsuccessful programming pairs? and (2) What 

characterizes the gaze collaboration patterns of successful and unsuccessful programming pairs 

using cross-recurrence plots and other eye tracking metrics? In this paper, the success of the 

collaboration is based on the debugging scores of the pairs. Our previous studies on the use of 

CRQA characterized gaze collaboration patterns according to the participants’ prior knowledge 

(Villamor et al., 2017, Villamor & Rodrigo, 2017a), both prior knowledge and degree of 

acquaintanceship (Villamor & Rodrigo, 2017b), and determining leader-follower profiles (Villamor 

& Rodrigo, 2017c). 

The primary goal of this research is to be able to build an explanatory model on the dynamics 

of pair programming as well as a predictive model capable of predicting the performance of the pairs 

using collaborators’ profiles and behavioral indicators that can be automatically assessed and 

quantified. We intend to look at the pairs’ collaboration as a whole as well as the individual 

differences of the collaborators within pairs and how these differences impact the success of the 

pairs. This study endeavors to contribute to this goal by investigating the coupling between the 

collaborators’ gazes measured using CRQA to see whether the degree of coupling visualized by 

means of cross-recurrence plots (CRPs) can be used to distinguish successful and unsuccessful 

programming pairs. In addition to CRQA results and CRPs, other eye tracking metrics are also 

explored to provide support for the distinction between these programming pair categories. 

  

 

2. Gaze Cross-Recurrence Plot 
 

A cross-recurrence plot (CRP) is an N x N matrix, which is a representation of the time coupling 

between two time series. It is a form of a visualization which shows the simultaneous occurrence of 

similar states. Essentially, its purpose is to compare the states of two time series given the condition 

that the data should have the same unit and have the same phase space reconstruction. For example, 

in eye tracking, two fixation sequences from different collaborators, where each sequence contains 

the fixation x- and y-coordinates and the fixation timestamps can be used as the two time series. A 

cross-recurrence occurs when two fixations from different sequences land within a given threshold 

of each other using some distance metric (e.g., Euclidean distance). If fixations i and j are recurrent, 

they are represented as a black point or pixel on the plot. A CRP depicts fixations that are recurrent at 

their respective times. Figure 1.a shows an example of a CRP. The horizontal and vertical axes 

represent the time for the first and second collaborators, respectively. For example, both 

collaborators in Figure 1.a started at about the same time, which is about 2250 seconds past the 

starting time of the experiment. 

On the CRP, different types of small-scale structures called textures may be identified 

(Marwan et al., 2007). Fading portions to the upper left and lower right corners mean that the data is 

non-stationary. Single and isolated recurrence points reflect random and strong fluctuations in the 

data. Horizontal and vertical lines and rectangular clusters denote that some states do not change or 

change very slowly for some time, which is an indication of laminar or “trapped” states. Bands of 
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white space indicate that transitions may have occurred and may reflect an underlying state change. 

This also means that the two collaborators uninterruptedly looked at two different spots on the 

screen. The empty regions indicate that the states within this period do not occur at any other times, 

which means that the states are unique. Diagonal lines parallel to the main diagonal of the plot means 

that a segment of one trajectory runs almost parallel to another segment. In eye tracking, this means 

that the collaborators looked at the same spot on the screen continuously. 

 

  
(a) (b) 

Figure 1. (a) An Example of a Cross-Recurrence Plot and (b) Scan Patterns using a Line Graph. 
 

To understand better the relationship of CRPs and collaborative eye tracking, we 

demonstrate an example using one of the case scenarios in this study. Figure 2 shows snapshots of a 

program used as a stimulus in this experiment overlaid with colored circles. The colored circles are 

the fixation points of the two collaborators in this pair. The snapshot on the left with aqua-colored 

circles is for the first collaborator, and on the right with purple-colored circles is for the second 

collaborator. Above these snapshots are the times (in seconds) past the starting time of the eye 

tracking experiment when these fixations occurred. At these times, we can see how the fixation 

points are positioned at about the same location on the stimulus making these fixations recurrent 

based on a set threshold. In Figure 1.a, part of the pixelated regions enclosed in a red circle on the 

CRP informs us that the fixation points of the two collaborators under these specific times are 

recurrent. 

 

First Collaborator (TIME: 2467 seconds) Second Collaborator (TIME: 2440 seconds) 

  
Figure 2. Snapshots of the location of the fixation points of the two collaborators. 

 
Figure 1.b is the corresponding scan pattern using a line graph of the CRP in Figure 1.a. 

The two subplots illustrate the side-by-side comparison of the fixation x-coordinates (top subplot) 

and the fixation y-coordinates (bottom subplot) of the two collaborators. The aqua and purple line 

graphs refer to the first and second collaborators, respectively. The x-axes on the subplots represent 

the combined timeline of the two collaborators, and the y-axes represent the range of possible 

values of the fixation x- and y-coordinates, which is between 0 and 1 (reversed). The sections of the 

scan patterns enclosed in red circles in Figure 1.b show the positions in the timeline when these 

0.5 

0.5 

2467 

2440 
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fixations occurred. We can also see that the fixation x- and y-coordinates are positioned at about 0.5, 

which suggest that these fixation points from the two collaborators are indeed recurrent. 

Analysis using CRPs is called Cross-Recurrence Quantification Analysis or CRQA (Zbilut, 

Guiliani & Webber, 1998). This determines how frequently two systems exhibit similar patterns of 

behavior over time by taking two different trajectories of the same information as input and 

performing a test for “closeness” between all the points of the two trajectories. This process is 

visualized using a CRP. Using CRQA, several metrics can be extracted from the diagonal and 

vertical dimensions of the CRP. These are recurrence rate, determinism, average and longest 

diagonal length, and entropy for the diagonal dimension;  and laminarity and trapping time for the 

vertical dimension. 

Cross-Recurrence Rate (RR) represents the “raw” amount of similarities between the 

trajectories of the two systems, which refers to the degree to which they tend to visit similar states. 

In eye tracking, this represents the percentage of cross-recurrent fixations that is indicative of the 

degree of gaze coupling or joint visual attention. Determinism (DET) is the proportion of recurrence 

points forming long diagonal structures of all recurrence points. Relative to eye tracking, this refers 

to the percentage of identical scanpath segments of a given minimal length in the two scanpaths. 

The average diagonal length (L) reports the duration that both systems stay attuned. In eye 

tracking, this is the time where the scanpaths of the two collaborators run parallel for some time. The 

longest diagonal length (LMAX) denotes the longest uninterrupted period that both systems are in 

sync, which can be used as an indicator of stability of the coordination. In eye tracking, this 

represents the prolonged synchronization of the collaborators’ scanpaths. Entropy (ENTR) measures 

the complexity of the attunement between systems. In eye tracking, this represents the complexity of 

the relation between scanpaths of the two eye movement data. ENTR is low if the diagonal lines tend 

to all have the same length, signifying that the attunement is regular; otherwise, ENTR is high if the 

attunement is complex. 

Vertical structures in a CRP quantify the tendency of the trajectories to stay in the same 

region. The laminarity (LAM) of the interaction refers to the percentage of recurrence points forming 

vertical lines, whereas trapping time (TT) represents the average time two trajectories stay in the 

same region. In eye tracking, these metrics indicate the prolonged duration where the collaborators 

focus on certain regions of the screen, either to denote increased concentration or problems in 

comprehension. For a more detailed discussion of these metrics, refer to Marwan et al. (2007). 

 

 

3. Methods 
 

The study was conducted in 6 universities in the Philippines recruiting students who were in their 2nd 

to 4th year level in college and who had already taken their college-level fundamental programming 

course. Eighty-four (84) participants, 56 males and 28 females, were randomly paired regardless of 

gender and programming experience resulting in a total of 42 pairs. The task was to locate and mark 

the bugs in the 12 programs containing errors. The programs contained syntax, semantic, logic or a 

combination of these types of errors. Program complexity was categorized as easy, moderate, and 

hard depending on the type of errors the program contained. The distribution of the programs based 

on difficulty was as follows: easy (programs 1-3 and 10), moderate (programs 4-6 and 11), and hard 

(programs 7-9, and 12). Programs 1-3 contained a single bug and the rest had three bugs. The 

program comprehension test result was used to divide the participants into high and low proficiency 

levels. For a detailed description of the structure of the study and data cleaning and preparation, see 

Villamor and Rodrigo (2018). 

A CRP was constructed for every program under each pair, and CRQA metrics were 

derived for each of the 12 programs. This was done using the CRP toolbox for MATLAB (Marwan 

et al., 2007). The CRQA parameters delay and embed were both set to one, and the threshold was set 

to a default of 10% of the maximal phase space diameter (Schinkel, Dimigen, & Marwan, 2008). 

Threshold adjustments were performed as needed due to varying fixation counts. This was to ensure 

that the threshold was neither too small nor too large. If the threshold is too small, the recurrence 

structure of the underlying trajectory may not provide us enough information. If the threshold is too 

large, almost every point is a neighbor of every other point, which could cause thicker and longer 

diagonal structures in the CRP as they actually are. 
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Two levels of granularity were used in the analysis: pair-level (average of all 12 programs) 

and case-level (all individual programs under each pair). A pair is successful if their average 

debugging score for the 12 programs is greater than or equal to the mean score; otherwise, the pair is 

unsuccessful. A case is successful when both participants within a pair are able to get at least half of 

the bugs in a program. Otherwise, if only one participant gets at least 50% of the bugs or both fail to 

spot the bugs, then the case is unsuccessful. A t-test for independent sample means at the 0.05 level 

of significance was performed to test for statistically significant differences on the CRQA results 

and other metrics between successful and unsuccessful pairs as well as successful and unsuccessful 

cases. 

 

 

4. Results and Discussion 
 

4.1 Differences in CRQA Results and CRPs 
 

Of the 42 pairs, one pair was discarded due to huge fixation count discrepancies between 

collaborators, i.e., one had very high fixation count and the other had very low fixation count in all 

12 programs. Other fixation sequences with very low fixation counts were not good candidates for 

CRQA and thus were not included. Hence, only 376 cases were used in this part of the analysis. Of 

the 41 pairs, there were 19 successful and 22 unsuccessful pairs. Of the 376 cases, there were 196 

successful and 180 unsuccessful cases. Pair-level t-test results showed no significant differences on 

the CRQA results. On the case level, significant differences were found on the CRQA results 

between successful and unsuccessful cases at RR (t = 6.981, p = 0.000), DET (t = 5.476, p = 0.000), 

L (t = 5.378, p = 0.000), LMAX (t = 3.435, p = 0.001), ENTR (t = 5.314, p = 0.000), LAM (t = 5.342, 

p = 0.000), and TT (t = 4.696, p = 0.000). 

Incidences of high and low instances of each CRQA metric in the successful and 

unsuccessful cases were examined to account for the differences between successful and 

unsuccessful cases. A CRQA value is high if it is equal to or greater than the mean plus one standard 

deviation; and low if it is equal to or lesser than the mean minus one standard deviation. Table 1 

shows the descriptive values of the CRQA metrics, which covers the mean, standard deviation, the 

minimum and maximum values, and bases for low and high CRQA values. The large majority of the 

CRQA values in both categories were average. However, the successful and unsuccessful cases had 

more instances of low and high values, respectively, in all CRQA metrics. Figure 3 shows the 

percentage distribution of high and low CRQA values using a stacked column graph. 

 
Table 1 
 
Descriptive Values of the CRQA Metrics (N = 376) 

 

CRQA Metric Mean 
Standard 

Deviation 
Minimum Maximum Low <= High >= 

 

 RR 0.40 0.13 0.04 0.76 0.27 0.54 
 

 DET 0.78 0.12 0.36 0.97 0.66 0.90 
 

 L 3.75 1.02 2.26 7.54 2.73 4.77 
 

 LMAX 27.44 17.13 5.00 111.00 10.31 44.58 
 

 ENTR 1.68 0.44 0.63 2.74 1.24 2.13 
 

 LAM 0.86 0.09 0.52 0.98 0.78 0.95 
 

 TT 5.23 1.82 2.34 5.23 3.41 7.04 
 

 
Of the 196 successful cases, 125 cases or 63.78% were from the 19 successful pairs.  Since 

this was more than the majority, we can characterize the successful pairs as having more incidences 

of low RR, low DET, low L, low LMAX, low ENTR, low LAM, and low TT.  On the other hand, of the 

180 unsuccessful cases, 112 of these or 62.22% were from the 22 unsuccessful pairs, which was also 

more than the majority.  Hence, the unsuccessful pairs can be characterized as having more 

frequencies of high RR, high DET, high L, high LMAX, high ENTR, high LAM, and high TT. 
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Figure 3. Distribution of High and Low CRQA Values. 

 

  The analysis was narrowed down on the 125 successful cases under successful pairs and the 

112 unsuccessful cases under unsuccessful pairs. T-test results also revealed significant differences 

in RR (t = 5.273, p = 0.000), DET (t = 4.455, p = 0.000), L (t = 3.727, p = 0.000), ENTR (t = 3.748, p 

= 0.000), LAM (t = 4.326, p = 0.000), and TT (t = 2.790, p = 0.006) between these categories. The 

difference in LMAX was not significant. The majority of the significant CRQA values were still 

average, but based on the recomputed mean and standard deviation, the successful pairs indeed had 

more occurrences of low RR, low DET, low L, low ENTR, and low LAM. However, the number of 

high LMAX values was greater than the low LMAX values; and the number of high and low values 

for TT were comparable. The unsuccessful pairs also proved to have more values of high RR, high 

DET, high L, high LMAX, high ENTR, high LAM, and high TT. 

To determine further what factors could have contributed to the CRQA differences, we 

extracted all successful pairs (i.e., successful cases under successful pairs) that fit the following 

criteria: low RR, low DET, low L, low LMAX, low ENTR, low LAM, and low TT.  We also extracted 

unsuccessful pairs (i.e., unsuccessful cases under unsuccessful pairs) with high RR, high DET, high 

L, high LMAX, high ENTR, high LAM, and high TT. Fifteen (15) successful pairs and eleven (11) 

unsuccessful pairs fit the criteria. The CRPs were examined to draw out observable differences that 

could potentially explain the characterizations between successful and unsuccessful pairs. We found 

that all 15 successful pairs had fixation counts which were either low or below the average. All but 

one of the 11 unsuccessful pairs had fixation counts which were either high or above the average. 

The low fixation counts could have reduced the possibility of obtaining more recurrent fixations, and 

hence, resulted to more “low RR” in successful pairs; whereas the high fixation counts could have 

increased the likelihood of having more recurrent fixations, which led to more “high RR” in 

unsuccessful pairs. 

Disparities in the CRPs of the successful and unsuccessful pairs were evident. Figure 4 

shows an example of a CRP, scan pattern, and a pair fixation map of one of the successful pairs. The 

low fixation count was depicted on the CRP as mostly single and isolated points and more bands of 

white spaces and empty regions denoting abrupt transitions or state changes. The fixations also 

appeared to be more dispersed as seen on the fixation map and reflected on the scan pattern. On the 

other hand, an example of a CRP, scan pattern, and pair fixation map of one of the unsuccessful pairs 

is shown in Figure 5. The high fixation counts of the unsuccessful pairs resulted to having 

rectangular or larger clusters of points. Visually noticeable recurring patterns were also shown on 

most of the CRPs of the unsuccessful pairs, which were not apparent on the CRPs of the successful 

pairs. It is possible that the heavily pixelated regions and the visual recurring patterns found on the 

CRPs of the unsuccessful pairs is a result of a high degree of gaze coupling or cross-recurrent 

fixations. 

 

   
Figure 4. CRP, scan pattern, and pair fixation map of one of the successful pairs. 
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Figure 5. CRP, scan pattern, and pair fixation map of one of the unsuccessful pairs. 

 
It was also observed that the scan pattern similarities of the unsuccessful pairs were more 

pronounced when compared to the successful pairs. Their fixations also tended to cluster on the 

same area on the screen or same locations in the program as seen on the pair fixation map in Figure 

5. These scan pattern similarities and fixation cluster patterns consequently resulted to a higher 

degree of gaze coupling causing more incidences of high RRs in the unsuccessful pairs. In short, the 

high fixation counts, high degree of scan pattern similarities, and fixation clusters contributed to 

more high RRs, which is a characteristic of unsuccessful pairs. RR happens to be highly correlated to 

DET (r = 0.904, p = 0.000), L (r = 0.904, p = 0.000), LMAX (r = 0.785, p = 0.000), ENTR (r = 0.923, 

p = 0.000), LAM (r = 0.828, p = 0.000), and TT (r = 0.852, p = 0.000), and hence, when RR increases, 

these other CRQA metrics follow suit. 

Is it possible that the number of bugs, program complexity, and the proficiency of students 

confounded the results? Upon inspection, we found that 11 and 4 out of the 15 successful cases 

representing the successful pairs came from programs that were categorized as easy (with single bug) 

and moderate (three bugs), respectively. On the other hand, 7 and 4 out of the 11 unsuccessful cases 

representing the unsuccessful pairs emanated from programs tagged as hard (three bugs) and 

moderate (three bugs), respectively. Given a single bug to locate, the program difficulty level, and 

general overall proficiency of the successful pairs, it is expected that they would find the bug easily. 

On the other hand, with three errors to uncover from both moderate and hard programs, the 

unsuccessful pairs composed mostly of low proficiency students, would likely have difficulty 

spotting the bugs. Hence, to control for these confounds, successful cases which were representative 

of the hard programs were selected as well as unsuccessful cases that were representative of the easy 

programs containing only a single bug. 

Prior to examining their CRPs and scan patterns, two separate t-tests were performed to 

determine if there were significant differences on the CRQA values between successful and 

unsuccessful cases on easy and hard programs. There were 99 out of the 376 cases that belong to 

easy programs, where 53 of these were successful and 46 were unsuccessful. Significant differences 

were found in terms of RR (t = 4.401, p = 0.000), DET (t = 3.577, p = 0.001), L (t = 3.330, p = 0.001), 

LMAX (t = 2.303 p = 0.023), ENTR (t = 3.458, p = 0.001), LAM (t = 3.239, p = 0.002), and TT (t = 

2.704, p = 0.008) between successful and unsuccessful cases. On the other hand, there were 133 

cases that belonged to hard programs, where 61 of these were successful and 72 were unsuccessful. 

Significant differences were also found in RR (t = 4.020, p = 0.000), DET (t = 3.022, p = 0.003), L (t 

= 3.124, p = 0.002), ENTR (t = 2.975, p = 0.003), LAM (t = 3.436, p = 0.001), and TT (t = 2.781, p = 

0.006) between successful and unsuccessful cases. The difference in LMAX was not significant. 

Eight (8) CRPs each of the successful cases representative of hard programs and 

unsuccessful cases representative of easy programs with a single bug were sampled. While the single 

and isolated points and the presence of more bands of white spaces and empty regions were still 

evident on the CRPs of the successful pairs, small clusters of points were already seen forming 

mostly in vertical and horizontal patterns, which are indications of laminar phases. More incidences 

of these so-called laminar states increase the value of LAM and could also result to a high TT. The 

presence of these laminar states on the CRPs of the successful pairs suggests that they also need 

more time to locate all three errors by concentrating on certain locations where bugs are more likely 

to occur. Nonetheless, these clusters of points were larger and were more prominent in the 

unsuccessful pairs, which could also explain why they had more high LAMs and high TTs. The high 

LAMs and high TTs could be the reason also for the visually recurring patterns found on the CRPs of 

119



the unsuccessful pairs. Referring to the scan patterns of the successful pairs, we also observed that 

the more similar the scan patterns, the more pronounced the pixelated regions were. 

Conversely, there were also isolated incidences of recurrence points found on the CRPs of 

the unsuccessful pairs, but the points were still heavily clustered in most of the CRPs. This could 

mean that given only a single error to locate, the unsuccessful pairs would still have difficulty in 

finding this single error in the program because they need more time to spot the error. The scan 

patterns of the unsuccessful pairs also seemed to be more similar independent of the time when these 

fixations happened. This further suggests that unsuccessful pairs could be following a certain 

program scanning pattern in finding bugs. 
 

4.2 Differences using other eye tracking metrics 
 

Included in this analysis were all the 376 cases, where the 196 and 180 of these were successful and 

unsuccessful cases, respectively. The metrics we used for this characterization were the following: 

loci similarity, sequence similarity, duration per program, total fixation count per stimulus and per 

area of interest (AOI), total fixation time per AOI, time to first fixation per AOI, and average 

fixation duration per AOI. These metrics were calculated, and the erroneous lines of code were 

converted to AOIs using the OGAMA software (Voßkühler et al., 2008). 

Levenshtein distance, also known as edit distance algorithm (Levenshtein, 2002), was used 

in the computation for the loci similarity and sequence similarity between the collaborators’ 

scanpaths. Loci similarity refers to the percentage of locations both scanpaths have passed by, 

independently of time and sequence. A loci similarity value of 100% denotes that the collaborators’ 

fixations where at the same locations on the stimulus, whereas a sequence similarity value of 100% 

means that the collaborators have identical scanpaths (Voßkühler et al., 2008). To do this, each 

stimulus was divided into a 10 x 10 grid, where each cell in the grid was assigned a unique letter. A 

scanpath was built into a string using the letters of the cell that contained the current fixation location. 

Examples of this grid can be seen on the pair fixation maps in Figures 4 and 5. Levenshtein distance 

was then applied by counting the number of operations (deletions, insertions, substitutions) needed 

to transform one string into the other. For the other metrics, the average values of the two 

collaborators within pairs were used. 

The results of these metrics are shown in Table 2. In the discussion that follows, we will 

refer to successful cases as successful pairs and unsuccessful cases as unsuccessful pairs. The 

unsuccessful pairs have significantly higher loci and sequence similarity than successful pairs. 

These results confirmed the incidences of more “high RR and DET” values in the unsuccessful pairs. 

The duration per program between the successful and unsuccessful pairs was not significant. 

 

Table 2 
 
Descriptive Values of the other Metrics (time is measured in seconds) 

Metric 
Mean Standard Deviation 

t-value p-value 
S UN S UN 

Loci similarity 62.41 64.60 9.96 10.06 2.114 0.035 

Sequence similarity 12.13 13.00 4.29 4.12 2.008 0.045 

Duration per program 1062.32 974.25 737.53 679.22 Not significant 

Total fixation count (stimulus) 579 604 376 324 Not significant 

Fixation count (AOI) 66 86 58 62 3.165 0.002 

Total fixation time (AOI) 19.35 26.91 16.14 26.55 3.367 0.001 

Time to first fixation (AOI) 70.20 61.02 180.46 139.61 Not significant 

Fixation duration mean (AOI) 0.30 0.32 0.07 0.27 Not significant 

 

The total fixation count per stimulus was not significant but the fixation count per AOI was 

significant, with the successful pairs having lower fixation count per AOI than the unsuccessful pairs. 

Since most of the successful pairs were highly proficient, this result is in line with prior research 

findings that highly proficient participants have lower fixation counts than participants with low 

proficiency level. Successful pairs also had significantly shorter fixation times per AOI. This implies 
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that once the successful pairs spot already the error/s and both agree that it is indeed an error, they 

will no longer spend more time on that AOI and will transition to next AOI or program. Hence, the 

successful pairs are more confident with their answers. The unsuccessful pairs, on the other hand, 

may be plagued often with uncertainty or lack of confidence with their answers causing them to 

spend more time on deciding if that particular line or program location contains the erroneous lines 

of codes. Lastly, the time to first fixation and fixation duration mean per AOI were not significant. 

 
 

5. Implications 
 

Attrition rate in introductory programming is known to be high so teachers strategize using various 

methods to reduce this. One of these popular strategies is to engage their students in collaborative 

learning tasks such as pair programming.  As per Schneider and Pea (2013), mutuality of exchanges 

and the degree of joint attention are determinants of a successful collaboration. The outcome of 

collaboration does not solely depend on the contributions of the individuals but also on how 

efficiently group members manage individual and joint attention during collaborative tasks. Hence, 

if the concept of both individual and joint attention can be explored further, this can be used to 

improve the quality of collaboration in programming pairs.  Joint attention can be made intentional, 

and thus, can be increased by encouraging the pairs to connect in more conversational processes that 

will result to a more productive collaboration. This study also emphasizes the importance of 

collaboration and provides a precursor on ways to objectively quantify and characterize 

collaboration among programming pairs. Since this study provides the groundwork to distinguish 

between successful and unsuccessful pairs, this gives us the impression that we can learn how 

successful pairs collaborate and identify what factors make them successful so that others who are 

struggling in programming can do the same.  

 

 

6. Summary, Conclusion, Limitation, and Future Work 
 

This paper characterized the gaze collaboration patterns of successful and unsuccessful 

programming pairs using cross-recurrence plots and its associated metrics as well as other eye 

tracking metrics. Findings revealed that the difference on the CRQA results between successful and 

unsuccessful pairs are significant. The successful pairs are characterized as having lower fixation 

counts on predefined AOIs and more incidences of low CRQA values. The CRPs of the successful 

pairs can be described mostly as having more single and isolated points, presence of more bands of 

white spaces and empty regions, and few rectangular segments of recurrence points. These 

characterizations are indications that successful pairs finish faster, have more preference for 

independent work at certain times, may have shared similar but shorter scanpaths frequently, have 

more frequent scan path transitions, and transition faster so they find bugs quickly. On the other 

hand, the unsuccessful pairs are characterized as having higher fixation counts on predefined AOIs 

and more occurrences of high CRQA values. Their CRPs have evidence of heavily clustered 

recurrence points or larger laminar states and visually recurring patterns. These suggest that 

unsuccessful pairs need lengthy consideration of the program, may have shared similar scanpaths 

that are longer, follow a certain pattern in locating bugs, may look at the same area repeatedly 

because they do not know where else to look, use trial-and-error in debugging, and may usually have 

problems in program comprehension. 

Although the concept of joint attention has been found to be an indicator of productive 

collaboration, this study however lacks the internal validity to make any causal claims about the 

relation between joint attention and programming performance of the pairs. On the question as to 

which one collaborated better, it is still premature to conclude that unsuccessful pairs collaborated 

better than successful pairs based on the degree of gaze coupling alone. If one pair has a high RR and 

another has a low RR, it does not necessarily follow that the former is more coupled, but it may mean 

that they could be working on a smaller area of the screen. The high degree of gaze coupling in the 

unsuccessful pairs could also just be a result of an unintentional gaze coordination, as opposed to a 

gaze coordination that is generated by conversational processes. Hence, to account for this, other 

pair dynamics will be investigated as well as the nature of the discourse. As this is just a preliminary 
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study, other factors (e.g., individuals within pairs, participant profiles, conversational processes, etc.) 

will also be investigated in the future and consider other methodologies to develop a better 

understanding of pair programming and how collaboration impacts the pairs.  
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Abstract: In this paper, we investigate the convergence and leader-follower patterns of pairs 

of novice programmers as they traced and debugged fragments of code and the impact of 

these patterns against the success of programming pairs. We performed a dual eye tracking 

experiment, recorded their fixations and computed for the recurrence rate and the diagonal 

recurrence profile using Cross-Recurrence Quantification Analysis (CRQA). Results 

showed that programming pairs who chat and work on the same program together and 

converge more often significantly perform better than those who do not. The highly 

proficient but poorly acquainted pairs, despite of poor convergence, still perform the best. 

On the other hand, low proficiency pairs that are highly acquainted have the weakest 

performance even if they converge very well. Findings also revealed that there is a 

significant difference as to who is leading who. The more successful participants within 

pairs are leading the less successful participants majority of the time. This study is important 

because it provides information about the dynamics that may likely occur in a pair 

programming setup.  

Keywords: Pair programming, convergence, leader-follower, eye tracking, CRQA 

1. Introduction

Pair programming is a collaborative work arrangement where two programmers execute different 

programming activities together. It may be co-located, i.e., programmers share a single screen or 

may also occur remotely or in spatially distributed mode in which programmers look at the same 

code but on different screens (Baheti, 2002). The most common representation of the dynamics of 

pair programming is that of a “driver” and “navigator” roles that describe the division of labor. The 

driver is the one that does the typing or writes a design, while the navigator is the one who performs 

the strategic planning and monitoring (Williams & Kessler, 2000). 

In pair programming, it is possible for individuals within pairs to disengage from the 

partnership (Plonka et al., 2012). Some extent is acceptable to speed up problem solving. However, 

there are episodes of disengagement where students withdraw from their pair programming sessions 

because they are no longer able to follow their partner’s work or contribute to the task, hence losing 

the expected benefits of pairing. The fluctuations between engagement and disengagement suggest 

that collaboration is not stable but is rather a series of convergent and divergent phases (Sharma et 

al., 2012). The pair is said to be converging when the collaborating partners jointly work to 

understand the code. In this phase, the participants in a pair are focused on the same part of the 

program in what is considered a “stable” manner. On the other hand, a divergent episode of 

interaction is when the participants are looking at different parts of the program as they try to build 

their own understanding. During convergent episodes, the pair is said to be “looking together”. 

The “togetherness” of the participants, such as during a convergent episode, is often 

measured using gaze coupling, which refers to moments when the participants are looking at the 

same target (Richardson & Dale, 2005). The degree of gaze coupling is tantamount to the degree of 

joint attention, defined as “attending to something together with someone and being aware the both 

are attending” (Schilbach, 2015). Both entail following the direction of another person’s gaze, which 

is seen as an essential step to establishing strong patterns of social interaction (Moore & Dunham, 

2014).  Prior findings suggest that gaze coupling reflects tightness of collaboration (Pietinen et al., 
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2008).  This can be visualized using cross-recurrence plots and quantified in terms of recurrence rate 

through Cross-Recurrence Quantification Analysis (CRQA) (Marwan et al., 2007). 

The “driver” and “navigator” roles in pair programming can be analyzed using the concept 

of gaze direction, where persons involved in a mutual interaction may hold the roles as either the 

“leader” or “follower” (Schneider & Pea, 2013). For joint attention to occur there must be a leader 

directing someone else’s gaze towards a target and a follower going along with the gaze cue provided. 

These profiles of collaboration are interesting because they can tell us about the dynamics of the 

pair. Knowing who leads and follows gives us an idea on what is causing the pairs to collaborate 

and what instigated their convergence.  For instance, in a pair programming eye tracking study 

conducted by Villamor and Rodrigo (2017a), it was found that the one that usually gives the gaze 

cue, and hence the leader, are the low prior knowledge participants because they are typically the 

first one to ask help from a more skilled partner. 

In recent years, dual eye tracking in the context of pair programming has been explored to 

study joint attention in collaborative learning situations (Pietinen et al., 2008; Schneider et al., 2013). 

Two eye trackers, for instance, can be synchronized for studying the gaze of two individuals 

collaborating to solve a problem and for understanding how gaze and speech are coupled (Pietinen 

et al., 2008). In a study that highlights leader-follower behaviors, “joint attention” is defined as a 

measure of how many times both participants looked at the same target on the screen where each 

member within a pair is identified as “leader” and “follower” (Schneider & Pea, 2013).  Knowing 

who leads and follows gives us an idea on what is causing the pairs to collaborate and what instigated 

their convergence.  For instance, in a pair programming eye tracking study by Villamor and Rodrigo 

(2017a), it was found that the one that usually gives the gaze cue, and hence the leader, are the low 

prior knowledge participants because they are typically the first one to ask help from a more skilled 

partner. On the dynamics of convergence, Sharma et al. (2012) investigated the impact of convergent 

and divergent phases of interaction on the program comprehension strategies of pairs with different 

levels of understanding where they found that moments of convergence are accompanied by more 

systematic execution of the code and less transitions among identifiers and expressions.  
The goal of this paper is to investigate pair programming profiles and dynamics, particularly 

convergence and leader-follower patterns, and determine how these dynamics affect the success of 

the pairs measured in terms of debugging scores. This paper attempts to answer the following: 

1. Is there a significant difference on the recurrence rate and debugging scores between 

successful and unsuccessful programming pairs based on their convergence patterns? 

2. Who converge the most and perform the best in terms of proficiency, gender, and 

acquaintanceship? How does the frequency of convergence affect the debugging scores of 

the pairs based on these categories? 

3. Between a more successful and a less successful participant within a pair, who is the leader 

and the follower majority of the time? Is there a significant difference as to who is leading 

who? 

4. Is there a significant difference on the recurrence rate and debugging scores between 

successful and unsuccessful programming pairs based on leader-follower patterns? How do 

the leader-follower patterns affect the debugging scores?  
This study endeavors to contribute to our main goal of understanding better the different 

dynamics that may take place during pair programming sessions in our attempt to determine the 

potential indicators that may impact the success in pair programming. 

  

 

2. Methods 
 

2.1 Participants and Structure of the Study 
 

The study was conducted in 6 universities in the Philippines recruiting 2nd to 4th year level college 

students who had already taken their college-level fundamental programming course. Eighty-four 

(84) participants, 56 males and 28 females, were randomly paired regardless of gender, proficiency 

level, and acquaintanceship level resulting in a total of 42 pairs. The task was to locate and mark the 

errors in the 12 erroneous programs. A chat program was provided to encourage the pairs to 
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collaborate. We used chat to ensure that the pairs will not be tempted to look away from their screens. 

The pairs were co-located but they were spaced far enough to ensure that all communications with 

their partner was via chat only. An artificial limit (e.g., 60 minutes) was set for the debugging tasks 

to copy a programming laboratory setting where students are given programming exercises to solve 

or debug within a given time limit.  

The result of the program comprehension test was used to divide the participants into high 

and low proficiency pairs. Pairs whose average score were equal to or above the mean test score 

were categorized as highly proficient pairs and the rest were tagged as low proficient.  The result of 

the post-test pair evaluation given after the experiment was used to assess the degree of 

acquaintanceship of the pairs whether they were highly or poorly acquainted. The questionnaire 

contained items about how well the pairs knew each other, how well they thought they collaborated, 

and how they felt about their partner.  

We recorded a total of 376 cases, where a case is defined as one of the 12 programs under 

each pair. A pair is successful if the average debugging score for the 12 programs is greater than or 

equal to the mean score; otherwise, the pair is unsuccessful. There were 19 successful pairs and 22 

unsuccessful pairs. A case is successful when both participants within a pair are able to mark half of 

the bugs in a program. Otherwise, if only one participant marks at least 50% of the bugs or both fail 

to spot the bugs, then the case is unsuccessful. There were 196 successful cases and 180 unsuccessful 

cases. The debugging scores were converted to percentage equivalents. To test for statistically 

significant differences, t-test for independent sample means and ANOVA were performed. Pearson’s 

correlation was carried out to determine the relationships between the convergence and leader-

follower patterns vis-a-vis the pairs’ debugging scores. For a detailed description of the structure of 

the study, data cleaning, and preparation for analysis, see Villamor and Rodrigo (2018). 

 

2.2 Cross-Recurrence Plot and Diagonal Recurrence Profile 
 

A cross-recurrence plot (CRP) is an N x N matrix, which represents a time coupling between two 

time series. The horizontal axis represents time for the first collaborator (C1) and the vertical axis 

represents time for the second collaborator (C2). Recurrence occurs when two fixations from 

different sequences land within a given threshold of each other using some distance metric. If 

fixations i and j are recurrent, they are represented as a black point (pixel) in the plot (see Figure 

1.a). Hence, a point in the plot indicates that the fixations from two different collaborators at their 

respective times are recurrent. If two collaborators uninterruptedly looked at two different spots on 

the screen for the entire interaction, the resulting CRP would be completely blank (white space in 

Figure 1.a). If the two collaborators looked at the same spot on the screen continuously, the plot 

would show a dark line parallel to the main diagonal. Each diagonal on a CRP parallel to the main 

diagonal corresponds to a particular alignment between the collaborators’ eye movement data with 

a particular lag time between them. Points exactly on the main diagonal of the plot correspond to 

synchronous recurrence, such as, collaborators look at the same target at exactly the same time. 

 

 
 

(a) 
 

(b) 
Figure 1. (a) Cross-Recurrence Plot and (b) Diagonal-Recurrence Profile Visualization. 

 

A number of measures can be extracted from a CRP. These include recurrence rate (RR), 

determinism (DET), average diagonal length (L), longest diagonal length (LMAX), entropy (ENTR), 

laminarity (LAM), and trapping time (TT). Cross-Recurrence Rate (RR) represents the “raw” amount 
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of similarities between the trajectories of the two systems, which refers to the degree to which they 

tend to visit similar state. In eye tracking, this represents the percentage of cross-recurrent fixations 

that is indicative of the degree of gaze coupling. The definitions of the other measures can be found 

in (Marwan et al., 2007). This study limits its analysis to include only RR as prior literature have 

used this measure to account for the “togetherness” of two people in terms of where they are looking.  

Hence, we will also use RR to assess the degree of gaze coupling of the programming pairs when 

they converge.  

Analysis on leader-follower trends is focused on the diagonal recurrence profile 

(DiagProfile), which is the diagonal on the CRP that runs from the origin up to the topmost right 

portion. The DiagProfile can be used to analyze which delay or lag maximizes recurrence and to 

observe the direction of the coordination (Fusaroli et al., 2014). When the recurrence rate is largely 

distributed above or below the main diagonal of the plot, it has direct bearing on the 

leading/following patterns of the systems that produced those time series. Given two collaborators 

C1 and C2, points above the diagonal correspond to fixations of C2 that happen after C1 has fixated 

the element. Points below the diagonal correspond to C2’s gaze leading C1’s. Asymmetries above 

and below the diagonal line could therefore be indicative of leading and following behaviors. 

Figure 1.b shows a visualization of the diagonal recurrence profile of the CRP on the left, 

which was one of the CRPs generated in this experiment. The DiagProfile visualization was done 

in R using the function drpdfromts from the crqa package of Coco and Dale (2014). This function 

returned a recurrence profile with the length equal to the number of lags considered, the maximal 

recurrence observed between the two fixation sequences, and the lag at which it occurred. In this 

study, we focused only on the lag, which informs how much time one participant is ahead of the 

other. The window size or the argument ‘ws’ of this function was set equal to the length of the 

fixation sequence and gave a span of +/−3 seconds where each time-point represented a fixation of 

33 msec. long. Figure 1.b indicates that C1 is ahead of C2 by 1.75 seconds.  If C2 is leading C1, the 

lag becomes negative. If the pair is perfectly aligned, i.e., both participants look at the same spot at 

the same time, the lag is zero.  

 

2.3 A Leader-Follower Example 
 

Richardson and Dale (2005), in their collaborative eye tracking study, investigated how quickly a 

test participant fixates on a target after it is mentioned by the partner. This measure indicates how 

well the listener understood what the partner said. Fixating on a target after it has been referenced 

by a partner is also another way to tell whether a leader-follower pattern occurs. To illustrate an 

example how a leader-follower scenario unfolds in this pair programming eye tracking study, 

snapshots of the program used as a stimulus showing actual communication between collaborating 

partners and their fixation points are shown in Figure 2. 

From the snapshots, C1 is considered the “leader” in this scenario while C2 is the “follower”. 

After C1 had fixated long enough on a specific location of the program, C1 initiated a chat with C2 

and told C2 to look at lines 9 and 10. C2 then responded to confirm if C1 was referring to the Rock-

Scissor-Paper (RPS) program, looked at lines 9 and 10, and asked C1 about what seemed to be the 

problem. What is the effect after both collaborators have looked at the same location in the program? 

Since the fixation points of C1 and C2 were positioned at about the same location when they were 

looking at the program, this made their fixations recurrent based on a set threshold. In Figure 1.a, 

part of the pixelated regions enclosed in a red circle on the CRP informs us that the fixation points 

of the two collaborators with respect to the times these fixations occurred are recurrent. Hence, the 

more leader-follower dynamics occur, the more cross-recurrence fixations will there be causing an 

increase in the recurrence rate and an increased recurrence rate is an indication of better collaboration.  

 

 

3. Results and Discussion 
 

3.1 Convergence Patterns 
 

In this study, we define convergence in three ways: 1) when the participants in a pair are working 

on the same program together, either deliberately or not; 2) when they communicated via chat to 
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talk about the task even if they are not looking at the same program (e.g., C1 might be working 

already on program 6, while C2 is still on program 5 but they are talking about the errors in program 

5); and 3) when they are communicating and working on the same program together, hence, there is 

mutual awareness. 

 

 
First Scenario: 

 

Collaborator 1 (C1) looked at a 

specific target on the program for 

about 3.4 seconds. 

 

 

Second Scenario: 

 

C1 opened the chat program and 

told his partner to look at lines 9 

and 10, specifically the variable 

“data”. 

 

 
Third Scenario: 

 

Collaborator 2 (C2) responded to 

C1 and then looked at lines 9 and 

10, as mentioned by C1. 

Figure 2. An Illustration of a Leader-Follower Scenario. 

 

To verify whether the individuals within the pair are working on the same program together, 

a plot was generated for each pair that showed the scan patterns of the pairs using a line graph. Figure 

3 shows an example of these plots. The plot illustrates the fixation x- and y-coordinates of the two 

collaborators. The blue and green lines are the fixation x- and y-coordinates of C1, while the red and 

aqua lines are the fixation x- and y-coordinates of C2. The x-axis of the plot represents the combined 

timeline of the two collaborators, and the y-axis represents the range of possible values of the fixation 

x- and y-coordinates, which is between 0 and 1 (reversed). In Figure 3.a, we can see that all the lines 

overlap, which means that the pair that this plot represents was working on the same program 

together. The plot in Figure 3.b has no overlap or there is a break in between, which means that the 

pair here was working on the same program but at different times, that is, C2 worked on the program 

ahead of C1. 

The chat log of each pair was examined to confirm whether the pair chatted in every program. 

The number of times they converged via chat was recorded per program. Figure 3.c shows an actual 

transcript of one of the pairs in this study. Collaborators A and B were currently working in program 

5. Collaborator B called the attention of A, A responded, and then both proceeded to check on 
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program 4. After some time, B asked A again if A was already working on a program about 

parenthesis matching. At this point, both were back to program 5. The pair in this example converged 

via chat twice while working on program 5. 

 

 
(a) 

 
(c) 

 
(b) 

Figure 3. Line Graphs showing (a) overlapped scan patterns (working on the same program together), 

(b) scan patterns with no overlap (not working together), and (c) actual chat transcript1. 

 
To answer the first research question, we recorded the distribution of the number of 

successful and unsuccessful cases under the three convergence types, which is found in Table 1. The 

average recurrence rates (RR) and debugging scores under the three convergence types are found in 

Table 2. The average RRs of the pairs that worked together on the same program and those that did 

not work together were comparable and the difference in RR was not significant. This could be 

explained by the element of chance, which means that even if the pairs are not looking or working 

on the same program together, it is possible that they might have fixated on the same parts of the 

program but only at different times. Performance-wise, pairs who worked on the same program 

together scored significantly higher than pairs who did not work together at (t = −2.754, p = 0.006). 

 

Table 1 
 

Distribution of Successful and Unsuccessful Cases in the Three Convergent Types 
 

Convergence Types N = 376 Successful (N) = 196 Unsuccessful (N) = 180 

Work together 269 161 108 

Did not work together 107 35 72 

Chatted 203 126 77 

Did not chat 173 70 103 

Both worked together and chatted 194 119 75 

Neither worked together nor chatted 182 77 105 

 

Surprisingly, the average RR of those who chatted was significantly lower (t = 3.53, p = 

0.000) than those who did not chat. A possible explanation is that majority of the cases where pairs 

chatted were successful and majority of the cases where pairs did not chat were unsuccessful (see 

Table 1). In a parallel study that we conducted, we found that the successful cases are characterized 

as having more incidences of “low RR” because of low fixation counts and less similar scan patterns, 

which both reduced the likelihood of having more recurrent fixations. This also affirms previous 

findings that pairs who communicated better but have low degree of gaze coupling suggests that 

these pairs do not have the explicit aim to coordinate their gazes. Instead, the gaze patterns become 

                                                 
1 The original transcript was in Bisaya (Cebuano) and translated to English. 

128



aligned due to the joint activity of conversation and commonalities between the processes of speech 

comprehension and production (Richardson, Dale & Tomlinson, 2009).  

On the other hand, the unsuccessful cases, which comprised many of the pairs who did not 

chat, are characterized as having more occurrences of “high RR” because of their high fixation counts, 

more pronounced similarities in their scan patterns, and fixation cluster patterns which all 

contributed to an increase in RR.  Pairs with a high degree of gaze coupling but did not chat could 

just be a result of an unintentional gaze coordination, as opposed to a gaze coordination that is 

generated by conversational processes. In terms of performance, the average debugging score of 

those cases where pairs chatted was higher than those cases where pairs did not chat but the 

difference in their debugging scores was not significant. However, the 126 successful cases where 

pairs chatted scored significantly higher than the 103 unsuccessful cases where pairs did not chat 

(MSUCCESSFUL = 90.58, SDSUCCESSFUL = 8.08 / MUNSUCCESSFUL = 71.29, SDUNSUCCESSFUL = 12.91, t = 

−13.331, p = 0.000). 

 

Table 2 
 

Recurrence Rates and Debugging Scores under the Three Convergence Types 
 

Convergence Types 
Recurrence Rate Debugging Score 

Mean Std. Dev. Mean Std. Dev. 

Work together 0.40 0.14 81.34 14.52 

Did not work together 0.41 0.13 76.83 13.77 

Chatted 0.38 0.11 81.14 14.93 

Did not chat 0.43 0.15 78.78 13.77 

Both worked together and chatted 0.39 0.11 80.95 15.12 

Neither worked together nor chatted 0.42 0.15 79.10 13.63 

 
 

Considering the number of times the pairs converged via chat (M = 1.16, SD = 1.33, min = 

0, max = 7), we found that the average frequency of convergence via chat in successful cases was 

higher than in unsuccessful cases at (MSUCCESSFUL = 1.38, SDSUCCESSFUL = 1.36) and (MUNSUCCESSFUL 

= 0.93, SDUNSUCCESSFUL = 1.26). The difference in the number of times they converged was 

significant at (t=−3.346, p = 0.001). Since 125 out of 196 successful cases were from the 19 

successful pairs, 112 of the 180 unsuccessful cases were from the 22 unsuccessful pairs, this implies 

that the successful pairs converged more via chat than the unsuccessful pairs. 

No significant relationship existed between the frequency of convergence and the debugging 

scores of all the 203 cases where pairs chatted and the 70 successful cases where pairs did not chat. 

However, a significant low negative relationship was found between the frequency of convergence 

and the debugging scores of the 103 unsuccessful cases where pairs did not chat at (r = −0.202**, p 

= 0.007). This suggests that the more the unsuccessful pairs converge via chat, the more time they 

spend in a program. More time spent in a program could mean lesser bugs found because of time 

constraints imposed during the experiment, i.e., they need to find all the bugs in the 12 programs 

within an hour. This affirmed the statement of Rummel et al. (2011) saying that too much 

coordinative dialogue reduces the time available for the task itself. 

For the third type of convergence, the average RR of cases where pairs worked together on 

the same program and chatted was significantly lower (t = 2.515, p = 0.012) than those cases where 

pairs neither worked together nor chatted. This is also because majority of the cases where pairs 

worked together on the same program and chatted were successful and majority of the cases where 

pairs neither worked together nor chatted were unsuccessful. As previously mentioned, successful 

and unsuccessful cases are characterized as having more “low RR” and “high RR”, respectively. 

The average debugging scores of those cases where pairs worked together on the same 

program and chatted was just slightly higher than those cases where pairs neither worked together 

nor chatted and the difference was not significant. However, the 119 successful cases where pairs 

worked together and chatted scored significantly higher (M = 90.93, SD = 7.98) than the 

unsuccessful cases where pairs neither worked together nor chatted (M = 72.22, SD = 13.08) at (t = 

−13.083, p = 0.000). 

129



Given the pair profiles such as proficiency, gender and acquaintanceship, who converged 

more via chat? Who performed the best? What is the relationship between the frequency of 

convergence and debugging scores based on these profile categories? The distribution of these 

categories including the mean and standard deviation are found in Table 3. We will refer to both 

highly proficient pairs, both low proficiency pairs, and mixed proficiency pairs as HH, LL, and HL, 

respectively. For the gender category, we will refer to both males, both females, and mixed gender 

pairs as MM, FF, and MF, respectively. For the acquaintanceship category, we will refer to poorly 

acquainted and highly acquainted pairs as PA and HA, respectively. 

Findings revealed that HL pairs significantly converged via chat the most while LL pairs 

converged the least (F = 3.326, p = 0.037). Based on gender, MM pairs chatted the most while FF 

pairs chatted the least and the difference was significant (F = 6.529, p = 0.002). Lastly, in terms of 

acquaintanceship, HA pairs significantly converged more than PA pairs at (t = −11.848, p = 0.007). 

No correlation, however, was found between the frequency of convergence and debugging scores 

based on these profile categories. 

 
Table 3 
 

Descriptive Values of the Frequency of Convergence based on Proficiency, Gender, and 
Acquaintanceship 

 

 Proficiency Gender Acquaintanceship 

 HH LL HL MM FF MF PA HA 

N 124 100 152 167 46 163 129 247 

Mean 1.19 0.89 1.33 1.43 0.80 0.99 0.20 1.67 

Std. Dev. 1.28 1.22 1.43 1.42 1.07 1.27 0.59 1.34 
 

We combined the three profile categories to determine which combination of these 

categories converged the most and the least and see how their frequencies of convergence via chat 

influence their debugging scores. From all the possible combinations of {(HH, LL, HL) x (MM, FF, 

MF) x (HA, PA)}, there were no HH-FF-HA, HL-FF-HA, and HL-FF-PA pairs. The differences in 

frequency of convergence as well as debugging scores among these combinations were significant 

at (F = 12.154, p = 0.000) and (F = 4.077, p = 0.000), respectively. 

Among the combinations, none of the HH-MF-PA, LL-MM-PA, LL-MF-PA, and HL-MF-

PA pairs chatted. The one thing that these combinations have in common is that these are all poorly 

acquainted pairs, suggesting that pairs consisting of non-friends are not really disposed to 

communicating or initiating contact with their partners. However, the HH-MF-PA pairs, despite of 

not having communicated at all, still performed second best. This was also true to the HH-FF-PA 

pairs, which performed the best despite of being among the bottom five in terms of convergence 

(including those four who did not chat). These two combinations consist of highly proficient and 

poorly acquainted pairs. This affirms the findings of Shah and Jehn (1993) that groups composed of 

skilled strangers will perform best because they already know from experience how to adapt well 

with other experts and they are more adaptable to the actions of their group mates.  This result also 

confirms our findings from our previous study using a smaller subset (Villamor & Rodrigo, 2017). 

We also found that the top two in terms of frequency of chat convergence, which were the 

LL-FF-HA and LL-MM-HA pairs, were in the bottom five in terms of performance. These 

combinations consist of highly acquainted pairs, which corroborates the findings of Shah and Jehn 

(1993) that friendship may diminish performance because they have the tendency to lose focus. As 

observed, these two combinations are both low proficient and have the same gender. This could 

mean that pairs with the same proficiency level and gender are more likely to communicate or 

collaborate. 

Combinations of LL-FF-PA, HH-MM-PA, HH-FF-PA, and LL-MM-PA pairs were all in 

the bottom half in terms of convergence. This implies that poorly acquainted pairs that have the same 

proficiency level and gender are less likely to chat. As to whether the pairs perform better or not, 

this is usually dictated by the proficiency level of the pairs regardless of the gender mix and 

acquaintanceship. The top four in terms of performance were all highly proficient pairs and all, 

except one, in the bottom six consisted of low proficiency pairs. 
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3.2 Leader-Follower Patterns 
 

In this experiment, we focused only on the lag times that reveal how much time one participant is 

ahead of the other. The number of positive (+) and negative (−) values of the lags were recorded. 

The signs indicate the gaze direction or who is leading/following. A positive and negative sign 

indicate that the collaborator along the x-axis and y-axis of the CRP, respectively, is leading. We 

defined a “more successful participant” within a pair as one that scored higher or found more bugs 

while a “less successful participant” is one that has found lesser bugs. We refer to these two types 

of participants within the pair as MSP and LSP, respectively. We included in this analysis only those 

cases where the pairs converged both by working together on the same program and communicated 

via chat and excluded those cases where both participants had the same debugging scores. 

For consistency, the pair ordering was set with the MSP first and followed by the LSP. One 

hundred seventy-eight (178) cases were analyzed, but one of these cases had exactly zero lag time. 

Hence, it was reduced to 177 where 90 and 87 of these cases were led by the MSPs and LSPs, 

respectively. Findings showed that the MSPs were leading by an average of 2.63 seconds 50.85% of 

the time, and the LSPs were ahead of the MSPs by an average of 1.66 seconds 49.15% of the time. 

T-test results showed a significant difference as to who was leading who (t = 2.320, p = 0.021). The 

lag times of those cases where the MSPs were leading the LSPs consisted of more “long lag times” 

(long = 31%, short = 21%), whereas the lag times of those where the LSPs were leading the MSPs 

comprised of more “short lag times” (long = 18%, short = 26%). A lag time is considered long if it 

is equal to or greater than the 75th percentile, and short if it is equal to or less than the 25th percentile 

of the data. 

Of the 90 cases where the MSPs were leading the LSPs, 55 of these cases had LSPs that 

were low proficient. This could explain as to why the lag times were longer when the MSPs were 

leading the LSPs. It could have taken longer for the low proficient LSPs to find the target and then 

fixate on it after it has been mentioned by the MSPs. On the other hand, of the 87 cases where the 

LSPs were ahead of MSPs, 66 of these cases had MSPs that were highly proficient. This could 

account for the shorter lag times when the LSPs were leading the MSPs. It could be that the highly 

proficient MSPs are quick to find on the program what the LSPs are referring to. 

In terms of debugging scores, the average debugging score of those cases where the LSPs 

were ahead of the MSPs (M = 82.98, SD = 14.79) were slightly higher than those cases where the 

MSPs were ahead of the LSPs (M = 80.26, SD = 14.98). The difference in debugging scores, 

however, was not significant. No relationship was found between the leader-follower lag times and 

the debugging scores of the pairs. The average RR of those cases where MSPs were leading the LSPs 

and vice versa were comparable at (MMSP-LSP = 0.39, SDMSP-LSP = 0.11) and (MLSP-MSP = 0.40, SDLSP-

MSP = 0.12). The difference in RR was also not significant. The relationship between RR and the 

leader-follower lag times likewise did not exist. 

  

 

4. Summary, Implication, and Future Work 
 

This paper investigated the convergence and leader-follower patterns as well as the collaborator 

profiles and how these influenced success in pair programming. In summary, pairs working together 

on the same program and who communicated via chat scored better than those who did not. 

Successful pairs also converged more via chat than the unsuccessful pairs. On collaboration based 

on RR, pairs who worked together on the same program and chatted had low RR on the average than 

those who did not. This is because majority of those cases who worked together and chatted were 

successful, which were characterized as having more “low RR”. Poorly acquainted pairs with the 

same proficiency level and gender were less likely to converge. As to whether pairs performed 

better or not, this was usually dictated by the proficiency level of the pairs regardless of gender mix 

and degree of acquaintanceship. Findings also revealed that there was a significant difference as to 

who was leading who. The more successful participants within a pair were leading the less 

successful participants majority of the time. 

This study overlays the foundation to understand more the dynamics that take place in a 

pair programming setup. Results of this study and similar studies in the future can help 
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programming professors implement pair programming effectively through proper pair matching 

that will elicit productive dialogues as well as design remediation that can help their students learn 

programming much easier with the help of a more suitable partner.  Researchers can investigate 

further about the underlying reasons why one would initiate contact over the other and the ways 

where joint attention can be increased and then assess how these affect the success of the 

programming pairs.  

Our next step would be to look at the nature of the discourse to see what really conspired 

when the pairs chatted. It could be possible that those who chatted were successful is because one 

just told the other the answer. We would also assess the quality of the discourse to properly assess 

its collaboration aspects and see how it impacts the success of the pairs. It is also interesting to 

explore the divergent episodes to see how much independent work has been done by the participants 

in the pair and how it influences pair success. 
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Abstract: Collaborative learning needs a careful instructional design to improve specific 

interaction that would trigger learning. Some previous studies show that concept map as a 

visualization tool is powerful to support learner to achieve a certain depth of discourse. 

Additionally, students also should prepare in their private workspace before creating a 

collaborative concept map to help them externalize and reorganize own knowledge. 

Difficulties appeared when students have to integrate their individual proposition with the 

group concept map. In this study, we use the Reciprocal Kit Build (RKB) approach to help 

students understand the partner’s point of views and integrate it with his understanding. We 

measure the effect of proposed procedures on the students’ learning performance based on 

the group map scores. Further, we also analyze how the dynamics appeared in the RKB 

comparison map reflected on the students’ final group maps.  

Keywords: collaborative concept map, kit build, collaborative learning, co-construction of 

knowledge 

1. Introduction

According to Dillenbourg (1999), collaborative learning is a situation where interactions between 

people are predicted to occur that would trigger a learning mechanism. It is necessary to design an 

appropriate instructional method to improve the interaction by setting up an initial condition, 

specifying scenarios and rules to scaffold productive interaction and to monitor and regulate 

interactions (Dillenbourg, 1999). If properly designed, collaborative learning will be beneficial for 

students, regarding social, psychological, and academical benefits (Laal & Ghodsi, 2012). 

Moreover, collaborative learning promotes critical thinking and increases participation. It is also 

useful for developing learning communities and building positive attitudes (Laal & Ghodsi, 2012). 

Collaborative learning requires supportive instruction to enrich the discussion among 

students by employing scenarios, scripts, roles, or mapping tools (Fischer, Bruhn, Gräsel, & Mandl, 

2002). In particular, some previous studies recommended that concept mapping can foster a more 

intensive discourse between learners (Roth & Roychoudhury, 1993; Van Boxtel, Van Der Linden, 

Roelofs, & Erkens, 2002). Concept map as a representational tool in group discussion is useful to 

make group members’ thinking visible and enable them to do an evaluation. Therefore, in this study, 

we choose the concept map as a supporting tool for discussion. 

Some studies also emphasize the importance of individual preparation phase before creating 

a collaborative concept map by making a design for the concept map. Van Boxtel, Van Der Linden, 

and Kanselaar (2000) suggested that individual preparation create better learning outcomes and 

more exploration in the form of questions. Gracia-Moreno, Cerisier, Devauchelle, Gamboa, & 

Pierrot (2017) showed that individual preparation helps students to explain their ideas better when 

preparing the group map. 

Individual preparation in a private workspace also has several challenges: students are 

reluctant to share their ideas in private workspace, and they encounter difficulties when integrating 

own ideas with the group ideas while constructing a group concept map (Gracia-Moreno et al., 

2017). It may due to the students partially understand the perspective of others. Having a reasonably 
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accurate idea about what other people know is essential to reduce miscommunication and perhaps 

embarrassment (Nickerson, 1999).  

Wunnasri, Pailai, Hayashi, & Hirashima, (2018a) introduced Reciprocal Kit Build (RKB) as 

an approach to exchange ideas with partners in the forms of a concept map. In RKB, every student 

creates a concept map, and then reconstructs a map given partner’s nodes and links. The system will 

display the similarities and differences between the reconstructed map and the initial map. The 

approach helps students to understand others’ point of view and promote more effective discussions 

since they can focus only on the different ideas.  

In this study, we adopt the RKB approach before students create a group concept map. We 

hypothesize that our approach may help students to reflect on their understanding, recognize the 

partner’s understanding, and promote integration when they are composing a group map. The 

following research questions guide our study: 

1. Based on the RKB procedures, to what extent students' learning achievements are improved? 

2. How does the visualization of the comparison map in the Reciprocal Kit Build influences the 

students' performances? 

 

 

2. Literature Review 
 

2.1 Collaborative Concept Map 

 
Fischer, Bruhn, Gräsel, & Mandl (2002) defined collaborative learning process into four stages: 

externalization of task-relevant knowledge, elicitation of task-relevant knowledge, conflict-oriented 

consensus building, and integration-oriented consensus building. They explained that the concept 

map as a visualization tool is aligned with those processes as follows: 

• externalization of abstract concepts and the relations between concepts 

• representation in the form of concept map support students to detect missing explanation, so that 

partner will trigger more question and leads to elicitation of knowledge 

• concept map reduces the ambiguity of utterances, and different views can be detected easily 

resulting in cognitive conflict and the negotiation of meaning to reach consensus building 

Correia, Infante-Malachias, & Godoy (2008) also recommended a concept map as a powerful 

visualization tool for representing knowledge and used to create mental models explicit for sharing 

and revising ideas. By using a concept map, participants can visualize, interpret and organize their 

ideas, before starting consensus building.  

 Gracia-Moreno et al. (2017) assessed whether the use of simultaneous private and public 

digital workspaces promotes collaborative knowledge building through the analysis of students’ 

performance and interactions in a collaborative concept map. They have found that the private 

workspace allows students to explain their ideas in the collaborative concept map better. 

Researchers agree that individual preparation in the form of concept map supports the students to 

integrate ideas for consensus building (Fischer et al., 2002; Gracia-Moreno et al., 2017). In this 

study, we also utilize concept map construction both for individual preparation and collaborative 

task. Different from the previous studies explained before, we apply a specific approach of concept 

mapping activities, named Reciprocal Kit Build during the individual (preparation) phase and the 

collaboration phase.  

 

2.2 Kit Build Concept Map 
 

Kit Build (KB) is a closed-ended approach of a concept map (Hirashima, Yamasaki, Fukuda, & 

Funaoi, 2015). In KB approach, a teacher defines a structure and components of the map while the 

students then try to rebuild the map. First, a teacher creates a concept map that will become a goal 

map. The KB system will decompose the map into nodes and links called kit. Next, the students will 

be asked to reconstruct the concept map from the provided kit. The system will display a comparison 

between the teacher's map and the students’ concept map in the KB analyzer. There are three types 

of links shown: correct links, excessive links, and lacking links. Correct links show that students 

make correct propositions as appeared in the goal map, excessive links indicate that students make 
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propositions that are not defined by the teacher, and lacking links show teacher’s propositions that 

are not reconstructed by students. The analyzer displays group and individual comprehension as a 

feedback to the teacher. 

Yoshida et al. (2013) have examined the practical use of Kit Build to evaluate students’ 

understanding of the ongoing classroom. The information provided by Kit Build supplemented the 

teaching and used to improve the lesson plan in the subsequent class. Some previous studies 

confirmed the validity of Kit Build as an assessment tool with other conventional concept map 

evaluation methods (Wunnasri, Pailai, Hayashi, & Hirashima, 2018c). KB map reduces loads of the 

teacher to evaluate students’ understanding. Thus he can quickly find misconceptions and help 

students to correct them. The use of Kit Build in collaborative learning is potential as a tool for 

students to exchange ideas and to evaluate mutual understanding in the form of concept maps. 

One of the extensions of the Kit Build approach is the Reciprocal Kit Build (abbreviated as 

RKB) (Wunnasri, Pailai, Hayashi, & Hirashima, 2018a). The main activities are the same, i.e., there 

is someone who created the initial concept map, and others are making a map based on the elements 

in the initial map concept (kit). At this stage, we expect that the person who reconstructs the partner 

concept map can find the structure of the initial concept map. The system will display a comparison 

map containing similarities and differences between the initial map and the partner’s reconstructed 

map. The difference between the KB and the RKB lies in the interaction pattern and students’ 

freedom to create a concept map. In the Reciprocal Kit Build interaction takes place between two 

people with a relatively similar level of expertise, whereas in the KB interaction occurs between a 

person who acts as an expert with others who have a lower level of expertise (e.g., between teacher 

and his students). In the RKB, the group members are free to create the initial concept map. 

However, it would be better to determine the nodes first to facilitate reconstruction and evaluation 

by the partner.  

The goal of RKB in group communication is not merely for evaluation, but also to share 

understanding. The initial research of Reciprocal Kit Build shows that this approach leads to a more 

productive discussion (Wunnasri et al., 2018b, 2018a). By reconstructing a concept map from the 

partner’s kit, students are trying to understand other person’s perspectives. A discussion that occurs 

when the system displays a comparison map causes the subjects to perform more exploratory talk. 

Therefore, we hope that the RKB is suitable to be used in a collaborative learning environment. 

However, there is no study have explored the effects of RKB usage on collaborative tasks.  

 

 

3. Method 
 

3.1 Participants & Context of Study 
 

The participants of this study were forty-four first-year students of Linear Algebra class at the 

Faculty of Computer Science at one of the large public universities in Indonesia. Each group 

consists of two people. They were familiar with using computer software for learning. An 

experienced lecturer who taught this subject was used to apply active learning and social 

constructivism learning theory. Students were also accustomed to join in the collaborative learning 

activities in both online and face-to-face session, such as online collaborative discussion, jigsaw, 

and think-pair-share technique. 

 In this study, we chose the Inner Product Space as a topic covered in the concept map. To 

understand this topic well, the students were required to do accommodation related to the concept 

of a vector. From the vector as a directed line segment or a magnitude with length and direction to 

vector as an element of the Vector Space. The students were expected to apply the new vector 

concept in the context of Inner Product Space. 

 This topic is fit to be discussed in the form of a concept map because students are required 

to create a cross-link between two lessons, e.g., the vector space and the inner product function. In 

this topic, the connection between the two concepts is well-defined and less variation. The primary 

challenge is when students have to define a correct annotation and to construct the structure 

between the nodes, so the map includes all the essential concepts (comprehensiveness) and 

hierarchically structured. Both teacher and students had ever conducted mapping activities in some 

previous lessons, so students were acquainted with the way to create a link between concepts.  
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 Associated with the task given in the experiment, the teacher had provided an introductory 

material first, but never made or asked students to construct a concept map. Students created 

concept maps based on concepts given by the teacher (n = 15). Therefore all essential concepts were 

included in the students’ map. The teacher integrated this experiment as one learning activity and 

adopted the concept map score as one of the components of students’ mid-term test.  

 

3.2 Experimental Settings 
 

We conducted the experiments in the computer laboratory and the classroom. Students had already 

informed that they would create a concept map by using Kit Build application. Though they had 

created a concept map with paper and pencil, they have no previous experienced with Kit Build. 

The teacher allowed students to choose their partners and to use their laptop computers so that they 

feel comfortable conveying their ideas and following the activities. Students sat side by side with 

their partners in a group. During the experiment, the teacher permitted students to open relevant 

learning materials. This experiment consists of 4 phases, i.e., introduction phase, individual phase, 

collaboration phase, and feedback phase. The feedback phase was held in the classroom after the 

students created the concept map. We conducted the activities following the timeline in Table 1. 

 

Table 1 

The experiments schedule 

Phase Teacher’s activity Students’ activity Duration 

Introduction explain the task and the way to 

use the system 
 Kit Build practice 5’ 

 

15’ 

Individual  act as facilitator  create a concept map based 

on the given nodes 

(concepts) 

15’ 

Collaboration  act as facilitator  reconstruct the map based 

on the partner’s kit  

 discuss the comparison map 

 create a group concept map 

20’ 

 

 

20’ 

Feedback  provide feedback  30’ 

 

 For an introductory phase, the teacher explained the purpose of this activity and introduced 

the Kit Build application. Students who have never created a concept map with the Kit Build were 

trying to make a simple concept map, so they were familiar with the interface. By doing so, we 

expected that it would reduce the technical difficulties found by students. 

 In the individual phase, students created an individual concept map based on the predefined 

nodes. This activity enabled students to externalize their prior knowledge. There are 15 concept 

nodes provided, including inner product space, vector space, vector, directed line segment, domain: 

VxV, codomain: R, inner product function, additivity axiom, homogeneity axiom, positivity axiom, 

symmetry axiom, orthogonal projection, distance between two vectors, length of a vector, and 

angle between two vectors. The teacher allowed students to make a concept map with as many 

nodes as possible. 

 In the collaboration phase, there were two main activities performed by the students. First, 

students tried to reconstruct a concept map based on the nodes and links (kit) provided by the 

partner. After that, the RKB will show the similarities and differences between the reconstructed 

concept map and the initial concept map created in the individual phase (a comparison map). The 

comparison map consists of agree links, excessive links, and lacking links. If a student rebuilds the 

same proposition as his/her partner, the link becomes an agree link. It belongs to an excessive link 

when the student creates a proposition that does not exist in the partner’s map. A lacking link shows 

a partner’s link that is not rebuilt by the student. We expected students were trying to understand 

their partner’s comprehension.  
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 Providing the comparison map might lead elicitation of partner understanding since 

students were able to detect missing information in the partner’s representation. Additionally, it 

supported students to discover the different point of views, and stimulated task-related cognitive 

activity and result in progress (conflict-oriented consensus-building stage). Finally, students 

created a group concept map together as the final concept map (integration-oriented 

consensus-building stage). We illustrate these activities in Figure 1.  

 

Individual phase 

 
A’s map 

 
B’s map 

Collaboration phase with the Reciprocal Kit Build 

 
The system provides B’s kit to A 

 
The system provides A’s kit to B 

 
A’s reconstructed map 

 
B’s reconstructed map 

 
 

Comparison map between B’s initial concept map with 

A’s reconstructed map 

 
Comparison map between A’s initial concept 

map with B’s reconstructed map 

Collaborative concept map 

 
 

Figure 1. The flow of students’ activities using the Reciprocal Kit Build before creating a group map 

 

 In the next session, the teacher provided general feedback to students based on their maps. 

The teacher identified true propositions and common misconceptions. The teacher also 
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acknowledged the students who make a good concept map. This feedback phase is essential to 

appreciate student participation and to correct misconceptions. The scores of both individual and 

group maps are aggregated and were included for the individual mid-term evaluations.   

  

3.3 Measurement 
 

In this study, we measured students’ learning performances from the concept maps created in the 

individual phase and collaboration phase. Before the experiment, the teacher had composed an 

expert map and created a grading rubric following the map. The rubric contains a schema determines 

the score of a proposition based on the presence of connections (links) between two concepts and the 

accuracy of annotation. From all 15 nodes provided to students, the teacher expected that there 

should be at least 14 valid propositions. The score for every proposition will belong to one of four 

categories including a true proposition (10 points), a false proposition with a minor, moderate, or 

fatal error with the weight of 8, 5, 0 points accordingly. All propositions scores were aggregated and 

normalized from 0 to 100 ranges. The teacher conducted the assessment independently, as in a 

common class setting. We identified the effect of the proposed procedure by assessing group 

performances, not individual performances, as suggested by Dillenbourg (1999). Measurement of 

group performance is more appropriate because it reflects the results of the collaboration between 

students as members of a group.  

We also observed all comparison maps to identify changes in students’ final concept map. 

We analyzed the propositional changes from the individual map into group map based on the links 

obtained from the comparison map of each group. We measured whether there is a correlation 

between the content displayed on the comparison map and the accuracy changes in the student 

propositions. We found out whether the visualization provided by the RKB system influenced the 

group maps. 

 

 

4. Results & Discussion 
 

We divide this section into two sub-sections based on the research questions. First, we analyzed the 

changes of concept map scores between the individual phase and collaboration phase to measure 

students' learning achievements. Next, we identified the effect of the comparison map on student 

proposition changes based on data obtained from the Reciprocal Kit Build system.    

 

4.1.1 The Effect of Proposed Procedures on Students’ Learning Performances 
 

We evaluated improvements of group performances based on the concept maps generated at the 

individual and the collaboration phase. As the initial group score, we calculated the average value of 

the individual concept map within a group, while the final score obtained from the group map. The 

total number of the group is 22. On average the final group score is increasing (Table 2).  

 
Table 2 

Descriptive statistics of the Initial Group Score and the Final Group Score 

Item Initial Group Score Final Group Score 

Mean 70.35 85.51 
Standard Deviation 18.90 10.14 
Minimum 37.14 67.14 
Maximum 100 100 

 

Furthermore, we did a statistical test to see if the changes were significant. Before 

performing the t-test, we tested whether the variances of the two scores from the same populations 

are equal by using the f-test. In this case, F = 3.4724 and F Critical one-tail = 2.0842, which shows 

that variances between the two scores are unequal. Next, we did a t-test for the case of unequal 

variances. The data does not have outliers. The data is normally distributed based on the 
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Shapiro-Wilk Test (α = 0.05, p-value: 0.126). We also did a paired-sample T-test, using T 

distribution (DF=21) (two-tailed). The difference between the average of the Final Group Score 

minus Initial Group Score and μ0 is statistically significant (p-value: 0.000559955). The observed 

standardized effect size is large (0.87).  

Overall, the number of true propositions in all group maps is increasing (Figure 2), even 

though the teachers did not provide feedback on individual maps nor intervene in students’ 

discussion. From both diagrams, we also see that the number of false propositions has decreased by 

17%, from 36% to 19%. Mainly, there is a decrease in the false propositions with a fatal error as 

much as 16%. After creating an individual concept map, students were asked to recreate a concept 

map from their partner’s kit and discussed the results before creating a group map together. 

Therefore, we estimate that the discourse during those activities was productive for students to 

confirm and clarify their understanding. 

 

 
(a) 

 

 
(b) 

Legend: 

 : True proposition 

 : False proposition (minor error) 

 : False proposition (moderate error) 

 : False proposition (fatal error) 

 

Figure 2. (a). Distribution of true and false propositions in all initial maps; (b) Distribution of true 

and false propositions in the final group maps 

 

Furthermore, we also explored how far the accuracy of students’ propositions from the 

initial maps had changed in the group maps. We tried to figure out the students’ tendency to change 

his original proposition. Following the teacher’s rubric that covers 14 propositions, we determined 

changes of students proposition accuracy; whether a true proposition in students’ initial map 

becomes a false proposition in the group map, or still correct. We applied the similar treatment to the 

false proposition. Next, we categorized the changes into three types: positive revision, negative 

revision, and not change. Positive revision means that students improve the proposition quality, for 

example by creating a correct link between the two connected concepts or defining a correct 

annotation in the group map, which was not available in the individual map. We applied the opposite 

way to define negative revision; the students’ proposition changes into a false proposition in the 

group map while in the individual map they had created a better one. Based on those categories, we 

found that 409 propositions in individual maps have the same truth value as in the group map, 163 

propositions increased in their truth value, and 44 propositions decreased. We conclude that students 

negotiated 33% of their original propositions and 78% of modified propositions become more 

accurate than its initial propositions. 

 

4.1.2 The Effect of Kit Build Visualization on Students’ Performances 
 

We have seen that students have revised some of their initial propositions in their group map, 

without any feedback from the teacher. It may indicate that they have reflected their knowledge and 

been facing cognitive conflict with their peer which lead to positive changes following our 

procedures. Since the RKB facilitated these processes, it is necessary to analyze further the 

dynamics of a pair understanding represented in the comparison map.  

After creating the individual maps, students exchanged ideas using the RKB. In this phase, 

they reconstructed a concept map based on the links and nodes provided by the partner. The system 

also showed a comparison map which highlights the similarities and differences between the 

reconstructed map and the initial individual map. There are three types of links shown, i.e., agree 

link, excessive link, and lacking link. Agree link illustrated the student had reconstructed the same 

proposition as in the partner’s map, while excessive and lacking links illustrated the different 

proposition made by the partner. Based on the data obtained, there are 468 agree links, 139 excessive 
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links, and 142 lacking links. The number of lacking links is more than the excessive links because 

the student may not connect the relation (links) to any concept. 

 

 
Figure 3. Distribution of the links similarities and differences constructed by all groups 

 

 
Figure 4. Distribution of changes in the propositions quality (truth level) for all groups 

 

Based on Figure 3 and Figure 4, we predicted that, in specific groups, the number of 

excessive links and lacking links also influences the proposition accuracy changes made in the group 

map. Therefore, we calculate the correlation between those two. In this analysis, we selected only 

excessive links, without the lacking links because the number of excessive links and lacking links is 

relatively similar and primarily it represented the same information, that is a different opinion about 

a particular proposition between a dyad. 

 

Table 3 

Correlation between the type of proposition quality change and excessive links 

Type of proposition quality change Excessive link Agree link 

Revision 0.418 (p-value: 0.05235)  

Positive revision 0.583 (p-value: 0.00435)  

Negative revision -0.250 (p-value: 0.26058)  

Not change  0.464 (p-value: 0.0295) 

 

In general, the change in proposition quality has a moderate positive correlation with the 

number of excessive links. For the positive revision, when the groups have more excessive links, 

they are more likely to create a better proposition in the group map, and the correlation coefficient is 

significantly different from zero. It seems that when a student has a different opinion within the 

group, he/she tries to correct own understanding. There is a weak negative correlation between the 

number of excessive links and the decreasing accuracy of propositions in the group map. There are 

only 44 out of 616 propositions changed into less accurate propositions. It needs to be further 
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analyzed why it is occurred, especially in ALG 09 group. Table 3 also shows that there is a moderate 

positive correlation between the number of propositions that do not change with the number of the 

same proposition made by a student from the partner’s kit. It means there is a chance that a partner 

with a high level of agreement tends not to change his understanding, for example in the ALG 01 and 

ALG 18 group. 

Now, we focus on the excessive links since it represents the different point of views within a 

group. We explored how many proposition changes in the group map following the visualization of 

excessive links. Figure 5 shows the distribution of these changes based on the excessive links only. 

There are 19 out of 22 groups who have excessive links. From the 139 excessive links shown to the 

students, 78% of propositions change to true propositions. Twenty of the 44 false propositions have 

a minor error. 

 

 
Figure 5. The distribution of changes in group propositions from all excessive links (n = 139) 

 

We also investigated how students’ tendency when partners make different propositions to 

their original propositions (excessive links). Based on these excessive links, we have explored how 

the group determined the propositions used in the group map. Did they follow the full proposition of 

one member of the group, adapt existing, or compose a new proposition? Based on the similarity 

between the connectedness of two nodes and the link definition, we divided three trends of the group 

propositions: 

 Follow one's proposition: propositions created in the group map follow one member 

completely, both regarding the link between the two concepts and the annotation between these 

concepts. A total of 41 of 65 propositions follow one of the true propositions. The visualization 

helps students to realize own mistakes, then they discover information from their partner and 

tend to decide the true proposition. 

 Adapt with a partner's proposition: propositions written in the group map accommodate the 

proposition of one member but do not change completely. It is possible for students to define a 

different link (relationship) they have made in the individual phase, while still using the link 

between the old nodes. A total of 33 of 47 propositions adapted to the proposition created by the 

other member in the individual phase and formed a true proposition. It shows that a proposition 

created by the group member is partially correct and should to be adjusted so others would not 

have a different understanding. 

 Create a new proposition: the propositions in the group map are new and not available in the 

propositions appeared at the individual phase (n = 5). Four of the five propositions are true. It 

shows that when students do not make propositions according to partner expectations, there is a 

possibility that both of them are exploring information from other learning sources and 

realizing their understanding was wrong. 

A total of 134 of 139 total excessive links of students were adopted from the individual 

proposition to be a group proposition. In general, students tend to consider the opinions of their 

partner when they have a cognitive conflict visualized by the excessive links. 

 

 

5. Conclusion and Future Works 
 

Following the proposed procedures, there is a significant improvement in students’ learning 

achievement regarding the accuracy of group map even though the teacher kept minimum 

intervention during the discourse. The false proposition reduced from 35% to 19%. It may indicate 

141



that the overall group has a productive discussion facilitated by the Kit Build application. The 

visualization of the difference map, especially excessive links, has a moderate positive correlation 

with the positive changes in the group propositions. The visualization may help students to see the 

different views of partner’s understanding and to reach a better consensus. The RKB approach also 

potential to give personalized feedback from the learning partner after they had reconstructed map 

from the partner’s kit.  

This preliminary study explores the use of Reciprocal Kit Build for creating a collaborative 

concept map. In this study, the RKB approach was used for Linear Algebra subject in which have a 

clear correct and incorrect link among concepts, but no so far more complex topics. The effect of the 

treatment only measures from a single group. The more comprehensive analysis should be done at 

every stage of the collaborative learning process (externalization, elicitation, and consensus 

building). Further, students’ cognitive load in one experiment session are rather high since they have 

to construct a map from scratch, for at least three times. For the future work, it may be better to 

differentiate the individual phase and collaboration phase session. The system should provide a 

feature to help the teacher analyze students’ maps.  
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Abstract: Studies have found that student understanding of abstract topics such as vectors, 

critical to learning physics and its application areas, is limited. Students appear to be 

relatively fluent with the algebra of vectors, but lack geometric imagination. One possible 

reason for this could be the paper-based medium currently used to learn and reason about 
vectors. We use an interactive computational system named TFV (Touchy Feely Vectors), 

which connects the algebra and the geometric representations involved in vectors, and 

allows students to learn addition and resolution of vectors in an interactive way. We report 

results from a short intervention based on a series of tasks designed using TFV, where 

students explored the conceptual possibilities of the interactive system. We examine in 

detail two student cases of conceptual change based on the system, illustrating how 

interaction with such enactive media could restructure complex concepts. These case studies 

could provide us insights into the mechanisms of learning of abstract concepts afforded by 
computers and other digital media and provide educational researchers a base to design and 

develop better curricular and pedagogical interventions. 

Keywords: Computational Media; Math education; Conceptual understanding; Vectors; 

Model-based reasoning 

1. Introduction

Understanding vectors is critical while learning topics in physics such as mechanics (White 1983; 

Aguirre and Rankin 1989; Ortiz 2002), electricity and magnetism (Pepper et al. 2012) as well as 

engineering. Studies have found that students from junior college to the postgraduate level have 
shortcomings in the understanding of vectors. Students also find it difficult to apply vectors to solve 

problems (Flores, Kanim, and Kautz 2004; Nguyen and Meltzer 2003; Knight 1995; Aguirre and 

Rankin 1989; Aguirre 1988). We argue possibility of the limitations of the paper-based medium 
affecting imagination (understanding and reasoning) of vectors, and explore the possibilities offered 

by a digital medium while learning vectors. We do this by using a digital media based system called 

Touchy-feely vectors (TFV-1, described in the section 2) developed to address the vector learning 
problem. We report in section 3, two detailed case studies of changes in students understanding and 

reasoning in the context of vectors after interacting with the system.  

1.1 Nature of students' existing reasoning using vectors 

Understanding vectors involves learning both the geometric and algebraic modes of representation 
and operations. For example, a vector can be represented as a mathematical entity in the form of an 

arrow head and a line denoting the magnitude and the direction, and it can be represented using the 

rectangular components with respect to a frame of reference (the i,j,k components). All the 
operations, such as addition, scalar and dot products, have formal procedures and algorithms using 

both the forms viz., magnitude and direction as well as the rectangular components form. 

Mathematically it is identical to the translation between the polar and cartesian coordinates that is 
common in coordinate geometry and with complex numbers (in 2D). This translation, and the 

resulting equivalence of the two forms of the same vector, appears not to be understood by students. 

The process of resolution of vectors requires fluency in understanding geometry of right triangle and 
circle, and trigonometry which students appear to struggle with (Byers 2010; Gur 2009; Orhun 
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2004). Further, vector is a new mathematical entity for early college students, who are only familiar 
working with scalars, which are simple magnitudes. Our discussions with physics and mathematics 

teachers at the junior college level confirm the findings in the literature (Knight 1995; Aguirre 1988; 

Usharani and Meera 2018), that students struggle with incorporating the notion of direction in their 
mathematical understanding. A similar struggle occurs in the transition from numerical arithmetic to 

symbolic algebra. As a result of the complexities involved in understanding and applying vectors 

effectively, students tend to rely on rote methods, performing mechanical algebraic manipulations 
using the i,j,k components (Knight 1995; Aguirre 1988; Usharani and Meera 2018) with very little 

geometric imagination and reasoning. The fact that the algebra of addition of vectors in the i,j,k form 

simply follows the ‘addition’ of like terms used in scalar algebra reinforces this tendency further, 
and habituates students to add vectors using the i,j,k components. This approach leaves them 

vulnerable when problems require reasoning using geometry. 

 

 

1.2 Limitations of the paper-based medium 
 

Ong (2013) examines changes in the nature of epistemic activities, and its ripples in the structure of 
the society, as humanity moved from oral to literate media. He illustrates clearly how the medium of 

representation changed cognitive processes. The medium of representation, and how the media 

enables/restricts the handling of representations, dictates the nature of concepts and ideas that we 
can hold and process. Oral cultures had to create structured patterns of words to ensure that the idea 

is not lost in oral transmission from person to person. This led to rhythmic and meter scales for 

poetry, and qualifying nouns with elaborate adjectives adding a lot of 'weight' to the ideas. Once 
writing technologies were available, Ong argues, the nature of thinking and the levels of abstraction 

jumped ahead in leaps and bounds. One could externally represent an idea as a written sentence, 

which one could then build further on, in collaboration with others. The emergence of modern 
science has been attributed to these affordances of the written medium (Hestenes 2006). Extending 

this view further, a recent work (de Freitas 2016) argues that computational media presents a similar 

shift, where new media allows new thinking processes, by helping link cognitive and mental 
processes to bodily states and actions.  

An analysis of two popular Indian textbooks and their presentation of topics related to 

vectors revealed possible learning problems connected to the medium (Karnam and Sule 2018). The 
analysis showed very fragile interlinking between topics related to vectors. The topics related to 

vectors were spread across almost 4 grades in general science/ physics and mathematics. In addition, 

the way the school system is organized (with different teachers in different grades, and a shift in the 
schooling level after grade 10, requiring going to a different school), a lack of continuity is inherent 

in the system, which prevents scaffolding the conceptual jumps required to understand the topic. 

This problem can be attributed at one level to the paper-based medium, where complex content can 
only be presented in a modular and linear fashion, and classes and grades are organized around this 

modular structure. Further, textbooks at the beginner levels (grade 11 in India) had very few 

problems requiring the geometric mode of reasoning, such as adding vectors using triangle and 
parallelogram laws. This leads to students using more algebraic modes, particularly if there is no 

serious effort by teachers to address this limitation. The teachers are also limited by the blackboard 

as the medium of teaching. They expressed their inability in enacting (Rahaman et al. 2017) 
vector-related topics, as this required drawing many diagrams to make students imagine the 

dynamics underlying the vector representations. This is also an extended effect of the written 

medium, where performing geometric manipulations is tedious (requiring usage of geometrical 
instruments like compass, ruler, protractors, etc). These factors together account for the students’ 

reliance on algebraic reasoning with limited geometric thinking. 

 
 

2. Touchy-Feely vectors (TFV) - an enactive system to learn Vectors 
 

To address these and other limitations of the paper-based media (such as limited interactivity and 

collaboration), a new media system is developed that allowed both students and teachers to create 
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vectors and actively manipulate them. There could be already existing systems (some dynamic 
geometric software or geometric calculators) which could have met some of the design requirements 

but not all of them. But there are certain other key differences and limitations in certain aspects and 

given the scope and focus of the paper, we deem those discussions to be irrelevant. Further, given a 
larger interest in understanding the learning mechanisms, we would need more control on the design 

of the system and chose to develop the system, ourselves. 

A brief description of the system is provided below. For detailed descriptions and design 
decisions, please see (Karnam et al. 2016). The browser-based interface allows students to create, 

manipulate, add and resolve vectors dynamically. The system seeks to integrate the algebra and 

geometry understanding of vectors, and uses a circle (similar to a unit circle) as an interface element 
to do this. It builds on students' existing understanding of geometry and trigonometry of right 

triangle and the circle. A click on the screen creates a vector. Holding the line and dragging allows 

changing the direction. By clicking inside the circle and dragging the magnitude can be changed. 
These operations are reflected simultaneously in the numerical values. A double click on a circle 

creates a right triangle inscribed in the circle (see vector C in fig.1a). A single click further inside the 

circle creates the resolved rectangular components and detailed equations (see vector B in fig.1a). 
The same interactions in reverse order reverse the process of resolution. One can change the 

direction and magnitude in all the states. One can add two vectors by clicking on both the vectors 

holding control (Ctrl) key on the keyboard (see fig.1b). The circle that is highlighted shows the 
vector that can be manipulated. Both the component vectors can be manipulated by switching 

between them, by right clicking on either of them. The changes in the resultant are displayed. Double 

clicking shows the underlying right triangles and a further single click makes the rectangular 
components appear (see fig.1c) similar to the interactions used for resolution. In all the stages, one 

can manipulate the vectors' direction and magnitude, and see the effects in the rectangular 

components as well as the resultant. Returning to the initial triangle law state is through the same 
interactions of the single-click and double-click. For more details refer to the help menu of the 

system [link]. The system allows students to see the interconnections between the algebraic and 

geometrical forms of the vector after resolution, as well as the dynamics behind the process (in short 
animations). The manipulations on the vector make the concept more tangible. Later versions, based 

on user feedback from the tests reported here, addresses conceptual limitations, like the lack of the 

parallelogram law. The new system also has a touch-based interface, which supports embodied 
learning (Sinclair and de Freitas 2014; de Freitas and Sinclair 2013). 

 

 

Figure 1(a). Creating a vector, changing its direction and magnitude and resolving it into 

rectangular components (b). Addition of two vectors (c). Rectangular Components getting 
added. 

 

 

3. Case Study 
 

We studied the effect of the system on students' imagination using a series of tasks. Six participants 

who had finished their grade 11 (finished a yearlong course related to vectors and its applications in 
physics) were given pre and post tests and were interviewed before and after the TFV intervention. 

The intervention sessions involved performing tasks on the interactive vector system for about 70-90 
minutes. These tasks were designed to make the students explore various features of the system. 

Their actions were recorded, using video, written scripts (rough work), screen capture, and eye 

tracking (Tobii X2-60). In an earlier paper in the conference, we have reported the effects that this 
intervention had in these 6 students post-test performance quantifying the changes in the strengths of 

conceptual understanding (Karnam et al. 2016). It was reported that the intervention helped in 
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growth in conceptual understanding in most of the conceptual areas. Further, in certain conceptual 
areas where the pretest strength was good, there was a drop. It was explained as a disruption (sort of 

a cognitive conflict (Posner et al. 1982; Hewson and A’Beckett Hewson 1984)) created by the 

intervention in the existing stabilized understanding (perhaps stabilized by rote learning and 
mass-practice). This state of confusion could allow for better conceptual understanding (D’Mello et 

al. 2014/2). Now, we will discuss below detailed case studies of two students, capturing their 

understanding before and after the intervention. These two cases are chosen to illustrate qualitatively 
a wide range of effects of the intervention (interaction with the TFV system) in the students’ 

conceptual understanding as well as the reasoning modes. 

 

3.1 Case-1 (S2) 
 

S2 has finished grade 11 and gets coached for the entrance exam for IITs (a group of Indian 

technological institutes, where the admission is based on an entrance exam known to assess 
students’ conceptual understanding). S2's responses in the pretest show hints of conceptual 

understanding, but he made some procedural mistakes. He showed command over understanding of 

vector and scalar, correctly identifying the nature of physical quantities like weight, pressure, time. 
Further, there was a sense of confidence and haste in the way he wrote his answers. 

 

Pretest: Consider S2's response to the question on magnitude of resultant or the dot product (using 
components) as shown in figure 2. In the problem on the left, he initially has some confusion when 

dot products need to be calculated using the rectangular components. He starts off using the 

determinant form (used for the cross product). Even when he rectifies, he directly writes some 
expression. Similarly, in the problem on the right, he wanted to compare procedurally the 

magnitudes of resultant and the initial vectors, but he uses the expression of dot product by mistake 

for the expression of the resultant. This shows that he does not have a strong conceptual 
understanding, and he has memorized the algebraic expressions (formulae) used in the vectors, 

possibly just rote learning the procedures. However, he also seems to understand the role of 
trigonometry in vectors. This understanding is used when he explains how pressure is a scalar, as it 

does not follow vector addition. 

 

 
Figure 2. Responses of S2 in Pretest 

 

The interview after the pretest indicated that he had a strong sense of confidence in his 

conceptual understanding. He started off by dismissing the test as boring. We discussed the question 
to the right in figure 2 (probing the relation between |A| and |P3|+|Q3, when A=P3+Q3) which he 

found tricky, as he had to think of extreme cases. In fact, he referred to them as vectors, and not as 

magnitude of vectors. However, as discussed earlier, he confused the formulae for the resultant and 
the dot product. Once he had the formula written, he tried to bring in some principles of 

trigonometric function in the quadrants. He seemed to have a fair overall picture of the concepts 

involved in trigonometry and its applications in physics. He showed how the rectangular 
components can add up to give the initial vector, geometrically. He also showed an understanding of 

vectors as geometrical entities, helping in reasoning about certain problems in physics. He drew 

examples from resolutions of forces, projectile motion and mathematics (circle and conics). While 
he did not seem to display a finer understanding in the pretest answer script, he clarified his 

conceptual stance during the discussion. One of the key corrections was his acknowledgement of 
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non-rectangular components, which he displayed by being careful in using words in the discussion. 
Though he has breadth in his narrative pertaining trigonometry, this seems to break when probed in 

detail, as in the case of the question Pr.5d (figure 2 right). 

 
Intervention: S2 was able to complete all the tasks in the intervention session. However, there was a 

key difference in the way he accomplished the tasks, compared to other students. Different students 

made use of the TFV system to different extents to help their reasoning. Some relied completely on 
the geometrical entities on screen to guide their actions towards the goal. Some relied on the 

algebraic entities on screen to guide their actions. Some tried to bring in their school knowledge. The 

peculiar thing about S2 was that despite the presence of the interactive system, he relied on pen and 
paper based calculations to arrive at the solutions to the intervention problems (tasks). He then 

recreated them on the TFV system. When asked to create a target vector 50î+80ĵ, he made a rough 

estimate of the resulting magnitude using the formula, and then fine-tuned it to arrive at the target. 
He followed a similar approach when asked to create a set of two vectors, which add to give a 

resultant of magnitude 120 at a direction 60° (anti clockwise) with the x axis. He resolved the vector 

into rectangular components and used them as two vectors that add up to the resultant. This is a very 
interesting strategy, hinting at conceptual clarity in addition and resolution of vectors. However, this 

strategy does not cohere well with the confusions in the responses in the pre-test, suggesting that his 

model-based reasoning is immature. The strategy could be part of one of the broad pictures he has 
developed, with little connection to the overall vector model. However, further tasks (where he was 

asked to create other possible vector sets that add up to give the same resultant, with the added 

constraint that they be perpendicular to each other) demanded exploration of the geometrical 
affordances of the TFV system. Even in these cases, he tried hard to find ways in which he could use 

some formulae to arrive at a rough estimate of the required vectors. For instance, in the case of a set 

of perpendicular components adding up to give a target vector, he assumed them to be of equal 
magnitude, and then estimated their magnitude as shown in figure 10(a). In the follow-up discussion, 

when asked about his reasoning using calculations with pen and paper, he called it fundamental 

understanding, and associated this problem-solving approach with theory, while the interaction with 
the TFV system was considered an experiment.  

 

 

 
Figure 3(a). A section of the rough work performed by S2 during intervention session. (b) 

A response by S2 in the post-test. (c) S2 using gestures in the post-test interview to show 

a dynamic change in the direction of vector. (d) S2 using gestures in the post-test 
interview to show a how component vectors change to give the target vector. (e) A 

response by S2 in post-test 

 
Post-test: In the post test, S2 handled a similar problem, as shown in figure 3b, by using diagrams 

and directly changing the angle dynamically, and by considering the extreme conditions. This 
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clearly shows a fundamental shift in his reasoning approach, from a dominant formula-based 
algorithmic mode to a more model-based approach. The effect of the system was evident in the way 

S2 used gestures, as shown in figure 3c, to dynamically change the vectors (Soto-Johnson and Troup 

2014; Roth 2003; Roth and Welzel 2001). However, he still articulated this reasoning as being 
another method/ algorithm, to effectively solve the problems of this kind. To another question, he 

says- “…in my mind, I just... I drew two axes and then I shifted the axes like this (gesturing and 

rotating his hands in figure 3d) ... perpendicular, perpendicular, perpendicular... oh!! There can be 
many!!” Later, he explicitly said he realized this when he was performing a task during the 

intervention session, where he was asked to come up with another set of vectors, which add up to a 

given target vector. There were many such instances where the post-test task required creating all 
possible sets of vectors to reach a target. He explicitly mentioned in such cases how the interaction 

with the system helped him. The post-test revealed the limitations of the student's understanding of 

components and rectangular components. When solving certain questions on components (both 
rectangular and non-rectangular), S2 was still looking for formulae, and some confusion made him 

not attempt the questions at all. The actual intervention data need to be further analyzed (eye 

tracking data as well as the screen recordings) in detail for a clear trajectory of the changes in S2's 
understanding. 

 

3.2 Case-2 (S5) 

 
S5 finished her 11th grade from the same college as S2. She takes some remedial help from coaching 
classes, but was not preparing for the IIT entrance exam. All here responses were neatly and 

carefully written, and much care was taken to present them as clearly as possible.  

 
Pretest: Her responses in the pretest showed a good understanding of the prerequisites. She could 

differentiate all physical quantities as vectors and scalars, including pressure, time and friction, 

correctly, except for weight. One of her mistakes was ignoring the order of vectors in the case of 
triangle law of vector addition (figure 4a). However, during the interview, it struck her that the 

vectors need to be ordered in a particular way in triangle law (figure 4b). But, she immediately 

contradicted herself, as she found the geometrical figures similar (both obtuse triangles). Discussing 
the questions related to addition of vectors, she could articulate a surface connection (how they 

related as geometries) between the triangle and parallelogram laws of vector addition. She fumbled 

while solving questions related to adding using rectangular components. When asked to add a vector 
after resolving into components, she could resolve them using trigonometry, but could not figure out 

how to move ahead (figure 4c). The relation between rectangular components and the initial vector 

was not very clear to her, as evident from the inaccurate representations in the figure (the lengths of 
the projections made randomly), particularly given her care in writing. When probed about this 

during the interview, she said that the x component is the projection of the vector on x-axis, and the 

y-component was similar. But when asked to write the relation between the vector and the 
rectangular components, she wrote the expression Ccosθ+Csinθ = 1, (figure 4d). When prompts 

were provided using the questionnaire and the textbook, she agreed on Ccosθî+Csinθĵ = C. This 

suggests a vague recollection of identities from mathematics relating sin and cosine ratios, but no 
strong conceptual links in the context of vector components. When probed for general understanding 

of components, using a set of questions on addition of vectors and triangle law and the components 

(figure 5a), she was not clear with the diagram, as she expected components to be only x and y 
components. And her confusion is well articulated in the response she gave to the same set of 

questions (in figure 5b). 
 

148



 
Figure 4. (a) S5’s response in a pretest question (improper ordering of vectors triangle law of 

addition). (b) S5’s writing in the pretest interview in the same context (proper ordering of vectors). 

(c) Response of S5 to a question in the pretest. (d). S5’s writings during the pretest interview 
 

In another exercise on rotated frames of reference (figure 6a), she could correctly and 

confidently represent the x and y components in both the frames of reference. Her understanding of 
their relation was not clear; as she said the length of x component Acos80° is infinite. Further, the 

picture she drew (figure 6b), with a right triangle and the sinusoidal wave in the same graph, shows 

a mixed set of confusions, possibly driven by textbook diagrams. She tries to somehow connect the 
right triangle narrative of trigonometric ratios with rotating angle and the sinusoidal waveform. This 

clearly shows a lack of understanding of the unit circle notion. 

 

  
Figure 5(a). A sample question from S5's pretest. (b) S5’s response to the set of questions in (a) 

 
Intervention: S5 took a lot of time to get comfortable with the interactions during the intervention 

session, and could not complete all the tasks within the time available, though she could explore all 

the features of the system by doing some extra tasks. In the initial tasks of arriving at a target vector 
such as 50î+100ĵ, she tried changing only the direction of the vector for a long time, and thus could 

never reach the target. Even when she was given hints to try changing the magnitude, she could not 

find a systematic way to arrive at the target vector. She was not trying to control both magnitude and 
direction, and always ended up controlling just one of them. She was able to move ahead only when 

a case was demonstrated, focused on changing both the direction and magnitude, without discussing 

the general principle. After this demonstration, she started arriving at the target vectors relatively 
easily.  
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Figure 6 (a) S5’s response on a pretest question during interview. (b) S5’s drawing. 

 

 
Figure 7 (a) S5’s response in post test. (b) S5’s response in the post-test (blue) and during the 

post-test interview (black) 

 

She relied completely on the screen controls and did not use any pen and paper calculations. Even 
during the tasks, where she needed to create a set of vectors that added up to a given target vector, 

she just kept manipulating the vectors, until she stumbled upon the target vector. During the 
discussion after the intervention, she said the tasks were simple, and as she kept doing tasks, they 

seemed simpler. Further, she said with some excitement- “the tool helped in understanding addition 

of vectors... hmm... components (meant rectangular components), like the way it is shown here 
(while drawing). Firstly the vectors, which were inside a circle… Earlier I was not used to how the 

components come. Like it is shown here (pointing to the system), the lines appear and then this line 

moves here, forming the y component. Resolution of vectors… umm... angle… I liked this very 
much.” Towards the end, as a suggestion, she pointed out that the system now supports only triangle 

law, but she would like to have parallelogram law as well. She also suggested some ways of 

implementing it. As an overall comment, she said: “it (interaction with the system) has made a lot of 
things easier. As earlier I could not draw things out on my own for addition of vectors and all… 

angles and others I feel are now easier…” 

 
Post-test: However, a more complex picture emerged in the post-test and the follow-up discussion. 

The post-test responses showed a drop in rectangular components. Right in the beginning of the 

interview, she says that she had confusions on components. She had not properly connected triangle 
and parallelogram laws, which is of course not expected directly from the intervention. Regarding 

addition of vectors using rectangular components, she showed some progress from the pretest (see 

figure 13(a)), where she could not move ahead after resolving the vectors geometrically. In the post 
test, she said that she could add the y components of both vectors, but was unclear about the x 

components (as they were in opposite directions in figure 7a). When probed on her responses to 

questions related to the relations of magnitudes (question in figure 3b), she said she understood the 
problem when done on the system, but not in the post-test. This clearly indicates a problem of 

transfer. She made many inconsistent statements as well (figure 7b). But when asked questions 

explicitly, she could give conclusive answers. She seemed confused on the way the equation 
R=A+B captured both direction and magnitude of the vector. A deeper analysis of her 

understanding, based on intervention data, is ongoing. 
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4. Discussion and Conclusions 
 

The two cases illustrate how an interactive media system for learning model-based reasoning could 
change conceptual understanding in different ways. S2, who relies heavily on algebraic expressions 

and formulae in the pretest and even during intervention using pen and paper for reasoning, was 

pushed by some tasks to rely on the system. In the post test, he uses more pictures and gestures, 
which are indicators of moving towards deeper conceptual understanding and a model-based 

reasoning. Further, though the post test responses particularly for those related to rectangular 

components indicate a drop, which indicate a disruption or confusion in his earlier conceptions, and 
thus provides scope for better learning as can be seen in the interview responses.  

Unlike S2, S5, who was not clear on how different concepts were interrelated, started 

making some conjectures on the basis of working with the system. However, she struggled in 
transferring this understanding to formal representations. She did show a confidence and an 

improved handling of the concepts of resolution and addition using triangle law.From a learning 

sciences perspective, a deeper analysis of the actual interactions of the students during the 
intervention (analysis of the screen recordings, the video recordings and the eye-tracking data) 

leading to the conceptual changes will help in two ways. Firstly, it would allow us get a better 

understanding of the mechanisms involved in the learning of abstract concepts. Secondly, this in 
turn will put the education researcher community in a better place in designing and establishing 

better curricular and pedagogical interventions. However, the above cases provide initial promise in 

the computational system assisting students with widely different conceptual issues, in developing 
model based reasoning related to vectors. These cases also hint that the intervention, even though 

limited to a single session, can influence conceptual understanding, and integrate algebraic and 

geometric thinking. But, for the disruptions to settle, leading to better conceptual understanding, a 
more sustained interaction for longer duration would be recommended. This would require a proper 

integration of such systems with the conventional text-book, and teaching based on the textbook, 

along with sustained interaction within the existing classrooms. Our ongoing work is in this 
direction. 
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Abstract: Synergistic learning of computational thinking (CT) and STEM has proven to 

effective in helping students develop better understanding of STEM topics, while simulta-

neously acquiring CT concepts and practices. With the ubiquity of computational devices 

and tools, advances in technology, and the globalization of product development, it is im-

portant for our students to not only develop multi-disciplinary skills acquired through such 

synergistic learning opportunities, but to also acquire key collaborative learning and prob-

lem-solving skills. In this paper, we describe the design and implementation of a collabo-

rative learning-by-modeling environment developed for high school physics classrooms. 
We develop systematic rubrics and discuss the results of key evaluation schemes to ana-

lyze collaborative synergistic learning of physics and CT concepts and practices. 

Keywords: Learning-by-modeling, synergistic learning, DSML, collaborative learning 

1. Introduction

The need for interdisciplinary STEM skills coupled with collaborative problem-solving abilities 

has increased significantly in an age driven by technological advancements and globalization. 

With the increasing reliance on computational modeling and simulation tools in the workplace 

(Freeman et al., 2014), secondary school students need for developing computational skills is 
clearly outlined in the United States’ Next Generation Science Standards (NGSS, 2013) and the 

Computer Science (CS) Education (K–12 Computer Science Framework, 2016) frameworks. An 

approach to ensuring the development of these needed skills is through the synergistic learning of 
STEM and computational thinking (CT) concepts and practices in classroom environments. Syner-

gistic learning is further amplified, when students collaborate to build and refine computational 

models, and use these models for problem solving tasks. In particular, computational modeling 
helps students develop key scientific practices, such as reasoning, explanation, and argumentation. 

The driving force behind the integration of CT into STEM domains can be traced to Pa-

pert’s (1993) pioneering call for inserting constructivist elements through programming into K-12 

curricula to enable students to generate and develop powerful ideas. This framework, further in-
vigorated by Wing’s (2006) demonstration of the ubiquity of computational thinking concepts and 

practices across disciplines, clearly lays out the pedagogical benefits of synergistic learning. These 

include lowering the CS learning threshold by easing the introduction to programming through the 
use of contextualized representations while also lowering the learning threshold for science con-

cepts by reorganizing them around intuitive computational mechanisms as opposed to equation-

based formulations (Sengupta et al., 2013). These benefits have been actualized through studies 
run with computer-based learning environments (e.g., CTSiM (Basu et al., 2017) and Netlogo 

(Weintrop et al., 2016)), further motivating the need for developing sustainable, synergistic learn-

ing environments that can proliferate this form of learning across multiple STEM domains. 
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 This has led to our designing and developing the Collaborative, Computational STEM 
(C2STEM) learning environment (Hutchins et al., 2018). C2STEM is based on a novel paradigm 

that combines visual programming (Kelleher & Pausch, 2005) with domain specific modeling lan-

guages (DSMLs) that promote the learning of discipline-specific and CT concepts and practices 

through computational model building and problem-solving exercises. DSMLs allow students to 
express and develop computational solutions at a level of abstraction that is aligned with the 

STEM constructs they are required to learn, while developing models that are self-documenting 

(Hasan & Biswas, 2017). This lowers the barriers for students to experiment with different model-
ing and problem-solving ideas, analyze the models they develop, and check for correctness using 

their intuitions of system behavior or information they learn from the provided instructional and 

assessment opportunities. In addition, we have adopted an evidence-centered design (ECD) ap-
proach (Mislevy & Haertel, 2006) based on established standards for task and assessment (both 

formative and summative) development, making the system amenable for classroom adoption. We 

use a design-based research (DBR; Cobb et al., 2003) approach to system development by contin-

ually experimenting with the affordances and scaffolds provided in the system, and refining them 
through iterative development to meet students’ needs and address their learning difficulties. 

This paper discusses a collaborative, learning-by-modeling study that we conducted with a 

small group of high school students working on a forces curricular unit. We analyzed the verbal 
protocols and the progression of models that the students generated to identify synergistic learning 

instances and their outcomes. The goal was to answer the following research question: Do students 

that work collaboratively in C2STEM adopt synergistic learning mechanisms that help them gain a 
better understanding of relevant STEM and CT concepts and practices? To address this question in 

greater depth, we address two additional questions: (1) What is the framework needed to support 

collaborative learning of STEM concepts and practices in C2STEM? and (2) What components of 

C2STEM provide opportunities for synergistic STEM and CT learning? To address these ques-
tions, we present a case study from an experiment we ran with 25 high school students who col-

laborated on their model building tasks in groups of 2 or 3 in a classroom environment. 

 

2. Background 
 

2.1 Learning by Modeling as a Framework for Synergistic Learning 
 

C2STEM supports synergistic STEM and CT learning by getting students to construct computa-
tional models of scientific processes. We hypothesize that the affordances provided in constructing 

a step-by-step simulation model of the motion of objects (as opposed to traditional equation-based 

modeling) and then visualizing their behavior evolution using animations and plots provides stu-
dents with a deep understanding of the primary kinematics concepts, e.g., the relations between 

acceleration, velocity, and position of an object. This is further facilitated by the use of DSMLs 

that keep the focus on domain concepts (Hasan & Biswas, 2017), and supported by visual, block-

structured constructs that relieve students from the burden of learning the syntax of programming 
languages, while keeping the focus on important CT concepts and practices, such as algorithmic 

structures, use of variables, their initialization and update functions, and debugging and refinement 

to build correct and complete models (Grover & Basu, 2017). In addition, links between computa-
tional model building and real world phenomena can further improve understanding of core STEM 

concepts and practices and facilitate thinking in different ways about other disciplines (Angeli et 

al., 2016). The use of computational constructs in building models of familiar physical phenomena 
provides students with a framework to learn CT concepts and practices in context, thus making the 

interpretation and use of computational processes more grounded as opposed to being studied as 

arbitrary logical structures. On the other hand, having to represent relations between physics con-

cepts in explicit computational structures, and then executing these structures (models) to observe 
the generated behaviors, provides students with immediate feedback, and the ability to reason 

about the impact of the physics laws on the behavior of the modeled objects. This provides the 

framework for synergistic learning, and past studies have demonstrated that it results in increasing 
learning gains in the physics and CT domains (Basu, et al., 2016; 2018; Hutchins et al., 2018).  

C2STEM’s learning by modeling approach extends from the successes of previous syner-

gistic learning environments, such as CTSiM (Sengupta et al., 2013), ViMap (Sengupta et al., 
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2015), and CT-STEM (Jona et al., 2014). As discussed above, the affordances attributed to learn-
ing-by-modeling approaches have significantly enhanced synergistic learning of STEM and CT 

content. Not only does the open-ended nature of constructing, debugging, and solving authentic 

problems coincide with the notion of generating powerful ideas (Papert, 1993) and putting them to 

practice (Wilensky & Resnick, 1999), it allows students to take ownership of their learning, utiliz-
ing tools and methods that scaffold their understanding, analyzing, and problem solving.  

 

2.2 Collaborative Problem-Solving 
 

Collaborative learning research continues to advance our understanding of the cognitive and meta-

cognitive processes that students articulate when working in groups to address problem solving 
tasks (Emara et al., 2017). Roschelle and Teasley (1995) defined collaboration as “a coordinated, 

synchronous activity that is a result of a continuous attempt to construct and maintain a shared 

conception of a problem.” Dillenbourg (1999) further characterized collaboration by symmetry in 
actions, knowledge, skills, and status among peers. Research has shown that successful completion 

of collaborative learning tasks requires the development of a shared understanding among group 

members (Larkin, 2006), as well as interdependent skills such as contributing and encouraging 
contribution of ideas, monitoring and reflection of group progress, and providing constructive 

feedback to group members through argumentation and explanation (Garrison & Akyol, 2013). In 

addition, previous studies have examined conceptual changes in group knowledge based on col-

laborative conversational interactions (Rochelle, 1992) and co-creation of web-based science in-
quiry models by students who were not physically co-located (Gobert et al., 2007).  

C2STEM offers a computer-supported, collaborative learning environment, where students 

can co-construct knowledge by building their computational models of STEM topics in a shared 
workspace (Hutchins et al., 2018). Moreover, working together face-to-face provides them oppor-

tunities to discuss the model construction process, generate explanations for other group members 

based on the group’s computational models, and develop arguments that support or challenge 
model constructs proposed by their partners (Sins, Savelsbergh, & van Joolingen, 2005). As a 

means of supporting co-construction of knowledge through model building and problem-solving 

activities, our aim in designing the learning environment and the accompanying curriculum was to 

promote the necessary knowledge development and debugging skills through communication and 
discussion opportunities. To our knowledge, research has not yet analyzed actions and discourse 

data on how collaborative learning-by-modeling efforts promote synergistic learning of STEM and 

CT. 
 

 
Figure 1. Overall Curriculum and Assessment Design Process. 

 

3. Design & Implementation of C2STEM 
 

3.1 Curriculum Development 

 
Our research team has adopted ECD as a means for supporting the development of learning and 
assessment tasks. ECD promotes coherence in the design of assessment tasks and rubrics, and the 

interpretation of students’ performance by explicitly linking claims about student learning, evi-

dence from student work products, and design features of tasks that elicit the desired evidence. As 

an extension to our detailed assessment design process, Figure 1 outlines the design process uti-
lized for developing the collaborative, learning tasks and associated pre-post questions. The main 

addition of this paper is included in green in the figure. Components of this model will be dis-

cussed in the following subsections. Student performances in the pilot study were evaluated as part 
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of our DBR process in order to analyze the application of our integrated learning goals and accom-
panying tasks. Curricular adjustments were made based on this process (for instance, in a pilot 

study, we saw little improvement in students’ abilities to interpret velocity-time and position-time 

graphs, so we implemented additional instruction on the use of the graphing tool). 

Curriculum implementation is initiated by a thorough analysis of the curriculum’s targeted 
concepts and practices, i.e., learning of relevant concepts in motion generated by forces along with 

the relevant CT concepts and practices that support computational modeling and analysis of mo-

tion due to forces. Through domain analysis, we unpacked disciplinary concepts utilizing the key 
physics and computing standards discussed earlier, and sought input from the classroom physics 

teacher on how to best develop the instructional and modeling units for classroom instruction and 

learning. Example force concepts can be found in Table 1. CT concepts and practices included: 
initializing and updating variables, operators and expressions, and control structures (event han-

dlers, conditionals, iterations) as concepts, and CT practices that included the use of algorithmic 

structures to develop computational models and debugging of models to ensure their correctness 

and accuracy. The unpacking of these concepts led to the development of integrated forces and CT 
learning goals that we addressed in the curriculum (Basu et al., 2018). 

 

Table 1  

Example Concepts Developed for Each Domain 

Phy. Concepts 

1 Force = mass * acceleration; Greater the net force, greater the acceleration 

2 Resultant horizontal (or vertical) force = Applied force – Frictional force (or weight)  
[excluding frictional forces (e.g. air resistance) in the y-direction] 

3 An object at rest will move only if applied force is greater than max. force of static friction 

Utilizing the learning goals established in the domain analysis process, our team devel-

oped curricular tasks targeted towards each of our stated learning goals to ensure that the relevant 
curricular concepts and practices in physics and CT were covered by the set of developed tasks. In 

addition, the mapping of learning objectives to curricular tasks provided the assurance that key 

learning objectives were applied at varying levels of complexity with the goal of supporting learn-

ing gain opportunities. 
We developed assessment tasks to measure proficiencies in implemented force and CT 

constructs using an ECD approach (Basu et al., 2018). Given in-class time constraints, embedded 

assessments were integrated in the form of task submission questions for each learning task. This 
allowed for the research team to monitor for potential misunderstandings students had in physics 

and CT concepts. Summative assessment was implemented using a pretest and posttest, with ques-

tions designed to target key force and CT concepts and practices. For instance, four of the 11 as-
sessment questions were designed to evaluate student understanding of “Force = mass × accelera-

tion (greater the net force, greater the acceleration).” 

 

3.2 System Design and Implementation 

 
The current version of our system is designed for high school physics classrooms. Due to the lim-
ited availability of K-12 computer science teachers, we assume that classroom participants have 

limited exposure to programming in their formal curriculum. As such, it is important to note that 

the introduction of this synergistic learning environment into a physics classroom requires the as-
surance that students will receive all of the necessary physics instruction, without consuming sig-

nificant chunks of classroom time on training in block-based programming. However, students 

who have not been exposed to programming and CT, building computational models can be a non-
intuitive and difficult task (Grover & Basu, 2017). Therefore, a seamless, well-designed introduc-

tion to CT concepts and practices is an important consideration to avoid additional barriers that 

may impede both domain and CT learning. 

The C2STEM learning environment is web-based and runs off a cloud-based server. 
Therefore, students have ubiquitous access at school and out of school to work on their learning 

and problem-solving tasks. The computational modeling representation uses custom physics 
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DSML blocks developed on top of NetsBlox (Broll et al., 2016), a block-based extension of Snap! 
(http://snap.berkeley.edu/). Prior to conducting the collaborative study on the force module, we 

designed and implemented new DSML blocks specific to the modeling motion of objects in the 

presence of forces (e.g. “set net force in x-direction to (value) N” and “set x-acceleration to net 

force in x-direction / mass of object”). The rest of the physics computational constructs were the 
ones developed for the kinematics modules that preceded the force module (Hutchins et al., 2018). 

Our learning-by-modeling curriculum is designed to support the classroom Physics in-

structor through four levels of curricular tasks: (1) instructional, (2) model building, (3) embedded 
assessment, and (4) challenge (Hutchins et al., 2018). From the highly scaffolded Instructional 

tasks to the more comprehensive Challenge tasks, each curricular task involves increasing applica-

tion of more complex STEM and CT concepts and practices to support student learning through 
model building and problem solving. For instance, in the forces unit, students first complete In-

structional tasks that introduce vertical forces (due to gravity). This is followed by a Model Build-

ing task in which students have to determine the maximum acceleration that a package being lifted 

by a drone can achieve given the maximum lift force of the drone. This task allows for an intro-
duction to global (gravitational force) and local variables (e.g., the resultant lift force acting on the 

package). The next component of the forces unit involves an introduction to horizontal forces via 

Instructional tasks. This is again followed by a Model Building task in which the students have to 
construct a push-buggy model to move a package that is initially at rest at a given constant veloci-

ty. The two phases of the model behavior: (1) accelerating from rest, and (2) moving at a constant 

velocity is implemented using conditional logic to distinguish the different phases. Embedded 
formative assessment tasks are interwoven between Instructional and Model Building tasks to help 

students assess their learning of key STEM and CT concepts and practices required for that mod-

ule. Finally, in the Forces Challenge task (see Figure 2), students are required to use the push-

buggy and a drone to move a package that is too heavy for the push-buggy to move on its own. 
Such complex problems are best solved by decomposing the problem into parts (a CT practice), 

and constructing and testing each part, before composing and testing the complete model. The 

composition process may require the use of complex conditional constructs and the careful choice 
of local and global variables to make the construction and debugging processes easier to handle.  

 

4. Classroom Study 

 

4.1 Participants and Procedure 

 
We conducted a two-month-long study with 26 10th grade students who worked in groups of 2 or 3 

on C2STEM as part of their classroom activities. The research team met with participants one 
school-day a week over a two-month period. Our primary aim in this study was to determine how 

students collaborated in the C2STEM environment.  

Students completed one 45-minute CT training unit and four physics modules: three in 
Kinematics: 1D motion (with acceleration), 2D motion with constant velocity, and 2D motion with 

gravitational forces, and one in mechanics, i.e., an introductory unit on 1D Force. All work was 

completed collaboratively, either in pairs or in triads. Class lectures were led by two members of 
the research team that included a former high school teacher. In the classroom, teams primarily 

worked on model building tasks. Homework assignments consisted of instructional tasks. In the 

classroom each group worked on one laptop while interacting face to face with each other. Outside 

of the class, teams collaborated via a Google Groups forum. A member of the research team also 
monitored the forum to answer student questions. On the last day, teams presented the final solu-

tion to the challenge problem from any of the previously described modules, and the process they 

employed to solve their problem. Students completed the force pretest individually prior to the CT 
training unit and the posttest individually following their final presentations. 
 

4.2 Data Sources and Analysis Plans 
 

The primary source of assessment analysis included a paper-based pre-post assessment targeting 

Force concepts described in section 3.1. Rubrics for each task were developed as the questions 
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were developed. In addition, groups were tasked with submitting multiple choice and short answer 
questions related to the simulation models they developed for each task. 

As a means of analyzing key synergistic learning events, we recorded all group work using 

the OBS™ screen-capture software. In addition, our modeling environment has a “replay” mode, 

which allowed researchers to view how student work on the system evolved over time. We exam-
ined student recordings to characterize their approach to model building, the challenges they faced, 

and the discourse mechanisms they employed as they worked with each other. For each task, we 

noted key actions and conversations that highlighted their synergistic learning events. As a means 
of coordinating the identification of synergistic learning activities, a rubric was created to identify 

different levels of synergistic learning applications (i.e., low, medium, and high). Table 2 illus-

trates example student work linked to the three levels, and provides a basis for evaluating how stu-
dents adopt and move between these levels as they go about their model building tasks. In addi-

tion, as an example, if we find students struggling in applications with level 3 CT and level 1 phys-

ics, it would alert our team to adjust the physics instruction to help students get beyond their pre-

liminary understanding of these concepts, and apply them in building their computational model. 
 

Table 2 

Identifying Synergistic Learning during the Video-Coding Process 

Level Physics Example CT Example 

1 Low Using Physics DSML Low Using programming blocks 

2 Medium Describing object movements Medium Initializing, updating variables 

3 High Describing causal relations High Setting up conditionals to 

model behavior phases 

 

5. Results and Analysis 

 

5.1 Do students that work collaboratively on a learning-by-modeling, STEM and CT task 

improve in their understanding of the relevant STEM domain? 

 
As mentioned previously, students completed four curriculum tasks collaboratively (three instruc-

tional tasks and a challenge task). The force pretest and posttest included 10 questions worth 21 

points targeted to evaluate domain knowledge based on established learning goals. Participants 

earned an average score (standard deviation) of 4.56(2.02) on the pretest, increasing to a 

6.37(3.25) on the posttest. A t-test (𝑡(50) = −2.406, 𝑝 = 0.02) indicated students had significant 

learning gains. In the posttest, students improved in drawing free body diagrams, suggesting im-

provement in their conceptual understanding of the forces at play in a given problem. Students 
continued to struggle in their understanding of “non-zero resultant force implies non-zero accelera-

tion, and zero acceleration implies zero net or resultant force” as well as their ability to use equa-

tions (e.g., resultant force = applied force – frictional force). Given the low performance on the 

posttest compared to total possible points, we believe additional instructional and model building 
tasks with embedded check-ins (formative assessment) could improve students learning over time 

(Hutchins et al., 2018; Basu et al., 2018).  

 

5.2 Case Study: Collaboration 

 
In this paper, we limit our case study analysis to one model building task, i.e., the Force Challenge 

task (Figure 2), and compare students’ final models with their performance on questions 6 and 7 of 

our pretest and posttest. Question 6 is designed to target students’ abilities in drawing free-body 
diagrams of the forces acting in the system. Question 7 evaluates students’ knowledge on “maxi-

mum static frictional force equals the coefficient of static friction multiplied by normal force” and 

“an object at rest will move only if applied force is greater than maximum force of static friction.” 

The ECD process identified the challenge problem as addressing these constructs. 
The group for this case study consisted of two male students who listed no previous class-

room experience in Physics. One student had previous experience with the C2STEM environment. 
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On the pretest, Student 1 received a score of 4 and Student 2 received a score of 6. For Question 6, 
Student 1 received 1 out of 2 points, while Student 2 received 1.5 out of 2. Both students failed to 

illustrate normal force and Student 1 did not take gravity into account. For Question 7, both stu-

dents received 0 out of 4 in the pretest. 

 

5.2.1 Collaborative Learning-By-Modeling 
 
Prior to completing the forces challenge task, the group received feedback from a researcher on 

their instructional task submissions (including feedback on the creation of variables not available 

in the physics DSML, the affordances of utilizing operators to set and change physics variables, 

and the requirement of programming all objects in the model). For this analysis, we analyze the 
recorded video and audio of the group. For the challenge problem, the group elected to begin by 

completing their needed calculations on paper. Their initial collaborative activity prior to begin-

ning their simulation had a level 3 label for Physics and a level 0 label for CT. To begin the task, 
Student 1 articulated the problem by stating, “you need to lower the normal force until 500 New-

tons is enough to overcome static friction.” This articulation identified the first instance in which 

the group recognized normal force as a required concept for model building. Continuing on, anoth-
er group sitting at the table asked Student 1 how to solve for static friction. While Student 1 cor-

rected the other group in their use of mass of the object instead of the object’s weight, Student 2 

calculated the value needed. Student 1 followed the conversation noting that “you need to keep 

lowering the normal force until that equals 500,” which would not be sufficient to move the object 
(see concept #3, Table 1). 

After their calculation on paper, the group elected to hardcode values for all programmed 

properties (other than net force – see Figure 3) to build their model. These activities received the 

label 𝑃ℎ𝑦𝑠𝑖𝑐𝑠 𝑙𝑒𝑣𝑒𝑙 = 2, 𝐶𝑇 𝑙𝑒𝑣𝑒𝑙 = 2. After some time, a student from another group interjected 

“we have to make static friction like 499.9.” Student 1 asked why, to which the other student re-

plied “so if it’s pushing the package at 500 and since static friction is 500, it’s not going to move 

anything.” A student some distance away asked the class, “What’s the 499 from?” Student 1 artic-
ulated that “we have to lower the normal force enough so that the static friction goes from 588 to 

499, because if the [buggy] is pushing at 500 and the static friction is at 500 the forces balance out 

and the box doesn’t move.” 
An analysis of the replay mode for this project indicate that the group utilized the same 

start process as the first instructional task in which they initialized needed physics-DSML varia-

bles under the green flag for the push-buggy object instead of organizing variables first. The stu-
dents hardcoded the net x-force and did not create a static friction variable. Then they began de-

veloping their “simulation step” code for the push-buggy. The students demonstrated the CT prac-

tice of code reuse by duplicating the push-buggy initialization and simulation code for the package 

and the drone. This was an improvement on their work in the instructional task. They also showed 
other improvements in variable initialization by using a global lift-force variable. The students 

then completed the code to describe the movement of the box, and replicated this for the drone. 

They disconnected their previous initialization code from the green flag so it would not run when 
the flag was clicked, but they kept the code on the stage. 

Separate from the analyses of learning gains and synergistic learning examples, it is im-

portant to note the role of the two students in the group. As can be seen, Student 1 played a vocal 
role in the development of the solution and assisted other students in the class. We also recognized 

that proper articulation of the problem helped both students better understand their model building 

task, and the next steps in the implementation. This represents a clear example of developing 

shared understanding of the problem in collaborative problem solving (Larkin, 2006). For instance, 
in the above example, Student one stated “you need to lower the normal force until 500 Newtons is 

enough to overcome static friction.” Over the 30 minutes of video analyzed for this paper, Student 

1 articulated the problem 4 times, while Student 2 articulated the problem 1 time. In addition, there 
were three instances when Student 1 repeated the problem articulation to students in other groups. 

 

5.2.2 The Final Code and Assessment Results 
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The final submission by this group is shown in Figure 3. The values hard-coded in the simulation 
are different from those found on the group’s final presentation on their program. We presume this 

is due to a failure to save an updated version of their project. Given the CT rubric outlined in Table 

2, it is important to note that our instructions did not specify stopping conditions or a location in 

which the package was to be placed. We did not explicitly assess the requirements for Criterion #2. 
However, as can be seen in the code, issues did exist in terms of the appropriateness and correct-

ness of variables. In addition, the students implemented a global “Drone Lift” variable (in orange), 

but set it in both the package’s and drone’s code. Fortunately, the value was set to the same num-
ber for both. The use of one object’s property on another objects behavior indicates a preliminary 

understanding of local and global variables, while also showing the physics relationship required.  

 

 
Figure 3. Group One Solution to Force MB Task 

 

Finally, for the posttest regarding questions 6 and 7. Both students received a perfect score 
for Question 6, indicating a learning gain regarding normal force. For Question 7, however, Stu-

dent 1 scored a 4 out of 4, but Student 2 remained at a 0 out of 4. Upon closer examination, Stu-

dent 2 was unable to calculate the static frictional force correctly. Given the control of the prob-
lem-solving process by Student 1, it would be worthwhile to explore ways of supporting group 

dynamics that foster learning for all members. One possibility to explore could be to encourage 

students to actively switch leadership positions over the course of a challenge problem. 
 

6. Discussion 

 

6.1 What is the framework needed to support students in learning STEM concepts and 

practices through collaborative, computational model building? 

 
This research question implies generalizability in a design process for applications of more than 
one STEM domain with CT. It can be seen through this work that a detailed ECD process with 

accompanying domain and CT unpacking and the development of integrated learning objectives 

can be utilized for an effective implementation of synergistic STEM and CT learning tasks. In ad-
dition, a detailed outline of learning goals for both the STEM domain and CT supports the applica-

tion of the STEM and CT evaluation tool (Table 2). In this study, the “Unpacking of Disciplinary 

Concepts” (Figure 1) focused on unpacking concepts needed to teach a high school physics unit on 

forces. In our previous work (Hutchins et al., 2018, Basu et al., 2018), this process has been suc-
cessful for physics units on kinematics. Furthermore, a scaffolded implementation designed to first 

target specific physics concepts (e.g., a vertical force task and a horizontal force task) and needed 

CT practices (e.g., creation, initialization and updating of variables) with relevant feedback pro-
moted improvements in synergistic learning. Our initial results show that this results in students 

learning physics concepts through model building tasks. 

 

6.2 What components of the learning-by-modeling approach provide synergistic STEM 

and CT learning opportunities?  
 

As a conclusion to our analysis, we review a few key elements of synergistic learning provided by 

our learning-by-modeling environment. The first being the use of a physics DSML to program the 
model. During each of the learning tasks, students were required to utilize physics-domain blocks 
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as they developed their code, allowing for self-documentation of their physics problems. Given our 
preliminary rubric for identifying synergistic learning, as long as students were programming with 

the physics blocks in the block-based programming environment, there was a minimum of level 1 

Physics and level 1 CT activity by the students. Over time, we have seen this level of achievement 

as a benefit to synergistic learning (Hutchins et al., 2018). 
The use of the modeling environment itself proved to be a useful component in support of 

synergistic learning. For example, when the package did not move after lowering the static fric-

tional force to 500, students had to find out why their model did not work. If students were to have 
only submitted their paper calculations for this task, the lack of immediate feedback would not 

have likely corrected this misunderstanding before submission. This activity showcases a useful 

application of physics with computational modeling and the CT practice of debugging to resolve a 
physics misunderstanding. In addition, the separation of the initialization of variables under the 

green flag block and the updating of the variables under the simulation step flag may have played a 

role in the understanding of variables needed for x-directional and y-directional movement.  

Finally, this challenge problem required the student to program three objects to work to-
gether to resolve a problem. Their physics knowledge was challenged through the need to calculate 

forces appropriately for each object given their interactions with other objects. Their computation-

al knowledge was challenged in that all three objects needed to be programmed correctly for the 
simulation to generate correct results. However, as mentioned in section 5.2.1, additional CT in-

struction may help to better introduce the concept of encapsulation in the context of object-

oriented programming.  
 

7. Conclusions and Future Work 

 
This paper outlines the design process, implementation, and evaluation of a learning-by-modeling 

curriculum aimed at the synergistic learning of forces and CT. In addition, a new rubric for evalu-
ating levels of synergistic learning was implemented to highlight synergistic learning opportunities 

for students utilizing similar learning environments. Our results indicate that: (1) a systematic de-

sign approach to the developing curriculum tasks (learning and assessment) is beneficial in ad-
dressing key domain concepts and practices to be addressed by the curriculum; (2) students work-

ing collaboratively on learning-by-modeling tasks are successful in co-constructing models of 

physics phenomena; (3) identification of levels of synergistic learning applications is beneficial in 

the development and evaluation of instructional material and student progress; and (4) the control 
of the problem-solving process by one group member in a learning-by-modeling environment may 

affect individual learning gains. 

In future work, we will continue to identify synergistic learning opportunities to aid the 
learning processes in the C2STEM environment. In addition, future plans include scaled up empir-

ical studies in varied contexts with diverse learners so we can build more inclusive scaffolds and 

generalize the curriculum. Furthermore, we will explore ways this identification process can hap-

pen through log files as this may provide for useful personalization of learning tools and the crea-
tion of useful student data for classroom teachers.  
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Abstract: In this paper, I describe the tool for Systematic Analyses of Learner Self 

Appraisal (Salsa). The perception of the acceptance of this tool has been investigated in an 

educational environment by using Educational Technology Acceptance Model (ETAM). 

Lecturers’ perceptions of usefulness and ease of use of this tool have been described from 

the lecturer perspective and their perceptions of usefulness and ease of use for students are 

also given. I interviewed five lecturers who used the Salsa software in their computing 

classes. The results show that lecturers and students found the tool easy to use and useful.  

Keywords: lecturers’ perspective, educational technology acceptance, learning 

management  

1. Introduction

Many studies have investigated teachers’ attitudes toward technology. The teacher’s attitude has 

been seen as the most influential factor on which success of any technology implementation in 

education strongly depends (Askar & Umay, 2001). Research suggests that teachers will resist a 

technology implementation if they believe that the technology is not beneficial for them or their 

students (Askar & Umay, 2001). Thus, the teacher’s attitude towards the technology, whether 

positive or negative, is highly influential. This attitude reflects on students’ perceptions of the 

importance of the technology (Akinde & Adetimirin, 2017; Shelton, 2017; Teo, 2006; Wingo, 

Ivankova, & Moss, 2017). Yildirim (2000) found that teachers who use computers more tend to 

develop positive attitudes and further promote its use in teaching in their classrooms. Huang and 

Liaw (2005) and Dorman and Fraser (2009) found that the extent to which educational technology is 

implemented depends completely on the teacher having a positive attitude.   

This research investigates lecturers’ perceptions of technology acceptance in a classroom 

environment, as measured by the Educational Technology Acceptance Model (ETAM) (Lopez, 

2012). Lecturers’ perceptions were analysed with a qualitative methodology in which interview 

transcripts were analysed by content analysis.  ETAM was used as an analytical framework for these 

interviews. ETAM combines two well-established and widely-used models from two major research 

domains: the Technology Acceptance Model (TAM) by Davis (1986) and the What Is Happening In 

this Class (WIHIC) educational environment instrument (Fraser, Fisher, & McRobbie, 1996).   

This article is organised as follows: it starts with a description of the Salsa software used for 

students’ self-management of learning. Next the method with sample and instrument is explained. 

This is followed by a full analysis of lecturers’ interviews, which is presented in two sections: 

perceived usefulness and perceived ease of use. The article finishes with a conclusion that 

summarises the findings and sets put limitations and possible future work.  

2. The Systematic Analysis of Learner Self Appraisal (Salsa) Software

The Salsa software (Lopez, 2005), which monitors students’ self-management of learning, is briefly 

described in this section.  Pintrich (2000, p. 453) defines student regulated learning (SRL) as “an 
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active constructive process whereby learners set goals for their learning and then attempt to monitor, 

regulate, and control their cognition, motivation and behavior, guided and constrained by their goals 

and the contextual features in the environment”.  SRL does not develop automatically. Thus, the 

importance of incorporating SRL during educational processes and training is recognized (Brydges 

& Butler, 2012; Mukhtar, Muis, & Elizov, 2018). Sitholel, Chandler, and Abeysekera (2017) found 

that students in a guided self-managed condition outperformed students in integrated and 

split-attention conditions on recall and transfer tests.  

The SALSA software helps students manage their learning. It gives feedback to students and 

tutors, on progress in the course. It has two modules: Lecturer and Student. The lecturer module 

monitors and manages students’ requests for help and their learning progress in carrying out 

activities and understanding topics. A student ticks one of three status columns for activities: 

“Started”, “Need help” and “Completed”. A student chooses among four options for understanding 

of concepts: “Understood”, “Partly understood”, “Not yet understood” and “Need help”. A list of 

course topics, with a graph indicating the overall progress of the class, are shown Figure 1. 

 

 
Figure 1 Class progress graph 

By submitting self-reports, students regularly update their status to reflect their progress in 

the course. Colour coding is used to quickly identify the support required from the lecturer. Green 

represents a student who has started the activity but needs more time; blue represents students who 

have completed the activity; red represents students who have asked for help on the item; yellow 

represents students who have asked for help and the tutor has responded, and grey represents 

students who have not yet started the activity. The size of the colour bars is proportional to the 

number of activities in each status. Similar colours are used for comprehension of the learning 

outcomes. The software is available on the web and in laboratories. Students log into the Salsa 

software regularly and update their learning status.  

 

 

3. Method 
 

Semi-structured interviews were carried out with the course lecturers to gather their perceptions. 

 

3.1 The Sample 
 

Four lecturers from a computing degree in an Auckland, New Zealand, polytechnic participated in 

individual interviews. They were involved with a total of five classes over two semesters; one 

lecturer taught two classes. Lecturer 1 was a male senior lecturer who specialised in hardware and 

networking and had ten years of experience in teaching. Lecturer 2 was a male senior lecturer who 

specialised in systems and programming, with 30 years teaching experience. Lecturer 3 was a 

female lecturer with five years of experience who specialised in multimedia. Lecturer 4 was a male 

senior lecturer with 14 years of teaching experience who specialised in programming. 

 

3.2 The Instrument 
 

The interviews covered two basic topics: perceived usefulness (PU) and perceived ease of use (PEU). 

Each interview took approximately one hour and was audio-recorded. These recordings were 
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transcribed and the transcripts are analysed herein. The interviewer let the lecturer take the lead in 

the discussion and explored topics that the lecturer suggested, with probing by the interviewer to 

explore PU and PEU when these did not arise naturally. In some interviews, the discussion was more 

about students and changes needed in the software; in others, the interview would go into a 

discussion on feedback, intervention and ownership of students’ own learning.  

 

 

4. The Analysis 
 

This section presents lecturers’ perceptions of the Salsa software, analysed with the ETAM (Lopez 

D., 2012) analytical framework, which is displayed in Figure 2. The analysis below presents the 

lecturers’ perceptions of the TAM constructs: Perceived Usefulness and Perceived Ease of Use. 

 

 
Figure 2 The constructs of the ETAM. 

All data came from the lecturers, but they talked about both their own perceptions and their 

observations of students in class. The analysis starts with the lecturers’ perceptions of usefulness for 

themselves and this is followed by their perceptions of usefulness for students. Similarly, the 

lecturers’ perceptions of the ease of use of the software by themselves are presented followed by 

their perceptions of ease of use for their students.   

 

4.1 Lecturer’s Perceptions of Perceived Usefulness for Themselves  
 

Perceived Usefulness, as described by the lecturers, varied from useful to not useful. Some lecturers 

described their perception of the usefulness of the software in their classroom as: “So for me, if I 

want to talk about myself, it wasn’t really very useful for me. I checked it three or four times. I find 

it easier if I just target the students I feel are weak …” 

One lecturer found that they did not have enough time to follow up with the students’ 

requests and instead of reading reports; the lecturer just asked what the problem was. One reason the 

lecturer did not have enough time to follow-up on the students’ software reports might be the fairly 

high lecturer work load at the time of data collection, limiting the ability to utilise the software fully. 

As a result, in this lecturer’s belief, the software was not really useful and this belief would certainly 

project onto his students and have an impact on their perceptions of the same software. This 

influence would have a consequential effect on the actual use of the software itself. 

One lecturer found that the software helped to diagnose students’ ability to learn; to 

differentiate high achieving groups from low achiever groups; to show his students’ progress, to 

modify teaching based on the individual needs of the students and the class and to provide 

immediate feedback. The feedback from the students about the course and any problems about 

teaching, proved to be immediate and effective. It gave the lecturer an opportunity to act 

immediately upon this student feedback, and to correct and improve any misunderstandings in either 

teaching material or understanding of the software: “It would appear to be very useful because it gets 

an immediate response. I think we should take advantage of that.” It gave an opportunity for the 

lecturer to provide additional support. This lecturer specifically valued this feedback but also 

mentioned that this in a way increases workload for the lecturers: “I can’t say that I’m proud of how 
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immediately I replied. I think that it’s a time problem for a lecturer because it increases their 

workload to some extent even though the information that comes out of it is really useful.” 

Another lecturer pointed out that that the number of the items in this software (on which 

students had to make comments, and judgments), was very high. He also said that the questions in 

the software are not always easy to understand and that these questions should be revised: “I think 

that its usefulness for students and lecturers is great, but I think the way you put the questions is so 

critical I’m going to revise the questions.” He felt the students used the software more when they had 

seen the benefit of its use. He also mentioned that the usefulness of the software itself was more 

important to the students than the mark, once students experienced the benefit of using it. This is 

particularly important in their first year of study when students are learning how to study, and how to 

organize their time during their studies.  

The tool helps lecturers by giving them information on how to improve the course and their 

teaching, as well as notifying them that some students need help with a particular item. Lecturers had 

the opportunity to judge whether a whole-class or an individual response was more appropriate, 

based on the number of the students asking help for the same item.  

The ability to give immediate feedback is illustrated when one lecturer realised that there 

was a need for additional explanation evidenced by a large number of the students asking for help. 

The lecturer noted: “It was more than half the class that said that they needed help on a certain topic. 

I actually emailed them the extra notes I created directly to the students during the week.” It has also 

improved communication between the lecturer and students in a larger class. Another lecturer using 

a constructivist approach in his teaching explained his approach: 

For me the main use is around building a dialogue with the students and trying to build their 

capability to manage their own learning. So it’s trying to shift responsibility away from the 

teacher so they take ownership of their own learning. So the concept is that they become 

aware not just of what they know but also of how their learning is going week by week – are 

they on target? Are they achieving their goals? 

The key part of these observations was the fact that teaching was not just a transfer of facts and 

information, but was a process in which the lecturer assisted students to take ownership of their own 

success. The lecturer encouraged them to actively monitor and manage their own learning and used 

the software in this way. For this lecturer, the usefulness of the software was in having an excuse 

(software report) to go and have a conversation with the students how to put the students in a 

position where they can achieve their goals, as he is describing it. “Where I would use it is.... to 

produce a printout from each student, sit down with the student and say “You’re telling me that 

you’re having difficulties in this area” and start a conversation.  

Most of the lecturers described usefulness of the Salsa software in managing students 

learning as positive.  The lecturers expressed their perception of how useful was the Salsa software 

to their students in the next section. 

 

4.2 Lecturer’s Perceptions of  Usefulness for Students 
 

One lecturer felt that the students were not taking the software tool seriously: “And I know the 

majority of my students will just forget about everything, just wait for the last week, rush quickly 

and read and then come to the test. Despite the lack of the motivation am ong some students, the 

usefulness of the software for many of the students was observed by the lecturer as: “I can see that 

they carry on doing this because that actually gives them some self-assisting that they are doing 

right.” The major advantage of this feedback was the fact that students did not need to ask the 

lecturer about their progress, and the lecturer did not need to tell them how they were going, the tool 

gave them this answer and confirmation of their progress. The feedback given to the students by the 

software was immediate and therefore very effective. It gave the students a feeling of control of their 

own learning and increased their self-esteem. Increased self-esteem in turn causes the belief in one’s 

ability to increase and then one can try taking up more challenging tasks because one believes that 

one can do it. The process of reinforcement of self-efficacy is taking place (Bandura, 1982). 

The tool was seen as very helpful to the students who used it and were getting regular 

feedback on how they are going with the course. The tool gave students the opportunity to ask for 

help, as one of the lecturers noted:  

166



… there are sometimes students that don’t feel very comfortable talking in class about their 

progress in the course… yet they were quite comfortable asking for help using the software. 

The software gives the opportunity to intervene when it’s needed because the information is 

current and it is possible to give immediate feedback. Of particular importance for students’ 

involvement was information about assessments and dates and reminders in the software. Students 

were received a warning that the test is in two weeks’ time for example. The students were very 

happy with this and found it very useful. The tool seems to be useful for this lecturer and the students 

in more than one way: it is useful to give feedback to the students, and answer discreetly on the 

request, to get feedback about the course and how to improve it, to get feedback from the students 

about the teaching and how to improve it, and to be able to make timely corrections if needed.  
 

4.3 Lecturer’s Perceptions of  Ease of Use for Themselves 
 

Ease of use of the Salsa software was discussed in the interviews with the lecturers. This section 

presents a qualitative analysis of the Ease of Use construct from the four lecturers’ interviews.  

Most lecturers described the software as very easy to use and to navigate. They also 

explained how the same tool could be used on different levels. It could be used at a very simple level, 

for example: “So someone who has no time, he can just click on ‘Open’ and in five minutes you can 

find all the details you like.” It can also be used at a more sophisticated level as described by the 

lecturer “Someone who wants to know more – he can go to the graphs, he can go to the statistics; he 

can do a lot of things. I think, yes, it is very easy to use.”  Lecturers described all the menus as very 

clear to understand and navigate, and self-explanatory.  “For me to use Salsa it was quite obviously 

very user friendly. I enjoyed it. I thought it was really quick to use, you can just tick and mark it as 

done.” One of the reasons why the tool was so easily adopted by the lecturer may have been the fact 

that these are lecturers from a computing degree who are used to continuous introduction of new 

technologies and tools in their everyday teaching. 

 

4.4 Lecturer’s Perceptions of  Ease of Use for Themselves 
 

Ease of Use for students was described by lecturers as helpful and easy to use. The half-an-hour 

session for the introduction of how to use the tool was enough and no student asked for additional 

help. The lecturer stated that students were capable of using it at any level very easily: “I think it’s 

pretty easy for them to use the tool actually. But I would say that, like me, they are not using it to its 

full potential.” Another described the tool, as being very simple for the students to use: “I think it 

was easy for them to use. I never saw anyone that didn’t understand what to do.” Another 

commented: “I think from a student point of view, none of them I believe find it difficult to use. “ 

One lecturer described three ways the students could access the tool: firstly, in the classroom, 

secondly, from home (the students can install the tool on their computer) and thirdly, from the 

website. His observation was that the majority would use it in the classroom and very few on the 

internet. He noted that it was easy for the students to use the tool, and the only training they needed 

was the small introduction to the tool at the beginning of the course. In summary, it can be concluded 

that most of the lecturers who used the Salsa Software found it easy to use and they also believed the 

tool was very easy for students to use.  

 

 

5. Conclusion 
 

The main technology acceptance constructs that were covered in the lecturers’ interviews (Perceived 

Usefulness and Perceived Ease of Use) have given a detailed and rich picture of the students’ and 

lecturers’ perceptions of this software technology acceptance. This analysis included both the 

lecturers’ perceptions of software ease of use for lecturers and ease of use for students, as well as 

their perceptions of usefulness for the lecturer and usefulness for their students. Most lecturers 

expressed the opinion that it was useful for them and mostly useful for their students. The tool was 

reported by lecturers as very easy for both lecturers and students to use.  

The significance of this study is that it contributes to better understanding of how lecturers 

accept and implement technology that is used for students’ self- learning and management. This 
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could help higher education institutions to promote positive attitudes and better support lecturers’ 

efforts to foster student success in self-managing their own learning. The findings may also help 

software developers create more effective support systems for self-management of learning.  They 

could help educational managers to better support educators to achieve acceptance of the technology 

that supports this learning. 

The main limitation of the study is that it was situated in only one educational institution and 

only five classes were studied. As a result of this, the study may be of interest mainly to teachers who 

know and use the program. The limited number of lecturers involved means that their opinions may 

not be representative of others. An additional limitation of this work is that it gathered perceptions of 

ease of use and usefulness from lecturers rather than directly from students. Future work could 

investigate students’ perceptions directly. 
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Abstract: Students today can access unlimited information online, and can do so, according to 

‘generational digital divide’ rhetoric, without assistance. This paper explores the extent to 

which ‘generational digital divide’ rhetoric is supported by the discourse accompanying online 

search in five Australian home-schools. Observations and interviews were analysed using 

Critical Discourse Analysis. During search, discourse assumed greater student skill. In 

interview, however, parents and students reported doubt in the students’ search proficiency. 

Growing reliance upon search by increasing numbers of home-schoolers warrants greater 

understanding of such technology and its role in learning. 

Keywords: Computer supported collaborative learning, Generational Digital Divide (GDD), 

search engines, home-school, Critical Discourse Analysis 

1. Introduction

Home-schoolers are now Australia’s fastest growing educational demographic (Chapman, 2017). Some 

suggest this is due to the increasing ubiquity of the internet, or assumptions that learners today are more 

autonomous (Bullock, 2011). Certainly belief in Prensky’s (2001) ‘Digital Native’ is reported among 

Australian parents (Green, Brady, Olafsson, Hartley & Lumby, 2011). Little research investigates how 

parents support young searchers, however, and none is found regarding home-schoolers, despite search 

being their number one online activity (Bullock, 2011). Outside of home-schooling, student search 

success is correlated with adult guidance (Davidson, 2011). Should home-schooling parents, in line 

with ‘generational digital divide’ rhetoric, assume students can independently search and forego 

instruction, as many school-based teachers do (Morrison, 2014), they risk wasting the internet’s 

unprecedented educational opportunities. 

Interview and observation are utilised here given reports that students (Tiidenberg et al., 2017) 

and teachers (Mansour, 2013) often employ different discourse reflecting a mismatch between beliefs 

and practice. This study explores the extent to which discourse accompanying online search in 

Australian home-schools supports ‘generational digital divide’ rhetoric. Two research questions 

further direct the study: To what extent do the discursive practices employed by home-school parents 

presume greater student search skill?; and to what extent do the discursive practices employed by 

home-school students presume greater student search skill?  

2. Literature Review

Warnings of a ‘generational digital divide’ (GDD), a divide characterised by students (‘digital natives’) 

more digitally skilled than their educators (‘digital immigrants’), continue to prevail despite little 

evidence. Studies regarding online search, specifically, challenge the construct with two fairly 

consistent findings: that ‘digital natives’ and ‘digital immigrants’ are not homogenous groups 

(Nicholas, Rowlands, Clark & Williams, 2011), nor are ‘digital natives’ homogenously stronger 

searchers than their elders (van der Sluis & van Dijk, 2010).  

Parents in Australia, however, continue to believe in a ‘GDD’ (Green & Brady, 2013), 

potentially underestimating their contribution to a child’s digital learning. Frequently reported is an 

assumption that children just ‘pick up’ the skills (Plowman, Stephen & McPake, 2010), as is doubt 
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among parents in their ability to assist. Roque et al. (2013) found parents were uncertain in supporting 

children on computers and observed tensions when families collaborated digitally because of “a strong 

ownership” felt among children (p. 7). Just one study regarding the search skill of parents specifically is 

found. Di Salvo, Reid, and Roshan (2013) investigate parents’ use of search to assist a child’s informal 

learning. Their parent searchers “yielded remarkably unproductive results” (Di Salvo et al., 2015, p. 

487). Given student search success is correlated with adult guidance (Davidson, 2011), this may hinder 

student development, particularly for children with less access to other adult searchers. Indeed, the 

benefits of collaborative search are well documented (Raes, Schellens, De Wever, & Benoit, 2016). The 

‘talk’ that accompanies collaborative search has also received attention. Outside of the home, successful 

discursive practices during search reportedly include building on other’s ideas and equal contributions 

to dialogue (Castek, Coiro, Guzniczak & Bradshaw, 2012). Studies of search at home tend to report 

different practices. Danby et al. (2013) report parent discourse that presupposes an established digital 

identity in their child, while Davidson (2011) found talk by young searchers signals an aversion to help. 

If home-schoolers using search can engage in the types of discourse promoting search success, we can 

better assure contexts in which learning and teaching takes place.      

 

 

3. Methods 
 

This paper reports select findings from a larger study utilising survey (n=60), test (n=12), observation 

(n=12), and interview (n=12). Findings from the latter two are discussed here.  Study invitations were 

distributed on 30 social media sites and via email. Five home-schooling families educating students 

aged eight to ten in Australia participated. This is the age Australians typically begin searching (Green 

et.al, 2011) and before parent influence diminishes (Foss et al, 2012). Parents were female, aged at least 

36 years, rendering them ‘digital immigrants’ (Prensky, 2001).  

During the first of three sessions, home-schoolers were observed using a search engine ‘as they 

normally would’ for 20 minutes. Screen capture software recorded mouse movements and typing, 

whilst a video recorder captured the participants’ discourse.  

Participants were later interviewed individually. Questions pertained to the participants’: use of 

search; confidence in search; and confidence in their student’s or parent’s search.   

Discourse was transcribed verbatim and recursively analysed using Fairclough’s (2015) 

procedure for Critical Discourse Analysis. This paper reports on certain relational, expressive and 

experiential value of participant discourse. A consideration of the relational value included tallying 

pronoun use. Coding of the expressive value of discourse included identifying and tallying any (positive 

& negative) evaluations of concepts. By way of example, suggestion that one “Don’t go into 

Wikipedia” was coded a negative evaluation (of Wikipedia). A student asking “Can we watch a video?” 

was coded a positive evaluation (of videos). 31 different speech acts were identified during 

observations and instances of their use tallied for families in 30 second intervals. Analysis of the 

experiential value of discourse included coding sentences as active or passive.  

 

 

4. Findings 
 

During search, both parent-educators and students employed discursive practices which presume 

greater student skill; practices which support ‘GDD’ rhetoric. In interview, however, neither employed 

discourses reflecting belief in this divide.  Parent discourse from both the observations and interviews 

will be discussed before student discourse is presented. 

During interview, parent discourse predominantly ran counter to ‘GDD’ rhetoric.  All but one 

parent suggested they had a stronger, more established use of search compared to their student’s use, 

described as “minimal”, “naïve and immatur[e]” or “intermediate”. 

When searching ‘collaboratively’, however, parent discourse appeared to give students more 

status. Fairclough (2015) suggests pronoun use “is tied with relationships of power and solidarity”, 

relationships inherent in the ‘GDD’ construct (p. 143).  When searching, parents made more use of 

pronouns ‘we’ and ‘us’ (Table 1) and used the terms ‘you’ or ‘your search’ at least twice as frequently 

as ‘I’ or ‘my’, positioning students as authority figures. 
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Table 1  

Pronoun Use during online search  

Pronoun  Parent usage Student usage 

I/Me Family F 9 16 
 Family K 7 15 

 Family O 0 4 

 Family C 4 0 

We/us  Family F 14 8 
 Family K 13 0 

 Family O 8 1 

 Family C 12 3 

You /your Family F 32 3 
 Family K 23 0 

 Family O 47 2 

 Family C 9 1 

 

Table 2 presents several of the most common speech acts made during search. In total, 31 

different speech acts were identified. Despite parents making nearly twice as many utterances as 

students, just 31 of the 705 parent utterances were speech acts offering search help; utterances focused 

upon ‘learning to search’ as opposed to ‘searching to learn’. Such utterances were also brief, on average 

lasting 12 seconds. In interview many parents confirmed they do not spend time verbally explaining 

how to search. One mother suggests “I don’t know where they would hear about it. They do just seem to 

pick it up.” A tally of any positive and negative comments made by parents regarding their and their 

students’ search skill also appears to support ‘GDD’ rhetoric.  

  

Table 2  

Tally of Speech Acts employed during communal searching 

Speech Act 

 

 

 

Student Parent Total 

Reading aloud from the screen / from a paper page  68 68 136 

1361

0

8 

Suggestion (& responses) to take certain routes  40 68 108 

108 Comments evaluating sites  31 55 86 

Describes the page / what they’ve found  28 56 84 

84 Rhetorical question  4 39 43 

43 Argumentative discussions re steps to take 27 11 38 

Seeking clarification / seeking help or info 16 13 29 

29 Search instruction (generic search help) 1 31 32 

Negativity about own skills 5 6 11 

Positivity about other’s skill 0 7 7 

Negativity about other’s skill 1 3 4 

4 Positivity about own skills 2 2 4 

4 Various other speech acts <combined for brevity> 

here>  

295 548 843 

TOTALS 410 

410 

705 

700 

 

1115 

1100  

This tally revealed parents most frequently made positive speech acts about their students’ 

skills, followed by negative utterances regarding their own (Table 2). Analysis of parent discourse also 

involved considering sentence modes. During one observation, for example, a mother uses rising 

intonation in suggesting the student choose a particular SERP (search engine result page) result: “Or 

that one there even?” Constructing this as a question positions the mother as “asking something of the 

addressee […] and the addressee is in the position of a provider” (Fairclough, 2015, p. 142).  This, 

commonly observed, discursive practice also gives students power as searchers. 

Student discursive practices during interview also differed from those employed during 

observation. Like that of their parents, student discourse appeared to counter ‘GDD’ rhetoric in 

interview, but support it whilst searching with their parent. Table 3 presents student responses when 

asked in interview if they and their parents are good searchers.  
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Table 3 

Student Responses to questions regarding Search Engine Prowess (Interview)  

Family Are you a good searcher?  Is your mum a good searcher?  

L Moderate.  No, not very good. Yes, really good.  

C No. Yeah still learning. Yeah […] Because she's older and used 

it a lot more than me.   

F Yes. […] Well, I can type sort of fast; just 

my mum can definitely type faster.  

A very good searcher.  

K Yeah. […] My typing is really good; my 

spelling is good-ish and other stuff 

Yeah. […] Because she's used Google 

longer than I have. 

O Oh, not great, but I can do it. Yeah. […] She can type quite quickly. 

 

As shown, most students express some doubt in their own skills, but all feel their parent is a 

strong searcher. In interview, students also described trying to replicate strategies their parents use 

(Maybe just remembering what Mum does) or recalled taking on their parent’s advice (Mum told me 

[…] that you don’t actually have to type in every little word). When asked why they thought their parent 

was a “good searcher”, students referred to: search terms (She’s very good at coming up with the 

questions to ask), SERP interaction (She knows which- generally- which thing to go in like which 

website),or applauded them for “finding” “all the answers that we need”. Each utterance is constructed 

as an active sentence here, making agency clear and awarding the parent power. Most students also 

suggested they go to their parents for search assistance. During ‘communal’ searching, by contrast, 

student discourse tended to represent students as strong, independent searchers. One student adamantly 

declared “I don’t need you here helping me mum”.  

All students were also observed ignoring parent search instruction (at least once), here 

identified as failing to respond to questions or changing the subject. Students also interrupted nearly 

half (42%) of the parent utterances offering search guidance. Excerpt 1 presents one instance where a 

parent attempts to discuss search strategies. Students interrupt the parent’s statements (lines 47 & 49) 

before changing the topic, having failed to acknowledge her comments. The parent’s acceptance of the 

diversion, evidenced by her continuing the new, unrelated topic (line 50), is telling and typical of 

several observed.     

 

 Excerpt 1: Family C Observation   

46 Parent be really careful that you don’t click through to anything. Do you know what I mean? 

So don’t -- you can click on a picture, 
47 Student That’s -- 

48 Parent  -- but then don’t click through to the actual website because you’re not sure where 

you’re going. All right? 

49 Student  Whoa! Is that a [sic] actual snake? 

50 Parent  That looks like an actual snake [?too?]. 

 

Regarding pronouns (Table 2), unlike parents, students typically employed terms “I”, “my” 

and “me” more than inclusive terms “we” or “us”, and “you” or “your”. Such practice claims 

authority over the search and lessens solidarity between speakers (Fairclough, 2015).   

In considering the expressive value of participant discourse, the ten most frequently evaluated 

concepts are presented in Table 4.  ‘Student independence’ and ‘Student confidence’ in search were two 

of the most common positively evaluated concepts by both students and parents during search. The 

most common concept negatively evaluated was ‘parent help/assistance’.  

 

Table 4 

Expressive value of participant discourse   

Positive evaluations  # Negative Evaluations  # 
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Student independence  33 Parent help / assistance  7 
Student confidence  17 Immediate answers / first SERP 

result  

4 

Fast / continuous searching  17 Videos / visuals 4 

Planning searches  17 Certain sites / Wikipedia / blogs etc.  4 

Practical / ‘real life’ knowledge  16 Extended reading 3 

Fact finding  16 Searching collaboratively  2 

Being specific in search query  15 Advertisements online  2 

Student comprehension of search 

results 

12 Being specific in search query  2 

Following instructions 10 Parent’s choice  2 

Student contentment  9 Extended searching  2 

 

 

5. Discussion and conclusion 
 

This research investigated the extent to which discourse accompanying online search in five Australian 

home-schools supports ‘generational digital divide’ rhetoric. It responds to suggestion that the 

“potential of collaboration and discourse should be exploited in search-based tasks” (Knight & Mercer, 

2015, p. 303). The study considered what might be learnt through analysis of specific cases of discourse 

accompanying home-school search, now the growing demographic’s number one online activity 

(Bullock, 2011). During search, discourse presumed greater student skill and valued student 

independence. This resonates with Theobald et al.’s (2016) finding who, though investigating younger 

students, report teachers endorsing student ownership. 

In the current study, parent discourse seldom involved instruction. This adds to evidence on 

digital collaboration between parents and children outside of home-schooling (Danby et al., 2013). 

Roque et al. (2013) report children frequently leading digital activities reversing typical roles. Positive 

comments made by parents about their child’s search skills, as well as negativity regarding their own 

when ‘collaborating’ also appeared to support ‘GDD’ rhetoric here.  

 Students when searching, also employed discursive practices which presumed a strong skillset, 

preserving their identity as competent searchers, similar to Davidson (2011). A willingness to interrupt 

/ ignore instruction appeared to reflect confidence in their own searching, or little in that of their parents. 

This, consistent with Danby et al. (2013), is problematic given that key to “successful collaboration is 

openness in terms of […] the partner's helping reactions and guidance” (Raes et al., 2016, p. 336). In 

interview most students suggested their own skills were not as developed as their parents’. Green et al. 

(2011) similarly found (non-homeschooling) Australian students rarely report knowing more about the 

net than parents. The finding also highlights an inconsistency between the student discourse during 

search and during discussions of it. Tiidenberg et al.’s (2017) work into youth and social media, report 

similar discrepancies. The current study’s participants, like Tiidenberg et al. (2017), employed 

“contradictory explanations that fluctuate between reproducing [in observation] and rejecting [in 

interview] the generalizations of some long standing […] discourses”, namely those of a ‘GDD’ (p. 5).  

 Parents also engaged in contradictory discursive practices. Parent discourse appeared to 

support ‘GDD’ rhetoric during search but deny such a divide in interview. Previous literature also 

reports inconsistencies between teachers’ beliefs and classroom practice (Mansour, 2013).   

 Online search engines serve as an increasingly important educational resource for 

home-schoolers, yet little is known about their use. What is known is that collaboration (in 

non-homeschooling contexts) is correlated with greater search success, as are certain types of discourse 

for searchers working together (Theobald et al., 2016). This paper suggests that many of the discursive 

practices employed by some Australian home-schoolers support ‘GDD’ rhetoric, possibly limiting 

opportunities for adult guidance. Parents and students also employed discursive practices not previously 

associated with effective collaboration, including unequal contributions to discourse, and failing to 

acknowledge one another’s ideas (Castek et al., 2012). Limitations including sample size, self-reporting 

in interview, and the necessarily restricted analysis discussed, make generalizing the findings 

impractical. Notwithstanding, the research begins to contribute an initial understanding to a previously 

neglected field, that of online search and the accompanying discourses in home-schools. The paper 

continues calls (Roque, Lin & Luizzi, 2013) for educators to question assumptions that the provision of 

technology alone guarantees authentic collaborative learning, (Roque et al., 2013), as well as 

assumptions of ‘digital natives’ students and ‘digital immigrant’ educators (Eynon & Geniets, 2015). 
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Should Australia’s fastest growing educational demographic continue to rely upon online search, 

greater knowledge of the role the technology plays is imperative, as is understanding the environments 

best able to capitalize on such use.  
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Abstract: Decision-making is an essential part of design thinking. One important factor that 

plays crucial role in design decision-making is uncertainty. The type of uncertainties faced and 

the ways in which they are handled can influence the decisions made. Prior work suggests that 

in order to engage young students effectively with the decision-making process we need to 

provide adequate scaffolding that helps them deal with various uncertainties that they may face, 

and prepare them for handling the uncertainties. Currently not much research exists on this 

topic. In our study, we hope to address this gap by looking at two aspects of uncertainty; (a) 

types of uncertainty and (b) uncertainty management strategies. The study was conducted with 

elementary school students working collaboratively in teams on a design problem. We 

developed an analytical framework that lists and explains the types of uncertainty faced and 

uncertainty management strategies implemented by learners while generating solutions for the 

design problem. Preliminary analysis done using the framework has also been discussed. 

Keywords: Uncertainty, decision making, engineering design, collaboration, analytical framework 

1. Introduction

One of the important skills characterizing design thinking is decision making (Dym, Agogino, Eris, 

Frey, & Leifer, 2005). Different researchers have either described decision making as an important 

process in engineering design (Dym et al., 2005; Aurisicchio, Ahmed & Wallace, 2007) or have called 

design to be an iterative decision-making process (Ullman, 2001; Sheppard & Jennison, 1997; 

Jonassen, 2012). In order to produce quality designs, engineers are required to make different kinds of 

decisions at different times. One important factor that plays a crucial role in the decision-making 

process is that of ‘uncertainty’. Uncertainty is a cognitive feeling that encompasses subjective 

experiences of wonder, doubt or being unsure (Clore, 1992; Schwarz & Clore, 1996). It is experienced 

when individuals are conscious about lack of knowledge or understanding about issues related to self, 

others or different aspects of the environment (Jordan et al., 2012; Smithson, 1989). In (Dym et al., 

2005), along with the skill of decision making, authors have also mentioned uncertainty management as 

an important skill in design thinking. Uncertainty acts as an important input to decision making 

(Ullman, 2001) and types of uncertainties faced and the manner in which they are handled can have a 

huge impact on the decisions that are made. 

 Handling uncertainty is challenging for learners and often a difficult experience, but it is 

important for effective decision making (Jordan et al., 2012). To improve design decision making in 

students, it is important to develop their uncertainty management skills. Engineering education 

currently underemphasizes skills related to uncertainty management in design and not much research 

has been done with regard to uncertainty in engineering design problem solving (Dym et al., 2005). In 

this paper, we focus on unfolding and characterizing uncertainty faced by elementary school students 

and how they cope with these uncertainties while solving engineering design problems. In our study, we 

looked at two aspects of uncertainty; (a) types of uncertainty and (b) uncertainty management 

strategies. The research questions (RQs) are as follows: 

1. What are different uncertainties experienced by the learners while solving an engineering

design problem?
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2. How do the learners manage the uncertainties that they encounter while solving an engineering 

design problem? 

We developed an analytical framework that lists and explains the types of uncertainty faced, 

and uncertainty management strategies implemented by learners while solving engineering design 

problem.  

 

 

2. Literature Review 
 

In the literature of design decision-making, uncertainty is generally classified into two types: (a) 

aleatory and (b) epistemic uncertainty (Nikolaidis, Ghiocel, & Singhal, 2004). Aleatory uncertainty is 

related to the variability inherent in the systems. This uncertainty is also called irreducible uncertainty. 

Epistemic uncertainty is described by subjectivity, lack of information or ignorance. Ullman (2001) has 

used the term, ‘noise’ for defining uncertainty in the context of design decision making. He calls 

conditions like, unknown criteria, lack of knowledge, restricted time for evaluating alternatives and 

inability to obtain peer agreement as imperfections that cause uncertainty. Dym et al. (2005), says that 

engineering design is always conducted with uncertainties of incomplete information, ambiguous 

objectives and imperfect models.  

Researchers across different domains have done work on different aspects of uncertainty. 

According to a review of 102 self-reports of decision making under uncertainty (Lipshitz & Strauss, 

1997), types of uncertainty is classified as incomplete information, inadequate understanding, and 

undifferentiated alternatives. Along with conceptualizing uncertainty, the paper also lists different 

uncertainty management strategies like reducing uncertainty, acknowledging uncertainty and 

suppressing uncertainty. In (McManus & Hastings, 2005), authors have developed a framework for 

understanding uncertainties in context of complex engineering systems. This framework has elements 

under four categories, namely, uncertainty, risks and opportunities, mitigations or exploitation, and 

outcome. Their view of uncertainty aligns with the concept of ‘incomplete information’. Different 

authors have similar classifications although expressed in different formats (Lipshitz & Strauss, 1997).  

Various empirical studies have investigated uncertainty in different domains in the context of 

individual and collaborative setting. Jordan & McDaniel (2014) investigated the influence of peer 

interaction on student’s methods of dealing with uncertainty. This paper talks about managing 

uncertainty using socially supportive and socially unsupportive peer responses. Similarly, Radinsky 

(2008) demonstrated introduction of uncertainty into discussions, by sixth-grade students. In (Metz, 

2004), a study was conducted on second, fourth and sixth-grade students involved in collaborative tasks 

of designing and conducting science experiments. Authors investigated expressions of uncertainty and 

strategies to resolve them at the individual level. In (Hartner-Tiefenthaler, Roetzer, Bottaro & Peschl, 

2018), authors analyzed relational and epistemological uncertainty and their interaction in a 

collaborative learning process. 

In regard to the educational context, though researchers have investigated the role of 

uncertainty with respect to constructs like learning (Hartner-Tiefenthaler et al., 2018) but, the research 

on understanding the role of uncertainty in design decision, is still lacking. In our study, we attempt to 

find types of uncertainty and uncertainty management strategies implemented by learners in the context 

of engineering design. This would be our first step in understanding the role of uncertainty student’s 

design decision making processes.  

 

 

3. Method 
 

3.1 Sample and Data Collection 
 

Participants of the study were 13 sixth grade students, 5 girls and 8 boys, of a science class in a private 

urban school in the Middle Western region of the USA. The demographic being; 97% white students 

followed by 2% students from two or more races, 1% Asian students and less than 1% of Hispanic, 

Native Indian and Black students. Five teams of students were formed by the teacher of the class, Mr K., 

three teams (teams T2, T3 and T4) consisting of three students and two teams (teams T1 and T5) 

consisting of two students each. The teams were then asked to work on the design problem discussed 
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below. The data used in our study was originally collected as part of a larger research project aimed at 

exploring learner’s engineering design processes. Dedicated cameras were incorporated for each team 

to capture students' interaction, their gestures, and indirect references to design elements. For present 

study, we use the video recordings and transcript of the students' conversation captured in the video 

recordings to answer our research questions. 

 Students had to design a plumbing system for a home with one floor, total of three taps with 

water supply from the city at 60 psi. The teams were to serve as "plumbing companies" competing to 

win the bid for building the plumbing system of this house. The teams were asked to build an optimal 

plumbing system with low cost and a minimum of 10 psi at each tap in the house.  
 

3.2  Data Analysis 
 

Conversation of five teams (teams T1 consisting of students S1 and S2, T2 consisting of students S3, 

S4, and S5, T3 consisting of students S6, S7, and S8, T4 consisting of students S9, S10 and S11, and T5 

consisting of students S12 and S13) were analyzed in this study. We analyzed the transcripts based on 

the literature discussed above and also used the bottom-up content analysis approach to develop and 

refine our own analysis framework (Mayring, 2000). 

 An initial framework was developed for analyzing the data. This framework consisted of codes 

for characterizing the types of uncertainties and uncertainty management strategies. To build this initial 

framework, different research papers related to uncertainty referred previously were used. Two broad 

types of uncertainty – Content and Relational uncertainty and five broad uncertainty management 

strategies – Reduce, Acknowledge, Suppress, Maintain and Increase uncertainty emerged as part of our 

framework. An iterative refinement process of the initial framework started with analysis of team T1’s 

conversation. Occurrences of uncertainty and management strategies were identified by the first 

researcher and the initial framework was updated. This refined framework was then used by another 

researcher to validate the categories and definitions. This led to another round of refinement and 

revision which involved discussion about the instances where there were conflicts. The process 

continued until an agreement about the categories in the framework was reached. Table 1 show the final 

analysis framework obtained after the data analysis. Each category is explained in Table 2. 

 

 

4. Findings and Discussion 
 

The data analysis phase revealed high prevalence of student’s uncertainty while solving design 

problems. Teams faced two forms of uncertainty: Content and Relational uncertainty. Three broad 

types of content related uncertainty faced by the teams were: (a) Incomplete information, (b) Inadequate 

understanding, and (c) Undifferentiated alternatives. . Relational uncertainty was expressed at two 

levels: (a) Related to self and (b) Related to other. (Refer Table 1 for further categorization). 

Results related to RQ 1: A total of 98 instances of uncertainty were identified in 5 transcripts. 

 

Table 1 

Analytical framework listing types of uncertainty and uncertainty management strategies. 

TYPES OF UNCERTAINTY 
Content Uncertainty Relational Uncertainty 

1. Incomplete information# 

a. lack of knowledge* 

b. lack of definition* 

c. statistically characterized phenomenon^ 

d. known unknowns# 

2. Inadequate understanding* 

3. Undifferentiated alternatives# 

1. Related to self ** 

2. Related to other** 

 

  STRATEGIES FOR MANAGING UNCERTAINTY 
           Reduce uncertainty         Acknowledge 

uncertainty 
        Supress 

uncertainty 
      Maintain 

uncertainty 
     Increase 

uncertainty 
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1. Collect information# 

2. Solicit advice# 

3. Seek consensus# 

4. Observations** 

5. Experimentation* 

6. Analysis** 

7. Mental simulation# 

8. Explanation# 

9. Express relational 

dissatisfaction** 

1. Use of risk 

assessment 

decision models^ 

2. Prefer or develop 

reversible 

courses of 

actions^ 

 

 

1. Ignore 

uncertainty# 

2. Rely on 

‘intuitions’# 

3. Play gamble^ 

 

1. Delay certain 

action, 

evaluation or 

decision# 

2. Expressing 

doubt 

repeatedly** 
 

1. Open the 

problem 

space* 

2. Open the 

solution 

space* 

 

# Retained from the initial framework as it is: No modification was done in the definition of these codes during the data analysis 

process. 

* Got updated in the course of analysis: Definitions of these codes were modified during the data analysis process.  

** Added to the initial framework: These codes were not identified during formation of initial framework and were obtained during data 

analysis process.  

         ^ Not evident in our data: These codes were identified during formation of initial framework but were not evident in data analysed for this 
study. 

 
Table 2 

Explanation of different categories of the framework 

TYPES OF UNCERTAINTY 

Content Uncertainty: Uncertainty pertaining to the problem being solved. Following are the types of content related 

uncertainty. 

1. Incomplete information: Uncertainty stemming from lack of information is the most frequently cited type of uncertainty. 

It refers to uncertainty due to factors like unknown or partially known facts or information, non-specified information 

about problem in hand etc. 

2. Inadequate understanding: A decision maker may have all the required information but there could be uncertainty due to 

factors like abundance of information, conflicting or ambiguous information, inability to use information because of the 

novelty of the problem etc. 

3. Undifferentiated alternatives: Uncertainty due to equally attractive or unattractive options or alternatives. 

Relational Uncertainty: Uncertainty pertaining to interactional challenges and opportunities including issues concerning the 

identity of one’s self, peers or group members. We classify relational uncertainty as: 

1. Related to self: Feeling of doubt related to self, for e.g., doubt on self-ability, role or place in the team etc. 

2. Related to other: Feeling of doubt related to other group member(s), e.g., doubt on their ability or their ideas etc.  

 

STRATEGIES OF COPING WITH UNCERTAINTIES 
1. Reduce uncertainty: Reducing uncertainty means to lessen or decrease the current state of uncertainty or completely 

removing it. Different tactics for reducing uncertainty include strategies like collecting information from different 

sources, taking advice from peers or experts, experimenting via systematic testing or trial and error method, etc. 

2. Acknowledge uncertainty: Acknowledging uncertainty means, taking uncertainty into account when choosing a course of 

action and preparing to avoid or confront the potential risks that it can cause. It includes tactics like 

3. Supress uncertainty: Uncertainty can be suppressed by following tactics like acting as if ‘under certainty’. Ignorance 

includes actions like dismissing the introduced uncertainty and moving, making guess without justification, etc. 

4. Maintain uncertainty: It means continuing with the state of uncertainty. It may include tactics like delaying certain action, 

evaluation or decision. 

5. Increase uncertainty: It means further increasing or intensifying the state of uncertainty. It includes tactics like 

introducing new parameters which are related to the problem in hand etc. or purposefully seeking multiple alternatives.  

 

Out of which 20% were of type ‘Relational uncertainty’ and remaining 80% were of type ‘Content 

uncertainty’. It was further found that among different types of content uncertainty; ‘Inadequate 

understanding’ was the most frequently experienced type (50% of the total uncertainty types 

encountered). Figure 1-(a) shows the overall percentage of different types of uncertainty faced by the 

five teams. 
Frequency counts of different types of uncertainty encountered individually by the five teams 

are shown in figure 1-(b). Major differences among the five teams were observed in case of uncertainty 

of types, ‘Lack of knowledge’ and ‘Lack of definition.’ Teams T1 and T5 faced very less uncertainty 

related to the type ‘Lack of knowledge’ (4% and 7% respectively, of the total uncertainties faced by the 

teams individually) and faced high uncertainty related to type, ‘Lack of definition’ (23% and 20% 

respectively) in comparison to the other teams. 
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Figure 1. Types and frequency of uncertainties encountered. (a) Overall Percentage of different types of 

uncertainty encountered by the teams while solving design problem. (b) Frequency counts of different 

types of uncertainty encountered individually by the five teams 

Results related to RQ 2: With respect to uncertainty management strategies, it was found that 

the five teams used 5 broad types of strategies. These were – Reduce, Acknowledge, Maintain, 

Suppress, and Increase. Only one instances related to the strategy, ‘Acknowledge uncertainty’ was 

found in the data. 62% of the times, the students tried to reduce uncertainty, using the tactic of 

‘Analysis’ for the maximum number of times. The overall percentage of different uncertainty 

management strategies used by the teams is shown in figure 2-(a). Frequency of each type of 

uncertainty management strategies implemented by the five teams is shown in figure 2-(b). We further 

found that for many instances, the teams used a combination of different uncertainty management 

strategies to cope up with the uncertainties faced (e.g., Analysis+ Increase solution space+ Explanation, 

Analysis+ Experimentation+ Observation). 

 

 
 

Figure 2.  Types and frequency of uncertainty management strategies. (a) Percentage 

distribution of different uncertainty management strategies used by the teams. (b) Frequency of each 

type of uncertainty management strategies implemented by the five teams 

 

We investigated subjective experiences of content and relational uncertainty faced by 

elementary school children and how they coped with these uncertainties. We found that the analytical 

framework developed in this study can help in providing meaningful insights into important questions 

related to decision making like, “What role does uncertainty play in design decision making?”, “ How 

can uncertainties be incorporated in collaborative learning scenarios to facilitate decision making ?”. 

In our present study, observations were made where the team members worked individually for 

certain amount of time in the decision making process and the uncertainties faced by the team during 

that time decreased considerably. From the preliminary analysis, it seems that collaboration may have 

had an impact on the uncertainty factor in decision making.  

Many instances have also indicated that uncertainty has triggered important steps of robust 

decision making as described by Ullman (2001). Further investigation on these observations would be 

helpful in understanding dynamics of uncertainty management in decision making. Therefore, in order 

to understand the role of uncertainty in decision making, an in-depth investigation is needed on the 
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similar lines and the formation of the analytical framework done in this paper, is the first step towards 

finding the answers to such important questions related to uncertainty and decision making in design. 

  

 

5. Conclusions 

 
In this paper, we developed an analytical framework that lists and explains the types of uncertainty 

faced and uncertainty management strategies implemented by learners while engineering design 

problems. This is the first step towards understanding the dynamics of uncertainty and decision making 

in engineering design. By knowing what kind of uncertainties students face, in what context and in what 

situations, will help in developing solutions for effective management of uncertainty in design process. 

Understanding the role that uncertainty play (both positive and negative) in decision making process, 

will help in devising strategies of coping with uncertainties, as well as, of how we can make use of 

uncertainties for helping students in making appropriate design decisions. As a future work, we plan to 

use the framework obtained by the analysis done in this paper, to answer important research questions 

related to uncertainty in the context of design decision making, like the ones discussed in the findings 

and discussion section. 
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Abstract: Teamwork is one of the core competencies for the 21st century student and it is 

important to promote the development of the skills needed in teamwork. In this study, we 

continue the development and trial of a techno-pedagogical tool My Groupwork Buddy 

(MGB), designed to support student teamwork awareness, reflection and growth. The 

system has been trialled with students in two Secondary Schools, involved in collaborative 

inquiry tasks. Employing design-based research, we focus on the latest two trials of MGB. 

Drawing from feedback obtained during the study, we refined and evaluated MGB with its 

related design principles. The continued enhancement of MGB through iterative trials has 

enabled the evolution of a platform capable of supporting the formative assessment 

approach of teamwork growth for 21st century students.   

Keywords: Teamwork, collaboration, 21st century competencies, techno-pedagogical 

design, design-based research.   

1. Introduction

Teamwork is one of the core competencies for the 21st century student and it is important to promote 

the development of the skills needed in teamwork (Pellegrino et al., 2012). While there are several 

ways to nurture teamwork in students, a formative assessment approach entailing principles of 

student agency, awareness, reflection and goal-setting is a promising pedagogy (Koh, Hong, & Tan, 

2018; Phielix et al., 2011). In order to encourage student teamwork collaboration and growth, a 

techno-pedagogical tool, My Groupwork Buddy (MGB) was developed for Secondary School 

students in Singapore. Employing design-based research, MGB was developed and implemented in 

four trial cycles in authentic classrooms. Each iteration was a refinement of the previous trial based 

on feedback from our stakeholders, notably students, teachers, and policy-maker collaborators. This 

paper focuses on the technological enhancements to MGB and its related design principles for the 

latest two trials following an earlier paper (Koh et al., 2016), which highlighted iteration one and 

two. 

2. Methodology

Design-based research is the overall methodology for the project. It allows for numerous iterations 

of the design, which can be refined during a planned time period; a continued implementation in 

authentic learning environments, and co-design in close collaboration with all stakeholders (Ford et 

al., 2017; Barab, 2004). MGB has continued its development and delivery of multiple iterations with 

a team of researchers, educators, policy-maker collaborators and web developers in order to improve 

student’s teamwork collaboration based on a formative assessment approach, the Team and Self 

Diagnostic Learning (TSDL) Pedagogical Framework (Koh et al., 2016; 2018). 

The paper focuses on the technical enhancements made to the system in order to serve the 

designed purpose of MGB. The feedback data for the changes come from lesson observations, 

student focus group discussions, students’ text on the system, and teacher and collaborator 

discussions. The key technical refinements are detailed together with the relevant design principles 
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related to the TSDL framework; these were explicitly drawn out through the process of the 

development. 

 

 

3. Background 
 

One of the main aims of the research project is to encourage secondary school students to grow their 

collaborative and teamwork skills in existing collaborative inquiry learning programs. This paper 

reports on the third and fourth iteration of MGB where the third iteration was used for about six 

months in 2016 (two school terms) and the fourth iteration for about a year in 2017 (four school 

terms). There were two different schools, two different courses that used the system, with 39 and 79 

students respectively. In both courses, students were involved in a collaborative inquiry task, and 

worked in teams of three or four. The lessons are conducted in a blended learning environment and 

respective teachers facilitated the lessons on a weekly basis. 

MGB’s design is based on TSDL, which comprises four cyclical stages. Students in stage 

one are to engage in a concrete team experience, which is supported by lesson content, provided by 

the teacher and uploaded in MGB. Next, in TSDL stage two, after completing a team output, 

students rate themselves and their team members through the MGB self and peer rating survey, and 

gain awareness about their teamwork competency from a micro-profile data visualisation. The 

teamwork competencies of focus are the following four dimensions: Coordination, Mutual 

Performance Monitoring, Constructive Conflict and Team Emotional Support (See Koh et al., 2018 

for further details). This is followed by TSDL stage three, where students are able to reflect on 

themselves and as a team to analyse and make sense of the awareness information. Learners answer 

reflective questions, and proceed to set steps (goal-setting) in order for students to metacognitise and 

improve their teamwork competency, through TSDL stage four. This cycle repeats itself typically 

twice in the entire team projects’ duration. 

 

 

4. Technical Developments 
 

From initial iterations, the design and development of the MGB web application has been to allow 

dynamic delivery of content and response by students, being a Single-Page Application (SPA). The 

MGB system continues to provide login and lesson content management for students and teachers, 

and features a real-time chat to allow communication between students and their peers, as well as 

teacher communication with the whole class or by team.  

The technology used to develop the first and second iterations, remains present in the third 

iteration for 2016 with added features, but given the constraints presented, a new application was 

designed and developed, MGB Next, for 2017 using a progressive and established programming 

architecture pattern, the Model-View-ViewModel (MVVM). The technical features are elaborated 

in subsequent sections. 

  

4.1 Third Iteration 

  

4.1.1 Design and Implementation 

 

In the third iteration, My Groupwork Buddy was used for about six weeks, during two terms. MGB 

was a web-based system that had been designed to be a SPA. Students needed to be able to navigate 

through the content without waiting for a page to reload and in order to so, functions can be called 

from the server asynchronously to load new content using Remote Procedure Calls (RPC). This 

version had been written using the Haxe programming language (http://haxe.org/), and using the 

Haxe compiler, codes would be compiled in JavaScript on the client side and PHP on the server side. 

The real-time chat was developed using a JavaScript library called Firebase 

(https://www.firebase.com/). Visualizations are delivered using a JavaScript library called Chart.js 

(http://chartjs.org/). MGB used MySQL (https://www.mysql.com/) to store system and student data 

and the Apache HTTP server (https://httpd.apache.org/). 
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Based on trial two’s student and teacher feedback, to better engage students in their 

reflection at TSDL stage three, we created a more conducive learning environment for reflection on 

MGB by simplifying the complexity of the reflection activity and recognising team strengths. Due to 

feedback that reflecting on all four dimensions was cognitively challenging, the reflections activity 

was re-designed to focus on a single dimension. By selecting a single dimension, students were able 

to sufficiently focus on the importance of the chosen dimension and analyse how it enabled them to 

work collaboratively within their teams. Following the personal self-reflection, students returned to 

their teams and had a team reflection. The team reflection now allowed the team to first choose their 

strongest dimension (i.e., their strengths) followed by selecting their weakest dimension and 

reflecting on it. 

 A second change was made to the goal-setting page, which had been designed to help 

students set personal and specific goals in order to improve future teamwork performance. Students 

had been setting goals for themselves and as a team at the end of previous Term one and two, without 

the ability to check if progress had been made. In the MGB enhancement for iteration three, 

goal-setting would include a mid-point and an end-point check, where students are given the 

opportunity to refine the set goals and assess themselves individually and as a team if they are 

meeting those goals (e.g., statuses of not yet, almost there and done). This can be seen as a way to 

provide students’ with visible self-regulation and self-monitoring agency.  

 

4.1.2 Evaluation 

 

Through lesson observations, we found that students viewed the changes in the third iteration of 

MGB to be useful, making the system easier to use. Specifically, by choosing a single dimension to 

work on for their self-reflections and furthermore, by focusing on the strongest and weakest 

dimension in their team reflections; it simplified the process and allowed students to pay greater 

attention on how to improve themselves in that teamwork aspect. As a result, we also found that the 

students’ reflections became deeper and more meaningful, through the students’ responses recorded 

on the system.   

For TSDL stage four, through individual student feedback, we found that the majority of 

students found the refinement to the goal-setting page, i.e., mid-point and end-point checks, to be 

useful. The time given between lessons allowed them to track their self and team improvement. 

However, some students felt that due to the lack of lessons, they tend to forget initial goals that had 

been set and failed to work on them. There were also technical constraints of the programming 

framework and software code which resulted in a slight delay for the time taken to calculate the 

micro-profile for students as well as difficulty in providing real-time dynamic displays to students 

and teachers. Also, the user interface was not that mobile compatible, which was highlighted by 

several students and teachers. Users also suggested providing an additional visualization for the 

micro-profile such that it would be easy to read. All this feedback was taken into account when 

deciding on the changes for the next iteration of MGB.  

 

4.2 Fourth Iteration: MGB Next 

 

4.2.1 Design and Implementation 

 

In light of the earlier evaluation, a brand new design using the MVVM architecture was ideated. 

Specifically it used the ViewModel layer by using Vue.js (https://vuejs.org/), a mobile friendly and 

progressive framework, designed to be incrementally adoptable and easier to integrate with other 

JavaScript libraries. The strength of Vue.js is also to power complex Single-Page Applications. 

MGB Next features Node.js (https://nodejs.org/), to execute JavaScript code server-side and 

Socket.io (https://socket.io/), to enable real-time two-way communication between the client and 

server. Given the potential scalability of MGB Next, NGINX server (https://www.nginx.com/) was 

chosen due to its high performance and ability to handle thousands of HTTP connections. As 

existing JavaScript libraries can be integrated with Vue.js, Chart.js remained as the visualization 

library. MGB Next used MySQL to store system and student data. 

We describe the key changes to MGB Next using one cycle of TSDL in the fourth iteration. 

For TSDL stage one, students were able to view lesson content uploaded by teachers (Figure 1) in 
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desk-based or mobile devices. The right-hand side of Figure 1 displays the real-time team chat 

enabling students to communicate and share online resources. This change reflects the design 

principle of increasing accessibility for team collaboration through multiple devices. 

In TSDL stage two, awareness information was displayed through multiple representations. 

In response to student and teacher feedback, two options of graphical visualizations were developed 

so that students could choose between seeing their micro-profile in a radar chart (Figure 2) and in a 

bar chart (Figure 3).  

 

 
 

Figure 1. Screenshot of MGB Next Lesson content page and real-time team chat 

 

 

  
Figure 2. MGB Next micro-profile (Radar) Figure 3. MGB Next micro-profile (Bar)  
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In addition to these changes, we provided instantaneous teacher monitoring dashboards for 

descriptive feedback to teachers through the new dynamic system as students completed their self 

and peer ratings survey (Figure 4). The survey follows a HTML form structure with a maximum of 

twelve tabs. The students could proceed to answer the questions of the survey per tab, while the 

teacher could see each student’s progress per tab in real-time.  

 

 
 

Figure 4. Screenshot of MGB Next teacher tracking dashboard 

 

For TSDL stage three where students were presented with the reflection space, we created a 

more conducive reflection environment adding a retrospective function. Students were now allowed 

to go back to review and edit their answers. Only the last entered text is saved in both self and team 

reflections. 

For TSDL stage four, mid-point and end-point checks were re-designed to a Status Check 

section, where students were allowed to complete multiple status checks for the selected dimension 

they wished to work on over the course of the project, allowing greater flexibility (Figure 5). In sum, 

this provides students’ with greater agency to self-regulate and self-monitor their teamwork targets. 

 

 
 

Figure 5. Screenshot of MGB Next Status Check page 

 

4.2.2 Evaluation 

 

The new fourth iteration that introduced MGB Next to students and teachers was seen as a positive 

change. It allowed the web application to be mobile friendly. Moreover, in TSDL stage one, students 

found it comfortable to view their lessons in a clean simple page, and easy to access the resources 

that the teachers had provided at any given time. Teachers were able to upload lesson content 

seamlessly as well as present embedded videos and images to students. The real-time chat 

application was well received for its ease of use and quick response. Additional features, such as 

automatic notifications were requested, as well as rapid navigation from login to lesson. 
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The additional visualization was found helpful to students and teachers who tend to be more 

familiar with bar charts, but they also appreciated the novelty of the radar charts. The real-time 

monitoring of students’ progress was generally seen as impressive by teachers and collaborators 

who could now have an up-to-date view of the students’ activity on the system. 

On the other hand, teachers’ feedback suggested that TSDL stage three which aimed to 

encourage students’ reflection and sense making was not thoughtfully performed. Suggestions 

included adding more control on the section tabs in MGB Next to allow students necessary time to 

reflect. Other suggestions included providing students with dynamic and/or responsive tips to 

improving teamwork behaviours as they used the system. 

 

 

5. Conclusion and Future Work 
 

In general, the transition from the previous iteration to the fourth iteration, MGB Next, was well 

received. Both, students and teachers viewed MGB Next as user-friendly and responsive. However, 

it was found that several students were not taking the activity seriously to reflect and set steps for 

future team activities. Our next development plan aims to provide increased student support. We 

hope to implement personalized suggestions based on students’ peer ratings, where struggling 

students could ask the MGB application for assistance. In addition, we hope to provide teachers with 

more actionable insight of their students’ teamwork competency. We plan to incorporate a teacher 

dashboard, not only to check progress of activities, but also to visualize the class averages of 

students’ peer ratings, for teachers to identify and target their content to a specific dimension. This 

refinement will also highlight how students are rated, which allows teachers to see which students 

are rated poorly by their team members and take necessary action.   

In this paper, we detail the iterative design, related design principles, and evaluation of the 

latest trial cycles of a techno-pedagogical tool, MGB. Although we did not focus on students’ 

teamwork competency data (this is in an upcoming work), initial evidence shows that peer-rated 

teamwork competency grew over the course of the students’ group project. The enhancement of 

MGB through iterative trials has enabled the evolution of a platform capable of supporting the 

formative assessment approach of teamwork growth for 21st century students. 
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Abstract: In this paper, we conducted a study that integrated students’ algebraic thinking 

into the problem-based learning (PBL) process. Three different learning approaches, 

namely, the conventional approach (CA), the integration of algebraic thinking (AT) and the 

PBL approach with the integration of algebraic thinking (ATPBL); were implemented in 

three different schools involving 85 students in a quasi-experimental study. Results showed 

that the algebraic thinking process of students in ATPBL sessions was enhanced. A 
parametric test using MANCOVA revealed that the students from the ATPBL group 

performed better in exploring relationships, generalizing and formalizing, reasoning about 

and with representations, and using algebra as a tool compared to the students from the AT 

group. The ATPBL group performed significantly better in the manipulation of symbols and 

procedures, exploring relationships, generalizing and formalizing, reasoning about and with 

representations, and using algebra as a tool compared to the students from the CA group. 

Additionally, there was significant difference in students’ algebraic thinking in the AT 

group compared to the CA group. In conclusion, this study suggests that the PBL approach 

with the integration of algebraic thinking is able to enhance algebraic thinking among 

students at lower secondary level.    

Keywords: Algebraic Thinking, Problem-Based Learning, Virtual Environment 

1. Introduction

Algebraic thinking is a process by which the students express and build mathematical relationships 
practically (Soares, Blanton and Kaput, 2006). According to Kieran (2004), algebraic thinking is a 

way for students to focus on relations, operations, alphanumeric characters, representing and solving 

problems as well as refocusing the meaning of the equals sign. The foundation of algebraic thinking 
is developed as the student becomes able to make connections of patterns with the real world 

(McGarvey, 2012). According to Mason et al. (2005), algebraic thinking develops through the 

combination of four strands of algebra with mathematical themes and mathematical powers within 

conjecture conditions. Korea, China, the USA, and Canada are among the countries that have their 
own curriculum for algebraic thinking skills, which leads to better performance in algebra compared 

to Malaysia. The mathematics curriculum in Malaysia is only focused on thinking and reasoning in 

general. However, some elements of algebraic thinking do exist. Therefore, study is required to 
identify the appropriate strategy to make the learning of algebra more comprehensive and effective 

(Cai et al., 2005). To encourage students to practice such thinking, proper teaching and learning 

activities should be designed, and one potential strategy is PBL. PBL is the one of the best 

approaches that emphasizes problem as a starting point, followed by student-centered and teacher as 
a facilitator in the learning process. It is also proven that PBL provide positive impact in student’s 

achievement in mathematics. However, there are scarce of studies pertaining algebraic thinking in 

PBL, whereby algebraic thinking is important as a foundation of success in learning algebra.  
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2. Problem Statement 
 

A number of researchers have investigated the algebraic thinking of middle school students (Ayalon 

and Even, 2013; Booth et al., 2014). However, not all the characteristics of algebraic thinking have 

been demonstrated among students. Early algebra emphasizes algebraic thinking, which involves 
the understanding of arithmetic relationships, generalizing and recognizing variable structure. Early 

algebra should be differentiated from typical algebra in terms of contents, subjects, and teaching 

methods (Lee and Pang, 2012). The development of algebraic thinking requires students to (1) help 
themselves to make a smooth transition between arithmetic and algebra and (2) appreciate the 

usefulness of generalized algebraic approach in solving various problems (Cai and Moyer, 2008; Cai 

et al., 2005). It is important to study algebraic thinking because it could make the learning of algebra 
more comprehensive and allow the development of an algebraic perspective of mathematics. 

Furthermore, algebraic thinking is able to develop a deeper understanding of the underlying 

structure of mathematics, dealing with generalizations and ways of thinking that allow results to be 

expressed across a range of problem forms rather than simply finding a particular answer to a series 
of individual problems. The importance of algebraic thinking in learning algebra will guide teachers 

in teaching algebra effectively as well as enhance students’ algebraic thinking. Another strategy, as 

indicated by the literature, is to use PBL, an approach that focuses on the development of thinking. 
This method has been perceived to be able to facilitate students’ knowledge construction and 

reasoning skills because it uses real-world problems as the starting point in the learning process.  

 

3. Research Questions 

 

The study is conducted to investigate; 

(i) Is there any significant difference in algebraic thinking for students before and after being 
taught;  

a. by the conventional approach (CA) compared to the integration of algebraic thinking (AT)? 

b. by conventional approach (CA) compared to the PBL approach with the integration of 
algebraic thinking (ATPBL)? 

c. with the integration of algebraic thinking (AT) compared to the PBL approach with the 

integration algebraic thinking (ATPBL)? 
 

Based on the research questions, the researcher has put forward several null hypotheses (H0) built on 
the significance level α = 0.05 as follows; 

H01 There is no significant difference in students’ algebraic thinking before and after being 

taught using CA compared to AT. 

H02 There is no significant difference in students’ algebraic thinking before and after being 
taught using CA compared to ATPBL.  

H03 There is no significant difference in students’ algebraic thinking before and after being 

taught using AT compared to ATPBL.  
 

4. Conceptual Framework 

 
The framework of algebraic thinking put forward by Walkoe (2013) was adopted because its 

description of algebraic thinking is sufficiently detailed and comprehensive to be implemented for 

secondary level students. Furthermore, it is suitable for the syllabus of Form Two students in 

Malaysia. Most of the characteristics of algebraic thinking in Walkoe’s (2013) framework, namely 
the manipulation of symbols and procedures, exploring relationships, using algebra as a tool, 

reasoning about and with representations and connecting representations, are explicitly taught to 

Form Two students, the only exceptions being generalizing and formalizing. However, not all of 
these construct are addressed explicitly, such as justifying, proving, thinking about or with 

representations of functions such as graphs, table and situations and using one representation to 

reason about another. The strength of Walkoe’s (2013) framework is it expansion and extension of 
the framework developed by Kieran (1996). Walkoe’s (2013) framework is applicable for secondary 

school students’ manipulation of symbols and procedures, using algebra as a tool and connecting 

representations. However, reasoning about and with representations, exploring relationships and 
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generalizing and formalizing can be further enhanced through a suitable approach. It is important to 
identify the characteristics of algebraic thinking among students as well as guidance provided by 

teachers and discussion with peers. This can lead the students to make connections between 

arithmetic and algebra as well as to think algebraically rather than focusing on computational 

fluency. Walkoe’s (2013) framework consists of manipulation of symbols and procedures, exploring 
relationships, generalizing and formalizing, using algebra as a tool, reasoning about and with 

representations and connecting representations. Interventions were implemented for Form Two 

students using the learning task for the AT group and the learning task for the ATPBL group. The 
ATPBL group was given two scenario problems in the learning process based on Tan’s model 

(2003) of PBL. Tan’s model is suitable to be applied for any subject matter, as it emphasizes 

problem-solving skills and new areas of learning.  
 

 

 

 
 

 

 
 

 

 
 

 

 

                 
Figure 1. Conceptual framework 

 

5. Methodology 
 

This study involved two interventions, namely the integration of algebraic thinking (AT) and the 

problem-based learning (PBL) approach with the integration of algebraic thinking (ATPBL) in 

learning algebra. The aim was to test whether the interventions are effective within a certain period. 
Table 1  
Research design 

Groups Pre-test Intervention Post-test 

Experimental 2 01 X2 02 

Experimental 1 01 X1 02 

Control 01 - 02 

*X1 = AT, X2 = ATPBL  

A pre-test was administered before the treatment to the two experimental groups and a 
control group. The first experimental group consists of students who were taught with the integration 

of algebraic thinking (AT), while the second experimental group experienced learning algebra 

through a PBL approach with the integration of algebraic thinking (ATPBL). The control group 

went through the conventional approach (CA) to learning algebra. The purpose of the test was to 
identify the characteristics of the students’ algebraic thinking before treatment. A post-test was 

given after the treatment for the two experimental groups and the control group taught using the 

conventional approach. The aim of this post-test was to identify the same characteristics of algebraic 
thinking as those in the pre-test. The same algebraic thinking test was given to the students to all 

groups. A reliability test was conducted to establish test-retest reliability. The fifteen selected 

students were given a pre-test and a post-test three weeks later. The test was administrated for one 

hour and thirty minutes. A Pearson's correlation was computed to assess test-retest reliability of the 
algebraic thinking test scores, r (15) = .796. This is considered significant; reliability coefficients 

should be positive and greater than .70 (Leech, Barrett and Morgan, 2005).  

The teaching of algebra involving the ATPBL implemented two scenario problems through 
the PBL model. The process of teaching and learning was conducted in a computer lab, which was 

not in the academic building. This was to provide the students with internet access and because of 

Learning 
algebra 

PBL process 
Tan (2003) 

 

Learning Task  

Scenario Problem 1 

Scenario Problem 2 

ATPBL 

Problem-based learning (PBL) process 

(Tan, 2003) 

a) Meeting the problem 

b) Self-directed learning 

c) Problem analysis and learning issues 

d) Self-directed learning 

e) Discovery and reporting 

f) Self-directed learning 

g) Solution presentation and reflection 

h) Self-directed learning 

i) Overview, integration and evaluation 

Algebraic thinking  

Walkoe (2013) 

a) Manipulation of Symbols and 

Procedures 

b) Exploring Relationships 

c) Generalizing and Formalizing 

d) Using Algebra as a Tool 

e) Reasoning about and with 

Representations 

f) Connecting Representations 
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the lab’s proximity to the library, where they could easily find resources. The teacher who 
volunteered to conduct PBL was using virtual environment (Frog platform). She was briefed on how 

to conduct PBL. She also received a module to guide her in running lessons on algebraic thinking 

using the PBL approach. The learning materials, which are the learning tasks of ATPBL, were 

uploaded to Frog platform.  
 

5.1 Sampling 

In this study, purposive sampling was used to select boarding schools in one state in Malaysia based 
on homogeneity of scores in the algebraic thinking test. Three of these boarding schools were 

selected based on algebraic thinking test scores. These students were selected due to possession of 

equivalent ability of algebraic thinking. The three selected boarding schools were randomly 
assigned as two experiment groups and one control group. There are five classes in each of the 

selected boarding schools with mixture boys and girls students. However, only one class was 

selected from each school. The classes were selected based on permission from the schools’ 

administrators. The total number of participants involved in this study was 85 students.  
 

6. Findings and Discussion 

 
6.1 Difference in Algebraic Thinking in Students before and After Being Taught Using the 

Conventional Approach (CA) 

 
This section presents the difference in algebraic thinking for students before and after being taught 

using the CA. A pre-test and post-test were conducted with 25 students to identify the difference in 

students’ algebraic thinking before and after being taught using the CA. Table 2 shows the results of 

the paired sample t-test and Table 3 shows the effect size value for dependent means for the CA 
group.  

 
Table 2  

Paired samples t-test for before and after CA 

Paired Differences 

Pair 1 

Pre-Test- 

Post-Test 

Mean SD T df Sig. 

(2-tailed) 

16.12 66.07 1.22 24 .234 

*n =25, students, α = 0.05 

Table 3  

The effect size value for dependent means 

 Mean SD Effect size, Cohen 

d 

Post-Test 208.60 77.78 
.21 

Pre-Test 224.72 -73.76 

 

A paired-samples t-test was conducted to evaluate the effect of CA on students’ algebraic 
thinking. From Table 2, the results of the paired samples t-test indicate that the null hypothesis cannot 

be rejected. A decrease in Algebraic Thinking Test scores from pre-test (M = 224.72, SD = 73.76) to 

post-test (M = 208.60, SD = 77.78), t (24) = 1.22, p = .234, with an effect size of d = .21. The guidelines 
proposed by Cohen (1992) for interpreting this value are as follows; .20 = small effect, .50 = medium, 

.80 = large effect. Given that d = .21, this indicated that there was a small effect, with a difference in the 

algebraic thinking test scores obtained in the pre-test and post-test.  

 
6.2 Difference in Algebraic Thinking in Students before and After Being Taught Using the Integration 

of Algebraic Thinking (AT)  

This is to identify the difference in students’ algebraic thinking before and after being taught using AT. 
The pre-test and post-test were conducted before and after the intervention. Thirty students took the 

pre-test and post-test. Table 4 shows the result of paired sample t-test and Table 5 shows the effect size 

value for dependent means for the AT group. 
 

Table 4  

Paired sample t-test for before and after AT 

Paired Differences 

Pair 1  

Pre-Test- 

Post-Test 

Mean SD T df Sig. 

(2-tailed) 

-100.80 66.06 -8.36 29 .000 

    Table 5 

The effect size value for dependent means 

 Mean SD Effect size, 

Cohen d 

Post-Test 337.33 58.36 
1.73 

Pre-Test 236.53 68.88 
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A paired-samples t-test was conducted to evaluate the effect of AT on students’ algebraic 
thinking. From Table 4, the results of paired samples t-test indicated that the null hypothesis should be 

rejected. There was a statistically significant increase in Algebraic Thinking Test scores from pre-test 

(M = 236.53, SD = 68.88) to post-test (M = 337.33, SD = 58.36), t (29) = -8.36, p = .000, with a large 

effect size (d = 1.73), indicating a substantial difference in the Algebraic Thinking Test scores obtained 
in the pre-test and post-test.  

 

6.3 Difference in Algebraic Thinking in Students Before and After Being Taught Using the 
Problem-Based Learning (PBL) Approach with the Integration of Algebraic Thinking (ATPBL) 

 

This section attempts to identify whether there was a significant difference in students’ algebraic 
thinking before and after being taught using ATPBL. The pre-test and post-test were conducted before 

and after the intervention with 30 students. Table 6 shows the result of the paired sample t-test and 

Table 7 shows the effect size value for the dependent means for the ATPBL group. 

 
Table 6  

Paired sample t-test for before and after AT 

Paired Differences 

Pair 1  

Pre-Test- 

Post-Test 

Mean SD t df Sig. 

(2-tailed) 

-49.20 53.88 -5.00 29 .000 

*n =30, students, α = 0.05 

 

Table 7 

The effect size value for dependent means 

 Mean SD Effect size, 

Cohen d 

Post-Test 317.70 59.07 
.83 

Pre-Test 268.50 63.91 

 

A paired-samples t-test was conducted to evaluate the effect of ATPBL on students’ algebraic 

thinking. From Table 6, the results of the paired samples t-test indicated that the null hypothesis should 

be rejected. There was a statistically significant increase in Algebraic Thinking Test scores from the 

pre-test (M = 268.50, SD = 63.91) to the post-test (M = 317.70, SD = 59.07), t (29) = -5.00, p = .000, 
with a large effect size (d = .83).  

 

6.4 Difference in Algebraic Thinking in Students Taught Using the Integration of Algebraic Thinking 
(AT) Compared to the Problem-Based Learning (PBL) Approach with the Integration of Algebraic 

Thinking (ATPBL) 

 
This section will describe the difference between AT and ATPBL based on outcomes from the 

MANCOVA. These findings are set out in Table 8, which compares students’ algebraic thinking 

between the AT group and the ATPBL group.  
Table 8 

Comparison between AT and ATPBL 

AT 

ATPBL MSP ER GF UA RA CR 

MSP .001      

ER  .979     

GF   .939    

UA    .427   

RA     .611  

CR      .003 

 

The results are significantly different for two characteristics of algebraic thinking, namely 

manipulation of symbols and procedures and connecting representations, for which the p - value is less 

than .05. However, the p - values for exploring relationships, generalizing and formalizing, using 
algebra as a tool and reasoning about and with representations are bigger than .05. The null hypothesis 

thus cannot be rejected and the researcher concludes that there was no significant difference in students’ 

algebraic thinking when they were taught by ATPBL compared to AT except in the manipulation of 
symbols and procedures and connecting representations. 

 

191



7. Conclusion 

 

This study shows there are significant differences in students’ algebraic thinking before and after being 

taught using AT and ATPBL approach. Furthermore, there are substantial differences in students’ 

algebraic thinking after being taught using AT compared to CA and after being taught using ATPBL 
compared to CA. Despite that, “statistically significant” does not mean practical significance since the 

result is unlikely due to chance. The performance of students might be lower or higher based on the 

significant difference. Therefore, the researcher indicates the results for mean values of post-test. The 
results showed that students in the ATPBL group performed better in exploring relationships, 

generalizing and formalizing, using algebra as a tool and reasoning about and with representations 

compared to the AT group.    
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Abstract: In this paper, we investigate the gaze patterns of individuals within pairs as they 

traced and debugged fragments of code. We performed a dual eye tracking experiment, 

recorded their fixations and computed the gaze-based metrics of these individuals. The 

participants within pairs were categorized into a more successful and less successful 

participant based on the number of bugs found. Results suggest that the more successful 

participants acquaint themselves first with the program encoding more information about 
the program, have more increased attention on the erroneous lines of code, strike a good 

balance between processing and searching, read code less linearly, and are more engaged in 

the task. The goal of this study is to capture individual expertise to gain insights on what 

makes the more skilled participants in a pair programming setup efficient and effective 

through their gaze patterns.  

Keywords: Pair programming, eye tracking metrics, gaze patterns 

1. Introduction

Pair programming is a collaborative work arrangement where two programmers execute different 

programming activities together. It may be co-located, i.e., programmers share a single screen or 
may also occur remotely or in spatially distributed mode in which programmers look at the same 

code but on different screens (Baheti et al., 2002). It has become a popular collaboration paradigm 

utilized in teaching introductory programming courses because it has been proven that pair 

programming is beneficial to students’ learning and attitudes towards programming.  
Recent publications related to programming have made use of eye gaze to assess the 

comprehension of C++ and Python source code (Turner et al, 2014), study how programmers read 

source code (Busjahn et al., 2015; Yenigalla et al., 2016; Jbarra & Feitelson, 2017), explore students’ 
cognitive processes while debugging (Lin et al., 2016), observe differences on debugging strategies 

given diverse types of errors (Peng et al.,, 2016), and understand the learning process of coding with 

different age groups (Papavlasopoulou et al., 2017). 

Because it is an indicator of attention, eye gaze has been linked to cognition (Just & 
Carpenter, 1976). This concept of visual attention, mapping it to cognitive states is based from the 

“eye-mind” hypothesis (Poole & Ball, 2006). Eye movements can be tracked to gain a better 

understanding of the path and focus of visual attention during a task. Cognitive processes involved 
in performing a specific task can be inferred if we know which objects have been visually inspected 

including their order and context. Because of this, eye tracking has become one of the promising 

tools to track down the cognitive processes in programming particularly program comprehension. 
Eye movements in terms of saccades (rapid movements) and fixations (short stops), for example, 

can reveal the details of cognitive processing and the allocation of visual attention within a 

programming task.  

The goal of this paper is to investigate and characterize the individual gaze patterns in the 
context of pair programming particularly program tracing and debugging. Specifically, this paper 

attempts to answer the following question: What characterizes the individual gaze patterns of the 

more successful participants and the less successful participants in a pair programming setup? This 
study aims to investigate individual behavioral characteristics of the more successful and less 

successful participants to shed light on what makes one better than the other so that we can learn 
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from the practices of the more successful participants and be able to design remediations that can 
help those who are struggling in programming.  

 

2. Novices vs. Experts on Program Comprehension and Debugging 

 
Researchers confirm that there are indeed differences between experts and novices. Novices are 

characterized as having longer fixation duration and do not read code at the beginning; while experts 
have shorter fixation durations and spend significantly more time on initial code reading (Bednarik 

et al., 2006). Experts are found to perform better and have shorter scan times when reviewing source 

code compared to novices (Sharif, Falcone & Maletic, 2012). Novices exert more effort and 
experience more difficulty reading source code as they progress through the course (Yenigalla et al. 

2016) and tend to adapt the linear “Story Order” when reading natural language text and source code, 

while experts read code less linearly than novices (Busjahn et al., 2015). Researchers speculate that 
novices’ inability to comprehend programs is due to the novices’ tendency to read the code in the 

order it appears rather than in the order it is executed (Nanja & Cook, 1987). 

Programmers are categorized as novices and experts based on their ability to “chunk” the 

program they are debugging (Vessey, 1985). Novices exhibit more inconsistent debugging behavior 
due to their inability to chunk programs, and they use a depth-first search approach focusing on 

locating and correcting the error without understanding the overall program first. On the other hand, 

experts use a breadth-first search approach when debugging, acquainting themselves first with the 
program to obtain a systems view before trying to find the source of the bug. Lin et al. (2016) affirm 

these findings claiming that low-performers tend to debug programs in a trial-and-error manner, are 

more focused on syntax, and fail to create suitable mental models for debugging; while 
high-performers debug programs in a more logical manner because of their “chunking” ability and 

prior knowledge. Experts are likewise much better at debugging by comprehension while novices 

work in isolation to track down the errors one at a time (Nanja & Cook, 1987). 

These studies were primarily focused on novice vs. expert categorization and their 
differences in an individual programming setup. This study is part of our pair programming eye 

tracking study where we endeavor to draw out the dissimilarities between individuals within 

programming pairs to understand their behaviors that lead to optimal error detection. We also want 
to find out whether “novice vs. expert” differences hold true for individuals within pairs.  

 

3. Methods 

 

3.1 Participants, Structure of the Study, Data Cleaning and Statistical Treatment 

 
The study was conducted in 6 universities in the Philippines recruiting 2nd to 4th year level college 
students who had already taken their college-level fundamental programming course. Eighty-four 

(84) participants, 56 males and 28 females, were randomly paired regardless of gender, proficiency 

level, and acquaintanceship resulting in a total of 42 pairs. Two Gazepoint eye trackers were used to 
collect the pairs’ eye movement data. The pairs were shown 12 programs with errors and were 

instructed to mark the location of the errors. There was no need to correct the errors. The participants 

were made aware how many bugs were there in each program. Each of the 12 programs either 

contained a syntax, logic, semantic or a combination of these types of errors. The programs were 
categorized as easy, moderate, or hard depending on the type of error the program contained. 

A slide sorter program with “Previous”, “Reset”, “Clear/Finish” and “Next” buttons was 

created to display the program specifications followed by the erroneous programs. When a 
participant finds a bug, the location of the bug is marked using a mouse-click and the software 

automatically draws an oval on the location. It is possible to remove the oval by pressing the “Reset” 

button. The pairs were told to work with their partner on the problems and collaborate using a chat 
program. Although they were seated together in the same room, they were spaced far enough to 

ensure that all communications with their partner was via chat only. For a more detailed description 

on the structure of the study, see Villamor and Rodrigo (2018). 

Results of the written program comprehension test, which was used to split the participants 
into high and low proficient participants, and the number of bugs identified were recorded. The slide 
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sorter program generated log files for every participant, which contained a recording of buttons 
pressed and if the participant has already marked the location of the bug, the timestamps when these 

buttons were pressed, the slide numbers of the program specification and actual programs, and the x 

and y screen coordinates of the ovals that appeared after the mouse click.  

The fixation data was cleaned first by removing fixations with negative x- and y- gaze 
coordinates. The number of fixations per slide that contained the actual program were segmented 

and saved on separate files. Hence, each participant had at most 12 fixation files (some pairs did not 

finish the 12 programs). The segmentation was done with the help of the information contained in 
the slide sorter program log files. To test for statistically significant differences, a t-test for 

independent sample means at the 0.05 level of significance was performed.  

 

3.2 Eye Tracking Metrics  

 
Two primary eye movement measurements used in eye tracking research are fixations and saccades. 

Fixations refer to moments when the eyes are relatively stationary, which reveal that information 

from the scene is acquired. Saccades are quick eye movements occurring between fixations, which 

can be related to a searching sequence of particular areas of interest. We used fixation-derived and 
saccade-derived metrics to characterize the gaze patterns of the individuals within pairs. These 

metrics are the following: fixation count overall and on-target, fixation rate overall, fixation 

duration mean, fixation/saccade ratio, average saccade length, complete fixation time on-target, 
time to first fixation on-target and regressive saccades overall and on-target. To know about these 

metrics, refer to Poole and Ball (2006). The 12 programs served as the stimuli in this study. 

OGAMA software (Voßkühler, 2008) was used to calculate these metrics and to convert each 
erroneous line of code in the program to an area of interest (AOI) so that AOI-based metrics can be 

extracted specifically for these regions.  

Other non-eye tracking parameters were also used such as the duration per program, the 

number of times a participant changed his/her answers through the “Reset” button from the slide 
sorter program, the number of switches from the program specification to the actual erroneous code, 

and the time spent reading the program specification. Aside from these said metrics, we were also 

interested in finding out who between the more successful and less successful participant within 
pairs had more incidences where they saw the bugs (had fixations on the AOI) and marked it, saw 

the bugs but did not mark it, and missed the bugs (no fixations on the AOI) but marked it. To do this, 

we used visualizations such as heatmaps and fixation maps. These visualizations can show the 

general distribution of fixations and attention spots to imply varying levels of attention. 

 

4. Results and Discussion 

 
Of the 84 participants from the 42 pairs, we recorded a total of 970 cases, where a case is defined as 
one of the programs under each pair. Each participant within pairs was categorized as a more 

successful participant (MSP) or a less successful participant (LSP) depending which participant 

found more or fewer bugs in the 12 programs combined. A median split could have been done for the 

entire sample to know where each participant was in terms of the larger sample and then see how 
many were in MSP/LSP pairings. However, this process would leave us with only 8 pairs and 192 

cases to examine.  

Two (2) pairs of participants had the same debugging scores, and hence, were excluded 
reducing the number of cases down to 927. Four of these 927 cases had fixation counts less than 10 

and were also discarded. Of the remaining 923 cases, 464 of these were from the MSPs, while 459 of 

these cases were from the LSPs. The majority of the MSPs (72.62%) and LSPs (63.18%) are high 
and low proficient, respectively. Hence, it is safe to say that pair programming participants who are 

more likely to perform well in a bug-finding task are those that are highly proficient. In the 

discussion that follows, there is a tendency to associate MSPs with “experts” on the basis that the 

MSPs are more proficient in programming compared to the LSPs. To get the aggregate results, the 
eye movement data was averaged over each category (MSPs and LSPs). The mean and standard 

deviation of each significant metric for the two categories as well as the t-test results are shown in 

Table 1. 
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Table 1 
 

Descriptive Values and T-Test Results of Each Significant Metric 
 

Metric 
MSP LSP 

t-value p-value 
Mean Std. Dev. Mean Std. Dev. 

Fixation Count O/A 545 420 491 369 2.057 0.040 

Fixation Count O/T 72 69 61 64 2.490 0.013 

Fixation Rate O/A 1.15 1.03 1.35 1.07 -2.816 0.005 

Fix./Saccade Ratio 322.59 278.97 387.18 295.98 -3.412 0.001 

Ave. Saccade Length 124.32 px 28.33 px 129.57 px 31.06 px -2.684 0.007 

Regressions O/A 123.74 96.58 111.17 85.35 2.096 0.036 

Comp. Fix. Time O/T 21.32 s 20.06 s 18.15 s 19.87 s 2.411 0.016 

Duration Per Program 1105.62 s 950.13 s 899.92 s 862.44 s 3.443 0.001 

Saw & Marked the Bug 1.58 0.94 1.32 0.88 4.398 0.000 

Saw and Did Not Mark 0.88 0.92 1.02 0.96 -2.261 0.024 

Missed but Marked 0.00 0.00 0.04 0.22 -3.918 0.000 

 

The MSPs had significantly higher fixation count overall and on-target compared to the 

LSPs. This is contrary to previous research findings that highly proficient participants have lower 
fixation counts than the low proficiency participants. Several possible explanations could account 

for this result. First, since this was designed primarily as a pair programming task, the results could 

be different from an individual programming task where the participants work independently and are 

categorized as novices and experts. Second, this is a pair programming task where the participants 
were encouraged to collaborate and communicate with partners. Hence, it is possible that the 

fixations that occur while they were chatting might increase the fixation counts of the MSPs. Third, 

this is in line with prior research finding that experts acquaint themselves first with the program 
before trying to find the source of the bug, thus the higher fixation counts; while novices just focus 

on bug finding without comprehending first the overall program (Vessey, 1985).  

Fourth, it is possible that the MSPs tend to refixate on the words in the text before leaving 
the word, which are often caused by originally landing in a “bad” place in a word and that processing 

of the word is distributed over two or more fixations in (O’Regan & Lévy-Schoen, 1987). Fifth, the 

MSPs higher fixation count on-target is an indication that the errors are more easily noticed by the 

MSPs and they have more fixations on the bugs possibly to analyze how the bugs affect the program. 
Lastly, the LSPs lower fixation counts could mean that they are less engaged in the task, could just 

be waiting for their stronger partners to give the answer, and have less attention to detail not 

realizing that those are the bugs. Upon further inspection, it was found that the MSPs higher fixation 
count overall and on-target were only significant on hard programs. This implies that the MSPs, 

compared to LSPs, are encoding more information about the program particularly the hard ones. The 

MSPs higher fixation count is not a result of searching less efficiently as prior literature would 

suggest.   
Even if the fixation counts overall and on-target of the MSPs are higher than the LSPs, it 

seemed unexpected that the MSPs fixation rate overall was significantly slightly lower than the 
LSPs. From prior literature, this is an indication that information processing may not be effective.  

However, this may not be true because the MSPs were more successful in finding bugs. The MSPs 

had more fixations overall but the rate at which they fixate on the program elements was not high 
enough to deter them from doing enough searching to try to find all the bugs. The LSPs higher 

fixation rate overall and on-target could mean that they are just randomly sampling lines of codes, 

which implies trial and error in locating bugs. 

The MSPs had significantly lower fixation/saccade ratio than the LSPs. Since this metric 
can be used as an index of processing vs. searching (Goldberg & Kotval, 1999), it is possible that the 

MSPs have spent less time processing and more searching because the task required them to find as 

many bugs as possible within the time allotted. However, the MSPs had more fixations on-target 
(indicative of more processing) and had shorter saccade lengths (indicative of less searching). This 

could signify that the MSPs possibly employ a balance mix of processing and searching or there is a 
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greater diversity of gaze patterns among the MSPs that reflect their individual case-based knowledge 
(Robertson, 2016).  

The MSPs had significantly shorter average saccade lengths than the LSPs, which is 

contrary to previous findings that experts are more likely to make longer saccades than novices. One 

possible explanation is that this could be influenced by the way the text in the source code were 
formatted, particularly longer programs, to fit the entire screen (no scrolling needed) so the distances 

among bug locations do not require longer jumps. Since the lines were condensed to each other, this 

might have affected the saccade lengths of the MSPs. The LSPs longer average saccade lengths may 
be an indication that they might be searching randomly to attempt to locate the bugs. From prior 

literature, long saccades are less accurate and lead to ill-placed fixations (Rayner et al., 2012). 

The regressive saccades overall of the MSPs was significantly more frequent than the LSPs 
but the difference in their regressive saccades on-target was not significant. Prior research suggest 

that more incidences of regressive saccades is an indication of processing difficulty, confusion, or 

problems in understanding (Rayner et al., 2012). However, it could be argued that this is probably a 

form of “good confusion” since the MSPs found more bugs, and hence, were more productive. It is 
also possible that this could be a result of following the code execution order (e.g., tracing a for loop) 

or an indication that the MSPs read code less linearly than LSPs (Busjahn et al., 2015). Prior 

research also claim that many regressions are due to comprehension failures, that is, when readers 
encounter a word which they have misinterpreted, they often make regressions as soon as they 

encounter disambiguating information. These regressions typically are very short saccades and are 

probably due to oculomotor errors (Rayner et al., 2012). This could also explain the MSPs more 
frequent regressions overall.  

The MSPs complete fixation time on-target was significantly longer than the LSPs. 

However, this significance holds true only for the moderate and hard programs. This suggests that 

the MSPs could be taking their time processing and could be exhibiting a higher level of interest on 
each error found particularly when program difficulty increases. The difference on the duration per 

program between the MSPs and LSPs was also significant. The MSPs longer time spent in each 

program could be an indication that they are more engaged and are willing to take an extra step to 
locate all the bugs in the programs compared to the LSPs who are more likely to disengage from the 

task especially if the program complexity increases and tend to hastily start solving the problems 

without analyzing them. 

The MSPs had significantly more incidences where they fixated on the bugs and marked it, 
which matched our expectations. The difference, however, in comparison to the LSPs was not quite 

high, which could mean that there could be instances where the MSPs have told the LSPs the 

answers. It did not come as a surprise that the LSPs had significantly more occasions where they 
came across the errors but did not mark it. This means that the LSPs were not aware that those were 

the erroneous line(s) of code. Lastly, none of the MSPs were able to miss the bug(s) but marked it 

but the LSPs had few instances where they did not fixate on the bug(s) and yet they were able to 
mark it correctly, which implies that the MSPs had found the bug(s) and told the LSPs. 

 

5. Summary, Implication, and Future Work 

 
This paper investigated the individual gaze patterns of the more successful and less successful 
participants within programming pairs to help us understand what makes the other succeed in a 

bug-finding task. In summary, the MSPs are characterized as having higher fixation count overall 

and on-target but lower fixation rate overall, lower fixation/saccade ratio, shorter average saccade 
length, longer complete fixation time on-target, more frequent regressions overall, and longer 

duration per program. The LSPs, on the other hand, have the exact opposite characterizations. These 

are indications that programming pair participants aside from their usual assigned roles as “driver” 

and “navigator” can also be distinguished based on their individual gaze patterns.  
Programming is not an easy task and because of its challenging nature, programming 

educators strategize to make programming less difficult and one of these strategies is to implement 

pair programming. The significance of this study is to have a better understanding on the behaviors 
of the individuals within programming pairs through their gaze patterns while they trace and find 

bugs. Programming professors can learn from the behaviors of the more successful individuals 

within pairs.  
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Since these are just initial findings on the behaviors of the pair programming participants, 
the next step would be to conduct this experiment further to assess how these behaviors impact the 

performance of the individuals within pairs as well as their pair performance. We wish also to find 

out which program elements do MSPs and LSPs primarily inspect so that we can get a clearer picture 

on their respective cognitive processes. We will also look at the pairs’ behavior when they 
collaborate, assess the pairs’ collaboration based on the composition of the pairs, and examine their 

impact on the success of the pairs. The end goal of this research is to be able to create an explanatory 

model that could explain the dynamics that take place in a pair programming setup. 
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Abstract: This paper investigated the differences between the online discourses of K12 and 

higher education students, in an effort to understand differences in knowledge building 
behaviors between them. The higher education students are represented by 13 in-service 

graduate teachers and K12 students include 20 eighth-graders. An idea-centric analysis was 

conducted, which showed that discourse in the K12 setting contained ideas less promising to 

the discourse community than those found in higher education discourse. By considering the 

differences in the build-on of notes and utilization of scaffolds in discourse, potential 

strategies were suggested to change the patterns of build-on and use of scaffolds in 

Knowledge Forum so as to improve the quality of ideas in knowledge building discourse. 

Teachers can focus resources on promising ideas and strategize the use of scaffolds to 

maintain engagement and idea improvement within knowledge building discourse for better 

understanding and attainment of knowledge building goals. 

Keywords: Strategies, scaffolds, idea-centric discourse analysis, knowledge building 

1. Introduction and Background

In an technologically advanced era where discourse is increasingly taking place in online spaces, 
current state-of-the-art technology has provided bountiful opportunities and affordances that provide 

analysts with methods and techniques to analyze untapped features and attributes within online 

discourse. The approach of framing and co-constructing knowledge through technology (Cohen & 

Scardamalia, 1998) has been established for some time; the building of ideas through discourse has 
also garnered attention in other fields such as political science (Schmidt, 2008). Examining online 

discourses, the focus of analysts could be extended beyond the content of a discourse to the 

understanding of the process of learning and more specifically, recognize how students represent 
and co-construct their knowledge through improvement of ideas in discourse. Lee and Tan (2017) 

have developed a framework of discovering the dynamics of ideas in a discourse, one that enables 

end-users to be able to recognize ideas that are potentially interest to the community and continue 
improving these ideas to enhance their own learning and understanding. 

The process of idea analysis aligns considerably with the analysis of knowledge building 

discourse. In this paper, discourse analysis involved knowledge building (Scardamalia & Bereiter, 

2003) as an approach to knowledge creation in education. Knowledge building was implemented as 
a pedagogical approach to leverage learners’ natural capability of idea generation for collaborative 

improvement of ideas. Teachers play the critical role of maintaining student engagement in creative 

work to support processes of idea improvement. Considering that discourse is an important medium 
that plays a creative role in encouraging improvement of ideas (Lakatos, 1970), the productive use of 

the principle of “improvable ideas” (Scardamalia, 2002) through inquiries and productive discourse 

can lead students to value every contribution and idea in discourse as being potentially improvable. 
Hence, the analysis of an idea-centric discourse, such as knowledge building discourse, will furnish 

students and teachers with crucial information to acknowledge knowledge gaps and navigate 

emergent themes of inquiries from multiple sources of inputs (Zhang, Scardamalia, Reeve, & 

Messina, 2009). 
Despite the benefits that such idea analysis will be able to provide in assuaging pedagogical 

and policy concerns, rarely do the methods produce similar results between novices (represented by 

K12 students) and experts (represented by higher education students). With the growing 
acknowledgement that the nascent field of learning analytics has the potential to provide insights 
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into teaching and learning behaviors in classrooms, an idea analysis methodology (Lee, Tan, & 
Chee, 2016) was extended and an analysis of scaffold usage in an online knowledge building 

discourse was conducted in this paper to discuss the differences between the discourse of a middle 

school class and a higher education course. One key assumption is that K12 students are still 

developing their knowledge-building capacity and higher education participants are more mature in 
such an approach. The findings in this study could shed some light on this assumption and provide 

information about strategies to guide and scaffold students or participants at different levels, to 

improve their ideas and understanding through knowledge building discourse. The research question 
guiding this study is: “Considering the differences in knowledge building online discourse between 

K12 students and higher education participants, what are the implications and strategies to support 

the deepening of their understanding?”   

 

2. Methods 

 
This paper used a combination of methods and analytics in conducting idea analysis of knowledge 

building discourse in classes from the K12 and higher education settings. Idea Identification and 
Analysis or I2A, developed by Lee et al. (2016), was used for processing various measures within a 

discourse network. The inbuilt analytics in the Knowledge Forum (Scardamalia, 2004), an online 

knowledge building environment that supports knowledge building discourse, were also used for the 
collation of statistical data for comparison and analytical insights. The following sections describe 

the methods and analytics in greater detail. 

 

2.1 Idea Identification and Analysis (I2A) 

 
The methodology called Idea Identification and Analysis or I2A (Lee et al., 2016) was developed for 
discourse analysis to identify ideas that are promising to the students, instructors, or the discourse 

community in general. In essence, I2A was able to analyze knowledge building discourse using 

network measures such as betweenness centrality (BC) for identifying features in BC trends that 
were monitored over time in the discourse; ideas that have a subsequent impact on the discourse 

were identified and classified as potential or promising ideas. The discovery of promising ideas and 

their effects through network analysis were subsequently validated qualitatively by analyzing the 
content of notes.  

The classification of promising and potential ideas from the I2A methodology was adopted 

in this paper as part of a process that measures the progress of idea development in knowledge 

building discourse; it helps in the determination of the relationship between the improvement of 
ideas and the use of scaffolds in discourse. This paper focuses on two types of ideas: promising ideas 

and potential ideas.  Promising ideas are defined to be of great relevance to the discourse 

community, are able to sustain interests of the community and, hence, are worth pursuing and are 
likely to have an impact on the ensuing discourse. Potential ideas show lower communal relevance; 

some effort is required to sustain the community’s interest in these ideas, thus requiring scaffolds or 

other interventions in order for the ideas to have some form of impact or influence on communal 

discourse. Based on the investigations of the promising and potential ideas, the relationship between 
improvement of ideas and scaffold usage in discourse will be explored to gain deeper insights into 

ways to nudge students towards deeper knowledge building. 

 

2.2 Knowledge Forum 

 
Prior to the commencement of the lessons, the online platform, Knowledge Forum, was setup as the 

designated online discussion space for both classes. Students were encouraged to contribute to the 

Knowledge Forum in the form of notes, which are online entries that contain content authored by 
discourse participants and contributed to the discussion space during lessons. These notes were 

archived in the cloud server. When discourse participants reply to one another’s responses in the 

discussion space, the replies are considered a build-on of the previous note. Thereafter, discourse 
data in the textual format with related timestamps and authorship details were extracted from the 

Knowledge Forum for discourse analysis. By observing the discussion space, also known as a view, 
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a visual overview of the quantity, density and spread of notes contributed by the respective 
communities can be obtained. The depth of discussion can be quantified by analyzing the network of 

build-on replies in the discussion space. Statistical data could also be retrieved from the inbuilt 

analytics on the Knowledge Forum platform for a more in-depth analysis.  

Regarding the use of scaffolds within Knowledge Forum, default scaffolds (e.g., “I need to 
understand,” “my theory is,” “this theory cannot explain”) or new scaffolds can be created to help 

discourse participants advance their discussions and clarify the intent of the authored notes. The 

extent to which scaffolds are being created and utilized is representative of the effort of support that 
the discourse community is trying to develop in an attempt to helping one another in the knowledge 

building process. These statistics are similarly retrieved and used as part of this comparison study. 

 

3. Datasets and Settings 

 
There are two datasets that were analyzed in this paper. For a fair comparison, the period of 

discourse spanned a week from the start of instruction in both K12 and higher education settings. 

The textual discourse data were then extracted for anonymization before analysis. There were 20 
eighth-graders in the middle school class who contributed a total of 101 notes over a week and 

discussed about the scientific topic of the human circulatory system. The teacher was experienced at 

planning and executing knowledge building lessons, using authentic problems such as an impending 
heart attack in a patient to trigger interactions and stimulate responses. He also acted as a 

co-constructor of knowledge and helped to regulate the online behavior of students. Similarly, a 

week of discourse data was extracted from a post-graduate course in the higher education setting, 

consisting of 13 in-service teacher participants and two instructors. The key focus of the discussion 
was to deliberate on the basic principles of “Computer-Supported Collaborative Learning (CSCL).” 

In total, 162 Knowledge Forum notes were generated by the discourse community with minimal 

contributions or guidance from the instructors. The role of instructors in the graduate course was 
also to be co-constructors of knowledge in the communal discourse and provide minimal guidance 

only when necessary. 

 

4. Findings and Discussion 

 

4.1 Results from analysis of ideas and mechanisms in Knowledge Forum 

 
The methodology I2A builds a network of notes and keywords for the two discourses in this study, 

based on a bipartite relationship between the students, notes, and keywords. Network analysis was 

then conducted on the network of notes to obtain network coefficients, such as betweenness 
centrality, to identify and trace the evolution of ideas within a discourse space. Results show that 

there were 9 potential ideas and 1 promising ideas identified from the discourse in the K12 setting; 

whereas 4 potential and 4 promising ideas were found in the discourse from the higher education 
setting. This result offered a new perspective on the development of ideas in knowledge building 

discourse from different settings. The participants from the higher education were able to produce an 

equal split of potential and promising ideas from their communal discourse. Comparatively, the 

student community in the K12 setting was able to contribute more ideas than the higher education 
discourse with a lesser number of notes, but the majority of them were potential ideas. Although not 

definitive, this result shows a trend in the type of ideas that could be generated from discourse in 

different settings within a same amount of time.  
Therefore, apart from the idea analysis and classification of ideas in discourse, the build-on 

mechanisms and scaffolds in Knowledge Forum were further analyzed to provide insights on how 

the idea improvement process in the knowledge building discourse can be affected by the use of 

scaffolds. We present the statistics obtained from a full dataset analysis in Figure 1, which shows the 
thread count, build-on (measured by thread branches), and discussion depth of discourse (measured 

by thread length), in the K12 and higher education settings.  
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Figure 1. Comparison of thread build-on and depth in K12 and higher education settings. 

 

The results in Figure 1 suggest that in a knowledge building setting where students were 
given an authentic problem to stimulate discussions, K12 students were unable to converge their 

discussions into a central theme or topic. Most students were observed to start a new note and 

provide their responses to inquiries or claims from other participants due to the several reasons: 1) 
the lack of confidence in students to choose an appropriate note to reply to, alongside the 

convenience of starting a new note over the effort required to search and reply to a related note; 2) an 

innate urge to possess and own a response on the discussion space instead of building on other notes, 
likely due to competitive traits in the classroom to own a note and “to have something on the board”; 

and lastly 3) students are simply not reading or considering other contributions and are more inclined 

to post something to satisfy a quantity count instead of contributing a note of quality. Therefore, 

most of the isolated and single notes contain ideas fragmented from key discussions and have to be 
rearranged by the end of discourse, so that relevant notes are in close proximity with other related 

notes for ease of viewing and reflection.  

In comparison with the discourse in the higher education setting, graduate students entered 
the knowledge building environment with expectations to contribute responses of quality over 

quantity. Most threads in the higher education setting consist of multiple branches of responses built 

onto each other over time and these responses were relevant and stimulating for further discussions. 

The observation of such response patterns signals a high likelihood that students were reading and 
responding to one another’s contributions with much thought. By understanding the context and 

information within the note that students are responding to, we understood that there was an 

apparent intent by most students in the higher education setting to manifest their ideas into their 
responses, such that readers and any ensuing responses can potentially improve ideas or advance the 

understanding of participating students in the thread. 

Overall, from the above comparisons, the differences in the construction of threads and 
build-on notes between K12 and higher education settings primarily lie in the epistemological 

approach of the knowledge building community. The learning situation of this K12 community may 

be closer to the acquisition metaphor of learning (Sfard, 1998). Knowledge is objectified and finite, 

often fulfilling requirements of students and is often “on-demand” in this K12 setting. Although 
knowledge is deemed to have physical properties and can be built upon as shown in the Knowledge 

Forum, the process tends to careen into spoon-feeding situations where students acquire knowledge 

for assessment purposes and thereafter quickly ceased inquiries and discussions when the 
assessment criteria were fulfilled. This process suggests a performance oriented intent (as opposed 

to intrinsic interest in learning); it does not stimulate active participation and independent learning, 

and possibly fosters rote learning. The students in the higher education setting were more 

forthcoming in their intention to develop deeper understanding, with an eventual goal of knowledge 
transfer beyond the classroom and across contexts. 

 

4.2 Using findings to strategize the use of scaffolds and aid idea improvement processes 
 

In this paper, technical affordances in the form of a default set of six scaffolds were provided to both 
discourse communities to aid them in writing of concepts within a note. For a more meaningful 

comparison, Figure 2 shows a comparison of scaffold usage in both settings, based on the percentage 

of scaffolds used in discourse, rather than the absolute number of scaffolds used in both discourse. 
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Figure 2. Comparison of scaffold usage in K12 and higher education settings. 

 
The results in Figure 2 show a conscious effort by students from both settings utilizing 

scaffolds for gaining new information and proposal of their own theories in the knowledge building 

discourse. There are two distinct differences in the comparison, essentially a large contrast in the use 

of two types of scaffolds, namely the “I need to understand” scaffold and “Other” scaffolds; the 
latter constitutes the use of newly customized scaffolds by the students in their respective discourse.  

We explain the possible reasons for these two differences. First, the pronounced disparity in 

the use of the “I need to understand” scaffold was interpreted as a sign of how students and teacher 
participants perceive and understand the underlying purpose of the scaffolds in Knowledge Forum. 

On one hand, teacher participants indicated that the use of the scaffold aided their participation in 

processes that unraveled insights from improving ideas, resulting in far-reaching impact on their 
learning process than mere gains of information. On the other hand, K12 students were more 

concerned with summative assessment and therefore, placed more emphasis on scaffolds that helped 

them fulfil knowledge goals and assessment criteria. In short, this difference could be due to the 

different metacognitive ability of discourse participants in identifying and fulfilling their knowledge 
gaps. Second, K12 students customized their scaffolds, partially due to their inability to grasp the 

meaning of certain scaffolds. Most students thought scaffolds were substitutes for titles of notes, and 

terms in the provided scaffolds were not relatable to them, such as “theory” in the “This theory 
cannot explain” scaffold. For these reasons, scaffolds that made sense to the students were created 

and Table 1 shows a mapping of student-crafted scaffolds to the existent scaffolds in the Knowledge 

Forum. Teacher participants have no issues in the use and understanding of existent scaffolds and 
hence see no need to create customized scaffolds. 

 

Table 1  

 
Usage and mapping of customized scaffolds to existing scaffolds in Knowledge Forum 

 

Existing scaffolds in 
Knowledge Forum 

Customized scaffolds crafted 
by K12 students 

Percentage of new scaffolds 
usage (%) 

New information Opinion 

 

I need to understand Learning point 

My theory Experience 

Putting our knowledge together Pulling our thoughts together 

A better theory Why I chose this 

This theory cannot explain Reason 

 

When strategizing the possible ways to conduct knowledge building sessions and balance 

the use of scaffolds in discourse, the goal of individual lessons could be explicitly stated upfront, 

especially in the higher education setting, such that the teacher participants would be assured that the 
gain of information would be far more treasured when shared among the community to aid the goal 

of advancing communal knowledge. K12 students could be educated on the concept of meaningful 

learning in contrast to the obsession with information gain for assessment. When faced with 
situations whereby K12 students were unable to understand some of the more complex 
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terminologies in the scaffolds, teachers could create new scaffolds that are easily understood by the 
students, or alternatively spend more time to explain the meaning and exemplify the intended use of 

the existent scaffolds. Even though most teacher participants indicated that current needs are met 

and existent scaffolds do not warrant further changes, instructors could still advocate the use of 

customized and adaptive scaffolds as part of an efficient means for supporting self-directed learning, 
which has gained importance in higher education and workplace settings (Ley, Kump, & 

Gerdenitsch, 2010).  

 

5. Conclusions 

 
A study was conducted on the differences of knowledge building discourse from a K12 and higher 

education setting, in an effort to understand how students in different settings deepen their 

understanding using ideas in knowledge building discourse. An idea analysis found somewhat less 
promising ideas in K12 discourse as compared to higher education discourse. By analyzing the 

discussion depth, build-on and scaffold usage in Knowledge Forum, findings show that K12 

students have difficulty in harmonizing with the community’s goals and there is a consideration for 
different cognitive ability of discourse participants. Although both discourse communities display 

markedly high levels of social interactivity, strategies are suggested to be used alongside the 

technological affordance in Knowledge Forum. Together with the continuous assistance from 
teachers in maintaining and improving ideas through discourse, more promising ideas could be 

generated for deeper understanding and attainment of knowledge creation goals. 
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Abstract: Storytelling is both an entertaining and an educational activity for children. It 

allows them to express their thoughts about the world around them, while learning about 

language, values and interacting with others. Thus, storytelling is utilized not only at home 

but also in the school environment to engage children in sharing information about things 

that interest them and their everyday life experiences. Conversational agents or chatbots are 

becoming popular as a form of human-computer interaction. They can engage with their 

human users in dialogue using natural language to answer queries. In this paper, we describe 

the design of our dialogue model to enable a conversational agent to act as a collaborative 
storytelling peer, encouraging children to share their stories through pumps and hints. 

Keywords: Conversational Agent, Dialogue, Collaborative Storytelling 

1. Introduction

Storytelling helps in enhancing children’s communication skills, and develops their vocabulary and 

language (Isbell et al., 2004) as well as comprehension (Mokhtar et al., 2011). Children are 
encouraged to articulate their thoughts and feelings, and to express themselves, their preferences, 

aspirations and reflections (Mantei & Kervin, 2010), through their stories.  

In group storytelling sessions, the narrator and the listeners share their personal 
recollections and interpretations (Lawrence & Thomas, 1999), and the storytelling session evolves 

through the exchange of viewpoints about character motivations, interpretations of events occurring 

in the story, and the rationale for character responses. This collaborative nature of storytelling can be 
achieved in computational systems through virtual agents.  

From merely telling stories to children, the virtual agent can become a more intelligent 
partner by engaging in conversations to define the characters and the setting, rationalize a 

character’s actions in relation to his/her motives, imagine the varying sequences of events that may 

come next, and even relate one’s personal experiences to that of the character. Collaboration with a 
virtual peer further extends opportunities for children to acquire language skills needed for literacy, 

and helps develop them to be critical listeners of others’ stories (Ryokai, Vaucelle, & Cassell, 2002). 

Sam is a childlike androgynous conversational agent that employs a turn-taking model to 
share and listen to children’s oral storytelling (Cassell et al., 2005). Storyfighter (Lieberman et al., 

2004) uses a virtual peer to co-author stories with children, where the peer proposes the start and end 

state of the story to be told, and the child contributes to the story by selecting a sentence template 
form a list generated by the system, then filling this with words to form the story text. 

For collaboration to take place, communication among the entities in the form of dialogues 

is necessary. Dialogue exchange is characterized in terms of communicative goals or speech acts, 
such as inquiry or direct question to solicit additional information, informing to respond to a request 

for information, elaboration to provide additional definitions or descriptions, justification to explain 

actions, motivation to persuade someone to carry out an action, exemplification to model how the 
task can be carried out, and even repair to resolve misunderstanding. 

Conversational agents (Milne et al., 2011) are equipped with the capability to facilitate a 

conversation by holding a dialogue with the user. In the study of (Doering et al., 2008), they found 
out that initial conversations between the students and the conversational agents revolve around 
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topics outside the scope of the learning task. This shows that the students perceive the agents both as 
a learning companion and a social agent. While the agents are not always accurate in addressing 

complex content-related questions posed by the learners, they were able to provide assistance that 

encouraged the students to continually consult with them throughout the learning experience. 
In this paper, we describe the design of the dialogue model of our conversational storytelling 

agent, Orsen. Orsen is designed to engage children in conversation to elicit the elements of a story, 

namely the characters involved, the setting where the story takes place, and the sequence of events. 
It is built on top of Google Home, to support oral rather than written communication. 

 

 

2. Dialogue Model 

 
A collaborative system requires a flexible dialogue model that can support the flow of conversation 

between the virtual storytelling agent, Orsen, and the human user. Orsen should be able to adapt and 

to respond to a variety of inputs when engaging the user in storytelling, such as acknowledging the 
story text (Mandelbaum, 2013), and asking for more details about the story elements.  

The types of input provided by the user during its dialogue turn were categorized into four, 
namely answer, silence, command and story text. This is illustrated in Figure 1. Children’s responses 

to Orsen’s questions, which include “yes”, “no” or “ok”, are classified as answer. Any user input that 

contains the keyword “Orsen” or “Orson” is flagged as a command for the agent to perform. When 
Orsen does not hear the child’s input, this dialogue turn is flagged as silence. All other text input is 

categorized as story text and will be processed as such. 

 

 
Figure 1. Dialogue Model for four Input Categories: Answer, Silence, Command and Story Text. 

 

2.1 Dialogue Moves 

 
Orsen can employ different speech acts during its dialogue with the users. Taxonomy of children’s 

collaborative speech acts has been identified in the study of Wang and Cassell (2003). This includes 
suggesting an event, seeking clarification, asking for missing information, acknowledging a 

suggested storyline, playing the role of a story character, and even competing for a turn in the 

conversation.  
Certain dialogue strategies can also promote a collaborative environment for children. 

These include feedback, pumps and hints, as identified in (Graesser et al., 1999). Pumps are used 
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when the user provided a story text that is lacking in details, e.g., the location where the event takes 
place, the objects used in performing an action, and even descriptions of characters and objects. 

Pumps work by encouraging the user to express additional information that can expand the story, 

such as describing the character's attributes or the consequential event. Hints, on the other hand, are 
used when the user suffers from writer’s block. They work by stating a fact or adding details related 

to the previous story text that the user has already shared to help trigger ideas. 

Orsen depends on the child’s input to decide on its dialogue move. If the input is a story text, 
Orsen may choose to do either a feedback or a general pump to acknowledge and prompt the child to 

continue with his/her story. Statements such as “Interesting” and “Okay” are examples of feedback, 

while “Tell me more.” and “What happens next?” are considered to be general pumps. On the other 
hand, if Orsen encounters silence, that is, no input was given, such as the case when the child could 

be encountering some difficulty in continuing with his/her story, a specific pump or a hint may be 

employed. A specific pump is a type of pump that asks the child to expand on a certain part of the 
story. Listing 1 illustrates a sample conversation.  

 

Listing 1. Example conversation that uses feedback, pump and hint. 

User: There was a princess. 

Orsen:  I see. (feedback) 

User: Her name was Maddie. 
Orsen: And then what? (general pump) 

User: *silent* 

Orsen: Tell me more about the princess. (specific pump) 
User: *silent* 

Orsen: How about “The princess went to the castle.”? (hint) 
 

 

2.2 User Validation 

 
To validate the dialogue model, five (5) children age 7 to 11 years old interacted with Orsen through 
the Google Home platform. Orsen’s responses were limited to acknowledging the child’s input. The 

following are the findings. First, children tend to introduce themselves to Orsen before starting their 

story, as a response to Orsen’s self-introduction. Since the agent has not been designed to process an 
introduction, it would treat introductory text as regular story text and responds with moves like the 

general pump, i.e., “What happens next?” This leads to the child’s confusion or amusement at 

Orsen’s response, often ending the storytelling session before they even started. 
Second, children tend to ignore the agent’s generic and neutral replies as they find these to 

be predictable. Responses such as “Okay”, “I see” and “All right” were not very effective in keeping 

the children engaged since their inputs were not really acknowledged by these generic responses.  
Third, some children tend to speak continuously without relinquishing the dialogue turn 

back to Orsen. This is considered as a non-silence type of input, triggering Orsen to generate 

feedback and general pumps. Specific pumps and hints, which give Orsen the ability to be a 
collaborative storytelling partner, are never generated in these instances. 

Fourth, the vague wordings used in Orsen’s dialogue would lead children to misunderstand 

the agent’s request for them to repeat their statements. The children would respond by repeating 
their story from the beginning. This is a problem because Orsen did not realize that the story was 

being retold. Orsen maintains a story world model to track elements of the story that the child has 

already shared, such as the story setting (location, time), the different story characters, and the 
sequence of events or character actions. These elements are extracted from the user’s input and 

stored as assertions. If the child ended up re-telling the story in a slightly different manner, it could 

lead Orsen to extract duplicate assertions from the user’s input that already exist in the story world 
model. 

Lastly, the children would sometimes panic when Orsen states that it did not hear the 

statement. The child would respond in one of two ways: he/she either tries to speed through the 
narration of the story to end the session faster, or to shut down and not speak to Orsen until the latter 

automatically ends the session. 
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3. Response Generation 

 
The dialogue model was revised to handle the different concerns identified during user validation. 
The input category, introduction, was added to enable Orsen to include a greeting and a question to 

start the story. The dialogue move to handle inputs in the silence category is also expanded as shown 

in Figure 2. If the previous response is a general pump, it triggers a specific pump. On the other 
hand, if the previous response is a specific pump, a hint is triggered. 

To enable Orsen to provide relevant feedback to a child’s input, it makes use of an ontology 

that has been populated with concepts and their semantic relations retrieved from ConceptNet (Speer 
& Havasi, 2012), vocabulary lists of common nouns (ESLDesk, 2010) and verbs (Rundell, 2003), 

and fables. These are stored as assertions of the form [concept1 relation concept2, and are used to 

define real-world entities, such as [bread IsA food] and [king IsA ruler]; describe their attributes, 
such as [bread HasProperty soft] and [king HasProperty brave]; and depict event relations, such as 

[study AtLocation library]. Orsen uses the assertions in the ontology and story world knowledge 

extracted from the child’s inputs to create responses for its dialogue moves. Examples are provided 
in Table 1. 

Stories contain characters, objects and locations where events take place. Orsen tries to 
extract these elements from the user input by utilizing the knowledge it gained to formulate a 

response. As shown in examples #1 and #2 in Table 1, Orsen identified and utilized two story world 

objects, i.e., bear and forest, as the main subject of its pump dialogue move. It then generates pumps 
that can encourage the user to provide further details regarding these objects.  

In example #1, Orsen wants the user to supply missing details to complete the assertion 

[character CapableOf event-verb]. The agent can determine that the character is sentience, and as 
such, has the ability to perform some action. In example #2, Orsen needs information to complete a 

descriptive assertion [object IsA description] so that it can increase its knowledge about the object. 

 

Table 1. Example responses generated by Orsen. 

User Input Orsen’s Response Dialogue Move 

#1 The bear ran from the hunter. What happens next to the bear? Pump 

#2 The bear lived in a forest. Tell me more about a forest. Pump 

#3 The bear like to sing. Then the bear is eating honey. Hint 

#4 Ben is a student. Then, Ben went to school. Hint 

#5 My mom likes movies. My mom is a good person. Hint 

 
Stories also contain sequence of events, represented in the story world model as an event 

chain. Example #3 illustrates Orsen’s ability as a storytelling partner by utilizing the hint dialogue 
move that suggests story text to add onto the story’s event chain. Since previous user input already 

established the bear’s sentience, the agent uses the semantic ontology to find assertions that depict 

what a sentient character is capable of doing, using the CapableOf relation. 
Example #4 shows another function that storytelling partners should be able to do, that is, to 

relate one concept with another. Because the user provided story text that classifies the character, 

Ben, as a student, Orsen’s task is to find assertions containing concepts related to the concept student, 
following this assertion chain: 

[Ben IsA student]    [student AtLocation school] 

            assertion from user input      assertion from the semantic ontology 

Given this, Orsen can generate the response Ben went to school. Orsen uses the same 

principle to generate attributes describing a character or object, as illustrated in Example #5. 

 

 

4. Further Work 

 
Orsen is a collaborative storytelling agent that is capable of processing user input in order to 
generate responses that encourage the user to continue with his/her story and to suggest story text. At 

this stage, the agent is able to understand a variety of sentence structures and perform coreference 
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resolution. These structures include simple active and passive sentence forms, prepositional phrases, 
conjugated attributes or clauses, clausal complements, and possessive cases. 

 

 

 
Figure 2. Expanded Dialogue Model to handle User’s Silence. 

 
Orsen is also able to generate responses by utilizing an ontology populated with relevant 

concepts and assertions from ConceptNet, basic vocabulary lists and fables. Three dialogue moves 
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are utilized, specifically feedback, pump and hint, to process user inputs that include introductory 
text, commands, silence and actual story text. These dialogue moves aim to encourage collaboration 

at varying levels of detail, from the very basic pump or feedback which can work even with minimal 

story information, to the more specific pumps that ask for additional information about story 
elements, to full hints where the agent suggests its own story text to help the user move the story 

forward. 

Orsen’s platform and dialogue model have undergone a series of preliminary testing to 
validate the children’s responses to a virtual peer in a collaborative setting. Our results showed that 

most children are able to accept the virtual peer after few trials. Further evaluation has to be 

performed on the latest iteration of the dialogue model, to assess Orsen’s input understanding and 
text generation capabilities. Speech patterns of children derived from this evaluation can also be 

incorporated to enhance the agent’s dialogue turns. Additionally, adjusting the scope of the semantic 

ontology into a more specific domain of children’s stories will be explored, so that Orsen’s dialogue 
turns would contain responses that are less general, and more attuned to the user inputs. 
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Abstract: Computational Thinking (CT) has become popular in recent years and has been 

recognized as an essential skill for digital citizen. As the literature grows rapidly, a 

systematic review of CT and its current challenges becomes essential. Taking 395 pieces of 

journal articles and proceeding papers about CT research included in ISI Web of Science 

from 1979 to 2018 as samples, this study adopts bibliometric analysis method and visual 

knowledge analysis tool CiteSpace to carry out in-depth exploration of aspects such as 

development status, developing trend, and hot subjects of computational thinking research. 

The result identifies time and spatial distribution, major intellectual cooperation network, 

cooccurrence keywords, research clusters and landmark articles of CT. 

Keywords: Computational thinking, bibliometric analysis, Knowledge mapping 

1. Introduction

Computational Thinking (CT) has gained extensive attention and become popular especially after 

being defined by Wing in 2006. She presented that computational thinking as a way of ‘solving 

problems, designing systems and understanding human behavior by drawing on the concepts of 

computer science” (Wing, 2006). Recently, many researcher do some research about CT. To better 

understand the current research, we proceed with a systematic review. This research adopts the 

literature methodology and scientific knowledge map to visualization analysis literature by using 

CiteSpace. Through the analysis of CT research institution, author distribution and hot topic 

clustering, this paper aims to understand the ramifications and research status of the computational 

thinking, provide references for the in-depth research, practice exploration and promotion.  

2. Methodology and data collection

CiteSpace is an information visualization tool developed by Prof. Chen of Drexel University, which 

has now been widely used to analyze the hot topics and trends of frontier research, and the 

relationship between research frontiers and knowledge bases. In this research, we take the literature 

of computational thinking as the research object and collect data from the ISI Web of Science. The 

document retrieval was conducted on Feb 14, 2018, with computational thinking in the title, and the 

retrieval years were from 1900 to 2018. After collecting 395 papers from the WoS, we use CiteSpace 

to analyze existing CT literature would help provide a clear picture of intellectual cooperation 

network, co-occurrence keywords, timeline clusters and landmark articles in CT research. 

3. Results and discussions

The period of 1979–2008 shows a slow growth with 11 related papers of journal articles and few 

findings in proceedings papers. The annual number of CT research in journal articles increased 
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dramatically from 7 articles in 2009 to 52 articles in 2017. 2009 is also the beginning year of CT 

research in proceeding publications with 9 papers, and it grows rapidly during these years, which are 

more than journal articles. USA scholars started to publish CT research from the year of 1998 and 

published 153 papers. It is followed by China with 76 articles and Spain with 33 articles. China 

scholars began to do the CT research early from the year of 2009. Meanwhile, England, Brazil, 

Canada and Italy also made a significant contribution to make a study. University of Salamanca 

from Spain and Clemson University from the USA ranked first with 6 articles, followed by Carnegie 

Mellon University, University of Colorado and Vilnius University with 5 papers. Within those Top 

10 institutions, five of them come from the USA. Two institutions from Spain made a significant 

contribution to CT research.  

Computational thinking, education, k12, programming, scratch, computer science education, 

computer science, problem solving, k-12, student, design, robotics, stem, computational thinking, 

assessment, science education, teaching, learning, visual programming, and framework are the top 

20 keywords with high co-occurrence frequency in the whole period. Keyword clustering can clarify 

the hot spot and development trend of a certain research field. It is apparently to find that coding, 

game-based learning, programming and programming languages, k-12 education, computing, 

secondary education, bebras challenge, k-12, and digital libraries are the hot topics in computational 

thinking. 

    
Figure 1(a). The literature co-citation network; 1(b). Literature co-citation network keyword 

automatic clustering label 

 

Seen from the bibliometrics, research literature mentioned most frequently in some field of 

study is usually the concentrated reflection of research hotspots in this field. The High cited 

literature (Top 10) of CT research are Wing(2006) (citation 61), Barr(2011) (citation 55), 

Grover(2013) (citation 55), Wing(2008) (citation 33), Resnick(2009) (citation 31), Guzdial(2008) 

(citation 25), Lye(2014) (citation 24), Lee(2011) (citation 23), Aho(2012) (citation 17), and 

Werner(2012) (citation 16). The literature co-citation network sees Figure 1(a). To explore research 

trends, we use the CiteSpace to cluster and generate the automatic clustering label. From the Figure 

1(b), we can see that the cluster ranked first was computational literacy (#0). This cluster contains 

26 articles studying on computational thinking; science education; modeling, mostly published 

around 2013. Bers and his college’s (Bers, Flannery, Kazakoff, & Sullivan, 2014) study on an early 

childhood robotics curriculum take 13% proportion in this cluster. They described a Robotics 

Program paired with developmentally appropriate computer programming and robotics tools with a 

constructionist curriculum designed to engage kindergarten children in learning computational 

thinking, robotics, programming, and problem-solving. The term computational literacy is perhaps 

susceptible to confusion with earlier ones like information literacy or digital literacy that have 

assumed various meanings over the years and fall well short of what demands of computational 

literacy. The second largest cluster (#1) contains 26 articles studying on the contest, mostly 

published around 2013. Dagiene and Stupuriene’s study is the most cited, which introduced the 

Bebras model using ten years of observations in implementing the contest in different countries 

(Dagiene & Stupuriene, 2016). The main goal of the Bebras is to motivate pupils to be interested in 

informatics topics and to promote thinking which is algorithmic, logical, operational, and based on 

informatics fundamentals. The third largest cluster (#2) contains 17 articles with a silhouette value 

of 0.69, studying on mobile programming, mostly published around 2012. The most active cited to 

this cluster is Grover S. and Pea R with a review of the Computational thinking in K-12, which said 

that programming is not only a fundamental skill of CS and a key tool for supporting the cognitive 
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tasks involved in CT but a demonstration of computational competencies as well (Grover & Pea, 

2013). Other clusters are serious games, cognitive abilities, computational methods, computational 

problem solving, 21st-century competencies, lightbot, three-dimensional graphics and 

realism-virtual reality. 

 

 

4. Conclusions and further research 
 

According to the investigation of the intelligence cooperation, co-occurrence keyword, thematic 

research clusters, landmark articles, and bursting citations to references in CT study, we summarize 

some conclusions. First, it was mentioned in 1979 for the first time, but study began to emerge in 

2009 and it entered a large-scale and rapid development stage since 2014, and it has been widely 

concerned. USA, China, and Spain are the top three countries of the CT researchers’ quantity. 

Second, Computational thinking, education, k 12, programming, scratch are the top 5 keywords with 

high co-occurrence frequency. And Coding, game-based learning, programming and programming 

languages, k-12 education, computing, are the hot research topics in computational thinking. Third, 

the thematic clusters of computational literacy, contest, mobile programming reflect the most 

significant knowledge base clusters of computational thinking. In the early stages, research mostly 

has discussed definitions of CT in K-12 and high education. Now, the focus has recently shifted to 

tackling the more practical questions of how to cultivate and assess the CT skill. Although some 

strides have been made in the realm of defining curricula for cultivating computational skills and 

assessing students’ progress, there still call for more empirical research on the cultivation and 

assessment of CS. And more cooperation among different countries or disciplines are needed.  
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Abstract: Combining online learning with traditional face-to-face learning, teacher can 

overcome the defects of the single learning model and create conditions for the learners to 
carry out collaborative learning in blended environment. However, the traditional learning 

mode has also been changed, and learners face many challenges to adapt to it. This study 

takes "Frontier of educational technology" as a case, and uses the Community of Inquiry 

framework as the research instrument to carry out descriptive analysis. The results show that 

collaborative learning is effective, but there are still some problems such as lacking of sense 

of belonging, lacking of teachers' help and practical knowledge. This study explains how to 

use the CoI framework to analyze to verify the effectiveness of learning in blended learning, 

which can provide some reference for the related research. 

Key words: Blended learning, Collaborative Learning, Community of Inquiry framework 

1. Introduction

With the development of Computer-Mediated Communication, there has been a great support for the 

online learning environment which based on Collaborative Learning. The blended learning is 
receiving more and more attention from many countries, a large number of researchers have 

explored it. There are many advantages of online learning, such as convenient communication, 

flexible interaction, breaking the boundaries of time and space. However, there is lacking of 

emotional communication and social intercourse between teachers and learners on single online 
learning. Combining online learning with traditional face-to-face learning, blended learning 

overcomes the defects of the single learning model and creates conditions for the learners to carry 

out collaborative learning. 

Issues related to the effectiveness in blended learning are; whether the teachers’ 

instructional design and organization can promote dialogue among the learners and guide learning. 

Will the interpersonal communication environment created by the online community, can promote 
the students to form a common culture, sense of identity, and belonging to the community. And 

whether the community members can effectively share ideas and knowledge. The Community of 

Inquiry Framework (CoI for short) co founded by Canadian scholars D.R.Garrison and Terry 

Anderson provides guidance for us on how to carry out effective collaborative learning in blended 

learning. 

2. The Community of Inquiry framework

The Community of Inquiry framework (Garrison, Anderson, & Archer, 2000) has been widely 
adopted in studies of asynchronous blended and online learning (e.g., Akyol & Garrison, 2011; 

Shea, Li, & Pickett, 2006). It provides a collaborative-constructivist perspective to understanding 

the dynamics ofblend learning and contains three overlapping presences – social, cognitive and 
teaching – that were highly interdependent. Garrison believes that the three dimensions play very 

important roles in shaping deeper levels of collaborative learning in blended learning (Garrison & 
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Anderson, 2003). Researchers can analyze the learning effectiveness of the collaborative learning by 

using the framework. 

3. Method and Results 
 

In this study, the course "Frontier of educational technology" was selected as a case, and 

questionnaire designed according to the CoI framework is used to analyze the case. The case is a 

frontier course for graduate students in educational technology field. The curriculum includes two 
learning modes: offline synchronous teaching and online asynchronous communication, which is a 

typical blended learning. 

Based on the inquiry community framework, questionnaire adopted five-level scale and is 

divided into three dimensions, namely social presence, cognitive presence and teaching presence, so 
as to explore the three level of presence in this case and the effectiveness of the whole collaborative 

learning. A total of 111 students participated in the course, and 93 questionnaires were collected, 

accounting for 83.7% of the total number of courses. The Cronbach Alpha coefficient of the 
questionnaire is 0.93, which shows that the reliability of the questionnaire is good, the KMO value is 

0.861, and the significant P of Bartlett spherical test is 0, which indicates that the validity of the 

questionnaire is good. 
 Table 3 presents the social presence of learners in the online discussion of "Frontier of 

educational technology." For teaching presence, the mean value of Design & Organization is 4.03; 

the data indicates that the instructional design and organization process of the case fits the learner's 

teaching presence. The mean values of the facilitation and direct instruction process are lower, 
respectively are 3.78 and 3.55, which indicate that the case suffers from lacking of necessary and 

timely help in the process of learning.  

 

Table 3 

Descriptive statistics of Teaching Presence 

 M SD 

Design & Organization 4.03 .71 

Facilitation 3.78 .64 

Direct Instruction 3.55 .84 

 

Table 4 presents the social presence of learners in the case, the mean value of three process 

in social presence are all low, respectively are 3.52, 3.53 and 3.65, which indicates that more than 

half of the students don’t have sense of belonging in this course. This shows that students have 

limited intimacy with the learning community. To a certain extent, it will impede the realization of 

collaborative knowledge construction. 

 

Table 4 

Descriptive statistics of Social Presence  

 M SD 

Affective expression 3.52 .81 

Open communication 3.53 .91 

Group cohesion 3.65 .67 

 

The analysis of cognitive presence as shown in Table 5, the mean values of the exploration 
and integration process in social presence are higher than the other two processes, respectively are 

3.98 and 3.92. The mean values of the triggering event and resolution respectively are 3.77 and 3.60. 
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This indicates that most of the learners completed the exploration of knowledge and knowledge 
integration in the case, but the practice of transferring knowledge and applying educational 

technology frontier theory to solve specific research problems is still relatively weak. 

Table 5 

Descriptive statistics of Cognitive Presence 

 M SD 

Triggering event 3.77 .73 

Exploration 3.98 .62 

Integration 3.92 .59 

Resolution 3.60 .83 

 

4. Discussion 

 
Community of Inquiry framework is an effective tool for teachers and researchers to explore the 

process, effectiveness and strategies of blended learning (Anderson , 2016). The learners have 
carried out effective collaborative learning in the course "Frontier of educational technology." 

However, there is still lacking of emotional communication among students, lacking of sense of 

belonging to communities. Teachers cannot provide effective curriculum help for students and 

students lack knowledge and practice. 
In order to promote collaborative learning in blended learning, teachers should to create 

online learning community atmosphere, to promote exchanges and mutual assistance between 

learners in the learning process, so as to enhance the distance learners' community cohesion. In 
addition to the completion of the offline class, teachers should also provide help to students in the 

online forum. Teachers should fully mobilize the enthusiasm of the students to form effective 

cooperative learning. Otherwise, there will be the teachers will also affect students' what I say goes. 
It also affects students' participation. Due to the time limit of the course, it is not realistic to set up a 

practical course for students to practice after studying each theory. Therefore, teachers should pay 

attention to teaching students to explore the practical significance of knowledge in the course of 

teaching and guide students to break through theoretical explanations in the process of online 
discussion. Students should pay more attention to the practical application of knowledge. 
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Abstract: The development of knowledge-building environments (KBEs) could support 

learners develop essential 21st-century skills to advance knowledge, but the qualities 

teachers require to develop KBEs remain to be investigated. Based on a review of relevant 

literature, we hypothesized that constructivist teaching beliefs (CTBs) and 

technology-integration knowledge (TIK) are two potential factors to help teachers develop 
KBEs. The aim of this study was to investigate the relationships among CTBs, TIK and 

KBEs. Our results indicate that TIK was a positively moderator to facilitate teachers’ 

willingness and capacity to develop KBEs. The implications for teacher training are 

discussed.  

Keywords: Knowledge-building, constructivist teaching beliefs, technology-integration. 

1. Introduction

Prepare students with required knowledge and concepts can be important, moreover, engaging them 

in problem-solving and in-depth inquiry can help to develop their high-level thinking skills 

(Scardamalia & Bereiter, 2014, 2016). Knowledge building pedagogy and technology to prepare 
students with necessary skills in a knowledge society has been proved (Chen & Hong, 2016). 

Specifically, knowledge-building environments (KBEs) have been identified as an innovative 

pedagogy that nurture 21st century competencies (such as collaboration, communication, and 

creativity) (Gilbert & Driscoll, 2002; Lin, Chang, Lin, & Hong, 2017; Scardamalia, Bransford, 
Kozma, & Quellmalz, 2012). However, designing or fostering KBEs has been regarded as a difficult 

pedagogical problem among teachers (Hong, Chen, Chai, & Chan, 2011). Regarding the adoption of 

technology, design and development of technology-enhanced learning would greatly affect how 
students learn (Aleven, Stahl, Schworm, Fischer, & Wallace, 2003; Wang & Hannafin, 2005), it is 

important to investigate teacher factors that may affect the design of technology-supported 

environment. Teachers’ constructivist teaching beliefs (CTBs) and technology-integration 

knowledge (TIK) are two essential factors that might affect design and development of 
technology-enhanced environments (Ertmer, Ottenbreit-Leftwich, Sadik, Sendurur, & Sendurur, 

2012; Hong & Chai, 2017; Scardamalia & Bereiter, 1991). We carried out Pearson correlation 

analysis to understand relationships among KBEs, CTBs and TIK. Next, we discussed the essential 
role that TIK will play in educating future learners and explain why CTBs may affect teachers’ 

development of KBEs. Lastly, we reported our findings and discussed their implications for teacher 

training and future research. This current study aims to explore how CTBs, TIK, will affect 
developing or fostering of KBEs. More specifically, the research questions are: (1) What are the 

relationships among CTBs, TIK and KBEs? (2) What do teachers’ TIK vary in terms of demographic 

variables (such as gender, teaching experiences and experiences in using learning platforms)? 

2. Method

Data were obtained from 390 middle school teachers’ self-reported surveys in Taiwan. There were 

33.6% male and 66.4% female. Half teachers had teaching experiences more than 10 years, while 

half of them were less than 10 years. The uses of technology-supported learning environment 

showed that there were 46.4% teachers did use learning platforms to assist teaching, while 53.6 % 
teachers did not.  
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Measures of the survey items used to assess ability to develop KBEs were drawn from a 
scale developed by Lin, Hong, and Chai (2014). CTBs were taken from a constructivist teaching 

belief subscale (Meirink, Meijer, Verloop, & Bergen, 2009). TIK was assessed from the four 

sub-scales of the TPACK questionnaire (i.e., TK, TPK, TCK and TPCK) (Chai, Koh, Tsai, & Tan, 

2011). KBEs, CTB and TIK use five-point Likert scales, ranging from 1 to 5, with higher scores 
indicating a stronger inclination towards stronger design orientation for a KBE, stronger CTBs and 

better TIK.  

 

3. Results and Discussion 

 

3.1 Relationships among CTBs, TIK, and KBEs 

 
Firstly, we explored the overall correlation among KBEs, CTBs, and TIK, and found that there were 

significant relationships between CTB and KBE (r = 0.65, p < 0.001), and TIK and KBE (r = 0.46, p 

< 0.001), indicating both teachers’ constructivist teaching beliefs and technology-integration 
knowledge are correlated with KBEs, and the relationship between CTB and TIK was 0.42 (p < 

0.001).  

Next, the arising question is considering the relationship among three variables, and 

describing the situation of the third variable will influence on the other two variables. Regression 
analyses is commonly used to conduct in such context to test how TIK as a moderator in this study. 

Two-way interactions, for a total of 4 conditions. For instance, we can compare low TIK versus high 

TIK performed their CTBs in a knowledge-building environment with low versus high constructivist 
teaching beliefs. The interaction between independent variable (IV) (KBE) and moderator (TIK) 

mean that the effect of IV on the dependent variable (DV) (CTB) depends in the level of the 

moderator. An interaction term is created by multiplying the two z-standardized variables and then 
the regression is performed. The unstandardized regression coefficients were found as follows: KBE 

= 3.376 + 0.328*CTB + 0.146*TIK + 0.079*CTBTIK.  

Multiple linear regressions were used to predict development of a KBE. Results showed that 

CTBs, TIK and its interaction accounted for 48.3 % variance in KBE development, adjusted R2 
= .475, F (3,191) = 59.50, p < .001. The coefficient of the interaction term is .079, with a standard 

error of 0.31 (p < .05), thus the moderation effect was significant.  

The moderation analysis showed that the association 
between CTBs and KBE development varied according to the level 

of TIK. However, it was not entirely clear how it varied. The 

coefficient of the interaction term was positive, suggesting that 

KBE development is better when perceived TIK is greater. Figure 
1 demonstrates that the relationship between CTBs and KBE 

development is always positive, but is more strongly positive in the 

case of teachers with high TIK than those with low TIK. 

Figure 1. The interaction model 
This study explored and tested a three-variable model linking teachers’ CTBs, TIK and 

development of KBEs that support inquiry-based and creative learning. We showed that teachers 

who held stronger constructivist teaching beliefs were better able to develop a KBE to support 
creative learning, especially when such beliefs were supported by high TIK. Previous studies show 

that teachers’ beliefs are related to the extent to which they integrate technology into their teaching 

(Lim & Chai, 2008; Overbay, Patterson, Vasu, & Grable, 2010). Moreover, a theoretical review by 
Chen and Hong (2016) suggested that these two factors might be related to the development of 

effective KBEs. Our study also indicates that both factors can account for a considerable proportion 

of variance in teacher’s ability to develop KBEs. 

 

3.2 Demographical factors that affect TIK 
 

Finally, there were differences in TIK related to gender, teaching experience and use of a learning 
management system. Male teachers had more TIK than female teachers (t = 2.38, p < 0.05), and 

young teachers (with fewer years of teaching experiences) had more TIK than veteran teachers (t = 
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2.90, p < 0.01). Finally, teachers who had access to learning platforms tended to have better TIK than 
those without (t = 5.45, p < 0.001). We make three observations about TIK. (1) First, there is a 

gender difference in teachers’ TIK, with male teachers tending to possess greater TIK than female 

teachers. This result corroborates earlier research showing that there is gender difference in TIK 

amongst pre-service teachers (Koh, Chai, & Tsai, 2010) and STEM teachers (Erdogan & Sahin, 
2010; Jang & Tsai, 2013). (2) Second, we found that less experienced young teachers are more 

knowledgeable about integration of technology into teaching than veteran teachers. A possible 

explanation for this is that the less experienced teachers are “digital natives” (a term generally 
applied to people born since 1990; Prensky, 2001) who gained more experience of technology 

during their own education and are thus more ready to embrace technology in the use of their 

teaching. (3) Third, because the Taiwanese government is promoting the use of learning 
management systems they are probably the most commonly used form of technology in middle 

schools. Only 46.4% of the teachers in our study used a learning management system in their 

teaching, but this group tended to have higher TIK. The message this result holds for policy-makers 

is that it is worth continuing to promote free use of these platforms in middle schools.  
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Abstract: Education institutions collect feedback from students upon course completion 

and analyse it to improve curriculum design, delivery methodology and students' learning 

experience. A large part of feedback comes in the form textual comments, which pose a 

challenge in quantifying and deriving insights. In this paper, we present a novel approach of 

the Latent Dirichlet Allocation (LDA) model to address this difficulty in handling textual 

student feedback. The analysis of quantitative part of student feedback provides general 

ratings and helps to identify aspects of the teaching that are successful and those that can 

improve. The reasons for the failure or success, however, can only be deduced by analysing 

the textual comments from the students. In order to fully decipher the qualitative, textual 

feedback effectively and efficiently, researchers have attempted text mining techniques, 

which use natural language processing and machine learning algorithms to parse the text and 

extract the relevant insights. Our solution, using LDA models to discover the aspects or 

topics of the comments. We then employ sentiment mining techniques to classify the 

comments as positive or negative. To assess its performance, we applied our solution model 

on the data collected from teaching evaluations of Singapore Management University. Our 

experiments and evaluations show that LDA models perform better than clustering models 

in finding aspects from students' comments. In addition, the sentiment mining results 

indicate that classification method performs better than lexicon models. Also described in 

paper is the technical architecture of the tool along with some visuals of the interactive 

dashboard. 

Keywords: Teaching evaluations, Quantitative feedback analysis tool, Topic extraction, 

Sentiment Mining, Latent Dirichlet Models, Classification. 

1. Introduction

Students and their learning experience form a key aspect of achieving and sustaining the quality of 

higher education. Their feedback on the curriculum and instruction is, therefore, essential for 

improving the teaching and learning process (Dietz-Uhler & Hurn, 2013). In order to collect 

feedback, most education institutes employ popular methods implemented such as online and 

in-class surveys (Donovan, Mader, & Shinsky. 2010). Online surveys have an added benefit of 

keeping the repository of the scores and comments from the students over multiple courses and over 

many years. Such repository enables us to track the quality of the course, and aids the instructor in 

assessing the impact of the changes he or she makes to the course. At the same time, it also helps 

management to make data-driven assessments of teaching evaluation scores for faculty appraisal and 

renewal activities (Leckey, & Neill. 2001, Venky et al. 2017).  

Student feedback is not a one-time process but a continuous cycle with several stages: 

collection, analysis, action and decisions, and monitor (Lockyer & Dawson. 2011). Student 

feedback surveys typically come in two forms: numerical ratings, and textual comments (or 

quantitative and qualitative forms). For the numerical part, several education institutes incorporate a 

rating scale such as Likert scale for capturing the student feedback. Such numerical ratings, while 

excellent in spotting what went wrong or which components of the course had issues, fail miserably 

in getting to the causes behind the shortcomings. The reasons and remedial measures can only be 

gleaned from the textual comments from the students. Hence, the combining the quantitative and 

qualitative feedbacks is critical in the curriculum and instructor improvements.  
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Analyzing the quantitative feedback is easy thanks to the ready availability of statistical tools and 

methods to run on numerical data. However, they fall short when it comes to in-depth analysis of 

qualitative data (Scott, Grebennikov, & Shah. 2008). Consequently, the analysis of the qualitative 

feedback, which is textual is nature, is a painstaking process. For instance, in a course with a large 

number of students, the faculty will not be able to manually analyze and derive insights from the 

qualitative course evaluations. On a macro level, analyzing the qualitative feedback from all the 

courses in a curriculum will be an impossibly tedious enterprise for the curriculum designers and 

managers to undertake. Yet, such an analysis is a necessary driver for effective decisions.  

The quantitative feedback questions on teaching effectiveness are about preparation, clarity, 

encouragement, stimulation of interest, availability presentation skills, enthusiasm, fairness and 

concern for students (Nitin et al. 2015). The feedback questions on course experience are about 

learning experience, clarity of objectives, quality of feedback, value, skills, usefulness of 

projects/cases/assignments, and interactivity. The two open-ended qualitative feedback questions 

are worded as follows: 

 Please give responsible feedback regarding what you liked/disliked about the instructor.  

 Please give responsible feedback regarding what you liked/disliked about the course. 

 The freeform textual answers from these students to these two questions typically consist of 

their sentiments about the learning and teaching aspects of the course and the instructor. The 

goal of the tool described in this paper is to extract the topics and sentiments based on the 

textual comments.  

Table 1 shows some sample comments and the corresponding topics and sentiment. The first 

comment has two topics, “Faculty engagement” and “Faculty enthusiasm”. At the same time, the 

comment can be categorized as a positive sentiment. The third sentiment is about “Faculty fairness” 

and “Course content usefulness”.  

 

Table 1. Sample feedback with topics and sentiment  

Feedback Topics Sentiment 

She is always willing to guide and is always 

passionate about it. 

Faculty engagement, Faculty 

enthusiasm 

Positive 

 

The course is refreshing to the mind, freeing from 

the textbooks and notes. 

 

Course learning experience 

 

Positive 

 

The prof should not focus too much attention on 

class participation as it only comprises of 10%. 

 

Course delivery 

 

Negative 

 

The consolidated analysis of the comments is presented as a user-friendly visualization, 

enabling the faculty to absorb the information in short span of time and make informed decisions on 

the course delivery. In the case of the third comment, since the sentiment is negative, the faculty may 

take action on the “Class participation” component of the course to address the student’s concern. 

Analyzing and consolidating hundreds of students’ comments manually is time-consuming 

and infeasible task. Therefore, it is essential to extract the knowledge (as shown in Table 1) and to 

present it in user-friendly visuals, as implemented in our feedback analysis tool. The insights from 

student feedback analysis play a major role, not only improving the curriculum model and course 

content, but also in discovering the gaps in current evaluation model. These insights can enable the 

faculty or the curriculum managers to make informed decisions. We applied the text analysis tool on 

feedback collected on 183 courses. The evaluations of tool show that LDA models and Textblob 

sentiment classification tools perform very well in extracting knowledge from the comments. 

In section 2 of this paper, we present the background of LDA models and sentiment mining. 

We then present a literature survey on educational data mining in Section 3. Subsequently, in section 

4, we describe our solution model and the tool. Finally, we describe the datasets, experiments and 

findings from key stages in the solution model in Section 5 and conclude with the future directions 

of this work in Section 6. 
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2. LDA and Sentiment Mining 
 

Latent Dirichlet Allocation: LDA, also called as topic model, is an unsupervised 

probabilistic generative model. Given a set of documents and a number of topics as input, LDA 

automatically returns a relevant set of words probabilistically associated for each topic (Blei, Ng and 

Jordan M. I. 2003). LDA is based on the intuition that each document contains words from multiple 

topics; the proportion of each topic in each document is different, but the topics themselves are the 

same for all documents.   

One of the advantages of topic models is that they are unsupervised algorithms, which 

removes the requirement to manually annotate the corpus, thereby reducing cost, and improving the 

objectivity of the analysis results. LDA performs well mainly due to its better handling of synonymy 

and polysemy because of the probabilistic association of words to topic. Therefore, in our study, we 

use LDA in a semi-supervised approach to discover and trace major topics from student comments. 

In order to handle large text size of aspect extraction, topic model based summarization models are 

the most user friendly visualizations of the large corpus.  

Sentiment Mining: Sentiment mining aims at classifying the comments into positive or 

negative polarities using supervised or unsupervised methods (Pang, Lee, and Vaithyanathan. 2002). 

Sentiments are usually targeted on certain aspect of the context.  For example, “workload too heavy 

and deadline between assignment and project are too near” is a comment with a negative sentiment 

towards the topic, “assignments”. The task of sentiment classification use lexicon methods that are 

based on sentiment words and phrases which are instrumental to sentiment analysis or classification 

techniques like SVM models (Bing, 2010). A list of such words and phrases is called a sentiment 

lexicon. The task of sentiment target detection aims at extracting the sentiment targets in the reviews 

using multiple heuristic techniques. Extracting suggestions is a sub task of sentiment analysis 

(Gottipati et al, 2018) which can aid the faculty to extract the suggestions for course improvements 

from teaching evaluations. In our solution approach, we use LDA models to extract the topics and 

assign the comments to the relevant topics. 

 

3. Related Work 
 

In this section, we focus on works related to LDA models and sentiment mining relevant to student 

feedback analysis. 

LDA in education data mining: Early adoptions of LDA for educational data include the 

work of Haruechaiyasak and Damrongrat (2008), who recommended articles from Wikipedia by 

calculating the similarity measures among topic distributions of the articles. Wei et al. (2011) 

provided resource recommendation for users in the e-learning system based on contents and user log 

activities applying LDA models. 

Ming and Ming (2012) applied hierarchical LDA to predict the grades of the students and 

showed that these analyses provide information that aids in student assessments. Zhang et al. (2012) 

applied LDA to online discussions of four Chinese classrooms to extract topics and display the 

temporal profiles of the topics. Sherin (2012) used LDA to extract fragments (categories) of ideas 

from student interviews. Southavilay et al. (2013) used LDA models to mine cloud data from Google 

Docs to gain insights on how learners' collaborative activities, ideas and concepts are developed 

during the process of writing. The above studies point to the promising potential of LDA to capture 

conceptual topics in education datasets. 

Sentiment analysis in in education data mining: Early works of sentiment analysis of student 

feedback using data mining approach include Altrabsheh et al. (2014) who devised a system to 

analyze sentiments in real time to provide real-time intervention in the classroom. They combined 

Support Vector Machines and Naïve Bayes. Rashid et al. used generalized sequential pattern mining 

and association rule mining to analyze opinion words from student feedback (Rashid et al. 2013). 

Nitin et al. (2015) combined clustering and sentiment classification models to extract the topics and 

the sentiments from the student’s feedback. The limitation with clustering model is that each 

comment is only assigned to single cluster and the topics coherence quality is low.  

In our solution, we propose LDA models to address this limitation and the comments will be 

assigned to more than one cluster. At the same time, we also use classification based approach for 

the sentiment mining task. We explain the details of our solution model in the next section. 
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4. Solution Model 
 

4.1 Solution Design 

 

In this section, we describe the concept solution model of our tool and then the details of the tool 

implementation. Figure 1 shows the concept solution model of the textual feedback analysis tool. 

 

 

 

Figure 1. Concept solution model for LDA based textual feedback analysis tool 

 
Qualitative evaluation datasets:  The input for our solution approach is the quantitative data 

from all courses in the University. In this stage, we designed and implemented the database for the 

tool. 

Data anonymization and pre-processing: The data consists of faculty names, course names and 

course ID’s which are sensitive and should be maintained confidential. Hence the faculty names and 

course names are anonymized. The main challenge we faced in this dataset is the faculty names with 

in the comments.  

Data Anonymization: For example, “Prof John is very enthusiastic about the course”. To 

handle the anonymization in the textual comments, we combined dictionary and Named Entity 

Recognition techniques (Bing 2010). NER tools are capable of extracting the person names from the 

text. The person names are then replaced by “xxxx”. Once the data has been anonymized, we moved 

to the next stage of lexicons for LDA models. The cleaned data is stored in the database.  

Sentence tokenizing aids in segmenting the comment as each comment may have multiple 

sentences. Students’ usually comment on more than one topic and comments may contain multiple 

sentences. For example, “Prof works hard for the class. She ensures that we learn from each class”, 

has two topics, “Faculty preparation” and “Faculty concern”. Therefore, to capture multiple topics in 

the textual feedback, all the comments are tokenized into sentences. Further, stopwords are removed 

and documents are converted into to word matrix as a part of pre-processing process (Bing 2010). 

LDA lexicon: LDA lexicons are used for semi-supervision of topic extraction and auto 

labeling (Ma. et al. 2013). In this stage, we generated a lexicon for nine topics such as instructor 

engagement, instructor preparation, instructor feedback, course value, course assignments, course 

skills, etc. These topics serve two purposes; generate better quality of clusters of comments and 

determine the optimum number of the clusters for each course.  

Topic extraction and lexicon matching: In this stage, we first run the LDA model with 

number of topics set to fifteen. We then use similarity matching algorithm to map the randomly 

generated topics to the LDA lexicon to finalize the number of clusters and cluster the comments. At 

this stage, the tool generates the probability distribution of topics for each comment and we set the 

threshold to extract the top topics for each comment.   

Sentiment mining: In this stage, the comments are subjected to a sentiment polarity 

computing algorithm. Based on the polarity score, the tokenized sentences will be classified as either 

positive or negative sentiment (Bing 2010). We tested this stage using two popular techniques; 

Polarity analyzer (Polarity Analyser) and Textblob (Loria, 2014). Polarity analyzer comes with 

words list that are pre-labelled with sentiments. The basic approach is that we first split the sentences 

into words and then look up each word and its antonyms (using wordnet.synsets, Christiane, 1998) 
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in the labelled words list.  

Text blob algorithm makes use of Naïve Bayes classifier trained on the movie reviews 

dataset. Each word is scored and the cumulative score of the sentence will indicate whether the 

sentiment is positive (if greater than or equal to zero) or negative (if less than zero). In our 

preliminary experiments, we observed that the basic Textblob tool has limitations on the contrasting 

conjunctions and suggestive words (Ramanand, et al. 2010). Therefore, we further modified 

Textblob to consider contrasting conjunctions such as “although”, “despite” etc., and suggestive 

words such as “could”, “hope” etc. 

Visualizations: In this stage, the results from LDA and sentiment mining stages are combined 

to generate interactive dashboard. The consolidated results are displayed using graphs and tables. 

These graphs are interactive in nature so that the faculty can do deeper analysis on the topic or 

sentiment in each cluster of comments. 

 

4.2 Tool Description 

 

Our tool is built using python base web framework, Django (Carl, 2010). Figure 2 shows the high 

level architecture of our tool. Our tool is a web application that supports scalability, multiple user 

access, database features and authentication protocol.  

 

 
Figure 2: Overview of the software architecture 

 

We setup Django with user authentication and it conveniently comes with administrator access. 

Python is majorly used for developing sentiment, opinion and topic modelling algorithms. JSON and 

D3 are used for visualization task which enable a better performance and various interactive charts. 

D3 is Javascript based library (Michael et al. 2010) that creates an interactive chart or graph from our 

JSON structure data. The script is incorporated into html content and interpreted by the web 

browsers. 

 

5. Experiments and Results 
 

5.1 Datasets 
 

Table 2 shows the data statistics of the comments collected from our teaching evaluation tool. The 

data is collected for over four years and for all three academic terms. The data is suitable not only for 

individual course analysis but also the comparison analysis. 

 

Table 2: Data Statistics 

 

Data Statistics 

# Courses 183 

# Faculty 

# Comments 

334 

153302 

# Years 4 years, 12 terms (2013-2017) 

 

5.2 Findings 
 

In this section, we present the evaluation of the topics extractions and sentiment mining tasks. We 

also present sample visualizations of the tool.  

We manually grouped sixteen quantitative feedback questions into nine prevalent topics or 

aspects. This is to generate more meaningful topics for the qualitative comments. The LDA lexicon 
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topics are Faculty Interaction, Faculty Engagement, Faculty Feedback and Approachableness, 

Faculty Fairness and Preparation, Faculty Presentation, Course Content, Course Skills, Course 

Value Usefulness and Challenges, and Course Projects and Assignments. 

 

5.2.1 Topic Evaluations 

 

The LDA model topics are mapped with the LDA lexicon and those groups with matching scores 

below the threshold are labelled as “Unclear” category. We evaluated the LDA model and simple 

Cosine (Bing. 2010) based clusters for the topic extraction from the comments. Table 3 shows the 

results of LDA models and Cosine based clustering of comments. 

 

Table 3: Topic extraction: Sample LDA Vs Cosine based clusters from the dataset 

 

Feedback LDA Cosine Similarity 

clusters 

The course is somewhat useful as communication 

is an extremely important skill. 

 

Course Skills, Course 

Values/ Use/ Challenges 

Course Skills 

very approachable and helpful. good materials and 

practices. The prof is very good explanation about 

the course and strong interest in the course The 

xxxx has really good knowledge about the course. 

Course Project 

Assignment Cases, Course 

Values/ Use/ Challenges, 

Faculty Feedback, Faculty 

Interaction/ Engagement 

Course Values/ Use/ 

Challenges 

 

From table 3, we observe that the LDA models are capable of providing multiple topics and 

more relevant topics for the comments whereas cosine clusters assign single topic to the comment. 

The second comment is not tokenized into multiple sentences by the tool as the “.” is not 

grammatically correct. However, the results show that LDA models are useful for labelling 

comments to multiple topics where the clustering approach will be able to label to one topic. 

 

5.2.2 Sentiment Classification Evaluations 

 

Sentiment classification results are evaluated using standard data mining measures; precision, recall, 

accuracy and F-Score. We manually annotated 434 sentences from the comments and tested on all 

the three different tools described in Section 4. Table 4 shows the sentiment classification tool 

performance. 

 

Table 4: Sentiment Classification Results 

Sentiment Tool Recall Precision Accuracy F-Score 

Polarity Analyser 93.10% 66.39% 67.51% 77.51% 

Textblob 96.17% 67.47% 69.82% 79.30% 

Textblob-Improved 90.80% 92.58% 90.09% 91.68% 

 

From Table 4, we observe that performance of standard Polarity Analyser and Textblob is 

very close where Textblob has slightly better performance that Polarity Analyser, 1.8% higher 

F-Score. Compared to both the tools, improved-Textblob has better performance which handles both 

suggestive words and conjunction words. F-Score is 91.68% which is 12.38% higher than the 

standard Textblob tool.  

 

5.2.3 Discussions 
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We further performed gap analysis to analyze the false positives and false negatives in the results. 

Table 5 shows sample comments and, the actual and predicted sentiment labels. 
 

Table 5. Sample comments and sentiment classification by improved Textblob tool 

Comment Actual Predicted 

more support and help is needed from instructors and professors Negative Negative 

although the course is a bit dry i see the value in it in the technology 

industry 

Positive Positive 

course exposed me to a lot of new concepts which are very interesting 

and challenging 

Positive Positive 

the instructor was monotonous uninspiring and seemed unsure about 

certain topics 
Negative Positive 

he is very scarstic Negative Positive 

it is definitely a course all SIS students should go through to understand 

the basic about real world computing issues 
Positive Negative 

 

Table 5 shows the incorrect classifications in bolded font. Our analysis shows that some of the 

possible reasons for the incorrect predictions are missing sentiment words in the training dataset 

(uninspiring, unsure etc.,) and spelling errors (“scarstic”). The other possible reason is that students 

express comments in the form of suggestions as shown in the fifth example comment, “it is 

definitely a course all SIS students should go.”. To improve the quality of the tool, it is important to 

identify the suggestions and segregate them as the suggestions and not as sentiments. 

 

6. Conclusion 
 

Student qualitative feedback analysis is critical for improving the teaching and learning process. In 

this paper, we described LDA based tool for the textual analysis and visualizations for faculty, 

curriculum managers and course designers. Students suggestions can be noisy is extracting the 

sentiments and hence filtering the suggestions will be useful in improving the performance of the 

tool. Further, we are working on the correlation analysis between qualitative and quantitative 

feedback. 
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Abstract: That graphic organization, such as concept mapping and argument maps, could 

help students develop better argumentation abilities and build. In this study, we designed the 

"computer-aided argumentative essay writing system" to help students learn argumentation 

structures to enhance their argumentation. This study conducted an experiment on students 

in an elementary school in New Taipei City for one semester. There were 11 classes in total, 

and we divided them into three groups: the argument map group, the concept map group, 

and traditional argumentative group. we have observed the growth and the change of the 

argumentation skills of the three groups. For the experimental results, we found the 

argument map group's argumentation skills better than those of the students in the other two 

groups. 

Keywords: Argument map, argumentation, graphic organization, scaffolding. 

1. Introduction

The writing of an argumentative essay is for authors to provide their viewpoints, use persuasive 

arguments, and persuade readers to support the authors’ standpoints. Persky, Daane, and Jin (2003) 

mentioned in their survey that argumentative writing is not easy for students in elementary, junior 

high, and even senior high schools, for the incomplete argumentation in their writing could not 

effectively persuade their readers (Golder & Coirier, 1996). Wingate (2012) was surprised at the fact 

that the teaching of argumentative writing mostly emphasized rhetorical and linguistic structures but 

paid less attention to the organization of argumentation. Organization of argumentation is very 

important in an argumentative essay. Koh (2004) indicated that one of the reasons for students to 

fail to perform well in argumentative writing is their lack of knowledge about good argumentation; 

therefore, they cannot integrate related evidence, results, and opinions, and thus they cannot 

eventually form an argumentative essay.   

Evidence indicates that graphic organization may help students develop better argumentation 

abilities (Buzan & Buzan, 2000).  Each set of the graphic organization includes different thinking 

and building strategies (Santiago, 2011). Graphic organization differs from argument mapping due 

to their different strategies of self-organization and different methods to present each claim. The 

arguments for and against the claims are the graphical nodes that could be linked together. Moreover, 

the relations between these nodes are not cause-effect ones but defense-and-rebuttal ones related to 

the claims. Therefore, one can always review whether the process of reasoning is logical or evaluate 

the comprehensiveness and depth regarding the issue to be examined. Two kinds of graphic 

organization tools—a concept map and an argument map—were used in this study. A concept map 

was a popular graphical tool that connects a concept and its sub-concepts in a hierarchy and creates 

a certain relation between them. An argument map is a new argumentation tool that could illustrate 

a series of supporting and opposing reasons centering upon the claims (Van Gelder, 2002). 

The development of information technology has made the formation of graphic organization 

transcend the limit of printed forms. Users can build or view their digitalized graphic organization 

any time as long as they have a digital device. In addition, graphic organization contains different 

colors and shapes to express different contexts and implications. The selection of these colors and 
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shapes has become the default function of the digital graphic organization, and the function makes 

it easier for users to build their digital graphic organization (Li, 2015). 

Our study aims to help students visualize the thinking process of argumentation formation 

and build their argumentation effectively. We used the advantages of digital graphic organization to 

design our systems. We hope to assist novices in building an argumentative structure and learning 

the argumentation abilities. We also hope to help students understand the process of producing the 

argumentation for an argumentative topic. One of an argument map’s advantages is the map’s 

provision of an argumentative structure (claim, reason, and evidence), and we employed this 

advantage to design the “computer-aided argumentative essay writing system (CAEWS)” In addition 

to the graphically organized argument map, we added conspicuous argumentation boxes (claim, 

reason, and evidence) (see Figure 1). An argumentation box is a tool for students to thought their 

argumentative structures and to assist them in writing argumentative essays. The main purpose of 

this study is to discuss the effectiveness of enhancing the argumentation ability by using the 

CAEWS. The main purpose of this study is to discuss the effectiveness of enhancing the 

argumentation ability by using the CAEWS.  We were provided sixth training activity for the three 

groups, and we have observed the growth and the change of the argumentation skills of the three 

groups in the training activity. 

 

 

2. Literature Review 

 

2.1 Argumentation 
 

Argumentation is a method used to understand issues and reveal the importance of issues (Kuhn, 

2005). The major guiding component of the method advanced by Halpern (1998) to develop the 

critical-thinking ability is argumentation (Beyer, 1995). Effective argumentation requires arguments 

with supporting and opposing claims (Kuhn, 2005). Related studies indicated that children also have 

the abilities to express their viewpoints (Anderson, Chinn, Chang, Waggoner, & Yi, 1997) and to 

understand the argumentative structure (Chambliss & Murphy, 2002). However, some research also 

showed that most people do not have a good argumentation ability; offering related evidence to 

support a claim or raising an argument with opposing claims is difficult to them (Kuhn, 2005). 

Perkins (1985) also discovered that students’ argumentation ability does not improve with the 

growing of their age and knowledge. Researchers of education also noted that it is very difficult for 

teachers to give the opportunities to improve argumentation abilities to students because they seldom 

participate in the process of argumentation with students even though the teachers are in charge of 

the course progress (Newton, Driver, & Osborne, 1999). 

 

2.2 Using Graphic Organization to Learn Argumentation 
 

Argumentation is the process in which a person would provide evidence and illustrate reasoning to 

support his or her claims when he or she makes claims about certain issues. Many studies indicated 

that using graphic organization to visualize a thinking process could effectively build argumentation 

(Hyerle & Yeager, 1995). Graphic organization as concept maps can help students develop good 

argumentation abilities (Buzan & Buzan, 2000). Lin, Strickland, Ray, and Denner, (2004) used 

concept maps to help students learn argumentation when writing argumentative essays. Based on 

cognitivist David Ausubel’s assimilation learning theory (Novak & Gowin, 1984), distinguished 

American educators Joseph Novak and Gowin (1984) developed a technique termed the “concept 

map” to help students learn, think, and understand the knowledge they acquire. A concept map is a 

hierarchical cognitive structure with links between the main concept and sub-concepts. Students can 

construct their cognitive structure with a concept map. The concept map is a popular tool of graphic 

organization that has been applied to various fields as reading comprehension, writing, the learning 

of foreign languages, social studies (Santiago, 2011) and so on. Other related studies discovered that 

argument maps are an effective tool for developing the argumentation abilities (Negari, 2011) that 

can be used to illustrate a series of supporting and opposing inferences surrounding a claim (Van 

Gelder, 2002). With the argument map, students can organize arguments in an article to advance 

their inferences (Butchart, 2009). Arguments are constructed in the shape of a pyramid (Toulmin, 
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2003). An argument map could direct all supporting and opposing discourses to the claims in colored 

boxes linked by arrows so that one can realize the relations between claims and discourses. Chiang, 

Fan, Liu, & Chen (2016) used argument maps to help students build argumentative structures to 

improve students' reading comprehension of argumentative essays. Although many studies used 

concept maps or argument maps to help learners learn argumentation, we found very few studies 

examining the difference between a digital argument map and a digital concept map. 

 

 

3. System Design and Implementation 
 

Our study aims to enhance writing learners’ argumentative abilities in their construction of 

argumentation. We designed the CAEWS to help the novices of argumentation understand the 

process of constructing the argumentation of an argumentative topic, establish the structures of 

argumentation, and finally produce argumentative essays with better argumentation. The system has 

two major functions: the function to build an argument map and the function to preview an essay 

(see Figure 1). 

 

 
Figure 1. A screenshot of the CAEWS. 

 
The function to build an argument map can assist users in constructing argumentative 

structures. As a tool for students to brainstorm and create argumentative structures, the “digital 

argument map” could concentrate students' argumentation. The students could not easily lose their 

argumentation. We used the three basic elements of argumentative essays, “claims, reasons, and 

evidence,” as the framework of the digital argument map. We used the three basic elements as the 
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linking words of nodes to have writing students think step by step.  There is no arbitrary sequence 

in establishing supporting and opposing reasons and evidence, but teachers could guide students to 

build a structure successively. In addition, students can use the “save” button to save their latest 

graphic organization and load the previous argument map for review and revision. Also, the teacher 

could revise students' works and provide examples.  

 The function to preview an essay helps users create essays. In order to help writing learners 

demonstrate their essays immediately after they finish constructing their argumentative structures, 

the digital argument map provides two functions: “paragraph description” and “paragraph 

organization.” The former focuses on the separate detailed depictions of “claims, reasons, and 

evidence;” users can either write a complete sentence or a full paragraph. The latter is to help learners 

transform the established argumentative structures into essays. The order of paragraphs would 

follow the order of graphical organization, yet learners are free to edit the order. Finally, the 

“preview” function in the system allows learners to examine the completeness and fluency of their 

essays. In the meantime, they can read the essay and the argument map together and cross-examine 

the reasoning of the essay. The demonstration of the essays and the corresponding argument maps 

displayed at the same time would help others realize the authors’ thinking frames; ideas have become 

visible. The teacher could review and revise students' works, and the students could improve the 

shortcomings of their essays. 

The CAEWS designed in this research is a web-based system; users can get access to the 

system via various digital devices. The structure of the system consists of the front-end and back-

end systems. The former is the users’ interface, and the latter is the server and database. We used 

several program languages including HTML5, CSS3, JavaScript, and jQuery to design the front-end 

interface in order to better interact with users. As to the back-end server, we used ASP.NET to 

establish the information communication with and the data access to the MSSQL database. MySQL 

was used as the database server to access the graphical structures, the content of the essays, users’ 

information, and other data. 

 

 

4. Methodology 

 

4.1 Participants 
 

In this study, we recruited 272 sixth-grade students in 11 classes at an elementary school in New 

Taipei City to conduct an experiment. The students in the 11 classes were randomly assigned to one 

experimental group and two control groups. The three groups comprised 113, 81, and 78 students, 

respectively. Eight students with special educational needs were included in the learning process, 

but they were not included in the experimental results. 

 

4.2 Design 
 

The traditional argumentative writing system, the concept map writing system, and the argument 

map writing system were compared in an experiment lasting for one semester. The experiment 

included argumentative essay teaching, the teaching of different teaching strategies, training and 

interviews with teachers and students.  

We used a nonequivalent posttest design. The posttest scores were used as the dependent 

variable, and the teaching strategies used served as independent variables. The group using the 

argument map writing system was labeled Group 1, the group using the concept map writing system 

was labeled Group 2, and the group using the traditional argumentative writing system was labeled 

Group 3.  

 

4.3 Materials 
 

Before the training process, the three groups were taught how to build an argumentation structure.  

Both the researchers and the elementary school teachers designed the teaching materials, which 

included the tool to teach the organization of argumentative essays and to demonstrate a model 

231



article. The model article was derived from elementary school textbooks of Chinese. In the 

experiment, all students required some time to learn and familiarize themselves with the operation 

of the proposed system. 

 

4.4 Procedure 
  

 
Figure 2. Experimental procedure 

 

Table 1 

Grading standards of the six writing exercises 

 Score Comment 

 1 Without any claim 

Claims 2 With claims, yet claims do not accord with the issue 

 3 With claims that accord with the issue 

 1 Without supporting/opposing reasons 

Supporting and 

opposing reasons 

2 With supporting/opposing reasons, yet the reasons do not accord with 

the claims 

 3 With supporting/opposing reasons that accord with the claims 

 1 Without supporting/opposing evidence 

Supporting and 

opposing evidence 

2 With supporting/opposing evidence, yet the evidence does not accord 

with the reasons 

 3 With supporting/opposing evidence that accords with the reasons 

 

The experiment lasted for one semester and included the following processes: the teaching of the 

framework and the demonstration of the organization of argumentative essays (20 min.), the teaching 

of the system and the explanation of traditional argumentative learning, concept mapping strategies, 

and argument mapping (20 min.), six training sessions (20 min. for each), and interviews with 

teachers and students (60 min.) (see Figure 2). All students were randomly assigned to different 

experimental groups. The Chinese language teachers instructed the students on how to understand 

the organization of argumentation and presented an article for demonstration in the second week. In 

the third week, the researchers taught the students in all groups about the traditional argumentative 

framework, the meanings of concept maps, the usage of concept maps, the operation of the concept 

mapping system, the meanings of argument maps, the usage of argument maps, and the operation of 

the argument mapping system. The training class began in the third week. During the training class, 

the students were instructed in a computer classroom. The teacher guided the students through the 

article structure once and then instructed them to build an argumentation structure. The teacher and 

the researchers helped the students solve problems during the self-learning period. This training 
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course was conducted for 6 weeks. One week after the training course, 11 teachers and 10 students 

were interviewed for one hour. 

The six training course exercises aim to enhance students’ argumentation ability. In this 

study, we would evaluate students’ performance on their argumentation ability and examine the 

improvement. Thus, the grading standards in Table 1 were adopted for the evaluation and the 

examination.   

 

 

5. Experimental Data Collection and Analysis 
 

Table 2 

Descriptive statistics of the three groups’ scores of training 

 Training 1st 2nd 3rd 4th 5th 6th 

Structures Group Mean/SD Mean/SD Mean/SD Mean/SD Mean/SD Mean/SD 

Claims Group 1 1.097/.033 2.097/.081 2.354/.082 2.566/.075 2.814/.069 2.832/.064 

 Group 2 1.062/.039 2.049/.096 2.222/.097 2.012/.089 2.099/.082 2.519/.076 

 Group 3 1.038/.040 1.436/.098 1.987/.099 2.090/.090 2.256/.083 2.359/.077 

Supporting  Group 1 1.000/.015 2.088/.069 2.611/.072 2.504/.077 2.823/.073 2.832/.066 

reasons Group 2 1.049/.018 2.062/.082 2.309/.085 2.247/.091 2.321/.086 2.593/.079 

 Group 3 1.013/.018 1.154/.083 1.615/.086 1.756/.093 2.051/.088 2.321/.080 

Supporting  Group 1 1.000/.000 1.779/.062 2.204/.070 2.221/.057 2.540/.057 2.566/.070 

evidence Group 2 1.000/.000 1.296/.073 1.370/.083 1.037/.067 1.012/.067 1.309/.083 

 Group 3 1.000/.000 1.064/.074 1.256/.085 1.141/.068 1.346/.069 1.744/.085 

Opposing  Group 1 1.000/.000 1.478/.063 2.239/.078 1.274/.064 2.487/.077 2.575/.080 

reasons Group 2 1.000/.000 1.469/.075 2.062/.092 1.469/.076 1.556/.092 1.864/.094 

 Group 3 1.000/.000 1.103/.076 1.179/.093 1.115/.077 1.372/.093 1.577/.096 

Opposing  Group 1 1.000/.000 1.274/.037 1.761/.052 1.195/.040 2.159/.057 2.274/.064 

evidence Group 2 1.000/.000 1.074/.043 1.074/.061 1.025/.048 1.000/.068 1.086/.075 

 Group 3 1.000/.000 .962/.044 1.013/.062 1.026/.049 1.090/.069 1.256/.077 

 

Table 3 

ANCOVA results of the three groups 

Training 1st 2nd 3rd 4th 5th 6th 

Structures Sig. Sig. Sig. Sig. Sig. Sig. 

Claims .511 .000 .019 .000 .000 .000 

Supporting 

reasons  

.098 .000 .000 .000 .000 .000 

Supporting 

evidence 

./. .000 .000 .000 .000 .000 

Opposing 

reasons 

./. .000 .000 .005 .000 .000 

Opposing 

evidence 

./. .000 .000 .006 .000 .000 

 

One major objective of this study was to determine whether the proposed CAEWS could improve 

the argumentation ability of sixth-grade elementary school students. Table 2 lists the statistical 

results regarding the six training courses for all groups. Another major objective of this study was 

to compare Group 1, Group 2, and Group 3 to determine whether they exhibited differences in the 

improvement of their argumentation ability in the six training courses. Because the students were 

randomly assigned to different experimental groups, we adopted a nonequivalent posttest design to 

prevent the students’ inherent learning abilities from influencing the scores of training.  

Therefore, we used ANCOVA statistical control methods. Table 3 shows the ANCOVA 

results, indicating that the independent variable (teaching methods) significantly influenced the 
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dependent variable. Furthermore, the posttest scores were strongly affected by the experimental 

manipulations applied to the students. Because the ANCOVA result reached statistical significance 

(0.05). Table 4 lists the post hoc comparison results for ANCOVA. The results revealed that Group 

1 demonstrated superior argumentation performance compared with Groups 2 and Group 3. 

 

Table 4 

The results of post hoc comparison 

  Training 1st 2nd 3rd 4th 5th 6th 

Structures (I) Group (J) Group Sig. Sig. Sig. Sig. Sig. Sig. 

Claims Group 1 Group 2 .489 .703 .303 .000 .000 .002 

  Group 3 .258 .000 .005 .000 .000 .000 

 Group 2  Group 1 .489 .703 .303 .000 .000 .002 

  Group 3 .678 .000 .092 .541 .177 .143 

 Group 3 Group 1 .258 .000 .005 .000 .000 .000 

  Group 3 .678 .000 .092 .541 .177 .143 

Supporting  Group 1 Group 2 .034 .803 .007 .031 .000 .021 

reasons  Group 3 .584 .000 .000 .000 .000 .000 

 Group 2 Group 1 .034 .803 .007 .031 .000 .021 

  Group 3 .148 .000 .000 .000 .029 .016 

 Group 3 Group 1 .584 .000 .000 .000 .000 .000 

  Group 2 .148 .000 .000 .000 .029 .016 

Supporting  Group 1 Group 2 . .000 .000 .000 .000 .000 

evidence  Group 3 . .000 .000 .000 .000 .000 

 Group 2 Group 1 . .000 .000 .000 .000 .000 

  Group 3 . .026 .337 .278 .001 .000 

 Group 3 Group 1 . .000 .000 .000 .000 .000 

  Group 2 . .026 .337 .278 .001 .000 

Opposing  Group 1 Group 2 . .929 .141 .050 .000 .000 

reasons  Group 3 . .000 .000 .114 .000 .000 

 Group 2 Group 1 . .929 .141 .050 .000 .000 

  Group 3 . .001 .000 .001 .161 .033 

 Group 3 Group 1 . .000 .000 .114 .000 .000 

  Group 2 . .001 .000 .001 .161 .033 

Opposing  Group 1 Group 2 . .000 .000 .007 .000 .000 

evidence  Group 3 . .000 .000 .008 .000 .000 

 Group 2 Group 1 . .000 .000 .007 .000 .000 

  Group 3 . .070 .483 .989 .353 .115 

 Group 3 Group 1 . .000 .000 .008 .000 .000 

  Group 2 . .070 .483 .989 .353 .115 

 

 

6. Discussion 
 

In this study, we used a traditional argumentative writing system, a concept map writing system, and 

an argument map writing system to improve students’ argumentation ability. The experimental 

results (Tables 2, 3, and 4) revealed that Group 1 demonstrated superior results compared with the 

two control groups regarding the improvement in argumentation abilities. This result is explained as 

follows. In table 4 show, group 1's argumentation skill have different growth of other groups in 

second to sixth training. The argument map writing system helped students direct their thoughts and 

effectively focus on the topic of interest. Furthermore, with teachers’ guide that divides a major 

problem into several smaller ones, students could solve those problems step by step. Through 

argumentation frameworks, students can use argument maps to graphically guide and organize their 

thoughts.  
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In the interviews, some students in Group 2 expressed that using the concept map strategy 

to build argumentation was appealing, but the rules of concept maps distract their attention away 

from the topic of discussion. Therefore, the distraction led to their failure to produce a complete 

argumentation structure. Furthermore, these students expressed concerns about the difficulty of 

learning concept map strategies, which reduced their learning motivation. The traditional teaching 

strategy applied to Group 3 was an answering system. In the interviews, many students mentioned 

that the traditional teaching strategy involving only typing on computers is no different from the 

traditional teaching strategy involving only teachers’ instruction. Although concept mapping is a 

method of graphical organization, it is limited by complex rules of graphic organization and thus 

tends to distract students’ attention. In the table 2 show, group 2's average was not more than group1, 

and group 3's average has lowest. These problems may decrease students’ learning motivations and 

consequently make them lose focus.  However, argument maps can reveal the entire process and the 

direction of arguments and reasons. Therefore, students can focus on certain blocks and relations. In 

addition, using argument maps to study argumentation can help students focus on the topic of 

discussion; this is because such maps restrict students’ attention to the topics being discussed. Most 

of the students expressed that argument maps were easy to construct and that they did not experience 

any difficulty in using argument maps to construct the architecture of argumentation. The teacher 

expressed that it was easier to guide students to build an argumentation structure with argument 

maps. This means students could easily adjust to this learning strategy. The table 4 show, group 1 

growth has fast more than other groups. 

 

 

7. Conclusion 
 

In order to determine an effective graphic strategy for improving students’ argumentation ability, 

this paper proposes the CAEWS. The experimental results revealed that the proposed CAEWS 

significantly improved the sixth-grade students’ argumentation ability. The statistical analysis 

indicated that the differences between the experimental groups reached statistical significance (see 

Table 4). A comparison of the traditional argumentative writing system, the concept map writing 

system, and the argument map writing system showed that the argument map learning system 

significantly improved the students’ argumentation ability; however, no significant difference in the 

students’ argumentation ability was observed between the traditional argumentative learning system 

and the concept map learning system. The experimental results can be explained as follows. 

Regarding the concept mapping strategy, students experienced difficulty in constructing the 

structure of argumentation because of the complexity of the rules of graphic organization. 

Furthermore, the concept mapping strategy made students lose focus on the topics of argumentation. 

However, the argument mapping strategy helped the students focus on the essay topics because it 

entailed dividing bigger problems into smaller ones, and this simplification enabled the students to 

easily answer the questions. Moreover, the argument mapping strategy helped the students 

intuitively and clearly build relations between claims, reasons, and evidence, enabling them to easily 

build the entire structure. The CAEWS containing essential elements of argumentation developed in 

this study could effectively assist students in establishing better structures of argumentation. Most 

teachers in this experiment also held positive attitude toward the application of the system in 

enhancing students’ argumentation abilities. However, they were concerned that there are not many 

information appliances in traditional classrooms. The instructors suggested that the system should 

become accessible with mobile devices such as smart phones and pads; wider accessibility of the 

system will largely increase their willingness to use the system. The teachers mentioned in their 

interviews that collaborative learning activities could better motivate students. We would endeavor 

to improve the system in the aspects of the accessibility on smart devices and the function for 

collaborative learning in the near future. 
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Abstract: A key skill for students learning relational database concepts is how to design 

and implement a database schema in SQL. This skill is often tested in an assignment where 

students derive a schema from a natural language specification. Grading of such assignments 

can be complex and time consuming, and novice database students often lack the skills to 

evaluate whether their implementation accurately reflects the specified requirements. In this 

paper we describe a novel semi-automated system for grading student-created SQL schemas, 

based on a unit testing model. The system verifies whether a schema conforms to a machine-

readable specification and runs in two modes: a staff mode for grading, and a reduced 

functionality student mode that enables students to check that their schema meets specified 

minimum requirements. Analysis of student performance over the period this system was in 

use shows evidence of improved grades as a result of students using the system. 

Keywords: Automated assessment, SQL, database schema, data definition language (DDL), 

student performance, unit testing 

1. Introduction

Any introductory database course must cover several core concepts, including logical data models, 

and how to create and use databases. Such courses typically focus on the relational model and SQL 

database management systems (DBMSs), because the relational model provides a sound theoretical 

framework for discussing key concepts (Date, 2009), and because SQL DBMSs are so widely used. 

Courses that teach SQL usually include assessments that test students’ ability to create 

databases using SQL data definition (DDL) statements, and to interact with them using SQL data 

manipulation (DML) statements. Manually evaluating code submitted for such assessments can be 

slow, tedious, and error-prone, which may impact student grades. Automated or semi-automated 

grading has been shown to improve turnaround time and consistency, and is generally liked by 

students (Dekeyser, Raadt, & Lee, 2007; Douce, Livingstone, & Orwell, 2005; Prior & Lister, 2004; 

Russell & Cumming, 2004). If the grading can be done in real time, the grading tool can form part 

of a larger, interactive SQL learning environment (e.g., Kenny & Pahl, 2005; Kleiner, Tebbe, & 

Heine, 2013; Mitrovic, 1998; Russell & Cumming, 2004; Sadiq, Orlowska, Sadiq, & Lin, 2004). 

There has been much prior work on automatically or semi-automatically assessing SQL 

DML (see Section 2), but relatively little work on assessing SQL DDL. There are generally two 

aspects to consider when assessing SQL DDL code. First, is the code syntactically correct? This is 

already handled effectively by the syntax checkers built into every SQL DBMS. A related aspect is 

code style (e.g., naming, formatting, indentation), but we do not consider this here. 

Second, does the schema meet the requirements of the problem? A database schema is 

normally designed to meet a specific set of requirements, so verifying that the SQL DDL code fulfills 

these requirements is an effective way to assess it and to provide feedback to students. The 

requirements for a database schema can be loosely divided into structure (tables, columns, data 

types), integrity (keys, constraints), and behavior (sequences, triggers) (Codd, 1981). 

In this paper, we describe a novel system that semi-automates the assessment of students’ 

SQL DDL code, and present evidence that introducing the system improved student grades. The 

system takes as input a machine-readable specification of the assessment requirements and a 

submitted student schema, then verifies that the schema conforms to the specification. Rather than 

parsing and checking the code directly, the system verifies the schema’s structure by issuing queries 
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against the metadata (catalog) for expected values such as table names, column names, etc. It verifies 

integrity constraints by attempting to insert known legal and illegal values. The system currently 

does not check behavioral aspects. The results of these tests are compared against the machine-

readable specification, thus effectively unit testing the schema using the specification as a framework. 

We use the PHPUnit database unit testing framework to achieve this (see Section 4). 

In the next section we discuss related work, then discuss the motivation and context for our 

approach in Section 3. The system design is discussed in Section 4, and its impact is evaluated in 

Section 5. Finally, we discuss known issues and future work in Section 6, before concluding. 

 

 

2. Related Work 
 

There have been many prior systems to support students learning SQL. Early examples such as 

RDBI (Dietrich, 1993) and esql (Kearns, Shead, & Fekete, 1997) were essentially query execution 

environments that students could use to practice writing SQL queries. RDBI provided relatively little 

feedback about the correctness of a query, whereas esql could visualize the intermediate tables 

generated by each step of a query, enabling students to better understand the steps in its execution. 

Later systems provided greater feedback to students. Systems like SQL-Tutor (Mitrovic, 

1998, 2003), SQLator (Sadiq et al., 2004), AsseSQL (Prior & Lister, 2004), ActiveSQL (Russell & 

Cumming, 2004, 2005), SQLify (Dekeyser et al., 2007), ACME (Soler, Boada, Prados, Poch, & 

Fabregat, 2007), and aSQLg (Kleiner et al., 2013) all provided syntactic and semantic feedback. 

Many took a more “functional” approach to checking SQL query code, i.e., verifying that the code 

correctly answered the question, rather than focusing on the code itself. This was typically done by 

measuring the difference between the student’s result set and the correct one, e.g., SQLator’s 

“equivalence engine” (Sadiq et al., 2004). ActiveSQL could also detect “hard-coded” queries that 

produced the correct result, but which would fail if the data set changed (Russell & Cumming, 2005). 

SQL-LTM (Dollinger & Melville, 2011) used an XML representation of SQL queries to evaluate 

their logical correctness, while The SQL Exploratorium (Brusilovsky et al., 2010) used 

parameterized query templates to generate questions for students. Given the more static nature of an 

SQL schema, we consider this “verification” style of approach to be the most appropriate way to 

construct an automated assessment system for SQL DDL. 

Prior systems mostly focused on SQL queries using the SELECT statement (i.e., DML) rather 

than SQL schema definitions (DDL). This is unsurprising given that SELECT is probably the most 

frequently used and most complex SQL statement. Few of the systems reviewed even mentioned 

schema definition. RDBI (Dietrich, 1993) supported its own non-SQL DDL, while esql (Kearns et 

al., 1997) simply passed anything not a SELECT statement directly through to the DBMS. SQL-

trainer (Laine, 2001), supported “maintenance operations”, but it is unclear whether this means DDL 

statements or DML operations like UPDATE and DELETE. Gong’s (2015) “CS 121 Automation Tool” 

focused primarily on SQL DML statements, but appears to be extensible and could thus be modified 

to support SQL DDL statements. ADVICE (Cvetanović, Radivojević, Blagojević, & Bojović, 2011) 

and LearnSQL (Abelló et al., 2016, 2008) both supported SQL DDL, but like many prior systems, 

they focused on exercises involving small snippets of DDL code rather than entire database schemas. 

Online SQL courses and tutorials such as SQLBolt (https://sqlbolt.com/), SQLCourse 

(http://www.sqlcourse.com/), and w3schools (https://www.w3schools.com/sql/) provide interactive 

DDL exercises, but the feedback from such systems is limited at best. For example, SQLBolt reports 

any errors as “incomplete query”, although it does verify that the student-provided SQL meets the 

exercise requirements. SQLCourse accepts even syntactically incorrect code without complaint! 

Many prior systems implemented some form of automated or semi-automated grading, e.g., 

SQLator (Sadiq et al., 2004), AsseSQL (Prior & Lister, 2004), ActiveSQL (Russell & Cumming, 

2004, 2005), SQLify (Dekeyser et al., 2007), aSQLg (Kleiner et al., 2013), Gong’s (2015) “CS 121 

Automation Tool”, ADVICE (Cvetanović et al., 2011), ACME (Soler et al., 2007), LearnSQL 

(Abelló et al., 2016), and XDa-TA (Bhangdiya et al., 2015; Chandra et al., 2015; Chandra, Joseph, 

Radhakrishnan, Acharya, & Sudarshan, 2016). Some (e.g., SQLator, AsseSQL, ADVICE) provided 

only correct/incorrect responses, while others (e.g., ActiveSQL, SQLify, aSQLg, XDa-TA, 

LearnSQL) could assign partial credit. Regardless of the grading style, these systems were often able 
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to automatically mark a significant fraction—e.g., over a third for SQLator (Sadiq et al., 2004, p. 

227)—of submitted queries as correct, thus reducing teachers’ workload. 

Only ADVICE and LearnSQL supported automatic grading of SQL DDL statements. 

Dealing with CREATE statements should be simpler than dealing with SELECT statements, and the 

ability to at least semi-automate the grading of SQL DDL code should reap rewards in terms of more 

consistent application of grading criteria, and faster turnaround time (Dekeyser et al., 2007; Douce 

et al., 2005; Prior & Lister, 2004; Russell & Cumming, 2004). 

Another branch of related work is systems that actively aid students in learning SQL, e.g., 

SQL-Tutor (Mitrovic, 1998, 2003), SQLator (Sadiq et al., 2004), ActiveSQL (Russell & Cumming, 

2004), and aSQLg (Kleiner et al., 2013). SQL-Tutor is typical of this category. It was an intelligent 

teaching system that provided students with a guided discovery learning environment for SQL 

queries. Kenny and Pahl (2005) described a similar system that included an assessment of a student’s 

previous progress, enabling a more personalized and adaptive approach to student learning. 

There is relatively little prior work on unit testing databases. Most authors have focused on 

testing database applications, not the database itself (e.g., Binnig, Kossmann, & Lo, 2008; Chays, 

Shahid, & Frankl, 2008; Haller, 2010; Marcozzi, Vanhoof, & Hainaut, 2012). Ambler (2006) 

discussed how to test a database’s functionality, while Farré, Rull, Teniente, & Urpí (2008) described 

how to test the “correctness” of a schema, focusing on constraint consistency. Neither considered 

how to verify that a database schema conforms to its original specified requirements. Of the systems 

reviewed, only LearnSQL (Abelló et al., 2016) used an approach similar to unit testing. 

 

 

3. Motivation 
 

Since 1989, our department has offered some form of mandatory database concepts coverage. This 

most often comprised a one semester course during the second year of a three-year Bachelor’s 

degree, building on a short introduction to data management concepts in the first year. Typical of 

such courses, it covered core topics such as the relational model, relational algebra, data integrity, 

SQL DDL and DML, and a mixture of other database topics such as transactions, concurrency 

control, triggers, and security. SQL skills were assessed using a mixture of assignments and tests. 

The most common instrument used to assess students’ SQL DDL skills was a practical 

assignment. Students had 3–4 weeks in which to implement a database schema based on a fictional 

scenario specification. The scenario posed that the student was a junior database developer in a larger 

project, and the provided specification was the output of the requirements analysis phase. Typical 

scenarios included product manufacture and sale, student records management, and used car sales. 

Prior to 2001 the specifications for assignment scenarios were deliberately somewhat 

loosely defined and often had under-specified or ambiguous elements, enabling students to explore 

alternative ways of implementing a conceptual model. This of course led to significant variation 

across student submissions, due to differing interpretations of the under-specified elements. We 

therefore made no significant attempt at automated grading during this period. 

From 2001 to 2003, we used a practical examination to assess students’ SQL DDL skills. 

The primary motivation for the change was that an assignment might not truly measure a student’s 

individual learning, as they could be assisted by others. In contrast, an examination is tightly 

controlled, thus providing a more objective assessment of a student’s individual learning. Students 

were given a fictional scenario specification that tended to be tightly specified and thus less open to 

interpretation. Consequently, the examination was easier to grade than the earlier assignments. 

However, the examination format constrained the complexity of tasks that could be assessed and 

students found it quite stressful. We therefore reverted to a practical assignment in 2004. 

A significant change from 2004 onwards is that the assignment scenario specifications were 

tightened up to reduce ambiguity. In 2013, we took the further step of “freezing” the specification, 

i.e., students were not permitted to arbitrarily change the specification without strong justification, 

and implementations had to preserve the “interface” presented to client programs. The in-scenario 

rationale was that other (fictional) developers were, in parallel, using the same specification to code 

end user applications, as often occurs in real world system development projects (Perry, Siy, & Votta, 

2001). Any significant variation from the specification could break those end user applications. This 
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approach meant that students could still exercise flexibility in their schema implementations where 

appropriate and ensured that the assignment was not just a mechanical translation exercise. 

This approach seemed effective, but it was often difficult to maintain consistent grading 

standards across many submissions (typically about 70) due to the large number of distinct gradable 

items implied by the specification. This required a complex rubric so that no item was missed, and 

grading consequently required significant time and mental effort, especially when feedback to 

students was required. This raised concerns about the consistency of grades and feedback when 

multiple graders were involved and prompted interest in at least semi-automating the grading of this 

assignment. Another motivation was that it can be difficult for database novices to know whether 

they are on the right track while implementing a specification. A limited, student facing version of 

the assessment tool could be used to provide feedback on their progress before they submitted. 

We decided to impose a minimum set of requirements for the assignment: students’ SQL 

code should be syntactically correct and include all tables and columns detailed in the specification, 

with correct names and appropriate data types. Any student who satisfied these requirements would 

score at least 50%. They could check conformance with the requirements by submitting their schema 

through a web application, deployed in 2013. That way we (and they) could be more certain that at 

least the core of their schema was correct. Teaching staff graded additional aspects of the schema, 

such as integrity constraints, using a shell application, trialed in 2012 and fully deployed in 2013. 

 

 

4. System Design 
 

The core function of our system is to check whether a student’s schema conforms to the assignment 

specification, by automatically comparing their submitted schema against a machine-readable 

version of the specification. This is essentially a unit testing approach, so we built the system around 

a unit testing framework. An advantage of this compared to prior systems is that we did not need to 

develop a dedicated “checking” or “verification” module within our system to check the student’s 

code against the specification, as such functionality was already built into the unit testing framework. 

There are few frameworks designed specifically to perform unit tests that interact with a 

database, probably due to the complexities involved. In conventional application unit testing it is 

simple to create mocked interfaces for testing purposes. With a database, however, we must create 

tables, populate them with test data, verify the database’s state after each test, and reset the database 

for each new test (Bergmann, 2017). Cleaning up is crucial, as tests are executed in arbitrary order. 

Tests that alter the database state may affect the results of later tests in unpredictable ways. 

We know of four unit testing frameworks that specifically support database unit tests: 

DbUnit (Java; http://dbunit.sourceforge.net/), DbUnit.NET (http://dbunit-net.sourceforge.net/), 

Test::DBUnit (Perl; https://metacpan.org/pod/Test::DBUnit), and PHPUnit (https://phpunit.de/). 

We built the system in PHP to enable quick prototyping and simplify development of the student 

facing web application. A similar approach could be taken with the other frameworks, however. 

Our database teaching was mainly based around Oracle, but the system could be adapted for 

use with any DBMS supported by PHP’s PDO extension. This would require an additional layer to 

abstract the implementation specific details of each DBMS. 

The main engine of our system executes in either student mode, which runs only a subset of 

the available tests (discussed below), or staff mode, which runs all available tests. The mode is 

determined by the client application. The system generates test output in either HTML or plain text. 

The assignment specification is encoded as subclasses of PHPUnit’s TestCase class, one 

per database table. The methods of these subclasses return various properties of the table, for 

example, getTableName returns the expected name of the table, while getColumnList returns an 

array of column specifications, keyed by expected column name. Each column specification includes 

a generic data type (text, number, date, or binary), a list of corresponding acceptable SQL data types, 

whether nulls are permitted, and a known legal value for general testing. It may also include 

minimum and maximum column lengths (precision for numeric types), and the number of decimal 

places (scale). Underflow, overflow, and lists of known legal and illegal values can also be specified. 

Each table specification also defines two sets of tests. The first verifies the table’s structural 

elements (columns, data types, etc.), thus verifying that it meets the minimum requirements. These 
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tests issue queries against the metadata (catalog) for elements like tables, columns, and data types. 

An empty data fixture (specified using a separate XML document) is required for this set of tests. 

The second set of tests verifies the table’s integrity constraints. Primary and foreign keys are 

verified using metadata queries, while nullability is tested by attempting to insert nulls. CHECK 

constraints are tested by attempting to insert lists of known legal and illegal values, consistent with 

normal unit testing practice. A known-legal data fixture is required for this set of tests. 

The way the system runs the tests is somewhat unusual, in two ways. First, database unit 

testing frameworks are really designed to test database-backed applications, rather than the database 

itself. Second, in typical unit testing, tests are standalone code units executed in arbitrary order by a 

driver, which resolves dependencies among tests and handles collation of test results internally. Unit 

testing drivers are typically designed to be called from a specific tool or environment (e.g., the 

phpunit command line tool), rather than to be embedded as a library into arbitrary programs. 

Our system effectively inverts this model. The main engine replaces the driver framework, 

directly creating and executing test suites itself, then listening for and collating the results. This is 

because we need to control the order in which tests are executed. For example, if the structural tests 

fail, there is little point in running the integrity tests, as they will only generate a stream of errors. 

(Note that while PHPUnit supports test groups, dependencies cannot be defined between groups.) 

It is possible to add table properties and tests beyond those already supported, as the 

specification is constrained only by what can be coded in PHP. All a teacher needs to do is add 

custom properties to the table specification, then add tests that use those properties. Custom tests are 

registered with the appropriate test set (structure or integrity) using PHPUnit’s @group annotation. 

Students can check their schema by creating the tables in their personal database account, 

then logging in to the student mode web application, which accesses the student’s schema directly. 

Only the structural tests are run, and the output is displayed in the web browser.  

Teachers can further check a student’s schema using the staff mode shell application. To 

ensure a clean testing environment, the teacher loads the student’s submitted code into a database 

account used only for grading purposes, erasing the schema before moving to the next submission. 

If there are no syntax errors in the code, the shell application connects to the grading account, runs 

both the structural and integrity tests, and displays the output in the terminal window. 

 

 

5. Evaluation 
 

Unfortunately, the system was not originally conceived as a research project with formal evaluation 

in mind; rather it was a practical solution to a perceived teaching issue. We therefore did not carry 

out any evaluations with students. We were, however, able to analyze how using the system impacted 

on student performance, as we had extensive historical grade data. We collated data for the period 

2009–2016 (there were no 2017 data because the course was discontinued; see Section 6), which 

encompassed several different permutations of scenario and available system modes, as summarized 

in Table 1. The assignment counted for 15% of a student’s total grade in 2009 and 2010, and 10% 

in subsequent years. The grade distributions for the assignment in each year are shown in Figure 1. 

The horizontal rule between 2011 and 2012 in Table 1 marks a significant reorganization of 

the course’s curriculum and a switch from first semester (March to June) to second semester (July 

to October). We trialed the first prototype of staff mode in 2012, and deployed student mode in 2013. 

The horizontal rule between 2013 and 2014 marks a shift back to first semester. The system was not 

used at all in 2015 due to different staff teaching the course, and student mode was unavailable in 

2016 due to technical issues. These variations provide an interesting natural experiment. 

The mean assignment grade drifted slowly downwards from 2009 to 2012. This reversed 

dramatically in 2013, the year we first used student mode. The grades are not normally distributed 

(see Figure 1), so we used a Mann-Whitney U test. The increase in mean grade from 2012 to 2013 

was highly significant (p ≈ 10–9). The 2013 mean was also significantly higher than both 2010 (p ≈ 

0.0002) and 2011 (p ≈ 10–6), but not significantly higher than 2009. The mean then decreased 

significantly in 2014 (p ≈ 0.0012), the second year the system was used, and even more in 2015 (p 

≈ 0.0005), when the system was not used at all. The increase from 2015 to 2016 was not significant. 

Even more interesting, if we compare performance between the years that student mode was 

not used (2009–2012 and 2015–2016, mean 71.6%) and the years it was (2013–2014, mean 81.7%), 
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there is again a highly significant increase in the mean (p ≈ 10–8). When student mode was available, 

the lowest grade awarded was 46%, contrasted with a much longer tail of low grades when student 

mode was not available. This strongly suggests that introducing student mode positively impacted 

students’ ability to complete the assignment more effectively. However, it could also be argued that 

this was merely a consequence of imposing minimum requirements, which we will consider shortly. 

 

Table 1 

Historical Characteristics of the Database Implementation Assignment, 2009–2016 

Year Class size Median GPA* Mean (%) Scenario Modes used 

2009 46 – 77.5 “postgrad” – 

2010 68 3.4 73.4 “student records” – 

2011 64 3.9 71.8 “used cars” – 

2012 75 3.4 69.2 “manufacturer” staff 

2013 77 3.2 84.3 “student records” both 

2014 49 3.4 77.6 “used cars” both 

2015 71 3.0 69.2 “used cars” neither 

2016 75 3.5 71.0 “manufacturer” staff 
* On a 9-point scale where C− = 1, A+ = 9. Value is across all enrolled papers for the 

specified year only. Data for 2009 were not available. 

 

 
Figure 1. Grade Distributions for the Database Implementation Assignment, 2009–2016. 

 

From the perspective of teaching staff, the system automatically ensured that all gradable 

items were checked, greatly improving consistency and the subjective experience of grading. The 

total amount of time taken to grade assignments was reduced, but the system only semi-automated 

the process, meaning we still needed to convert the system’s output into corresponding grades and 

meaningful feedback (see Section 6 for further discussion). There were also a surprising number of 

submissions that did not meet the minimum requirements and thus still had to be manually graded. 

There are several potential confounding factors to consider. First, 2013 was the first year the 

assignment specification was “frozen” (see Section 3). We could argue that grades improved due to 

students having less flexibility and thus fewer opportunities for misinterpretation. However, the 

specification was also “frozen” in all subsequent years, and grades vary considerably over this period, 

especially in 2015. It thus seems unlikely that this was a factor in improving student performance. 

Second, minimum requirements were imposed from 2013 onwards. Any schema that met 

them scored at least 50%, which could inflate grades. If we compare 2009–2012 with 2013–2016, 

we do find a significant increase in the mean, from 72.4% to 75.6% (p ≈ 0.047). We argue, however, 
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that this effect would be minimal in the absence of a convenient mechanism for conformance 

checking, such as student mode. Indeed, for 2013–2014 when student mode was available, the mean 

(81.7%) was significantly higher (p ≈ 10–9) than for 2015–2016 (70.2%) when it was not. This is 

further supported by no significant difference between the means for 2009–2012 and 2015–2016. 

Third, the switch to second semester in 2012–2013 could have negatively impacted students’ 

performance by lengthening the time between learning basic data management concepts in first year 

and the second year database course. If so, we would expect mean grades in second semester 

offerings to be lower. However, mean grades for second semester (76.9%) were in fact significantly 

higher (p ≈ 0.015) than those for first semester (72.9%). This is not surprising given that 2013 

(second semester) had the highest grades overall. This rules out semester changes as a factor. 

Fourth, perhaps the years with higher grades used a less complex scenario. We computed 

the following database complexity metrics for each of the four scenarios used (summarized in 

Table 2): database complexity index (DCI) (Sinha, Romney, Dey, & Amin, 2014); referential degree 

(RD), depth of referential tree (DRT), and number of attributes (NA) (Calero, Piattini, & Genero, 

2001; Piattini, Calero, & Genero, 2001); database complexity (DC) (Pavlić, Kaluža, & Vrček, 2008); 

and “Software Metric Analyzer for Relational Database Systems” (SMARtS) (Jamil & Batool, 2010). 

All six metrics clearly show the “manufacturer”, “used cars”, and “student records” scenarios to be 

of comparable complexity, while the “postgrad” scenario is less complex on all metrics except DRT. 

It thus seems unlikely that scenario complexity is a factor in student performance. It is interesting to 

note that the “used cars” scenario was used in both 2014 and 2015, and yet the 2015 grades were 

significantly lower than 2014. The only clear difference is that our system was not used in 2015. 

 

Table 2 

Database Complexity Metrics for the Scenarios Used in the Period 2009–2016 

Scenario DCI RD NA DRT DC SMARtS 

“postgrad” 277 9 32 7 37 28.75 

“student records” 367 12 43 9 61 38.25 

“manufacturer” 370 11 50 8 59 40.75 

“used cars” 380 13 46 7 53 36.50 

 

Fifth, class size could be a factor. We might expect a smaller class to have a more collegial 

atmosphere that promotes better learning. However, the class sizes in Table 1 reveal no discernible 

pattern across class size and performance. Indeed, both the best (2013) and worst (2012, 2015) 

performances were from classes of similar size (75, 77, and 71, respectively). 

Sixth, perhaps better performance occurred in years where the cohort happened to be more 

capable. We obtained students’ annual GPA data and computed the median as an indication of each 

cohort’s general ability. In Table 1 we immediately see that the year with the best results (2013) also 

had the second lowest median GPA (3.2). Contrast this with the poorer results in 2012, where the 

median GPA was 3.4. In both years that student mode was available, median GPA was lower than 

or the same as most other years, yet performance was better than in years with higher median GPA. 

This argues against the idea that we simply had more capable students in the better performing years. 

Seventh, the timing of the assignment varied across the period, occurring either early (2012–

2014), halfway (2009–2010), or late (2011, 2015–2016) in the semester. The mean grade for early 

timing (77.0%) was significantly higher than for both halfway (72.2%, p ≈ 0.019) and late (71.8%, 

p ≈ 0.013), while there was no significant difference between halfway and late means. This suggests 

that scheduling the assignment early in the semester may have a positive effect on grades, and this 

period does overlap with the availability of student mode. However, as noted earlier there was a 

highly significant difference in mean between 2012 and 2013. There was also a smaller, but still 

significant difference in mean between 2012 and 2014 (p ≈ 0.0015). We therefore conclude that 

while scheduling the assignment early in the semester may have had some positive effect on student 

performance, it does not seem to explain all of the positive effect seen in 2013 and 2014. 

Finally, perhaps the different assignment weightings (15% in 2009–2010 vs. 10% in 2011–

2016) affected student motivation. We could argue that the higher weighting in 2009–2010 was a 

greater incentive for students. If so, we should expect better performance in 2009–2010. Indeed, we 
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do find that the mean for 2009–2010 is 75.1%, while that for 2011–2016 is 73.9%, a significant 

decrease (p ≈ 0.034). However, this change occurred well before our system was even conceived of, 

let alone deployed, so it cannot be a factor in the improved performance seen in 2013 and 2014. 

The sum of this evidence provides a strong argument in favor of student mode being the 

primary factor in improving student grade performance in the assignment during 2013 and 2014. 

The most plausible explanation is that the direct feedback provided by student mode enabled students 

to more effectively correct structural aspects of their schema to meet the minimum requirements, 

giving them more time to work on the integrity aspects of their schema, and thus gain a higher grade. 

 

 

6. Known Issues and Future Work 
 

While the use of student mode in 2013 and 2014 appears to have benefited student performance in 

the database implementation assignment, there are outstanding issues that still need to be addressed. 

Ideally, our system would automatically assign appropriate marks and generate meaningful 

feedback, writing both of these directly into a student management database. Currently, however, it 

only semi-automates the assessment process, and it is still up to the teacher to interpret the test results, 

assign appropriate marks, and write feedback. Automatically generating appropriate marks is not 

particularly difficult, and we have already implemented the core functionality required to assign 

mark penalties to different kinds of error. It would be a straightforward extension to calculate marks 

based on these penalties and write them directly into a student management database. 

Automatically generating useful feedback is difficult, however, due to the way PHPUnit 

reports test failures. There is no way to control or suppress the messages generated by PHPUnit test 

assertions, most likely because PHPUnit is not intended to be embedded inside other applications 

(as discussed in Section 4). Individual tests can specify a meaningful message to be displayed, but 

PHPUnit will still also generate obscure messages like “Failed asserting that 0 matches expected 1”, 

which can confuse students. These insuppressible assertion messages make it much harder to provide 

fully automatic, meaningful feedback to students. It may be that the only way to address this issue 

is to change the way PHPUnit works internally, or perhaps to develop a custom testing framework. 

The system currently does not support behavioral aspects such as sequences, triggers, or 

stored procedures, as these are usually DBMS-specific in nature. It would not be difficult to add 

support for these, however, in the DBMS abstraction layer proposed in Section 4. 

It would also be interesting to extend our system to help facilitate the teaching of SQL DDL, 

rather than just focusing on the assessment and grading process. This has been done for SQL DML 

in several previous systems, as discussed in Section 2. 

As of 2017, our department no longer offers a dedicated second year database course. The 

main introduction to database concepts and SQL now occurs as part of a first year “Foundations” 

course, which attracts about 150 students in the first semester and about 100 in the second. Classes 

of this size further reinforce the argument for automated assessment, and we are exploring whether 

our system could be used in this course. If so, we will undertake user evaluations with the students. 

 

 

7. Conclusion 
 

In this paper, we described a novel system that semi-automates the process of assessing SQL DDL 

code. Most prior work in this area has focused on DML statements such as SELECT, but even systems 

that do support SQL DDL focus on small, discrete snippets of code (e.g., a single CREATE TABLE). 

Our system extends the state of the art by evaluating an entire database schema as a single unit. It 

also takes a novel approach to checking an SQL schema: rather than attempting to parse the SQL 

DDL code directly, it instead verifies that the schema conforms to a machine-readable version of the 

original specification using a unit testing approach, which has not been used before in this context. 

While no user evaluations of the system were carried out, analysis of student performance 

in a relevant database assessment shows a highly statistically significant increase in mean grade in 

the two years that the student facing component of the system was available to students. Analysis of 

all the factors involved strongly suggests that student use of our system had a positive impact on 

their performance in this assessment. This is an encouraging result, which we plan to explore further. 
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Abstract: Small group collaboration can enrich the learning experience in large online 

courses in the interactional and social dimensions. The experience underlying this study 

stems from an inter-university online course with collaborative writing as a group task. 

Here, coordination between group members was supported through a discussion forum and 

collaborative writing was facilitated through a shared web-based editor. Actions in the 

forum and in the writing tool were categorized as coordination, monitoring, minor/major 

contribution. Pair-wise similarities between the corresponding action sequences were 

captured in a similarity matrix, which formed the basis for a cluster analysis. The clusters 

show specific patterns especially regarding the distribution of inactivity and coordination. 

Our findings show that inactivity can be counterbalanced by early coordination without 

rendering a group dysfunctional. 

Keywords: analysis, learning groups, online courses, collaboration patterns 

1. Introduction

In MOOCs and other types of online learning courses, the basic activities are video watching and the 

completion of assignments such as self-test quizzes. This is consistent with the rationale to support 

individual learners in self-directed knowledge acquisition independent of location and time. In these 

scenarios, collaboration typically plays a minor role and is often limited to the interaction in 

discussion forums. A typical problem of those courses is a lack of individual support and thus a lack 

of incentives as they might arise from social interaction in a shared environment.  

It has been argued that online courses should be further adapted to individual learner needs 

by offering learning activities and assistance taking into account specific needs or profiles of 

learners or learner types (Grünewald, Meinel, Totschnig, Willems, 2013). Given a high number of 

participants and limited resources on the side of teaching staff, practical solutions rely on 

peer-to-peer interaction to facilitate collaboration and group work (Wichmann et al., 2016; Ferschke 

et al., 2015; Staubitz et al., 2015). This can also help to establish an effective learning community in 

which the lack of individual support is compensated by decentralized peer-help and self-organized 

discussions. Recent research provides evidence that collaboration and a sense of being part of an 

active community can also reduce attrition in online courses (Tomar, Sankaranarayanan, Rosé, 

2016). Furthermore, the heterogeneity of background knowledge and points of view in a large 

audience can be exploited for different kinds of group compositions and to facilitate knowledge 

exchange and critical discourse between participants (Wichmann et al., 2016). 

Recently, the effect of different strategies and algorithms for composing small learning 

group based on individual learner profiles or student models has gained considerable attention (see, 

e.g., Konert, Burlak, Steinmetz, 2014). However, from a practical perspective, the issue of

establishing well-functioning and productive learning groups is at least of equal importance.

Consequently, strategies for group formation should be combined with strategies for supporting

group work, and the latter may even be more crucial. In pure online courses, group work often takes

place asynchronously and communication is mediated and constrained by available technologies.
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Typical problems of group work such as social loafing and a lack of commitment of the members 

can become more crucial in online courses due to anonymity and limitations of communication 

facilities (Piezon, Donaldson, 2005). This is very problematic since low productivity or even 

inactivity of single members negatively affects the learning experience of the other members. 

Longer periods of inactivity can cause uncertainty about the willingness of group members to 

participate. Limitations of social presence in online courses further complicate this issue (Roberts, 

Lowry, Sweeney, 2006; Weinel et al., 2011).  

Especially in the context of CSCL, the analysis of temporal aspects in learning activity 

sequencing has already gained some interest (Reimann, 2009). Our target is a fine-grained temporal 

analysis and characterization of different types of learning groups in an online course that featured 

participation in group discussions and collaborative writing as core activities. The goal is to identify 

characteristic patterns in those collaborations. On the input level, our approach relies on human 

coding to categorize actions in the form of different contribution types: coordination, monitoring, 

minor contribution, and major contribution. In addition, one-day inactivity is introduced as another 

descriptor. Sequences of such action descriptors are then collected for portions of group work 

corresponding to a specific task assignment. A similar approach for analyzing user activity 

sequences in online courses has recently been presented by Shirvani Boroujeni and Dillenbourg 

(2018) who link activity sequences of users to their overall studying behavior. The basic activities in 

this approach are related to video watching and the submission of assignments throughout the course 

of online lectures. A distinction is made between a hypothesis driven approach, which tries to detect 

predefined activity patterns that correspond to certain learning styles, and a data driven approach 

using unsupervised learning methods to facilitate an open-ended detection of any kind of procedural 

learning patterns. In the first approach, one activity pattern (or sequence) corresponds to one 

behavioral state. Transitions between such states represent changes in the strategy over time 

(between assignments). Our work utilizes unsupervised learning methods without predefined 

activity patterns, similar to Shirvani Boroujeni and Dillenbourg’s data driven approach. The basic 

elements here are single actions and not predefined action sequences.  

The specificity and novelty of our approach lies in the usage of sequence analysis 

techniques that originate from bioinformatics. Originally, these methods have been used to 

determine similarities or differences in DNA, RNA or peptide sequences based on an “edit 

distances” (i.e., the cost of transforming one sequence into another). Meanwhile they have been 

applied to a variety of applications, including social interactions (Cornwell, 2015). In our context, 

the pair-wise similarities (based on edit distances) between the action sequences are captured in a 

similarity matrix that forms the basis for a cluster analysis. The clusters show specific patterns 

especially regarding the distribution of inactivity and coordination, and they can also be compared in 

terms of group productivity, quality of the results and work distribution.  

The results of the analysis described in this paper are supposed to contribute to a better 

understanding of group work in online courses and to highlight possible starting points for the 

development of proper intervention mechanisms and support mechanisms based on early 

identification of collaboration problems.  

The remainder of this paper is organized as follows: Section 2 describes the background of 

this study in more detail and relates it to existing research. Section 3 outlines the approach for our 

analysis, Section 4 presents the results and the last section discusses the findings and future work.  

 

 

2. Background: Group Work in Large Online Courses 
 

In order to test different approaches of introducing group work in large online courses two 

subsequent instances of a lecture on “computer mediated communication” were conducted and 

analyzed (Course 1: N=270; Course 2: N = 111). These courses were open to students of different 

study programs from two universities and participants could receive credits. The design of the 

courses was inspired by contemporary MOOCs and the course language was German for both 

courses. The course platform based on Moodle was adapted to the needs of collaborative online 

courses. In each course section, students were provided with a short instructional video, which 

covered the most important aspects of the topic, literature and self-test quizzes to acquire theme 

specific knowledge. In addition, the students received assignments that had to be accomplished in 

248



small groups of four participants each during one week. The goal of these assignments was to 

collaboratively create a short text for a given topic. Two existing Moodle plugins were adapted to 

support the groups in solving the tasks. For text creation students used the collaborative editor 

Etherpad, integrated in the learning platform and thus enabling real-time collaboration. Discussions 

and coordination activities were supported by separated discussion forums for each group. 

Discussion forums and Etherpads were linked such that the students could constantly switch 

between the two.  

One of the experiences of the first course was that it is difficult to maintain an adequate level 

of activity of the learning groups. Activity gaps (longer inactive periods) in the group work were 

identified as a serious problem. In worst cases particular group members felt uncertain about the 

group still being “there” and active, even if the list of group members was visible all the time. 

Furthermore, a relationship between the satisfaction with group work and overall satisfaction with 

the course could be found (Kyewski et al., 2016). Based on these first experiences, significant 

improvements in course satisfaction could be achieved in the second instance of the course by a 

clearer structuring of the group activities and more strict guidelines for solving group tasks 

(Erdmann et al., 2017). 

 

 

3. Analysis 
 

In this analysis, a dataset was used that contains the activities of 81 students which participated in the 

group tasks in the second course mentioned in Section 2. The tasks were to write 600-word wiki 

articles on different topics. There were five consecutive group tasks with a duration of one week 

each. For each task new groups containing 4 students each were formed. A similar analysis approach 

to the one presented here was first applied to a smaller dataset containing the activities of 19 groups 

resulting from a strategic group formation (Doberstein, Hecking, Hoppe, 2017) The basic set of 

groups was now extended to contain the 65 groups that were mainly composed at random. In 

addition to enlarging the dataset, the evaluation was extended using content analysis on the results of 

the groupwork and an analysis of the distribution of text contributions among the group members. 

The first and most time-consuming step in our analysis was data pre-processing. For each 

learning group, the traces of individual contributions in the discussion forum and Etherpad were 

assembled into action sequences based on their temporal order. Furthermore, each contribution in 

these sequences was manually classified according to the nature of the contribution. This resulted in 

one encoded collaboration sequence per group. In a second step, similarities between these 

sequences of encoded actions were calculated. Based on these similarities, a cluster analysis was 

performed. Afterwards, the relation between the cluster affiliation, the productivity of the group, the 

quality of the wiki articles and the work distribution between group members was measured. 

For the pre-processing, several steps were necessary. The first step selected the 

contributions in the group forum and the text written in the Etherpad editor which were logged in the 

database for each group and ordered them temporally. Since the Etherpad is a real-time editor 

without information on revisions, all characters written by a single user subsequently without a 

break of more than 60 minutes were subsumed as a single contribution. The results were action 

sequences of forum posts and text snippets contributed in the collaborative editor for each group in 

chronological order.  

Next, the single actions of each sequence were classified into four main categories (see 

Table 1). Contributions in the Etherpad were classified as either major contributions or minor 

contributions. Major contributions added a considerable amount of text (>600 characters) and 

extended the semantic content of the text. Minor contributions were small improvements in spelling 

or smaller text modifications (<600 characters). For the most part, posts in the forum were classified 

as either coordination or monitoring. Posts were part of the coordination class if they were dedicated 

to organizing the groupwork. These were messages with a prospective character, for example 

planning or work distribution. On the other hand, retrospective posts were classified as monitoring. 

These were for example reports regarding own contributions to the Etherpad, the status of the 

groupwork or technical problems. Though the forum was meant for communication between the 

group members while the Etherpad was meant for topic related activities, occasional students would 

post their contributions to the forum to discuss them. In that case forum posts could also be classified 

249



as major or minor contribution according to the rules mentioned above. This classification of the 

actions was done manually which was time consuming. Occasionally actions occurred that were not 

related to the group task. These other actions were deleted from the data.  

The resulting encoded collaboration sequences only contained actions of the group 

members but did not reflect phases of inactivity during which no group member showed any activity 

in the forum or the Etherpad. These passive phases were of special interest since they have a 

negative impact on the group work (see Section 2). In order to include these phases of inactivity a 

new gap action was inserted into the collaboration sequences whenever there was an inactive period 

of 24h. To identify inactive periods before the first activity of a group member took place, a start 

element was added as first item in each sequence with a timestamp that corresponds to the start time 

of the assignment. 

 

Table 1  

Coding Scheme for Contributions 

Contribution 

type 

Description Examples 

Coordination Forum posts of prospective 

character, e.g. planning, 

distribution of work, 

commitments for envisaged 

contributions according to 

own time schedule. 

“I could write something in the 

introduction, but I won´t have the 

time until tomorrow.” 

“Do you have some ideas how to 

structure the text?” 

Monitoring Retrospective forum posts, 

e.g. reports of contributions, 

reflection on the progress. 

“I wrote something in the discussion 

part. Could you have a look if it 

fits?” 

Major 

Contribution 

Contributions in Etherpad 

with more than 600 

characters that significantly 

expand the content of the 

text. 

Posts in the group forum that 

are supposed to be 

integrated into the Etherpad 

text. 

 

Minor 

Contribution 

Small changes such as 

restructuring of the text, 

correction of typos, and 

other small text additions 

below 600 characters, or 

drafting an outline. 

 

Other Forum posts that cannot be 

considered as relevant for 

the product of group work. 

“The text looks good to me, I have 

nothing more to contribute”. 

“Thank you for the good work”. 

 

 
Figure 1. Complete collaboration sequence for one group. 

 

The resulting encoded collaboration sequences of the groups could then be interpreted as 

characteristic fingerprint of the collaboration activities of each group during an assignment. Figure 1 

shows such a sequence for one group. Each action is colored according to its class. The sequence 

begins with the start element (red). Subsequently two gaps follow. After that all different 

contribution types appear in the sequence, which ends with a minor contribution.  
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In the next step, the final group sequences were compared, to find similarities between them. 

Furthermore, four properties regarding the quantity and quality of the resulting wiki articles were 

calculated.  

 

3.1 Sequence matching and clustering 
 

The sequence matching approach begins with the calculation of a distance measure followed by 

similarity-based clustering on the basis of the ensuing distance matrix. A proper measure for the 

distance of two collaboration sequences can be derived from sequence alignment or optimal 

matching as used in bioinformatics. Abbott and Tsay (2000) review the application of similar 

techniques in social studies. The idea of optimal matching is to calculate the minimal costs of 

transforming one sequence into another by insertion, deletion and substitution of sequence elements 

(similar to the Levenshtein distance). Here, different operations can be loaded with different basic 

costs. For our analyses of collaboration sequences, we defined the cost for insertion and deletion as 1 

while the cost for substitution was 2 if a gap was involved and 1 in all other cases. The reason is to 

emphasize the difference between inactivity and active contributions of users. For example, 

changing a minor contribution into a major contribution to match one sequence to another does not 

make a big difference considering the course of actions in the development of a shared document. 

However, changing a gap into an action or an action into a gap should be more expensive since 

inactive periods can be an indicator for problems in the group work and as such substituting them 

should be weighted accordingly. 

The resulting distance matrix was used to group the sequences into clusters. For the clustering the 

method Partitioning around medoids (PAM) was used (Kaufman, Rousseeuw, 1987). The idea of 

PAM is to search for k representative instances (medoids) as representative for each cluster.  The 

algorithm first searches for a suitable set of representative instances (build phase) and then matches 

the other instances to their closest representative until no switch of objects between clusters 

improves the results. The clustering was performed with different number of clusters k, ranging 

from 2 to 4. To determine which clustering was best, the measures of diameter of the clusters, 

average distance inside the clusters and average distance between the clusters were taken into 

account. K=3 performed best in all categories. 

 

3.2 Wordcount, work imbalance, and concept coverage 
 

To rate the result of the produced wiki articles four properties were examined. The first property, the 

‘wordcount’ is based solely on the productivity of the group and simply measures the number of 

words in the final version of the produced text. It is important to note that in all group assignments 

the students were supposed to write at least 600 words. Thus, taking the wordcount only for 

assessing the outcome produced by a group is of limited significance. However, some groups 

exceeded this minimum by hundreds of words. Accordingly, the wordcount can still be used to 

differentiate between groups that solved the task and groups that were more engaged. 

 To better judge the actual content of the produced texts over sheer wordcount, the wiki 

articles were compared to transcripts of the instructional videos that were provided for each thematic 

section of the course (see Section 2). Since these instructional videos covered the most important 

aspects in a course section, texts produced by good groups were assumed to be more similar to the 

video transcripts than others. For text comparison, part-of-speech tagging and word stemming was 

used to reduce both the wiki articles and the video transcripts to the contained nouns. More frequent 

nouns in the video transcripts can be considered as core concepts. The frequency vectors of the 

remaining terms of the articles and the video transcript of the corresponding course section were 

compared using cosine similarity. This similarity is called ‘concept coverage’ in the following. In 

order to make the computed cosine similarities between different course sections (topic of the week) 

comparable (topics differ in the number and distribution of core concepts), a ranking of groups was 

generated for each week. The group with the highest concept coverage was ranked 1, the one with 

the lowest was assigned the lowest rank. Since the range of the ranks depended on the number of 

articles that were written on the different topics (e.g. 19 articles on brainstorming, 9 articles on 

common ground), the ranks were normalized to range between 0 and 1. 0 means the group had the 

worst rank for the task assignment and 1 being the highest rank.  
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 The third and fourth property subsumed as ‘work imbalance’ aim at how balanced the 

distribution of text contributions is among the group members. First, the share of characters each 

group members has contributed to the overall text was calculated. The variance between these shares 

within the groups gives an insight on how fair the work was distributed. A high variance means in 

this case, that the contribution to the text was unevenly distributed while a low variance indicates a 

well distributed group work. For this calculation, only students that were active and contributed to 

the task were included.  

 Alternatively, the Gini-index of the contributed characters of the 4 group members was 

calculated as well. The Gini-index ranges between 0 and 1 and measures the deviation of a 

distribution from an (ideal) uniform distribution. It is 0 if all group members contributed equally and 

1 if one did all the work alone. Here also inactive group members were taken into account. 

 

3.3 Decision tree induction  
 

In order to further interpret the clusters and to investigate the possible effect of activity gaps and 

coordination messages, a decision tree has been constructed using the CART algorithm (Breiman, 

Friedman, Olshen, Stone, 1984). Here, each sequence was described by the number of the 

coordination messages and gaps while the corresponding cluster (cluster 1, 2 or 3) was used as 

dependent variable. The algorithm aims at building a compact tree, which best explains the 

association of sequence instances to clusters, by recursively splitting the instances into subsets 

according to the most discriminating property. Consequently, the more discriminating properties 

occur at higher levels of the tree. The procedure terminates when subsets become smaller than 5 

instances. Later, post-pruning based on 10-fold cross validation (c.f. Breimann et al., 1984) is 

applied to reduce the tree to the most expressive split points. 

 

 

4. Results 
 

The clustering divided the 65 sequences into 3 clusters (see Figure 2). For each cluster the average 

number of produced words in the wiki article (Word count), the average number of phases of 24h 

inactivity (#Gaps), the average number of coordination activities (#Coordination), the concept 

coverage and the two versions of work imbalance are given in Table 2. Additionally, Table 3 shows 

the percentage of gaps and coordination messages in the first half of the group activity sequences. 

Generally speaking, the majority of the inactive phases can be found in the first half of the week for 

all clusters (51% - 86%), indicating that the groups need time to organize at the beginning and tend 

to work more closely towards the assignment deadline.   

 

Table 2  

Average Values for Produced Text, Number of Gaps, Number of Coordination Messages, Concept 

Coverage and Work Imbalance for each Cluster (Best Values are in bold face) 

 

Cluster Word 

count  

#Gaps  #Coordination Concept 

coverage 

Work 

imbalance 

(variance) 

Work 

imbalance 

(Gini index) 

1 830 2.7 6.7 0.52 0.03 0.36 

2 695 3.6 2.4 0.53 0.05 0.4 

3 628 4.8 1.2 0.47 0.12 0.5 

 

The 19 sequences in the first cluster showed the highest productivity with 830 written words 

on average in the wiki article. The majority of the groups start the work on the first or second day. 

Notable is the high number of coordination messages in this cluster. On average, each sequence 

contains 6.7 coordination messages with 68% of them in the first half of the assignment and only 2.7 

activity gaps per sequence. The normalized average rank for the concept coverage (see Section 3.2) 

for cluster 1 and cluster 2 is very similar (0.52 and 0.53). Consequently, the groups in both clusters 
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cover the most important topics mentioned in the introduction video equally well while cluster 3 is 

slightly worse. 

The work imbalance shows a similar picture but discriminates more between cluster 3 and 

the other two. The average variance of the text distribution for cluster 1 and cluster 2 (0.03 and 0.05) 

is below the average for all groups (0.06). This means that the contributions to the wiki article were 

more evenly distributed between the group members in clusters 1 and 2 than in cluster 3 (0.12). Over 

all groups, the variance ranged from 0.0, for a group where all members contributed equally to 0.44 

where one student was responsible for most of the work. The work imbalance measured by the 

Gini-index gives a similar result. To further assess how strong sequence patterns indicate the 

distributions of work in the learning groups an ANOVA was conducted. Both measures for work 

imbalance (contribution variance and Gini-index) show a significant difference between the clusters 

(F(2,62)=4.43, p=.02) and (F(2,62)=4.36, p=.02) respectively. Following pairwise t-tests further 

revealed no difference between clusters 1 and 2 but significant differences between 3 and the other 

two with respect to the Gini-index and the variance-based measure. 

 

Table 3 

Percentage of gaps and coordination messages in the first half of the sequences for each cluster 

 

Cluster Gaps 

(first half)  

Coordination 

(first half) 
 

1 70% 68%  

2 51% 47%  

3 86% 19%  

 

Cluster 2 consists of 17 groups that wrote 135 words less on average than cluster 1 groups. 

Groups in cluster 2 have 3.6 gaps on average, which is 0.9 more than the groups in cluster 1. A 

greater difference can be seen in the number of coordination messages which is 2.4 for the 2nd 

cluster. 47% of the coordination takes place in the first half of the activity sequence.  

The biggest cluster is the 3rd one which consists of 29 sequences. These groups were least 

productive (628 words), showed the biggest number of inactive phases (4.8) and had the least 

coordination of all clusters (1.2). Nearly 2/3 of the groups in this cluster showed no activity in the 

first three days and especially coordination was rare in the beginning (only 19% of the coordination 

took place in the first half of the sequences). 

Cluster 3 has the lowest average rank for concept coverage of all clusters (0.47). 

Furthermore, the groups in cluster 3 had the highest variance in text shares between the students 

(0.12). This means that the contributions to the wiki article were not as fairly distributed between the 

group members as they were in clusters 1 and 2.  

Generally, it is expected, that groups with more inactive phases are less productive. 

However, the difference in the number of inactive phases between clusters 1 and 2 is just 0.9 while 

the word count of cluster 1 with an additional 135 words on average is much higher. One reason 

could be that the number of coordination messages is responsible for the disparity and that the 

impact of coordination especially in the beginning of the task is important for the productivity. 

While the wordcount for cluster 1 is higher, clusters 1 and 2 are similar in both concept coverage and 

text distribution. 

As described in Section 3.3, a decision tree explaining the clusters based on the number of 

coordination messages and gaps was constructed (see Figure 3). Each non-leaf node denotes a split 

point that divides the sequences into two subsets. Every node shows the cluster that the majority of 

the sequences in the subset belong to at the top (also indicated by node color). Below the number for 

the cluster, each node contains three values that describe the fraction of instances in the split 

belonging to each of the three clusters (.00 = 0%; 1.00 = 100%; cluster 1-3 from left to right). The 

percentage at the bottom of each node shows how many of the entire set of sequences belong to the 

corresponding split. The higher a split point is in the hierarchy the more discriminating, and thus 

more important, is the split point. It can be seen that cluster 1 can almost completely be explained 

only by a number of coordination messages greater than 3.5 (78% of the instances). For those 
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sequences, that show less than 3.5 coordination messages, a second split point decides whether the 

groups are more likely to be in cluster 2 or cluster 3.  This second split point divides the groups based 

on the number of gaps that appear in the sequence (more or less than 4.5). Those sequences with less 

than 4.5 gaps are more likely to belong to cluster 2 (56%) while the other sequences with more than 

4.5 gaps most likely belong to cluster 3 (83%) A high number of gaps indicate the low productivity, 

the lowest concept coverage and the biggest work imbalance of cluster 3.  

This observation highlights the importance of coordination messages. Groups that are well 

coordinated belong to the best performing cluster 1 while they cannot be well distinguished from 

cluster 2 based on the number of gaps. Thus, the presence of activity gaps does not necessarily go 

along with low productivity if enough coordination takes place. However, the absence of 

coordination seems to be coupled to the number of gaps and lower work quality and quantity which 

is typical for cluster 3. This will be further discussed in Section 5. 

 

 
 

Figure 2. The resulting groups of the PAM clustering. 

 

5. Discussion and Conclusion 
 

The sequence clusters extracted from the dataset show typical distributions of the action types over 

the whole sequences. The clusters also differ in terms of “productivity” (using the simple word count 

measure), quality (using concept coverage) and fair work distribution. 
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Figure 3. Decision tree describing the 3 clusters. 
 

In the monitoring of groupwork, it is quite intuitive to use observed inactivity as a main 

indicator for groups being dysfunctional and thus requiring support. Our findings differentiate this 

assumption: Phases of inactivity (or “gaps”) can be counterbalanced by coordination especially at 

the beginning of a group task. While the second cluster does not differ much in inactivity from the 

first one (avg. no. of gaps: 2.7 vs. 3.6), its productivity is almost as low as the one of the third cluster 

with much higher inactivity (4.8). Indeed, the decision tree analysis indicates that the number of 

coordination messages differentiates most in terms of the well-functioning of group work. While the 

productivity of cluster 2 is lower than the productivity of cluster 1, the concept coverage and fair 

work balance of the clusters are similar. In contrast to that, cluster 3 shows the lowest productivity 

and concept coverage and the highest work imbalance. 

More concretely, it can be said, two days of inactivity in the first half goes along with low 

productivity in total if no coordination has taken place beforehand. One reason could be that some 

students are reluctant in making the first contribution. If nobody shows visible activity this creates 

uncertainty about the motivation and potential for contributing on the part of the groupmates. 

However, if the groupmates show more “presence” and share their time schedule and structure their 

group work beforehand, activity gaps are less of an issue and can be overcome. Furthermore, more 

coordination also results in a fairer work distribution and a higher quality of the produced texts 

(concept coverage). Again, the difference between cluster 1 and 2 was very low with respect to these 

measures but very salient between the not well coordinated groups in cluster 3 and the others. On the 

one hand, these results show that early coordination and presence of activities of group mates is 

important for distributing the work more equally. On the other hand, a lower work imbalance can 

also be a result of higher overall engagement of the group members when activities of one member 

trigger activities of others. The higher concept coverage, and therefore, potentially higher 

engagement with the course content in better coordinated groups could be a result of the better 

distribution of work where each member can play a part in specific sub-topics of expertise. Closer 

examining the relationship between detectable sequence patterns and those collaboration quality 

indicators is one of the main future research directions. 

At present, our findings lead to the following suggestions for establishing and supporting 

productive group work in large online courses: 

- Group assignments should be clearly structured and well defined. Too many degrees of freedom 

increase the coordination effort for groups which can be a source of problems as our results show. 

Deadlines have to be adjusted such that students with different time schedules have a chance to bring 

in their contributions (c.f. Erdmann et al., 2017). 

- Scaffolding mechanisms for group work should be offered, for example, guidelines for students 

highlighting the importance of early coordination. On the technical side, this can be supported by 

proper communication and scheduling tools. 

- The findings presented in this paper can further be used to design intelligent support systems that 

react on the observation of critical patterns i.e. the absence of coordination in conjunction with 
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activity gaps to help tutors to turn their attention to those groups. To enable a “real-time” analysis, an 

automated classification of user activities (see Section 3) is required. A first classification model that 

predicts the class of activities based on textual properties such as number of written characters, 

duration of the activity and the tool that was used (forum vs. Etherpad) has been developed which 

will be used to close the loop from the detection of sequence patterns to adaptive system generated 

scaffolding and intervention mechanisms in the future.  
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Abstract: Providing feedback is one of the most effective methods to enhance student's 

learning. The absence of readily available data on paper-based assessments makes it impossible 

to know whether students received feedback and whether they have acted upon it or not. In our 

institution, we have been using a homegrown educational technology to support 

blended-instruction classes by integrating physical and cyberlearning analytics. Using the 

collected digital footprints of students, we were able to analyze their reviewing behavior. A 

study was conducted to investigate the effects of personalizing the reviewing sequence of 

paper-based assessments. Each student is presented with a personalized sequence of questions 

to review based on the importance of their mistakes. We found that the students who followed 

the suggested sequence improved significantly higher in the succeeding exam than those who 

reviewed the assessment arbitrarily or did not have any reviewing strategy. Results showed that 

personalized guidance on reviewing graded assessments effectively helped improve student 

performance. 

Keywords: Personalized feedback, personalized learning, personalized guidance, 

programming learning, formal assessment, multimodal learning analytics. 

1. Introduction

Paper-based assessment is a common tool to evaluate students' learning. It allows greater flexibility in 

preparing and administering the assessment. However, many desired and detailed learning analytics are 

unattainable. For instance, how do students review the returned assessments; what are the impacts of 

the given feedback to their learning, etc. While a range of efforts have been taken to support learning in 

online assessments (e.g. online submissions, auto-assessments, personalized feedback, etc.), little has 

been done to support personalized learning in blended learning environments, where classes utilize 

computer-assisted tools to support learning (e.g. online assignment submissions) and adopt paper-based 

formats for exams (e.g. to reinforce longhand behaviors  (Mueller & Oppenheimer, 2014)). In our 

institution, we have been using WebPGA 1 , a homegrown educational technology, to support 

blended-instruction class orchestration by integrating physical and cyberlearning analytics. Essentially, 

physical paper assessments are digitized, graded, and returned to students in an online environment. 

Using the collected digital footprints of students, we were able to assemble multimodal learning 

analytics and to analyze their reviewing behavior. In previous studies, we found that students exhibited 

diverse reviewing strategies. The success of good students was attributed to their determination to 

correct their mistakes (Hsiao, et al., 2017). Thus, in this paper, we hypothesized that students will 

benefit from a personalized reviewing sequence that is based on the urgency of the questions where they 

made mistakes. A classroom study was conducted to examine the pattern of differences of adaptive 

guidance in reviewing paper-based assessments. 

The rest of the paper is organized as follows. Section 2 provides a discussion on the benefits of 

personalized guidance and adaptive feedback in learning. Section 3 illustrates an overview of the 

research platform and its design, as well as the data collection. Section 4 discusses our findings and the 

effect of using the personalized reviewing sequence to student performance. Finally, section 5 presents 

the conclusions and summarizes the work with future plans. 

1 https://cidsewpga.fulton.asu.edu/about/ 
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2. Literature Review 

 

2.1 Personalized Guidance in Learning 

 
In the context of personalized learning, personalized guidance describes a group of techniques which 

provide a concise learning path to the learner. To implement personalized guidance in an intelligent 

educational system requires modelling the domain (learning content) and student interactions with the 

system (learning process). This enables the content to be presented or instructed in personalized 

sequences (Chen, 2008); or the learning process to be adapted to scaffold the learning activity (Azevedo 

& Jacobson, 2008). One of the common techniques in personalized guidance is Adaptive Hypermedia 

(AH), which utilizes the changes of the link appearances on the learning resources and guides students 

to the most appropriate ones (Brusilovsky, 1996). This approach relies on the synergy between the 

artificial intelligence (AI) of the system and the students' own intelligence, and often brings better 

results and higher satisfaction. Such technique has been evaluated and reported to help students to get to 

the right question at the right time, and significantly increase their chance to answer the question 

correctly in the self-assessment context (Brusilovsky & Sosnovsky, 2005; Hsiao, et al., 2010). The 

adaptive navigation support method has been further deployed in fusing social learning context. In an 

intelligent educational system with open social student modeling interfaces, greedy sequencing 

technique was adopted to maximize student’s level of knowledge (Hosseini, et al., 2015a). The results 

revealed that the guidance increased the speed of learning for strong students, and improved the 

performance of students, both in the system and end-of-course assessments (Hosseini, et al., 2015b). 

Note that the mere presence of personalized guidance may not be sufficient to provide learning impact, 

what matters is whether the students choose to follow or to ignore the guidance (Hosseini, et al., 2015b). 

 

2.2 Adaptive Feedback in Learning 

 
Feedback is one of the most effective methods in enhancing student's learning (Hattie & Timperley, 

2007). There is an abundance of factors that affect educational achievement. Some factors are more 

influential than others. For instance, feedback types and formats, timing of providing feedback, etc.  

(Shute & Zapata-Rivera, 2007). Studies have reported that positive feedback is not always positive for 

students' growth and achievement  (Hattie & Timperley, 2007); “critical” rather than “confirmatory” 

feedback is the most beneficial for learning regardless of whether feedback was chosen or assigned  

(Cutumisu & Schwartz, 2016); content feedback achieves significantly better learning effects than 

progress feedback, where the former refers to the qualitative information about the domain content and 

its accuracy and the latter describes the quantitative assessment of the student's advancement through 

the material being covered  (Jackson & Graesser, 2007). Several of the different feedback factors were 

explored on the intersections with the learner's variables (e.g. skills, affects) and reported to support 

personalized learning (Narciss, 2008). For instance, cognitive feedback was found to make a significant 

difference in the outcomes of both student learning gains in an intelligent dialogue tutor (Boyer, et al., 

2008); student's affects were being adapted to improve motivational outcome (self-efficacy) (Boyer, et 

al., 2008;  Dennis, et al., 2016); using student characteristics as tutoring feedback strategies to optimize 

students' learning in adaptive educational systems (Narciss, et al., 2014). While a large body of 

empirical studies investigate the impacts of feedback in the context of learning, we focused on 

researching adaptive feedback to guide students learn across physical and digital environment. 

 
 

3. Methods 

 

3.1 Research Platform 

 
WebPGA was developed to connect the physical and the digital learning spaces in programming 

learning. This system facilitates the digitization, grading, and distribution of paper-based assessments. 

All actions performed by its users are logged. Examples of which include, but are not limited to: logging 

in and out, clicking an assessment to review, clicking a specific question to review, and using the 
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navigation buttons to move to another question. In certain cases, where it is applicable, the time spent 

performing the action is also recorded. 

 

 
Figure 1. Student dashboard highlighting the reminders panel 

 

Figure 1 presents the student dashboard which provides students an overview of their class 

performance. The leftmost panels list all the assessments along with the scores they obtained. It also 

informs them when they last reviewed an assessment, if applicable. Students can also click on a link to 

see detailed information about a particular assessment. The assessments are arranged from latest to 

oldest. In the center panel, a visualization is provided which gives students an overall picture of their 

progress in class. Below it is a newly implemented widget which provides students a personalized 

recommended reviewing sequence (further discussed in the next paragraph). The rightmost panels 

provide some administrative information about the class. Figure 2 presents an overview of an 

assessment which lists all the questions along with the scores obtained. A color coding scheme was 

utilized to make the presentation more meaningful. Green means the student got full credit, yellow 

means the student obtained partial credits, and red means the student did not obtain any credit. The 

questions are arranged based on how they were arranged in their physical paper counterpart. However, 

students can also opt to follow a recommended sequence provided by the system by clicking on the link 

on the upper right portion. Students can click on the thumbnail to review a particular question. This will 

open a panel (shown in Figure 3) where they can see more details about the question. This includes 

feedback from the grader, annotations on top of their scanned paper, detailed breakdown on how their 

answers were graded, and the score obtained for the question. 
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Figure 2. Assessment overview using the original sequence 

 

 
 

 
 

Personalization was introduced in the system, specifically on the student dashboard and in the 

assessment overview. Students are given personalized actionable reminders which list all assessments 

or questions that have not been reviewed (see Figure 1). The order of the items in the list is determined 

using Algorithm 1. If the student clicks on the name of an assessment from the list, they are redirected to 

the assessment overview (similar to Figure 2 but only different on how the questions are arranged) 

where questions are listed and arranged using Algorithm 2. On the other hand, if the student clicks on a 

specific question from the list, they are redirected to the question overview (see Figure 3). 
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Figure 3. An overview of a single question which shows the scanned paper assessment (left panel) and 

the different feedback provided by the grader (right panel) 

 

3.2 Data Collection 

 
This study was conducted on an Introductory to Object-Oriented Programming course offered during 

the Fall 2017 semester. This course had 3 exams. Table 1 provides an overview of the students' 

performance in the exams. Among the 60 students enrolled, only 56 (93.33%) students were initially 

included in the study as those who dropped the course in the middle of the semester or did not take the 

three exams were excluded. All the students received the same instructions in class and used the same 

version of the system. After an exam was graded, it was released and made available to all the students 

at the same time. Students were given full autonomy to use or not use all the features of the system to 

help them review their graded exams. 

 

Table 1 

Overview of Class Performance 

Exam Student Count Total Points Average Normalized Std. Dev 

Exam 1 59 105 70.15 66.81% 18.73% 

Exam 2 57 107 70.51 65.90% 17.30% 

Exam 3 57 105 77.11 73.43% 13.94% 

 

 The semester was divided into two equal time periods, namely Exam1-Exam2 and 

Exam2-Exam3. Since personalization was only introduced to all students right after Exam 2 was 

administered in class, we focused this study on the Exam2-Exam3 period only. A total of 1,959 user 

logs were captured by the system during this period.  Afterwards, students were divided into two 

groups, namely Guided and Not Guided. If a student (1) clicked an assessment (Figure 1A) or a question 

(Figure 1B) from the list on the Reminders Panel, or (2) clicked on the “See Recommended Sequence” 

link on the Assessment Overview (Figure 2A), the student is classified under the Guided group. 

Otherwise, the student is classified under the Not Guided group. 
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Table 2 

Improvement of the Two Groups during the Exam2-Exam3 Period 

Group Student Count Average Delta Std. Dev 

Guided 24 0.09 0.66 

Not Guided 16 0.03 0.78 

 
 The change in the normalized scores between Exam 2 and Exam 3, which will be referred to as 

delta (increase or decrease), was computed for each student. Students whose delta that are considered as 

outlier were excluded. The same was done for those who never logged into the system during the 

period. A total of 40 (66.67%) students were used in succeeding analyses. Table 2 summarizes the 

performance of the two groups during the period. 

 

 

4. Results and Discussions 

 

4.1 Learning Effects of Personalized Guidance 

 
This study aims to integrate physical paper-based exams into a digital environment and provide 

personalized reviewing. Using the WebPGA platform, we were able to capture students' digital 

footprints which allows us to provide personalized guidance in maximizing student’s learning. It is 

hypothesized that importance-based reviewing recommendation has a positive impact on learning. To 

verify this hypothesis, the delta between the two groups were compared. We found that, on average, the 

improvement of the students from the Guided group (9.23%) was significantly higher (p<0.01) than the 

students from the Not Guided group (3.18%). The Cohen’s effect size is d=0.08. This finding prompted 

us to further investigate how the behavior of the two groups differ. We looked at two aspects of the 

groups, namely: their skip distance and their reviewing effort. 

 
Table 3  

Skip Distance of the Two Groups during the Exam2-Exam3 Period 

Group Student Count Average Skip Distance Std. Dev 

Guided 24 2.06 0.99 

Not Guided 16 1.03 0.77 

 

4.1.1 Non-Sequential Reviewing Behavior 

 
Whenever a student reviews an assessment, they are given the autonomy to choose a question to review 

regardless whether they followed the personalized recommended sequence or not. Students initially 

click a question to review from the assessment overview (Figure 2). This opens the question overview 

(Figure 3). Once they are finished, they could either (1) use the navigation buttons to go to the previous 

or the next question, or (2) close the current question and choose another question again from the 

assessment overview. When students use the personalized recommended sequence, important questions 

are identified and are presented to them. This results in non-sequential reviewing patterns. The number 

of questions in between the current question they are currently reviewing and the previous question they 

reviewed is referred to as skip distance. The order of the questions when it was administered in class 

was used as reference. We found that when students followed the recommended sequence, they had a 

significantly higher (p<0.01, d=1.1) skip distance than those who did not. The non-guided group 

obtained an average skip distance of 1.03, which is not necessarily a bad thing (an average skip distance 

of 1 indicates that the student simply reviewed the questions of the assessment in a sequential manner). 

This might also indicate the inability of the students to identify which questions to skip so that they can 

focus on questions that needs to be reviewed right away. Table 3 summarizes the average skip distance 

of the two groups. Lastly, we found that there is a weak positive correlation (r=0.06) between the 

average skip distance of a student and his or her improvement. However, it is not statistically 

significant. This result aligned with the literature that process feedback (suggested review sequence) 

can only do so much. What matters is the content feedback (concept correctness feedback) (Jackson & 
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Graesser, 2007). Thus, we further inspected what were the content that the students reviewed and the 

subsequent effects in Section 4.2. 

 

4.1.2 Reviewing Effort 

 
In addition to students' reviewing behaviors, we also looked into their reviewing efforts. Through the 

help of personalization, students become aware of the importance of certain questions based on their 

performance. We hypothesized that this will enable students to become more persistent in reviewing 

those questions to get them right the next time. This means that they will review certain questions 

multiple times. Also, this will prompt them to attend to these questions immediately and therefore be 

able to cover more mistakes when reviewing. To verify these hypotheses, we counted the number of 

times each student reviewed questions during the entire period. Also, for each student, we counted the 

number of questions from Exam 2 that the system would identify as important. Then, among these 

questions, we counted how many were reviewed by the student. This ratio will be referred to as the 

student's review coverage. There was no significant difference between the number of times the 

students from the Guided group (x=12.21, s=11.69) and those from the Not Guided group (x=8.56, 

s=6.40) reviewed. When the review coverage by those from the Guided group (x=79.44%, s=31.56%) 

and those from the Not Guided group (x=67.50%, s=47.26%) were compared, no significant difference 

was found as well. Although no significance was found in reviewing efforts, it must be noted that the 

personalization was only introduced after the first exam. It will be interesting to know whether the same 

trend can be seen if multiple assessments, such as quizzes, are also available. 

 

4.2 Improvement on Knowledge Components 

 
To further understand in finer details the effect of the personalization on the performance of the 

students, we focused on the students from the Guided group and inspected all the knowledge 

components associated to all the questions of Exam 2 and Exam 3. Only those that are common in the 

two exams were considered. Among the 50 knowledge components, 10 were excluded from the 

analysis. Afterwards, the knowledge components were grouped based on Java Ontology as defined by 

Hsiao et al. (2010). A total of 5 topics were identified. These are listed below along with the number of 

knowledge components classified under them. 

T01. Basic Programming Concepts (8) 

    T02. Object & Class Concepts (20) 

    T03. Control Structure (3) 

T04. Iteration (7) 

T05. I/O Handling (2) 

For each topic, the raw scores were added up then divided by the maximum possible points. 

This is done for both Exam 2 and Exam 3. Table 4 summarizes the average performance of the students 

in the topic for the exam. A topic followed by an asterisk (*) indicates that it is statistically significant 

(p<0.05). Among the 5 topics, 3 were the topics where the students who used the personalized review 

sequence had a significant improvement. Looking at the general trend, students did better on topics 

which were already covered in the past. 

 
Table 4 

Effects of Personalization on Common Topics 

Exam T01* T02* T03 T04 T05* 

Exam 2 
Average 0.56 0.74 0.78 0.69 0.46 

Std. Dev 0.14 0.13 0.15 0.15 0.39 

Exam 3 
Average 0.89 0.80 0.75 0.71 0.85 

Std. Dev 0.08 0.12 0.29 0.39 0.28 

Delta 0.33 0.06 -0.03 0.02 0.40 

Cohen’s d 2.9 0.5 0.1 0.1 1.1 

 
Finally, we wanted to know how the system helped different types of students. Students from 

the Guided group were split into two. The median score of Exam 2 (x=74) of the entire class was used as 
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the cut-off point to classify the students as either Stronger student (11 students) or Weaker student (13 

students). Table 5 provides an overview on how the two groups improved during the period which is 

also visualized in Figure 4. We found that for fundamental topics, such as T01, weaker students had a 

significantly higher improvement of 3.72%. The same can be seen in a more complex topic, such as T05 

at 5.38%. Also, both have large effect sizes. This finding is interesting as it shows that through 

personalized and adaptive guidance, weaker students can take full advantage of focusing on reviewing 

their “weakness” and consolidate their fundamental knowledge, which could subsequently lead to the 

improvement on both simple and advanced topics. 

 
Table 5 

Improvement on Common Topics of the Guided Group 

Exam T01* T02 T03 T04 T05* 

Stronger student 0.28 0.05 -0.09 0.05 0.23 

Weaker student 0.37 0.08 0.02 0.00 0.54 

Cohen’s d 1.1 0.2 0.3 0.1 0.9 

 

 
Figure 4. Improvement according to topics within the Guided group 

 

 

5. Conclusion 

 

5.1 Summary 
 

Using the research platform developed, empirical data on how students review graded paper-based 

assessments were collected and analyzed. A study was conducted on an Object-Oriented Programming 

course. Students were grouped into two based on whether they used the personalized review sequence 

recommended by the system during the Exam2-Exam3 time period. Students who used it had a 

significant higher improvement in their succeeding exam compared to those who did not. We 

investigated the behaviors of the two groups in terms of their reviewing patterns and their reviewing 

effort. We found that those who used the personalized reviewing sequence had a higher skip distance, 

which indicates that the system was able to provide them a personalized sequence which informs them 

what questions are important. However, in terms of students' reviewing efforts, although no 

significance was found, a common trend was seen for both the number of times they reviewed a 

question and their review coverage. Students were able to review questions multiple times and were 

able to review questions that were identified as important. Knowledge components which were 
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common to the two exams during the time period were identified and grouped together into topics. We 

found that students who followed the personalized reviewing order improved significantly. 

Additionally, we took a closer look on the magnitude of the improvement. Overall, students were found 

to improve on a range of topics. The findings suggest that the personalization effectively guides both 

strong and weak students to attend to the right questions when reviewing. The effect was more apparent 

in weaker students, as they improved more in fundamental topics (T01) as well as more complex ones 

(T05). Based on the findings in this study, the implemented personalization looks promising in helping 

students improve their review strategy. 

 

5.2 Limitation and Future Work 
 

Since the personalized recommended review order was only introduced in the middle of the semester, 

only logs from the second half of the semester were analyzed. Moreover, only the data from two exams 

were looked into. As a result, we did not find any significance in personalization effects in reviewing 

efforts. In the future, more exhaustive analysis should be done, particularly the progression of 

assessments (e.g. all the quizzes in between exams) in Computer Science Education (CSE) courses. 
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Abstract: Since information retrieval for relevant learning resources to support teachers or 

learners is a pivotal activity in Technology enhanced learning (TEL), the deployment of 

recommender systems has attracted increased interest. In this paper, we propose an 
approach of recommendation of web services from the annotative activity of the learner to 

assist him in his learning activity. This process of recommendation is based on two 

preparatory phases:  the phase of modelling learner’s personality profile through analysis of 

annotation digital traces in learning environment realized through a profile constructor 

module and the phase of discovery of web services which can meet the goals of annotations 

made by the learner via the web service discovery module. The evaluation of these two main 

modules (web service discovery module & profile constructor module) through empirical 

studies realized on groups of learners based on the Student’s t-test showed significant 
results. 

Keywords: Annotation, learner, recommender system, personality traits, ontology, web 

service 

1. Introduction

Technology enhanced learning (TEL) aims to design, develop and test sociotechnical innovations 

that will support and enhance learning practices of both individuals and organizations (Manouselis 
et al., 2011). It is therefore an application domain that generally covers technologies that support all 

forms of teaching and learning activity (Montebello, 2017). Since information retrieval (in terms of 

searching for relevant learning resources to support teachers or learners) is a pivotal activity in TEL, 
the deployment of recommender systems has attracted increased interest (Manouselis et al., 2011). 

During the learning process, the learner’s activities are numerous and especially varied. This 

diversification is important to both educational plans and psychological plans (Omheni et al., 2017a). 
Thus, the learner can choose to read, write, listen, discuss, experiment, or annotate various resources 

to achieve his learning goals (Azouaou et al., 2013). Among these activities, we focus in our 

research on the annotative activity of the learner because annotation practice is very common and 
omnipresent (Kalboussi et al., 2015b). While reading, the learner usually uses comments, highlights, 

circles sections and posts it to annotate the consulted resources (Cabanac et al., 2010; Marshall, 

2009).  
On other hand, it’s evident for anyone who has taught a course that learners are not a 

homogeneous group. They come into courses with major individual differences among their level of 

knowledge about subject matter content, their intellectual and metacognitive skills, their beliefs and 
attitudes toward the topic and toward learning (Ambrose et al., 2014) as well as their human 

personality characteristics. For such reasons, it’s necessary to adapt the teaching process to different 

student characteristics through designing personalized educational experiences that fit the individual 
characteristics of the users. Recently, the recommender systems are presented as a new technology 

in educational context to deliver a learning support to learners. In this context, many educational 
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recommender systems are designed with different functionalities and recommendation services 
(Kalboussi et al., 2016a; Beham et al., 2010; Vesin et al., 2013). 

Generally speaking, the recommender system needs to capture the traces that users leave in 

an environment which is used thereafter as a basis of knowledge for the system to provide accurate 
recommendations (Buder et al., 2012). Recently, the tendency of using the Recommender Systems 

(RSs) that support learners in online learning environments through individualizing their learning 

experiences to fit the needs of each student is increased. 
In current work, we present the architecture of an educational recommender system that 

bases their recommendation services on the learner’s annotation traces yielded during the learning 

process. The educational recommender system is composed essentially of four basic modules: 
annotation module; web service discovery module; profile constructor module and recommendation 

module. The evaluation of the two principal modules (web service discovery module & profile 

constructor module) through empirical studies realized on groups of learners based on the Student’s 
t-test showed significant results. 

The rest of this paper is structured as follow. In Section 2, we give a brief overview on the literature 

of recommender systems in the educational context. Thereafter, Section 3 presents the architecture 
of our system and details its principal components. Section 4 evaluates the two main modules 

constituting the architecture of the proposed educational recommender system. Finally, we draw 

some conclusions and we cite certain possible directions for future works. 
 

2. Related Work 

 
The recommender systems are widely applied in various interesting application domains such as 
e-commerce, entertainment, and others. Nevertheless, it was only around early 2000 when the first 

application of recommender system appeared in the domain of education (Manouselis et al., 2012). 

Certain works transfer the technology of recommender systems from commercial to educational 
contexts on a one-to-one basis regarding the datasets and methods used to deliver recommendations 

without taking account to the particularities of learning environment (Buder et al., 2012).  

For instance, certain learning portals integrate recommender engines to assist their users during their 
learning experiences (Manouselis et al., 2009). In order to allow the recommender engines to 

produce an efficient recommendation, the system collects datasets which include such usage related 

data (ratings, votes, tags, reads or downloads, bookmarks, etc.) and apply data analysis techniques 
(collaborative filtering, content-based filtering and hybrid filtering technologies) to help users find 

items that are likely of relevance (Verbert et al., 2011). 

Buder et al. (2012) suggest that recommendation in the learning context is more 
challengeable than in other contexts. In fact, the educational recommender systems deal with 

information about learners and Learning Activities (Drachsler et al., 2007) which means that it 

should be personalized with consideration to learnerʼs characteristics (level of knowledge, learning 
activities, learning achievement, learning goals, learning style, personality traits, etc.). Thus, the 

posed issue concerns the data to be gathered from the user side, how to be acquired (explicitly or 

implicitly) and how to be analyzed to extract the needed knowledge for recommendation purposes. 
In our work, we suggest taking advantage of the annotation activity used typically in the 

learning context for different purposes and which may reflect certain learners’ characteristics useful 

as input data for the recommendation process (Mazhoud et al., 2015). 
 

3. Annotation-based Recommender System 
 

The architecture of the annotation-based recommender system under present discussion is shown in 

Figure 1 which illustrates the interaction between the various modules of the system along with the 
flow of information/data. We follow, in our framework, a novel approach of recommendation based 

on learners ’characteristics extracted from their annotation traces yielded during learning 

experience. 
We choose to follow learners through their annotation activities for many reasons.  For 

instance, annotation is a practice which bridges between reading and writing (Marshall, 1998) and 

constitutes the most prominent habits of active reading activity. 
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The architecture of our proposed recommender system consists of four principal modules: 
The Annotation Module, the Web Service Discovery Module, the Profile Constructor Module and 

the Recommendation Module. In what follow, we describe briefly the works carried out for each 

module of our system, and we give an overview about their basic functionalities. 

 
 

Figure 1. The Architecture of the Annotation-based Recommendation System. 

 

3.1  The Annotation Module 

 
Through the annotation module, the learner makes a set of annotative acts during his reading activity 
that will be stored in the annotation ontology (see Figure 2) which is composed of three aspects of 

the annotation (contextual, physical and semantic). 

 

 
 

Figure 2. The annotation Ontology. 

The relationships between the ontology’s concepts are described as follows (see Figure 3): 
An annotation is created by the annotator with a device and has a space-temporal context (place and 

date). It is presented by a particular shape, is pointed to an anchor and related to an annotated content 

which is a part of the read document. The annotation contains an annotating content. The annotator 
is identified by name, has an age, speaks a native language and has some personality traits 

(conscientiousness and neuroticism) which can be accurately predicted form his annotations. The 
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annotator reads a document in a specific domain that contains a set of documents and a set of reading 
goals. The annotation is realized through an annotative act which may mean one or more annotation 

goals. A service community satisfies one or several annotation goals. This service community 

includes one or more web services that realize one or several effects. The annotation undergoes one 
or more effects. 

 

Figure 3. Relationships between concepts of annotation ontology 
 

3.2 Web 

Service Discovery Module 

 
In the course of “pen-and-paper” annotative activity, the learner presents implicitly through some 

made annotations a need for assistance that helps him to meet the goal of such annotations. For 

example, if he annotates an incomprehension of a word or a read passage, the annotator really tries to 
understand what is annotated through several means: to use a dictionary, to look for other documents 

in relation to the annotated document or to ask for the help from an expert in the domain of reading 

(Marshall, 2009). All these means presented previously in “pen-and-paper”, helping the learner to 
meet the annotation goal, take shape in the world of web in the form of services. Thus, we wonder 

and ask: why not bind these web services   to   the developed annotation systems?   

This correlation should be based essentially on the semantics of the annotation so that the 
service will be invoked directly in an intelligent way from the annotation of the annotator. Surely, 

such features offered by a web service can help the user of such an annotation system to satisfy the 

goal of his annotation in a process of active reading. Even if there are some recommender systems 
that present dictionaries or translators to their annotators, this assistance is independent of the 

semantics of the performed annotation. In other words, the annotation   tools   do   not   propose these 

dictionaries or translators due to an annotation made by the reader, but it is the annotator who calls 
and uses himself these means manually. 

To take advantage of the success of web services on the one hand and to better exploit the 

semantics of the annotative activity in other, we propose in this article the idea of a recommender 
system of web services through the learner’s annotative activity. Based on a new approach 

presenting the learner’s annotative activity as a means to invoke web services implicitly (Kalboussi 

et al., 2013a), the proposed recommender system tries to assist the reader via web services during his 
learning activities. Therefore, we consider the annotation not only as a means of memorization of the 

learnerʼs reactions in the reading process but also as a potential source of web services invocation 
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that can assist the annotator and help him to satisfy his annotation goal. So, from a user’s annotation, 
our system is able to interpret a semantics implicitly expressed which presents a need for a web 

service to meet annotation goals (Kalboussi et al., 2016a). Based on this extracted semantics, the 

annotation system discovers and invokes the requested web service. These new features are based on 
an ontology of annotation which presents the different   properties of the learner’s annotative activity 

available to computer processing (Kalboussi et al., 2013b; 2016b). The relations among the elements 

composing the semantic aspect of the annotation ontology can be described as the follows: The 
reader chooses to read a document in a specific domain. Each domain of reading contains a set of 

reading goals which are strongly related to the type of the read document. For example, in the 

e-learning domain, the likely goals of reading a poem are learning and understanding it, while the 
likely goal of reading a comic story is enjoyment. Motivated by this reading goal, the reader begins 

to read and annotate the consulted document. The annotative activity is the result of an active 

reading, so this activity certainly helps the annotator to satisfy his reading goal. For that purpose, we 
present for each reading goal the list of annotative acts realized by the annotator in the reading 

process. For each annotative act, the corresponding one or several annotation goals are presented. 

This objective represents semantics implicitly expressed by the annotator through the annotative act 
for a need for means which answer the goal of this annotation. Services community represents these 

needed means. Thus, for each annotation goal, there is corresponding a service community whose 

goal coincides with the goal of the annotation. 

 

3.3 The Profile Constructor Module 

 
The annotation activity is “a basic and often unselfconscious way in which readers interacts with 
texts” (Marshall, 2009). Furthermore, the annotation is described as a natural human activity that is 

used in daily life as an integral part of reading practices (Oʼhara et al., 1907). Every annotator has 

unique individual patterns in making annotations (Naghsh, 2007). According to Jackson (2001), “if 
you ask annotators today what systems they use for marking their books and where they learned 

them, they generally tell you that their methods are private and idiosyncratic.” Hence, the 

individuality of annotation patterns shows us very plainly that there can be some sort of connection 
between annotation practices and learners’ personality characteristics. 

In our prior work (Omheni et al., 2017a); we seek the connection between learners’ 

annotation practices and their personality traits in the “pen-and-paper” context. We conducted an 
empirical study to validate our hypothesis of correlation of annotation behaviors to the human traits. 

Our findings show significant correlation of annotation practices to certain personality traits 

(Consciousness and Neuroticism). 
In (Omheni et al., 2017a) we explore the validity of our hypothesis in the context of digital 

annotation. Our results are significant and coherent to our prior findings in the “pen-and-paper” 

context. These works constitute the basis of the functionality of the profile’s constructor module. In 
fact, the annotations yielded by learners during their learning activities is stored in the annotation 

ontology and used to model the personality profile of learners which is composed of three basic 

phases: 
 The analysis of annotation activity to extract certain features cited in (Omheni et al., 2017b). 

 Prediction of learner’s personality traits based on the extracted annotation’s features. 
 The storage of the constructed learner’s personality profile to be used later in the 

personalization process of user’s recommendations. 

The constructed personality profile will be used as input data to the recommendation module 
to filter and adapt the list of web services compiled with regard to the objectives of learners’ 

annotations. 

 

3.4 The Recommendation Module 

 
The recommendation module receives a data flow from both the profile constructor module and the 

web service Discovery module. The received data is composed of a compiled list of the found web 
services with regard to learner’s objectives deduced via his annotation practices and his personality 

profile which is built by reference, also, to his annotation traces. 
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We hope refining and filtering the list of service regarding the learner’s personality 
characteristics. For instance, the learner with high level of Neuroticism prefers a web service which 

reacts instantaneously to display the required result. Thus, the system recommends the services with 

low response time to satisfy the learner’s personality characteristics. 
The filtered web services list will be sent to learner to select the desired recommendation for 

execution. The selected web service will be invoked and the system stores the user choice to be used 

later in refining process of system’s recommendation. So, to automate   the process of deduction of 
the appropriate web service according to the learner’s personality traits, we propose to use a pattern 

of annotation. The proposed pattern allows the deduction of the annotation goal from its shape, and 

then based on this objective; the system interprets the web services community which assists the user 
to achieve the goal of the annotation. Finally, according to the learner’s personality traits 

(conscientiousness and neuroticism), the recommendation module selects the appropriate web 

service to be invoked by the annotator. The patterns are represented by an ontology that refers to the 
elements of the annotation ontology. Indeed, an annotation pattern represents a conceptual solution 

to a problem related to the annotative activity. The annotation pattern proposes a solution (the 

semantic of the annotation) to a problem (find this semantic for a given annotation shape in a given 
context according to learner’s personality traits). Our annotation pattern is composed of five 

elements presented in Table 1. 

 

Table 1: Annotation pattern 

 

4. Evaluation 

 
We propose in this article an approach of recommendation of web services from the annotative 

activity of the learner. This process of recommendation is based on two preparatory phases: the 
discovery of web services which can meet the goals of annotations made by the learner (web service 

discovery module), and modelling learner’s personality profile through analysis of annotation digital 

traces in learning environment (profile constructor module). 
We focus in this stage of work on the evaluation of the two modules mentioned above 

through empirical studies realized on groups of learners based on the Student’s t-test to evaluate the 

utility of our proposed approach. 

 

4.1 Evaluation of the Web Service Discovery Module 

 
To evaluate the effectiveness of the web service discovery module, we integrate this module in an 

annotation system called “New-WebAnnot” (see Figure 4) developed in the work of Kalboussi et al. 

Pattern name  

Pattern destination  

Problem to  

be solved 
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Anchor 

Shape 

Annotated content 

Pattern context 
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Annotator 

Name 

Personality traits 
Conscientiousness 
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Native language 

Date 

Place 

Device 

Proposed solution Semantic aspect 

Annotative act 

Annotation goal 
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(2014, 2015a). The choice of this tool is justified by the fact that it represents an annotation system 
offered to the learner to annotate his learning activates. 

 

 
 

Figure 4. The annotation system “New-WebAnnot”. 

 

  We tested the use of this system by a contribution to another classic annotation tool that does not 
provide assistance with web services for two different students’ samples. The experiment lasted four 

reading sessions of a set of English courses. In two different samples (A, B), 60 students (A with N1 

= 30 and B with N2 = 30) had spent two sessions per week that lasted an hour of reading in university 
room equipped with computers. 

 Computers in sample A are equipped with the annotation plug-in “New-WebAnnot” in their 

Mozilla Firefox web browser. 
 Computers in sample B are equipped with a classic annotation plug-in ‘Annozila’ in their 

Mozilla web browser. 

We presented to the students of sample A six categories of web services which can be 
invoked during the annotation session to meet the goals of some annotations made by the learner. 

These services are: 

- Dictionary service: helps explain terms; 
- Translator service: helps translate text; 

- Memory service: helps memorize information; 

- Agenda service: helps plan tasks in the future; 
- Summarizer service: helps summarize texts; 

- Social network service: helps share information with others via social networking. 
We asked to the students to annotate English courses consulted in a specialized website 

which offers a free training in English. The objective of this experiment is to test the motivation of 

each student sample towards the presented annotation system. We try to prove that the assistance 
offered by our annotation system through web services motivates students to annotate more the 

consulted documents. To measure this motivation, we define two metrics: 

 X: the number of annotations in a session for each student. 
 Y: the duration of the annotation session for each student.  The maximum duration of an 

annotation session is 60 min, which represents the time reserved for each reading session. 

The choice of these two factors is justified by the fact that a student motivated to annotate 
realizes logically a high number of annotations, and his session of annotation lasts more than that of 

an unmotivated student. 

The objective of this evaluation is to answer the following question: Is there a difference in 
the number of annotations (X) and the duration of the annotation session (Y) between the two student 

samples? 

This means that we should test the following hypotheses: 
 Null hypothesis (H0): there is no significant difference in the means of X and Y between both 

samples; H0: μXA = μXB and  μYA = μYB. 

 Alternative hypothesis (H1): there is a significant difference in the means of X and Y between 
both samples; H1: μXA ≠ μXB and μYA ≠ μYB. 

We use the Student’s t-test statistical approach to calculate the value texp with degrees of 

freedom (ddl = N1 + N2 – 2). 
 If texp (experimental) < tth (theoretical), there is no significant difference (H0). 

 If texp (experimental) ≥ tth (theoretical), there is a significant difference (H1). 

The results of the Student’s t-test are obtained through the tool STATISTICA in Table 2.  
 For the variable X: 

- texp = 19.586, 

- tth = 3.496 for (ddl = 58[50, 60]) and (α = 0.001), 
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texp > tth⇒ rejection of the null hypothesis (H0) and acceptance of the alternative hypothesis 
(H1). 

 

So, we can conclude for the variable X (number of annotations of the students) that a 
difference between means in samples A and B at the 99.99% level is very highly significant. P = 

0.00021 indicates that there is one in 5000 chance of being wrong for this result. 

 Fo the variable Y: 
- texp = 13.553, 

- tth = 3.496 for (ddl = 58 [50, 60]) and (α = 0.001), 

texp > tth⇒ rejection of the null hypothesis (H0) and acceptance of the alternative hypothesis 

(H1). 
So, we can conclude for the variable Y (duration of annotation session) that a difference 

between the means in samples A and B at the 99.99% level is very highly significant. P = 0.00012 

indicates that there is one in 10,000 chance of being wrong for this result. 
These results proved that there is a highly significant difference between samples A and B 

for the mean of X (P = 0.00021) and the mean of Y (P = 0.00012).  μXA > μXB and μYA > μYB. 

Thus, it is clear that our annotation system motivates more the students in sample A to annotate than 
the ‘Annozila’ tool proposed in sample B. 

 

Table 2: Result of Student’s t-test realized with STATISTICA 

Tests t: Classmt sample (Spreadsheet) 
Groupe1: A  /  Groupe2: B 

 
Average  

 A 

Average 

B 
value of t dl P 

N 

Actives A 

N  

Actives B 

Ratio F 

Variances 

P 

Variances 

Number of annotations 

during a session 
13.608 6.283 19.586 58 0.00021 30 30 1.347090 0.427247 

Duration of annotation 

session 
53.850 39.275 13.553 58 0.00012 30 30 1.616937 0.211690 

 

4.2 Evaluation of the Profile Constructor Module 
 

To assess whether the profile constructor module measures accurately the user’s traits, we integrate 
this module in the annotation system “New-WebAnnot” used in the previous evaluation, and we 

invited learners to annotate consulted resources on the web via this annotation tool to achieve their 

reading and annotation activities. Next, learners were instructed to answer a standard Five Factor 
Model questionnaire (the NEO-IPIP Inventory) to obtain a feedback regarding their personality 

based on their responses. 

To show the system’s efficiency to measure accurately the scores of reader’s 
conscientiousness and neuroticism traits compared to the values determined using the NEO-IPIP 

Inventory, we applied the paired t-test to compare the scores of certain user’s personality traits 

obtained through the two different methods of measurement. We look to determine whether there is 
a significant difference between the paired values of scores. Both measurements are made on each 

subject in the selected sample, and the test is based on the paired differences between these two 

values. The test statistic is calculated as                  t = x /√s2/n, with x is the mean difference, s2 is the 

sample variance, n is the sample size and t is a Student t quantile with n-1 degrees of freedom. In our 
case n = 100.  

Tables 3 and 4 show descriptive statistics of t-test measure of the difference significance 

between the paired values of user’s conscientiousness and neuroticism traits scores measured with 
two different methods: the “New-WebAnnot” system and the Neo-IPIP inventory. 

 

 
Table 3: A t-test measure of the difference significance between the paired values of 

Conscientiousness scores measured with two different methods 

Scores measured with Mean Std.Dv. t-value p-value 
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“New-WebAnnot” system 25,78 4,90 - - 

Neo-IPIP inventory 26,50 20,25 -0,36 0,72 

 

Table 4: A t-test measure of the difference significance between the paired values of Neuroticism 

scores measured with two different methods. 

Scores measured with Mean Std.Dv. t-value p-value 

“New-WebAnnot” system 64,66 6,74 - - 

Neo-IPIP inventory 63,37 21,16 0,63 0,53 

 

Analytical results indicate that the scores of user’s Conscientiousness and Neuroticism 
characteristics obtained through the annotation system “New-WebAnnot” did not differ 

significantly (Sig1 = 0,72 > 0.05; Sig2 = 0,53 > 0.05) versus the scores measured using the Neo-IPIP 

inventory (Table 1 and Table 2). Thus, the experimental results show the possibility to measure 
some personality traits (Conscientiousness and Neuroticism) with reasonable accuracy by reference 

to reader’s digital annotation practices. 

 

5. Conclusion and Futures Works 

 
In this paper we presented a new approach of an educational recommender system which refers to 
learners’ annotations activities to implement personalized recommendations. We explained the 

architecture of our recommendation system consisted essentially of four basic modules: annotation 

module; web service discovery module; profile constructor module and recommendation module.  
The evaluation of the two main modules (web service discovery module & profile 

constructor module) through empirical studies realized on groups of learners based on the Student’s 

t-test showed significant results. Our prior works show plainly the opportunity to consider 
annotations to extract certain learners’ characteristics (personality traits and learning goals) with 

regard to learning context (reading materials). 

As future works, we hope to experiment our recommender module to test its viability. So 
that, we will report our experimental data and we’ll give more details about our system. 

Furthermore, we expect taking advantage of the combination of learner’s personality and his 

annotation goals which may guide our recommender system to derive other learning parameters like: 
learning achievement, knowing that several studies show the influence of human personality and 

annotation on learning performance which is useful to tailor the recommendation technology to the 

educational context and help to assist efficiently the learners during their learning activities. 
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Abstract: Open-ended learning environments (OELEs) present learners with complex 

problems and a set of tools for solving these problems. Developing logging mechanisms that 

capture learners’ interactions with the system provide a wealth of trace data that can be 

employed for studying relations between their behaviors and performance. Such analyses 

provide a framework for making the OELE intelligent in that it can adapt its feedback to 
meet the needs of individual learners. In our previous research, we have developed learner 

modeling schemes that are based on sequential pattern mining (SPM) and Hidden Markov 

models (HMMs) to represent and track the temporal sequence of learners’ interactions with 

the OELE. We briefly discuss the pros and cons of these models, and then propose a process 

modeling approach to capture the temporal nature of learners’ behaviors. We apply the 

process modeling method to data collected from students working with the Betty’ Brain 

OELE, where students learn about scientific processes by building causal models. 

Keywords: Process Mining, Temporal Behavior Analysis, Learner Behavior, and Betty’s 
Brain  

1. Introduction

Open-ended Learning Environments (OELEs) present users with complex problems to solve along 
with a set of tools and resources that scaffold the problem-solving task (Biswas, Segedy, & 

Bunchongchit, 2016). Users can explore multiple solution approaches and assess their evolving 

solutions to determine their progress toward their learning and problem solving goals. OELEs 
typically include logging mechanisms that track users’ activities on the system as temporal 

sequences. Analytics and mining schemes can be applied to these activity sequences to assess, 

model, and interpret student learning behaviors and problem solving strategies (Basu, Biswas, & 
Kinnebrew, 2017; Kinnebrew, Segedy, & Biswas, 2017; Segedy, Kinnebrew, & Biswas, 2015).  

In our previous research, we have developed learner modeling schemes that are based on 

sequential pattern mining (SPM) (Kinnebrew & Biswas, 2012; Kinnebrew, et al., 2017) and Hidden 

Markov models (HMMs) (Biswas, et al., 2010) representations to track the temporal sequence of 
learners’ interactions with the OELE. We have also developed a Differential Sequence Mining 

(DSM) (Kinnebrew, Loretz & Biswas, 2013) to model less common but differentiating behavior 

patterns between two groups of students (e.g., high versus low performers or two groups subjected to 
different interventions). SPMs and DSMs provide a finer-grained but localized analysis of learning 

behaviors exhibited by students. Therefore, additional analyses are required for identifying overall 

learning behaviors that students exhibit when using an OELE. 

In contrast, HMM learning behavior models represent an aggregated probabilistic model of 
students’ overall learning behaviors captured in the form of a probabilistic automaton (Biswas, et al., 

2010). However, these aggregated are hard to interpret because (a) the hidden states have to be 

identified and labeled to characterize behaviors, and (b) transitions have associated probabilities, 
making the models nondeterministic, and, therefore, presenting likely behaviors as opposed to the 

actual behaviors students exhibit at any given time (Rabiner, 1989). While they do provide a useful 

representation for aggregating and comparing the learning behaviors between groups of students, 
they are difficult to apply for interpreting students’ current learning behaviors. 
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In this paper, we explore a a new methodology called process mining (Van der Aalst, 2011), 
to derive a holistic view of students’ learning behaviors from their action temporal sequences 

derived from their work in OELEs., in this paper, we explore We demonstrate the effectiveness of 

this model by applying a process mining algorithm to analyze data from a recent study with Betty’s 

Brain (Biswas, et al., 2005; Leelawong & Biswas, 2008), an OELE where students learn about 
scientific phenomena by building causal models. The results of this analysis provide a holistic 

temporal model of students’ overall problem solving behaviors. 

 

2. Background and Literature Review 

 
Process mining (PM) represents a method for deriving process models from temporal data, where 

the temporal data may represent a sequence of events, where each event may represent an action 

taken by the student when working in one or more learning episodes in an OELE (Reimann, 
Frerejean, Thompson, 2009; Winne, Nesbit, 2009). PM adopts an automata- or Petri net-like visual 

representation to represent the temporal model or process. When applying PM techniques to logged 

problem solving actions, researchers (e.g., Günther & Van Der Aalst, 2007, Schoor & Bannert, 
2012) assume that the present trace data— comprised of temporally ordered action sequences— can 

be mapped to one or more mental processes and the sequence of such processes can be interpreted as 

the students’ temporal problem solving model. 
In previous work, Bannert, Reimann, and Sonnenberg (2014) have applied process mining 

on qualitative data obtained through a think-aloud protocol to investigate learners’ self-regulated 

learning activities (such as analyzing and monitoring behaviors during problem solving) by taking 

into account their temporal ordering with respect to learning outcomes. Sedrakyan, De Weerdt, & 
Snoeck (2016) employed process mining algorithms to study patterns of novices modeling activities 

that were indicative of learning outcomes. The authors argued that identification of modeling 

patterns when teaching conceptual modeling demonstrated the applicability of process mining 
techniques in interpreting students’ cognitive learning processes, and this provided insights for 

generating process-oriented feedback instead of traditional outcome feedback. In a recent study, 

Juhaňák, Zounek, & Rohlíková (2017) used process mining to identify and differentiate between 
various types of non-standard student behaviors related to quiz-taking activities in a learning 

management system (LMS). 

A number of algorithms have been developed for generating process models. Some 

examples are Alpha miner (Van Der Aalst, Weijters, & Marusterref, 2004), Heuristic miner 
(Weijters, Van Der Aalst, & De Medeiros, 2006), and Fuzzy miner (Günther, Van Der Aalst, 2007). 

In this paper, we use the Fuzzy miner algorithm implemented in ProM (Günther & Van Der Aalst, 

2007), an open-source process mining tool (www.promtools.org), to visualize and explore the 
temporal differences in learning behavior sequences of high versus low performing students 

working on causal modeling tasks in the Betty’s Brain environment.While applying process mining 

models on real time data, that involves more events and transition between the events, often provides 

more complex models showing all details but without suitable abstraction for the analysis. In ProM, 
Fuzzy mining algorithm is used to develop a simplified process model on real time data. Here, we 

briefly describe the algorithm and the metrics used to develop the process model. A detailed 

description of the Fuzzy mining algorithm appears in Günther & Van Der Aalst (2007). The Fuzzy 
mining algorithm analyzes temporal sequence data to develop a process models that contain a set of 

nodes (events or actions) and edges (transition between actions/nodes). In order to develop a 

simplified and abstract process model, the algorithm uses two key metrics, significance, and 
correlation. Significance is measured for both nodes and edges, by the relative importance of their 

occurrence compared to the total occurrence. For example, the nodes or edges that occur more 

frequently are considered as more significant. Correlation is measured only for nodes, by analyzing 

how two events are closely related. For example, the two nodes that co-occur more frequently 
compared to other events is considered to be more correlated. Based on the values of the two metrics, 

significance and correlation, the process model is simplified (Günther and van der Aalst 2007) by 

applying three rules.  
1. highly significant nodes are preserved as is;  

2. less significant nodes that are highly correlated are aggregated and grouped into clusters; and  
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3. less significant nodes with low correlations to other nodes are dropped thus creating more 
abstract forms of the model.  

The abstraction level of the process model can be modified by changing three parameters: 

(1) node cutoff, (2) edge cutoff, and (3) utility ratio.  

Node cutoff is applied to remove the nodes whose significance is below the node cutoff 
threshold and the edge cutoff is applied to filter edges whose utility value is below the edge cutoff 

threshold. The utility value of an edge, which is calculated as the weighed sum of significance and 

correlation of an edge based on the parameter utility ratio(𝑢𝑟), which is measured as:  

 
𝑈𝑡𝑖𝑙𝑖𝑡𝑦 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑎𝑛 𝑒𝑑𝑔𝑒 =  𝑢𝑟 ∗  𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒 𝑜𝑓 𝑒𝑑𝑔𝑒 +  (1 − 𝑢𝑟)  ∗  𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒 𝑜𝑓 𝑒𝑑𝑔𝑒 

 
In addition to these parameters, in our work, to evaluate the derived models, we developed a 

metric called map correctness, which represents the number of log sequences that can be replayed 

accurately using the process model. It is measured as: 

 
𝑀𝑎𝑝 𝑐𝑜𝑟𝑟𝑒𝑐𝑡𝑛𝑒𝑠𝑠 = 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝑛𝑜𝑑𝑒𝑠 𝑢𝑠𝑒𝑑 𝑖𝑛 𝑡ℎ𝑒 𝑚𝑜𝑑𝑒𝑙 ∗ 𝐿𝑜𝑔 𝑐𝑜𝑛𝑓𝑜𝑟𝑚𝑎𝑛𝑐𝑒  

(𝑎𝑚𝑜𝑢𝑛𝑡 𝑜𝑓 𝑒𝑣𝑒𝑛𝑡𝑠 𝑖𝑛 𝑡ℎ𝑒 𝑙𝑜𝑔 𝑐𝑜𝑢𝑙𝑑 𝑏𝑒 𝑟𝑒𝑝𝑙𝑎𝑦𝑒𝑑 𝑠𝑢𝑐𝑐𝑒𝑠𝑠𝑓𝑢𝑙𝑙𝑦) 

  

Our aim in this research is to maintain the threshold of 75% for the map correctness by 

manipulating the three parameters. In order to achieve our goal of Map correctness > 75%, the 

node threshold = 0 is fixed (to retain all the actions in the process model), and utility ratio (𝑢𝑟) =
0.5 (to provide balanced weight to both significance and correlation). Then, the edge cutoff value is 

varied to achieve our desired Map correctness value (> 75%). 
 

3. Learning Environment: Betty’s Brain 
 

The Betty’s Brain learning environment (Leelawong, & Biswas, 2008; Davis. et al., 2003) assigns 

learners the task of teaching a science topic (e.g., Climate change) to a teachable agent named Betty 

by constructing a visual causal map consisting of a set of entities connected by directed causal links. 
As students build their map, they can ask Betty questions, and Betty can answer them and explain 

her answers by tracing the causal links on the map. The students’ goal is to teach Betty a causal map 

that matches a hidden expert model of the topic.  
Students’ activities are categorized into three primary action types: (1) reading hypertext 

resources on the science topic (READ), (2) building the causal map (BUILD), and (3) assessing the 

correctness of the map (ASSESS). Students iterate among these action types until they have taught 

Betty a correct model or they run out of time. Figure 1 illustrates the Betty’s Brain BUILD (Causal 
Map) interface. As students read the hypertext resources, they extract causal relations between 

entities and construct the causal map to teach Betty. Students can assess their own understanding and 

success in teaching Betty by: 

 Querying Betty using a template for asking cause-effect questions. A “mentor” agent, Mr. 
Davis, helps grade Betty’s answers by comparing them against a hidden expert model. 

 Asking Betty to take a quiz, which helps them evaluate the current state of the map.  

 

In addition to READ, BUILD and ASSESS actions, students can also carry out additional actions: 

 Add to or view notes (NOTE; a ‘note’ is a text box in which students can collect or 
summarize information from the hypertext resources they deem relevant) 

 Ask causal questions (QUER) to Betty, and after she answers it, they can ask her to explain 

her answer (QUER_EXPL) 

 After taking the quiz (QUIZTAKEN) or after looking at quizzes that were administered 

earlier (QUIZVIEW), students can also ask Betty to explain (EXPL) her answer to a 

specific quiz question. She does this by highlighting the sequence of links used to answer 
the question as well as a step by step solution of how the answer was derived.  

 

Students’ actions along with the context in which each action was performed are recorded in log 
files. 
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Figure 1. Betty’s Brain system showing Causal Map Interface 

 
Student performance in the Betty’s Brain environment is measured by their current “map 

score”, which is computed as the difference between the number of correct and incorrect links 

present in the student’s map at any point of time. Students’ learning behaviors in Betty’s Brain are 
derived from a cognitive/metacognitive task model (Kinnebrew, Segedy, & Biswas, 2017). Their 

interactions with the system are mapped to particular skills (for example, reading hypertext 

resources is mapped to the information acquisition skill), which are then interpreted in terms of the 
overall learning objectives. A sequential combination of primitive skills, performed in a context, is 

interpreted as a problem solving strategy. Researchers have employed a combination of analytics 

methods (Kinnebrew, Segedy, & Biswas, 2017) and exploratory sequence mining techniques for 

detecting and characterizing students’ metacognitive processes in Betty’s Brain environment. 
Betty’s Brain has been shown to significantly improve student learning, as measured by gains 

observed from pre- to post-tests. (Kinnebrew, et al., 2017, Segedy, et al., 2015). 

For analyzing learners’ behaviors, their logged actions are further classified based on time 
taken to perform each action and/or its impact on the current map score. For example, READ actions 

are characterized as READ-SHRT (3 seconds or less spent on reading a page) and READ-LONG 

(more than 3 seconds spent on a page). A linkedit (adding, modifying or deleting a causal link in the 
Causal Map Interface) action that increases the map score is logged with the suffix –EFF (for 

‘effective’), and a linkedit action that decreases the map score is logged with the suffix –INEFF (for 

‘ineffective’). A second qualifier for link edit actions is the suffix –SUP/UNSUP, which indicates 

that editing action performed is supported by information acquired from a previous READ or QUIZ 
action that occurred within the last 5 minutes (Segedy, et al., 2015). The descriptions of the actions 

used to develop the process model described in this paper are summarized in Table 1. 

 

4. Method 
 

4.1 Study Design 
 

The data analyzed in this paper was obtained from a recent classroom study with 87 sixth-grade 

students from four classrooms in an urban public school in southeastern United States. The study 
lasted for 7 days. On day 1, students completed a paper-administered pre-test. On day 2, they were 

introduced to reasoning with causal maps and given sufficient hands-on training to familiarize 

themselves with the Betty’s Brain system. Over the next four days (days 3-6), the students worked 
on building a causal model of climate change in the Betty’s Brain environment. On the last day, they 

completed a post-test that was identical to the pre-test. The pre- and post-tests tested the students’ 

knowledge on the science domain concepts and understanding of causal relations using a 

combination of multiple choice (𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 = 7) and short-answer (𝑚𝑎𝑥𝑖𝑚𝑢𝑚 𝑠𝑐𝑜𝑟𝑒 = 9) 

questions.  
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Table 1 

List of Betty’s Brain Actions with descriptions used for deriving the Process Model 

Primary Action 

Category 
Actions Description 

 

READ 
READ-SHRT Reading resources in science page for < 3 seconds 
READ-LONG Reading resources in science page for > 3 seconds 

 

 

 
 

 

BUILD 

LINKEDIT-EFF-SUP Add or edit a causal link that is correct and 

supported by previous READ or QUIZ actions 
LINKEDIT-INEFF-SUP Add or edit a causal link that is incorrect and 

supported by previous READ or QUIZ actions 
LINKEDIT-EFF-UNSUP Add or edit a causal link that is correct but not 

supported by previous READ or QUIZ actions 
LINKEDIT-INEFF-UNSUP Add or edit a causal link that is incorrect and not 

supported by previous READ or QUIZ actions 
 

 

ASSESS 

QUIZTAKEN Betty takes a quiz when asked to do so, 
QUIZVIEW Viewing results of quizzes (either the current one 

or those that were taken earlier) 
EXPL Asking Betty to explain her answer to a quiz 

question, and viewing the highlighted map that 

she generates 

  NOTE Adding or viewing notes in the note taking 
interface 

 

4.2 Data Preprocessing and Process Mining Analysis 
 

For the purpose of our analyses, we grouped all the students (𝑛 = 87) into high performers (HI) and 

low performers (LO) based on the median value (11) of the overall map scores (which is a measure 

of their in-system performance in Betty’s Brain). Students with a map score greater than 13 

(𝑚𝑒𝑑𝑖𝑎𝑛 𝑣𝑎𝑙𝑢𝑒 +  2)  were labeled “HI” (𝑛 = 41) . The average map score for this group 

was 20.58 (𝑠𝑑 =  4.15). and those with a map score less than 9 (𝑚𝑒𝑑𝑖𝑎𝑛 𝑣𝑎𝑙𝑢𝑒 –  2) were labeled 

“LO” (𝑛 = 39) . The average map score for this group was 4.03 (𝑠𝑑 =  2.2). Data for students 

(𝑛 = 7)in the median range (9,13) was discarded to maintain sufficient distinction between the two 

groups. The maximum map score students can obtain in the climate change unit is 25.  

Students’ activity traces logged in the Betty’s Brain system was preprocessed to extract the 

time-stamped sequence of student actions. To reduce the complexity of our process models, we 

randomly sampled 10 HI (average 𝑚𝑎𝑝 𝑠𝑐𝑜𝑟𝑒 𝑤𝑎𝑠 19.3 (𝑠𝑑 =  4.8) ) and 10 LO (average 

𝑚𝑎𝑝 𝑠𝑐𝑜𝑟𝑒 𝑤𝑎𝑠 4.45 (𝑠𝑑 =  2.02)  students. The action sequences of our chosen HI and LO 

students served as inputs to create a process mining model of actions using the ProM tool. 
 

5. Results 
 
The action frequencies for the high and low students are listed in Table 2. Frequencies are presented 

as percentages computed in relation to the total number of actions performed by a group. Overall, 

students in the HI group performed more actions (4276) compared to the students in the LO group 
(2324). The HI group students performed more EXPL actions (26% of the total) related to checking 

their map, as compared to students in the LO group (8.1%). On the other hand, the LO students has a 

higher frequency of READ-SHRT actions (23.6%) as compared to HI group (14.7%). Similarly, the 

LO group performed more READ-SHRT actions (23.6%) as compared to READ-LONG actions 
(16.7%), and also more ineffective (incorrect) causal link edits (LINKEDIT-INEFF-UNSUP - 9.3% 

+ LINKEDIT-INEFF-SUP - 2.8%) compared to effective (correct) causal link edits 

(LINKEDIT-EFF-UNSUP - 5.6% + LINKEDIT-EFF-SUP - 4.1%). The students in the HI group 
performed more READ-LONG actions compared to READ-SHRT actions, and more effective link 

edits compared to ineffective link edits. An overall comparison of the values in Table 2, shows that 

the students in the HI group not only performed more actions compared to the students in LO group, 
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but they also performed more meaningful and effective actions such as READ-LONG, EXPL 
(assessing their performance) and effective causal link edits. 

 

Table 2 

Number of Occurences and Relative frequency of Betty’s Brain Actions of 10 High (HI) and 10 Low 

(LO) performing Students  

  HI LO 

Actions Number of 

Occurrence 
Relative 

Frequency (%)  
Number of 

Occurrence 
Relative 

Frequency (%)  
All actions 4276   2324   

EXPL 1112 26.01% 187 8.05% 
READ-SHRT 627 14.66% 548 23.58% 
QUIZVIEW 545 12.75% 418 17.99% 
READ-LONG 520 12.16% 387 16.65% 
QUIZTAKEN 460 10.76% 169 7.27% 
LINKEDIT-EFF-SUP 367 8.58% 94 4.04% 
LINKEDIT-INEFF-UNSUP 220 5.14% 217 9.34% 
LINKEDIT-EFF-UNSUP 206 4.82% 130 5.59% 
LINKEDIT-INEFF-SUP 158 3.70% 66 2.84% 
NOTE 61 1.43% 108 4.65% 
 

 
a. Process Model of Learners in Low (LO) group 
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b. Process Model of Learners in High (HI) group 

Figure 2: Process Model of Learners’ Behavior 

The process models of learning behaviors generated by the Fuzzy mining algorithm for the 
low (LO) and high (HI) performing students are shown in Figures 2(a) and 2(b), respectively. In 

order to retain 75% accuracy in matching the sequences from the log file, we converged on the 

following parameter values: 𝑛𝑜𝑑𝑒 𝑐𝑢𝑡𝑜𝑓𝑓 =  0 (keep all action nodes) and 𝑢𝑡𝑖𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑖𝑜 =  0.5 

(only retain links whose 𝑢𝑡𝑖𝑙𝑖𝑡𝑦 𝑟𝑎𝑡𝑖𝑜 >  0.5). In the PM in Figure 2, the rectangular nodes 
represent actions. The significance metric is represented by the numerical value (between 0 and 1) 

within each action node. The thickness and darkness of the edges indicate the significance and 

correlation values associated with the edges, respectively.  
The process models derived include the 10 types of actions discussed previously in Tables 1 

and 2. Comparing the two models in Figures 2(a) and 2(b) shows some interesting commonalities as 

well as differences in the learning behaviors of the LO and HI groups. First, we observe a significant 

number of common processes in both models. For example, both groups show a strong loop between 
unsupported effective and ineffective causal link edit actions. READ-LONG actions are followed by 

supported link edit actions. There exists strong connection from the QUIZTAKEN and QUIZVIEW 

actions to the EXPL action in both models.  
However, the difference in the two models (LO versus HI) provides more interesting 

comparisons between the respective learning behaviors of the two groups. . This helps us understand 

why LO group students were not as successful as the HI group in their model building tasks. First, 

for the LO group (Figure 2a); there is a strong cyclical loop between READ-SHRT and 
READ-LONG actions. In contrast, no such loop occurs in the HI group model (Figure 2b). The HI 
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group students, while showing a strong connection from READ-SHRT to 

READ-LONG(𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑐𝑒 =  0.4, 𝑐𝑜𝑟𝑟𝑒𝑙𝑎𝑡𝑖𝑜𝑛 =  0.65), do not display a connection in the 

reverse direction (READ-LONG to READ-SHRT). Instead, the only strong outward connection 

from READ-LONG for HI group is to the LINKEDIT-EFF-SUP node. This suggests that the HI 

students seemed to be more effective in translating what they read into finding and adding correct 
links to their causal map models. In contrast, the LO group was unable to find useful information to 

support their map building actions. Instead they cycled through long and short reading instances. 

The short read instances may correspond to looking through the topic of contents or just glancing at 
page headers when searching for relevant science content. The fact that there were many instances of 

such READ-SHRT action clearly indicates that the LO group was often unsuccessful in translating 

these search instances into successful map editing actions. 
When we look more closely at the BUILD actions performed by the HI and LO groups, 

Figure 2a, shows that the LINKEDIT-EFF-SUP action has strong connections to other BUILD 

actions (such as LINKEDIT-EFF-UNSUP, LINKEDIT-INEFF-SUP, and 

LINKEDIT-INEFF-UNSUP), but no connection to any ASSESS or READ type of action. This may 
imply that the LO group tried to add multiple links to their map in sequence, but made a lot of errors 

in the process. For the HI group (Figure 2b), we observe that the LINKEDIT-EFF-SUP action is 

connected to QUIZTAKEN and READ-SHRT actions. This suggests that the HI students, after 
adding a correct causal link to their map, tried to validate the correctness of the updated causal map 

using the quiz as an assessment tool, or by going back to the resource pages and doing a quick read to 

confirm the correctness of their additions. 

Next, checking the solution assessment (ASSESS) actions for the two groups again shows 
contrasting behaviors. Figure 2a shows that LO students, after looking at the explanations for quiz 

answers, transition to a number of different actions, such as LINKEDIT-INEFF-UNSUP (unable to 

interpret the quiz results), READ-LONG, READ-SHRT, and NOTE taking. On the other hand, HI 
students (in Figure 2b), after looking at the explanations to quiz answers (EXPL-G), consistently 

transition to READ-LONG, which is followed by a correct link edit (LINKEDIT-EFF-SUP). This 

clearly indicates a situation, where LO students may be able to especially benefit from in-time 
scaffolding. The ability to interpret and use quiz results is an essential debugging task that students 

need to employ to become efficient learners. 

The differences in learners’ behaviors inferred from process model give us a lot of useful 

information that can be utilized to provide personalized scaffolds for productive learning of low 
(LO) and high (HI) performing groups of students. For example, scaffolding students in the HI group 

when they perform ineffective link edits may help them to get past their “unsupported effective to 

ineffective linkedit” loops. Similarly, for students in LO group, providing feedback after effective 
supported link edits may help them to assess their map using the QUIZ action or go back to do 

additional READs to ensure that they find the correct information for building their maps. Also, 

suggesting the students in LO group perform a READ-LONG action after EXPL action might help 
them to convert their knowledge gained by reading to effective link edits. 

 

6. Discussion and Conclusion 

 
In this work, we presented a process modeling approach for analyzing learning behaviors from 

students’ interaction with an OELE. We used the Fuzzy miner algorithm in process model to 
contrast the processes of high and low performers. Results from a recent classroom study with 

Betty’s Brain show that this modeling approach is effective in characterizing learners who show 

different levels of performance.  
From the process model, we discovered that high performing students not only execute more 

actions, but their actions are also supported (i.e., linked to information generated from previous 

actions) and effective (they help the students accomplish the goal of building a correct map). Their 

pre- to post-test scores (not reported in this paper) also show that students who perform more 
effective actions in the system learn their science content better. In order to contrast the results 

obtained from PM approach to the results of SPM algorithm, we applied the SPM algorithm to the 

actions sequences obtained from students in both HI and LO groups. The SPM results provide the 
list of most frequent actions, self-loop between actions (for example EXPL → EXPL → EXPL), and 

most frequent patterns (for example READ-LONG → READ-SHRT) for both groups. Overall, the 
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SPM algorithm and its variation Differential sequence mining (DSM), provides the localized 
behavior of students such as frequent processes (patterns), the significance of each action and 

differential behavior patterns in HI vs LO groups. However, the process model provides both the 

information on frequent patterns and also the holistic view of students’ action sequences to represent 

their learning behavior. In other words, the PM model shows how students combine different 
behavior patterns over time, which is not readily available from the SPM results. 

In future work, we propose to extend the current research along three dimensions. First, we 

propose to reconstruct the process model using more fine-grained action sequences (for example 
NOTETAKEN and NOTEVIEW instead of just the NOTE action) to analyze the learner’s behavior 

in finer detail. Second, we propose to develop feedback algorithms based on the process model 

developed in this paper, to scaffold LO and HI performing learners and measure its impact on their 
learning. Third, we intend to integrate SPM and PM to study the learning transition between most 

frequent patterns for scaffolding. We propose to achieve this by developing process model on most 

frequent patterns exhibited by students. 
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Abstract: Eye tracking data, particularly scanpath, provides valuable insights about code 

reading patterns which could describe actual comprehension strategies used. However, 

aggregating multiple scanpaths into one representative path is challenging since individual 

scanpaths tend to be different and are highly individualistic. The differences may affect the 

identification of a representative path which could decrease its similarity to individual 

scanpaths. Thus, we aim to identify a trending scanpath using Scanpath Trend Analysis 

(STA) with a tolerance to reveal common code reading patterns of high and low performing 

students while finding bugs in a static source code. Results show that variance exists in the 

scanpaths of high performing students which suggests that they follow varied code reading 

patterns while low performing students follow similar code reading patterns. Further, high 

performing students read code in a logical manner and a somewhat linear code reading 

pattern along with chunking of program code was employed which makes it possible to 

perceive the program better and hence, error regions are fixated. In contrast, low performing 

students jump directly to certain statements without following program’s logic. This study 

addresses the challenge of identifying common code reading patterns that could help us 

determine effective strategies to be explicitly taught to students and develop learning 

materials to help improve their code reading and code comprehension skills. 

Keywords: Eye tracking, code reading, code reading patterns, scanpath analysis, Scanpath 

Trend Analysis, tolerance level parameter. 

1. Introduction

One of the interesting approaches to study how programmers perform comprehension tasks, is the 

use of eye tracker. Eye tracking technology is used to record eye movements while reading source 

code which shows the focus of attention and how focus travels within the stimuli (Melo, et al., 2017). 

Analyzing eye tracking data, particularly scanpath which is defined as a sequence of consecutive 

fixations and saccades (Goldberg and Helfman, 2010), provides valuable insights about code reading 

patterns which could help describe actual comprehension strategies used (Bednarik, et al,. 2016).  

Studies using eye tracking technology to uncover the cognitive processes of programmers 

while performing code reading and code comprehension tasks is becoming widespread (Busjhan, et 

al., 2015; Jbara and Feitelson, 2017; Lin, et al, 2016). Understanding how programmers read and 

comprehend source code could provide information on how programmers think while performing 

the task as well as insights on how we can improve the overall learning process by improving 

learning materials based on eye tracking data (Bednarik, et al., 2014). Further, exploring the 

strategies used by experts while performing comprehension tasks particularly code reading, would 

allow us to uncover effective strategies that could be explicitly taught to improve code reading and 

code comprehension skills of students (Bednarik, et al., 2016). However, finding common patterns 

in the visual strategies used by experts is challenging, since their individual scanpaths tend to be 

different from each other (Eraslan, et al., 2017) and are highly individualistic (Jbara and Feitleson, 

2017). The differences may affect the identification of the common scanpath of a group which could 

decrease its similarity to individual scanpaths. To identify an appropriate technique for a sequential 
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analysis of eye tracking scanpaths to generate a common scanpath that closely resembles the 

individual scanpath to describe common code reading patterns, we review existing common 

scanpath identification techniques. Dotplots algorithm (Goldberg and Helfman, 2010) and eMINE 

algorithm (Eraslan, et al., 2016) use hierarchical clustering to generate a common scanpath. 

However, Dotplots uses an aggregate strategy that is entirely dependent on the sequential matches 

found between the pair of scanpaths which generates uncertain result if there are only few matches 

found in the pair of scanpaths. eMINE on the other hand, is likely to produce short common scanpath 

which is not useful for describing reading patterns. Scanpath Trend Analysis (STA) algorithm 

(Eraslan, et al., 2016) uses a multi-pass approach consists of three main stages to generate a common 

scanpath. The generated common scanpath will be based from the minimum total number of 

fixations and minimum total durations, and their positions in the individual scanpaths. STA 

generated common scanpath which is more similar to individual scanpaths compared to Dotplots 

and eMINE. However, STA did not consider the variance between individual scanpaths in 

generating common scanpath which could negatively affect the identification of a common scanpath. 

To address this problem, a parameter called tolerance level was added to STA (Eraslan, et al., 2017). 

This parameter is used in the second stage of the algorithm which allows researchers to adjust the 

tolerance level in the stage of identifying trending AOIs. Therefore, STA with a tolerance can be 

used to identify a common scanpath which tolerates variances between scanpaths of a group. Thus, 

we aim to identify a common scanpath using STA with a tolerance to reveal common code reading 

patterns of high and low performing students while finding bugs in a static source code. 

 Previous studies were conducted to determine programmer’s pattern of eye movements 

using sequential analysis of scanpaths to understand their cognitive processes. We review these 

studies to gain information about the code reading patterns found using scanpath analysis, the task 

and programming language used to investigate reading patterns, and method used to determine 

reading patterns of experts and novices. The differences between the reading patterns of novices and 

experts were examined by Busjahn, et al. (2015) and (Lin, et al., 2016) which is similar to our study 

since we aim to identify common code reading patterns of high and low performing students, while 

the studies of Uwano, et al. (2006) and Jbara and Feitelson (2017) describes the scanpaths of the 

individual subjects which is in contrast with our study. Our study is different in terms of the task 

used in (Busjahn, et al., 2015; Jbara and Feitleson, 2017) and is more similar in (Uwano, et al., 2006; 

Lin, et al., 2016). Our study investigates the code reading patterns of students while finding bugs in 

a static source code written in Java. Furthermore, the method used in our study is different from the 

methods used by previous studies. As of this writing, no studies have been conducted to describe 

code reading patterns while finding bugs using STA algorithm with a tolerance. This algorithm was 

applied to eye tracking data while subjects are browsing and searching information on web pages to 

find their trending scanpath (Eraslan, et al., 2017) which is different in the context of this study. 
 

 

2. Methods 
 

This paper is an analysis of a larger eye tracking study on programmer tracing and debugging skills 

as well as development of higher education’s capacity to conduct eye tracking research. The methods 

discussed here are also discussed in the study of (Villamor and Rodrigo, 2017). Eye movements data 

were collected from 44 students from three private schools in the Philippines. We identified two 

types of participant groupings based on their pre-test scores. The first group consists of 25 students 

with High Scores while the other group consists of 19 students with Low scores. The groupings were 

used to identify trending scanpath of high and low performing groups. 

 There were 12 short Java programs with defects used in the experiment. Out of the 12 short 

programs, 9 of them had 3 defects while 3 had 1 defect each. For this study, we selected one program 

with 3 defects out of the 12 programs. The selected program code used in this analysis is a program 

code that display all prime numbers from a set of input.  The program contains conditional statements 

and repetition structures with 33 lines of codes. OGAMA tool was used to identify the coordinates 

of the Areas of Interests (AOIs) which were defined per line of codes to determine which lines are 

frequently fixated and to identify the vertical code reading patterns employed by the participants. 
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 To identify the common scanpath of each group, we used Scanpath Trend Analysis (STA) 

with a tolerance (Eraslan, 2017). The STA algorithm with a tolerance consists of three main stages. 

The first stage is the preparation of the individual scanpaths. Each fixation points in the individual 

scanpath is matched to the identified AOIs of the program code. The individual scanpaths in this 

stage are represented as a series of AOIs with fixation durations. The second stage identifies the 

trending AOIs in the scanpaths. The trending AOIs were identified using their number of fixations 

and their fixation durations. The final stage in the algorithm is the identification of the common 

scanpath using the trending AOIs based on their positions in the individual scanpaths. The scanpaths 

are abstracted by combining the same AOI instances and then computes the priority value of each 

AOI instance in each individual scanpath. When all the priority values are, the total priority value 

for each AOI instance is calculated. The algorithm then positions the instances into the common 

scanpath based on their total priority values from highest to lowest. Once the trending visual element 

instances are positioned in the common scanpath, their numbers are eliminated (e.g. E1 → E) and 

consecutive repetitions are removed (e.g. JEJJ → JEJ). Thus, the common scanpath is represented 

in terms of the AOIs. For a detailed discussion of the algorithm, see (Eraslan, et al., 2017). 

To determine how similar the common scanpath to the individual scanpaths, we use String-

edit algorithm (Duchowski, et al., 2010) to calculate the distance between the common scanpath and 

individual scanpaths of each group of students.  The String-edit distance is then used to calculate the 

similarity between the two scanpaths by using the equation S = 100 * (1 - (D/L)) where D refers to 

the String-edit distance and L is the length of the longer scanpath. In this study, each group of high 

and low performing students from each schools will have three common scanpaths based on the 

three tolerance level parameters used. Statistical tests were used to determine which of the three 

parameters will be selected to generate a common scanpath for each group of students to reveal their 

common code reading patterns. To test the difference of the tolerance level parameters for each 

group based on the similarity scores, a repeated measures test was used. The same test was used to 

determine the difference between the similarity scores of the common and individual scanpaths. 

 

 

3. Results and Discussion 
 

The stages of STA algorithm with a tolerance was employed to generate three common scanpaths 

for each group of high and low performing students from all schools. To identify the tolerance level 

parameters for each group, we first consider all individual scanpaths and then adjust the parameter 

levels by decreasing it by 5. We repeatedly decrease the current parameter level by 5 if no changes 

in the identified trending AOI instances were observed. We identified three parameters for each 

group which ranges from 100% to 60% to check for differences on the resulting common scanpaths. 

After identifying the three common scanpaths for each group with the chosen tolerance level 

parameters, the similarity scores were calculated as described in Section 2. To determine a common 

scanpath that is more similar to the individual scanpaths, the median similarity score of the common 

scanpath should be equal to or greater than the median similarity scores between the individual 

scanpaths. Statistical tests were conducted to help us decide which common scanpath will be selected 

to describe the common code reading patterns of the groups. Repeated measures ANOVA was used 

to determine the difference of the tolerance level parameters for each group of students based on the 

similarity scores. The same test was also used to determine the difference between the similarity 

scores of the common scanpath and the similarity scores of the individual scanpaths. 

 

 4.1. Common Scanpath of High Performing Students 
 

The result of the repeated measures ANOVA with Greenhouse-Geisser correction determined that 

there was no significant difference between the tolerance levels for School A (F(1.251, 25.028) = 

2.525, p = .731), there was a significant difference for School B (F(1.888, 18.882) = 7.496, p = .005), 

and there was a highly significant difference for School C (F(1.995, 27.934) = 12.234, p = .000). 

With regards to the test for difference between the similarity scores of the common scanpath to the 

individual scanpaths, the results reveal that there was a highly significant difference for School A (F 

(1, 20) = 12.527, p = .002), there was no significant difference for School B (F (1, 10) = .543, p = 

.478), and there was also no significant difference for School C (F(1, 14) = .859, p = .370).  
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The result of the tests for School A reveals that the similarity scores obtained across 

tolerance levels would be the same and that the overall mean of the common scanpath is greater than 

that of the individual scanpaths. Thus, we selected the common scanpath with 100% tolerance level 

to include all individual scanpaths and since greater similarity scores of the common scanpath is 

observed. The result of the tests of the three tolerance levels for School B and School C suggest that 

choosing one from the tolerance levels would have significant effect in the generation of the common 

scanpath. While no significant difference was observed from the similarity scores of the common 

and individual groups, we checked which of the tolerance levels have greater similarity scores in the 

common scanpath group. The common scanpath with a tolerance level of 80% have the highest 

similarity score among the three tolerance levels of School B. Therefore, we assumed that there is 

variance between the individual scanpaths. To verify, we checked the total fixation durations and 

the total number of fixations of the 6 students. We found that one student spent 149 seconds which 

is more than twice the time spent by the other 5 students (56, 72, 71, 43, 72). This observation is the 

same for the number of fixations. Therefore, we selected the common scanpath with 80% tolerance 

level for School B. For School C, we selected the trending scanpath with 100% tolerance level since 

it has the highest similarity score. 

The selected common scanpaths were clustered using the priority values of the AOI 

instances of the individual scanpaths to generate the common scanpath. A graph was generated to 

show the sequence of eye movements of high performing students and is presented in Figure 1.a. 

The size of the blue circles represents the attention given for the AOI of the line number and numbers 

inside represents the common scanpath sequence of gazes for that line. The directional arrows 

represent the sequence origin and destination. The first 10 fixations of the common scanpath of high 

performing students concentrate on lines 6-13. Line 13 consists of declaration of array s of type 

int and instantiation of value from n which was assigned a value after accepting an input from the 

user located on line 12 and input was made possible by the statement located on line 9 and the 

variable n of type int was declared on line 10. We can say that these sequence of eye movements 

reflect logical thinking process. We also observe regression to line 13 after line 12 was looked at 

which can be associated to the retrace declaration pattern (Uwano, et al., 2006) or jumping back to 

verify details pattern (Jbara and Feitelson, 2017). Fixations 11-20 reflect a close examination of 

three new statements located on lines 15, 16 and 19. We note that at this point, two fixations occurred 

on line 15 where the first error was located. The next set of fixations (21-30) also reflect 

understanding of three new statements located in lines 20, 23 and 24 which are located in the body 

of the second and third for loop. Line 15 received two additional fixations which mean that students 

suspect that this line has an error. The last set of fixations (31-36) concentrates on lines 22, 24 and 

29. Half of the six fixations are located on line 22 which means that this line is suspected to contain 

an error. The only fixation on line 29 was the second to the last fixation in the scanpath. To 

summarize, the generated trending scanpath exhibits code reading patterns of experts or high 

performing students. The study of Lin, et al., (2016) found that high performing students read code 

in a more logical manner compared to low performing students. This is reflected on the first set of 

fixations. A somewhat linear code reading pattern was observed and is used along with chunking or 

slicing of code. This pattern can be associated to the nature of the task which is finding bugs in the 

program code. We also note that the scanpath was able to scan the entire program code and passed 

through all the lines where errors are located.  

 

4.2. Common Scanpath of Low Performing Students 

 

The result of the tests for difference between the tolerance levels based on the similarity scores of 

the low performing students reveal that there was no significant difference between the tolerance 

levels for all groups: (F(1.722, 13.775) = 3.275 p = .074) for School A, (F(1.926, 26.964) = 1.790, 

p = .187) for School B, and (F(1.228, 12.275) = .629, p = .475) for School C. For the test for 

difference between the similarity scores of the common scanpath group to the individual group, 

result of repeated measures ANOVA with Greenhouse-Geisser correction determined that there was 

a significant difference for School A (F(1, 8) = 11.150, p = .010), there was also a significant 

difference for School B (F(1, 14) = 11.243, p = .005), while there was no significant difference for 

School C (F(1, 10) = .4.863, p = .052). These results suggest that the variance between the scanpaths 

289



 

 

is negligible since the results are almost the same across all schools with a slight difference in the 

result of School C since the p-value is slightly greater than .05. For all groups, the similarity scores 

of the common scanpath group are higher than the individual group. Therefore, we selected the 

common scanpath generated with 100% tolerance level which includes all scanpaths of the group.  

The selected common scanpaths were clustered using the priority values of the AOI 

instances of the individual scanpaths to generate the common scanpath. Figure 1.b. shows the eye 

movement patterns of low performing students. Their first ten fixations covers line 6 to 15. We can 

say that based from these sequence of fixations, linear pattern was observed along with regressions 

or look back movements to lines 13 and 15. Students then looked at line 16 then back to line 15 then 

line 16 again then line 19 then back to line 13. After that, they looked at line 16 then 13 then back 

to 16 then 23 then line 6.  The last set of fixations is similar to the non-linear reading pattern observed 

from the previous ten fixations. The code reading pattern exhibited is in line with the finding of the 

study of Lin, et al. (2016) that low performing students often jump directly to certain statements to 

find bugs without following the program’s logic. Furthermore, compared to reading natural language 

text, novices read source code in a less linear manner (Busjahn, et al., 2015) which is observed in 

the scanpath of low performing students.  
 

 
                                        (a)                  (b) 

Figure 1. (a) Common Scanpath of High Performing Students and (b) Common Scanpath of Low 

Performing Students 
 

 

4. Conclusion and Future Works 
 

Individual scanpaths tend to be different from each other and are highly individualistic and may 

affect the identification of a representative path of a group. Thus, this study addresses the challenge 

of determining a common scanpath that is more similar to individual scanpaths using STA with 

tolerance to reveal common code reading patterns of high and low performing students while finding 

bugs in a static source code. This algorithm gives us the ability to find an appropriate tolerance level 

for achieving the highest similarity of the common scanpath to individual scanpaths. Results show 

that by adjusting the tolerance level parameter in the stage of identifying trending AOIs, we were 

able to generate a common scanpath that is more similar to the individual scanpaths which could be 

used to generalize the code reading patterns of high and low performing students while finding bugs 

in a static source code. We also found that variance exists in the scanpaths of high performing 

students which suggests that they follow varied code reading patterns while low performing students 

follow similar code reading patterns. This also confirmed that high performing students read code 

in a logical manner while low performing students jump directly to certain statements to find bugs. 

Gaining insights into the code reading patterns of students would allow us to identify effective 

strategies that could be explicitly taught to students and develop learning materials to improve their 
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code reading and code comprehension skills. However, the code reading patterns found in this study 

are limited to the program code used in the analysis. Future work will look at the reading patterns of 

the same group of students on different program codes with various code complexity and relating 

the patterns to the type of programs to be able to validate and generalize the result of this study.  
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Abstract: A learning method called dictogloss is focused in second language learning. We 

have constructed a dictogloss environment that enables self-directed study for second 

language learners. In the present study, we focused on the speaking skill, which was not 

supported in our previous dictogloss environment. We thus added to the system 

“pronunciation evaluation of the learner’s reconstructed sentences which they read aloud to 

the system” and “error identification conducted by the learner of the CLA’s reconstructed 

text” by utilizing speech recognition technology. In the present study, we implemented the 

proposed system and evaluated its effectiveness using participant questionnaires and 

interviews. 

Keywords: Second language learning, dictogloss, speech recognition 

1. Introduction

One such potential learner support system, which has been receiving increasing amounts of attention 

from researchers’ second language education, is the dictogloss method. Dictogloss is a learning 

method in which learners can cooperatively learn the four language skills of listening, speaking, 

reading and writing (Wajnryb, 1988, 1990). The activities of dictogloss include the following three 

stages: (1) the dictation stage, (2) the reconstruction stage, and (3) the evaluation and feedback stage. 

Learners first listen to a short text read by the teacher in the dictation stage several times while taking 

notes. Next, the learners work collaboratively in small groups to reconstruct the text from their note 

in the reconstruction stage. Finally, the teacher evaluates the learners' reconstructed text and 

provides feedback. Several previous studies have focused on the effect of using the dictogloss 

activity on each language skill (Jibir-Daura, 2013; Sari Dewi, 2014; Lindstromberg et al., 2016).  

However, dictogloss on its own is not suitable for self-directed study because learners must 

work collaboratively in groups and the teacher must be involved in the first and final stages of the 

activity. Therefore, we have constructed a dictogloss environment that enables self-directed study 

for second language learners (Kogure et al., 2015; Kogure et al., 2016; Kondo et al., 2012; Tashiro et 

al., 2013). In the dictogloss environment, we created a cooperative learner agent (CLA) and teacher 

agent (TcA) in the system, where the learner inputs the reconstructed text into a computer. However, 

the system does not cover the speaking skill. The learners compare the reconstructed texts written by 

the CLA and themselves and if the learner determines that the reconstructed text is wrong, he or she 

clicks on the wrong word in the reconstructed text written by the CLA. The system automatically 

generates a message to the CLA identifying the mistakes (Kondo et al., 2012; Tashiro et al., 2013). 

Learners can also explain to the CLA why they think the word is wrong (Kogure et al., 2015). This 

environment has about 330 minutes learning contents from 22 different texts (Kogure et. al., 2017). 

In the present study, we focused on the speaking skill, which was not supported in our 

previous dictogloss environment. We thus added to the system (a) pronunciation evaluation of the 

learner’s reconstructed sentences (which they read aloud to the system) and (b) error identification 

conducted by the learner of the CLA’s reconstructed text (utilizing speech recognition technology). 
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In the present study, we implemented the proposed system and evaluated its effectiveness using 

participant questionnaires and interviews. 

 

 

2. The Existing Japanese Dictogloss Environment 
 

Figure 1 displays a screenshot of the existing Japanese dictogloss environment (Kogure et al., 2017). 

 

 
 

Figure 1. Screenshot of the Existing Japanese Dictogloss Environment 
 

In Figure 1, the upper left part (SD area) shows the situation diagram and the upper right part 

(DH area) shows the dialogue history with the CLA. The middle part (SR area) shows the speech 

reproduction interface of the task sentences, the lower left part (LRS area) shows the reconstructed 

sentences input by the learner, and the lower right part (CRS area) displays the CLA’s reconstructed 

sentences. The rough flow of learning is as follows. First, learners click the play button in the SR 

area to listen to the task sentences. Learners can listen to them up to five times. Based on the heard 

speech, the learners then reconstruct the sentences using the form in the LRS area. Next, the system 

evaluates whether the learner’s reconstructed sentences are correct. Based on the evaluation results 

and the educational procedure outlined in Table 1, the system generates the CLA’s reconstructed 

sentences and displays the sentences in the CRS area. The learner compares their own reconstructed 

sentences with the CLA’s reconstructed sentences. If they find a different word, they click on the 

word that they think is wrong in the CRS area, and the system generates a learner’s question that 

asks the CLA whether the clicked word was correct and displays the sentences in the DH area. Next, 

the system generates a CLA utterance that responds to the learner’s indication based on the 

correctness of the learner and CLA’s words, and the system displays this utterance in the DH area. 

The system generates different texts depending on which of the four categories; focused language 

forms (LFs), keywords, other LFs, and the other forms. See Kondo et al. (2012) for further 

discussion.  

In some LFs, learners can point out the correctness of words through their explanations. We 

classified the explanations into three types: grammatical explanations, contextual explanations, and 

situational explanations. A grammatical explanation is one that the learner can explain in terms of 

grammatical rules concerning the correctness of a word. A contextual explanation is one in which 

the learner cannot explain the correctness of a word except in terms of its surrounding sentences. A 

situational explanation is one that the learner cannot explain except in terms of situational 

knowledge that does not appear in the reconstructed sentences. To scaffold for grammatical 

SD area DH area 

SR area 

LRS area CRS area 
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explanations, a teacher defines the basic knowledge required to do so in advance. The knowledge is 

associated with an explanation’s attribute and value. The teacher also predefines peripheral 

explanatory knowledge. 

 

 
 

Figure 2. The Screenshot of Discussion for Conjunction Correctness 
 

Figure 2 shows a screenshot of a discussion of conjunction correctness with the CLA. For 

the situation, the teacher focuses on the conjunction form (causal relationship) as an LF. In S3, the 

learner correctly reproduces the text and the CLA generates incorrect text following the procedure 

described in Table 1. If the learner clicks the conjunction word kara (lower yellow box in the LRS 

area), the system makes the learner provide an explanation (peripheral knowledge) for why his or 

her own answer is correct. If a learner selects a contextual explanation, the agent requires the learner 

to indicate the basic knowledge. Regarding basic knowledge, the learner selects a basis attribute and 

a basis value. If the learner selects a correct attribute and value, the system generates the user 

utterance, “I think there is a word indicating the reason for the causal relationship between rainy 

season and it rains every day.” Then, the CLA tries to correct its own reconstructed text. 

 

 

3. Utilizing Speech Recognition 
 

The act of speaking involves three processes; (a) thinking about what you want to say, (b) thinking 

how to say, and (c) actually saying it. In the initial stage of language learning, learners find process 

(b) to be particularly challenging. In a typical preliminary speaking lesson, the learner intensively 

practices process (c). In our proposed system, as with the typical method, we will adopt a learning 

method that the learner first speaks in process (c). In this study, we focused on two points. The first 

was pronunciation evaluation by reading out the learner’s reconstructed text and the second was oral 

error identification of the CLA’s reconstructed text utilizing speech recognition technology. 

 

3.1 Pronunciation Evaluation 
 

There have been many studies on pronunciation learning or pronunciation evaluation methods (Strik 

& Cucchiarini, 1999; Terguieff, 2012; Kasahara et al., 2014). In pronunciation evaluation, a teacher 

evaluates the learner's pronunciation based on four aspects; incorrect vowels/consonants, incorrect 

beat/rhythm, incorrect accent, and incorrect intonation. 

It can be difficult for beginners to pronounce vowels in their target language because the 

number of vowels varies depending on the language; moreover, there are silent vowels in some 

languages. For example, Arabic has three vowels but Japanese has five vowels. Japanese learners 

Basis knowledge 

input form 

attribute: 

causal 
 

value: 

  reason 
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whose native language is Arabic often find it hard to distinguish between ‘i’ and ‘e’, and ‘u’ and ‘o’. 

Consonants are similar to vowels. For example, learners whose native language is Korean may find 

it difficult to pronounce the consonants ‘za, zi, zu, ze, and zo’, as these sounds do not exist in Korean. 

Thus they may replace them with ‘ja, ji, ju, je, and jo’. Regarding beat/rhythm, learners make 

acoustic mistakes with long vowels, syllabic nasal sounds and double consonants in particular. In 

Japanese, words corresponding to syllable strings depend on the accent used. It is difficult for 

beginners to accurately understand differences in meaning created by accent. For example, the 

syllables ‘ni-ho-N’ means Japan if the set of pitch used are low, low, and high, but it means two if 

the set of pitch used is high, low, and low. It is also difficult for beginners to distinguish the 

meanings of sentences based on intonation. The difference in intonation affects syntax or semantic 

analysis. Consider a Japanese sentence ‘ki no u na ku shi ta ka gi ga mi tsu ka ri ma shi ta’ (I found a 

lost key yesterday). If we pronounce it ‘[high] ki no u na ku shi ta ka gi [low] ga mi tsu ka ri ma shi 

ta’, a word ‘ki no u’ (yesterday) modifies `na ku shi ta’ (lost). On the other hand, if we say ‘ki no u 

[high] na ku shi ta ka gi [low] ga mi tsu ka ri ma shi ta’, ‘ki no u’ modifies ‘mi tsu ka ri ma shi ta’ 

(found). The [high] and the [low] labels indicate changes in intonation.  

In the present study, in the interest of simplifying implementation, we focused on a 

framework that evaluated pronunciation based on errors of incorrect vowels/consonants, and 

incorrect beat/rhythm.  

 

3.2 Usage Points of Speaking in the Dictogloss 
 

We propose the addition of speaking practice at two points in the dictogloss activity; (1) reading 

one’s own reconstructed text in the reconstruction stage, and (2) reading out word errors to the CLA 

in the reconstruction stage. Both emphasize the speaking skill (i.e., process c). At the first point, 

learners read aloud their own reconstructed text that they input using the keyboard. At the second 

point, learners are required to think about how to identify and explain errors in the CLA’s text (i.e., 

process b). Therefore, by presenting the template to learners, we allow them to focus on speaking 

(i.e., process c). 

 

 

4. Design and System Implementation of a Dictogloss Support Environment Using 

Speech Recognition 
 

First, we discuss the speech recognition function for learners’ reconstructed texts. After the learner 

inputs the reconstructed sentences in the reconstruction stage, before engaging in the dialogue with 

the CLA, the system asks the learner to read their reconstructed sentences aloud. The system then 

activates the speech recognizer. When the recognition of the learner’s speech is finished, the 

recognition result is retained. To evaluate the learner’s pronunciation, we registered both correct and 

incorrect pronunciation in the vocabulary dictionary used for speech recognition. The feedback for 

the actual pronunciation errors is provided in the evaluation and feedback stage. We programmed 

the system to disable the reading function when the learner’s reconstructed sentence is far from the 

correct text. In the speech recognizer we used, we needed to describe “word notation” and “syllable 

string corresponds to reading” in the vocabulary dictionary. We entered the “corresponding correct 

pronunciation” in the word notation of the vocabulary dictionary for erroneous pronunciation when 

registering incorrect pronunciation. The tendency of pronunciation error differs depending on the 

learner’s native language. With reference to some Japanese language-learning research (Aida et al., 

1997) and Japanese learning textbooks (The Japan Foundation, 2012, 2014), we prepared a 

pronunciation dictionary for learners with Korean as their native language. 

Second, we discuss the oral error identification function for the CLA’s reconstructed test. In 

our previous study, when the learner identified the error in the CLA’s reconstructed sentence, the 

learner clicked on the wrong word of the CLA. In the proposed system of the present study, the 

learner identifies the CLA’s error through speech. We provided the following template to the 

learner; “Did you have         in S    ?” Enter “incorrect word” in the first box and “sentence number” 

in the second box. We added a button for the leaner to click to start the oral error identification 

function. The system activates the recognizer when the button is clicked. Then, the system interprets 
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the recognition result according to the template, and performs the identification function of the 

wrong word. 

Third, we discuss a feedback function for pronunciation errors. The system provides 

feedback using the results recognized during the reconstruction stage. Since the recognition result 

recognized by “wrong pronunciation” includes “pronunciation of corresponding correct answers,” 

the system can return feedback according to the following template; I heard it pronounced WORD in 

S   as “error pronunciation”. The correct pronunciation is “correct pronunciation”. Let's check it 

again. When the confidence measure of the recognition result is low, the system generates a 

feedback sentence using the following template; It may have been pronounced WORD in S   as 

“error pronunciation”. Please check “correct pronunciation” of correct pronunciation. 

For speech recognition, we used the module mode (server) of the large vocabulary 

continuous speech recognition engine julius (Lee & Kawahara, 2009). Julius has a grammar version 

that defines the context free grammar (CFG) and a statistical language model version that uses 

statistical information from the corpus. We used the grammar version. We inserted a T label for 

correct word pronunciation and an F label for erroneous word pronunciation (e.g., a dictionary for 

natsu (summer in English) has three pronunciations; natsu_T_na-tsu n a ts u, 

natsu_F_na-chu_na-tsu n a ch u, and natsu_F_na-su_na-tsu n a s u).  

 

 

5. Experimental Evaluation 
 

First, we conducted an experiment to evaluate the interface of the system. We evaluated our system 

by asking four Japanese university students to participate in the present study. The subjects 

conducted three tasks using the system. The subjects pretended to be international students during 

the experiment. The system usage time was about 1 hour. After completion of the experiment, the 

subjects answered a questionnaire asking about the usability of the interface, reading out the 

learner’s reconstructed sentences and the interface’s provision of feedback and pronunciation 

evaluation. We obtained the results of 1.75 points for the interface of reading reconstructed 

sentences and 4.25 points for the feedback interface (possible scores ranged from 1 to 5 points). The 

evaluation of the interface for reading sentences was low. Therefore, we interviewed the subjects 

individually and improved the interface accordingly. We improved two points of the interface; the 

first improvement is that ``adjusting the window display position so that the on/off state of speech 

recognition can be confirmed easily,’’ and the second one is that ``relocating the reconstructed 

sentence reading button to where it could more easily be clicked.’’ 

Second, we conducted experiments to evaluate the learning system and evaluate incorrect 

pronunciation. We conducted the same experiment outlined above with a Japanese-language learner 

whose native language was Korean. After completion of the experiment, the subject also completed 

the questionnaire asking about the usability of the interface, reading the reconstructed sentences, and 

the interface’s provision of feedback and pronunciation evaluation. We obtained the results of 5 

points for the interface of reading reconstructed sentences, and 4 points for the feedback interface 

(possible scores ranged from 1 to 5 points). In addition, we asked the subject two more questions. 

The first question was ‘do you think that reading the reconstructed sentences out loud will lead to an 

improvement in learners’ speak?’. The second question was ‘do you think that the feedback 

provided by the system on pronunciation can help to improve learners’ speaking?’. We obtained a 

full score of 5 points for both questions. Finally, we also asked the subject to describe freely any 

additional features that would be beneficial for the system. We received answers such as “I want to 

be able to listen to my own utterances” and “I want assistance with the words I cannot read.’ 

We also obtained results regarding the Korean participant’ recognition rate at false 

pronunciation. For three lessons, we prepared eight words with a dictionary for erroneous 

pronunciation. The system required a subject to pronounce all eight words. The discrimination rate 

was 62.5%: a value obtained by dividing the sum of the number of correctly identified incorrect 

pronunciations (2 times) and the number of correctly identified correct pronunciations (3 times) 

were correctly uttered by the total number (8 times).  

We did not obtain a high discrimination rate. In the future we will investigate various 

identification technologies for pronunciation evaluation and implement them in the system. 
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6. Conclusion 
 

We examined ways to utilize speech recognition in an existing Japanese language dictogloss training 

environment. We implemented the functions of reading reconstructed text, identifying and 

explaining errors in the CLA’s text, and evaluating the pronunciation of the reconstructed sentences. 

We conducted an evaluation experiment and obtained a favorable evaluation from a Korean 

Japanese-language learner. On the other hand, we found the discrimination rate of the pronunciation 

evaluation needs improvement. 

In the future, we will implement a Japanese dictogloss training environment focusing on 

speaking and listening abilities. We will also consider how to integrate accent and intonation pravice 

into the system, which we did not implement this time. 

 

 

Acknowledgements 
 

This work was supported by JSPS KAKENHI Grant Numbers 17K00483 and 26350273. 
 

 

References 
 
Aida, K., Lee, K, & Shirai, K. (1997). Pronunciation CAI System Based on Japanese Speech Recognition, 

Bulletin of Waseda University Japanese Research and Education Center, 9, 111-131 (in Japanese). 

Basterrechea, M. & García, M. & Lesser, M. (2014). Pushed Output and Noticing in a Dictogloss: Task 

Implementation in the CLIL Classroom. Porta Linguarum. 

Jibir-Daura, R. (2013). Using dictogloss as an interactive method of teaching listening comprehension. 

Advances in language and literary studies, 4(2), 112-116. 

Kasahara, S., Kitahara, S., Minematsu, N., Shen-P., H., Makino, T., Saito, D. & Hirose, K. (2014). Improved 

and robust prediction of pronunciation distance for individual-basis clustering of World Englishes 

pronunciation, Proceedings of ICASSP, 3240-3244. 

Kogure, S., Miyagishima, K., Noguchi, Y., Kondo, M., Konishi, T. & Itoh, Y. (2016). A teachable agent for 

the Japanese dictogloss learning support environment. Proceedings of ICCE2016, 88-90. 

Kogure, S., Okugawa, K., Noguchi, Y., Konishi, T., Kondo, M. & Itoh, Y. (2017). Improvement of the 

Situational Dialog Function and Development of Learning Materials for a Japanese Dictogloss 

Environment, Proceedings of ICCE2017, 104-106. 

Kogure, S., Tashiro, A., Noguchi, Y., Kondo, M., Konishi, T. & Itoh, Y. (2015). An answer support 

environment based on grammar, context and situation for a dialogue to learner agent on Japanese 

dictogloss system. Proceedings of ICCE2015, 94-96. 

Kondo, M., Sano, R., Tashiro, A., Noguchi, Y., Kogure, S., Konishi, T. & Itoh, Y. (2012). Development of a 

dictogloss system oriented for focus on form. Proceedings of ICCE2012, 1-8. 

Lee, A. & Kawahara, T. (2009). Recent Development of Open-Source Speech Recognition Engine Julius 

Proceedings of APSIPA ASC. 

Lindstromberg, S., Eyckmans, J. & Connabeer, R. (2016). A modified dictogloss for helping learners 

remember L2 academic English formulaic sequences for use in later writing. English for specific 

purposes, 41, 12-21. 

Sari Dewi, R. (2014). Teaching writing throught dictogloss. Indonesian Journal of English Education, 1(1), 

66-76. 

Strik, H. & Cucchiarini, C. (1999). Modeling pronunciation variation for ASR: A survey of the literature, 

Speech Communication, 29, 225-246. 

Tashiro, A., Noguchi, Y., Kogure, S., Kondo, M., Konishi, T. & Itoh, Y. (2013). Evaluation of an improved 

dictogloss system oriented for focus on form. Proceedings of ICCE2013, 110-114. 

Terguieff, E. (2012). The English Pronunciation Teaching in Europe Survey: Finland. Journal of Applied 

Language Studies, 6(1), 29-45. 

The Japan Foundation, (2012). Education teaching to talk (2nd edition), Hitsuji Shobo (in Japanese). 

The Japan Foundation, (2014). Education teaching speech (4-th edition), Hitsuji Shobo (in Japanese). 

Wajnryb, R. (1988). The dictogloss method of language teaching: A Text based communicative approach to 

grammar, English teaching forum, 26, 35-38. 

Wajnryb, R. (1990). Grammar Dictation. Oxford: Oxford University Press. 

297



Design and Evaluation of a 360 Degrees 

Interactive Video System to Support 

Collaborative Training for Nursing Students in 

Patient Trauma Treatment 

Romain C. HERAULTa*, Alisa Linckea, Marcelo Milrada, Elin-Sofie Forsgärdeb, Carina 

Elmqvistb & Anders SVENSSONb 
aDepartment of Computer Science and Media Technology, Linnaeus University, Sweden 

bDepartment of Health and Caring Sciences, Linnaeus University, Sweden 

*romain.herault@lnu.se

Abstract: Extreme catastrophe situations are rare in Sweden, which makes training 

opportunities important to secure the competence among emergency personnel that should 

be actively involved during those situations. There is a need to conceptualize, design and 

implement interactive learning environments that allow to educate, train and assess these 

catastrophe situations more often and in different settings, conditions and places. In order to 

address these challenges, a prototype system has been designed and developed containing 

immersive interactive 360 degrees educational videos that are available via a web browser. 

The content of these videos includes simulated learning scenes of a trauma team working at 

the hospital emergency department. Different types of interaction mechanisms are 

integrated within the videos in which learners should act upon and respond. The prototype 

was tested during the fall term 2017 with 17 students from the specialist nursing program, 

and four medical experts. These activities were assessed in order to get new insights into 

issues related to the proposed approach and feedback connected to the usefulness, usability 

and learnability of the suggested prototype. The initial outcomes of the evaluation indicate 

that the system can provide students with novel interaction mechanisms to improve their 

skills and it can be applied as a complementary tool to the methods used currently in their 

education. 

Keywords: emergency preparedness, interactive learning, nurse specialists, trauma, 360° 

interactive videos 

1. Introduction

Statistics from the Swedish trauma organization yearly report (SweTrau, 2014) show that traumatic 

events are the most common cause of death among people younger than 45 years old. About 50% of 

the total registered injures in Sweden are caused by traffic accidents. A research report about 

education in trauma and catastrophes for medical and nursing students in Sweden points out the lack 

of using interactive simulation training environments as well as simultaneous training of different 

working professionals (Persson et al., 2014). Emergency departments (EDs) provide care for ill and 

injured people. Health professionals working at EDs need to have the knowledge and skills to 

provide optimal care for their patients. In situations where patients are critically injured, there is no 

time to read and learn how to take care of a specific topic. This is why it is essential to continuously 

train employees and students to handle critical situations in order to provide optimal care. Training 

takes time from working hours and cannot be provided as often as it should (Persson et al., 2014). It 

is then important to find alternative, less time-consuming and more cost-effective ways to train 

caring and teamwork for employees and students. In order to address some of these challenges, a 

first prototype system containing an interactive 360° video that runs in web browsers (currently 

Google Chrome) was conceptualized, designed and developed. The content of the 360° video 

includes a realistic case about a patient trauma treatment at the ED unit at a Central Hospital in 
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southern Sweden. Different types of interaction mechanisms are integrated in the video in which 

learners can act upon and respond. The learner’s navigation in the 360° video and interactions with 

the content are stored in the cloud so we can later process these data sets for further analysis. In order 

to validate the prototype, it has been tested in a pilot study addressing 17 students within a specialist 

nursing program (advanced level) and four medical experts. The main focus of this paper is to 

present and discuss the design, development and initial evaluation of an interactive web based 360° 

video environment that supports the education and training of specialist nursing students in the 

assessment of trauma patient treatments. The paper is organized as follows: Section 2 describes the 

problem domain and related work in this field. Section 3 presents our technical approach to produce 

and record the 360° interactive video. Section 4 describes the learning scenario, the study we 

conducted and our evaluation approach. Section 5 presents the analysis of the data we collected. 

Finally, Section 6 presents our initial conclusions together with a description of our future lines of 

work. 

 

 

2. Problem Description, Related Work and Initial Requirements 

 

Current learning solutions for supporting multidisciplinary specialist nursing students in assessing 

trauma patients are insufficient for big group of students (Persson et al., 2014). In Sweden, the 

training methods applied nowadays rely on the use of paper-based approach (or its equivalent in 

digital format) so that students, divided into groups, perform the activity having discussions and 

taking notes. This approach can be used for teaching and training many students at the same time. 

However, it lacks a realistic environment, the possibility to simulate different situations, as well as 

the interactivity between the different specialties required in an emergency room. Moreover, it 

becomes difficult for the students to reflect upon their performance given the nature of the training 

situation described above. To address these issues, simulations using a doll are offered to students. 

This process requires additional resources such as a dedicated room, a mechanized and 

remote-controlled manikin with dedicated software, and an operator controlling the doll and the 

settings of the scenario. This simulation is a good step forward, but it has some limitations related to 

the number of students that can use it as well as cost related issues (one operator, usually a senior 

lecturer, for four students, during an hour). Another alternative can be the use of a web-based 

simulation tools (Romero, 2006) to improve students’ performance. To overcome some of these 

challenges, we explored how interactive 360° educational videos running on a web browser can be 

used as a rich based learning tool. We also carried out a pilot study to validate this approach. By 

recording a 360° video of a trauma team working on a simulated case in an emergency room, 

students were able, in groups, to visualize every aspect of the case (equipment used, specific role 

during the intervention, and discussion between members of the trauma team). The recorded 

solution should be easy to use for students with regard to the interactions offered on the screen. The 

use of educational videos in the medical field is not new and it has been used successfully (De Leng 

et al., 2007; Del Blanco et al. 2017), as well as the use of virtual reality in general (Parisi, 2015; 

Lateef, 2010). 360° videos have been used already in the past in the field of robotics (Nayar, 1997) 

and some medical companies are using this technology to showcase some medical interventions 

(Medical Realities, 2018). However, the use of an interactive tool using 360° videos is not common 

and it deserves further exploration. This paper describes our approach related to the development of 

an interactive 360° video tool for specialist nursing students in the context of emergency care. The 

current method using a manikin to teach students as described previously has a number of issues that 

a tool running on a web browser can solve. First, the requirements to use the web-based tool is to 

have one computer with an Internet connection. Second, the tool can be used by multiple groups at 

once. Third, there is no need for supervision or an operator for each training session. Each group can 

perform the activity from any classroom without special equipment. The use of Augmented Reality 

(AR) and Virtual Reality (VR) were considered while conceptualizing our solution. However, VR 

headsets are limited to one person and being cut from reality involved difficulties to communicate 

with fellow students. The use of AR is also problematic as students would still need to be present in 

a room with specific equipment. The use of a web browser allows people to directly use the tool with 

reasonably modern computers and fast Internet connection. One of the main requirements from the 

nursing department was that it should be possible to access 360° interactive educational videos using 
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the web-based tool from anywhere and anytime. These issues were discussed with medical 

personnel in order to define requirements for such a system that would complete the available tools 

for nursing students. Spikol et al, (2009) described a co-design methodology used to create 

multimedia tools that can emerge from the collaboration between researchers, designers, developers 

and other stakeholders. This method was used in this project to gather requirements and to develop 

the tool. Several activities led to discussions and to the main following requirements. 1) The 

web-based tool must allow students working in groups to collaborate in order to answer questions 

about medical emergency, 2) The tool must be inexpensive and be usable to multiple group of 

students at the same time, 3) The tool must be intuitive and allow for different kind of interactions 

with the digital content, 4) The tool must be usable in regular classroom without non-common 

technology, 5) Students must be able to view specific parts of the activity as they wish and be able to 

identify easily the role of each person in the scene. In the next section, we describe different aspects 

related to the technical features and functionality of the proposed system. 

 

 

3. Technical Approach 

 

In order to collect the video footage in a real ED setting at the Central Regional Hospital, the 

360°-video rig GoPro Omni was used (see figure 1 below). A proprietary software allows to 

automatically stitch, color balance and export the video, thus making the 360 degrees video 

recording and production quite efficient. The automatic stitching is not perfect however, but 

acceptable in most situations as soon as the camera is placed in a right angle to have the stitches not 

directly on top of an important part of the scene (i.e. a monitor or on the patient). The physical 

position of the camera is an important part of the 360° filming. In regular digital video recording 

situations, the camera should be placed where the action happens, or use several cameras at different 

positions to represent the action during the editing process. By using a 360° camera, the preferable 

position would be at the center of the action in order to have as much data as possible (i.e. 

positioning a 360° camera in the corner of a room would be a waste of 90 degrees or more). Another 

consideration in this particular scenario is the position of the camera in terms of interferences with 

the work of the emergency personnel.  

 

      
 

Figure 1. Camera Placement in the Room (left); Group of Nursing students using the Prototype 

(right) 

 

As one of the main goals was to develop a web-based prototype system, the features of 

existing 360° HTML5 video players were explored. After investigating the pros and cons of those 

HTML5 players, Panellum5 was selected, since it supports most of the features for making 360° 

video interactive. In terms of interactions with the 360° video, the following ones have been 

addressed: rotation of the camera in 360°, hotspots, zooming, and changing scenes depending on the 

interactions performed in hotspot areas. For each one of the interaction types described above, 

different data sets were collected in order to analyze them after each session using learning analytics 

techniques. We use NodeJS on the server side and these interactions were stored as JSON data in a 

MongoDB database. Four main categories were considered: camera movements, hotspots 

interactions, speech data, and video players controls. A total of 20 different variables were recorded 

in these categories.  
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4. Prototype Evaluation 

 

An evaluation was performed in order to investigate the use of interactive 360° video to support the 

learning experience about trauma treatment. The aim of this assessment was to provide us with 

relevant insights related to how learners and medical experts experienced the prototype, its content 

and the novel ways of interacting with it. Moreover, we wanted to gain some knowledge to see 

whether or not this kind of approach has the potential to enhance student’s overall learning and 

knowledge construction process in comparison to traditional teaching approaches in this particular 

subject domain.  

The scenario offered to specialist nursing students was developed and written by teachers at 

the specialist Nursing Program in south Sweden (Elmqvist & Österberg, 2014). The video 

recordings for the scenario were taken in the ED at the Central Regional Hospital. This scenario was 

created as case-based learning (Crosling, 2002) to reflect a real training for the trauma team. The 

participants of the scenario were current members of the hospital’s personal (nurses specialized 

within emergency, ambulance, intensive, anesthetic care and medical doctors specialized within 

emergency, surgeon, anesthetic.). Three videos (video 1, video 2, video 3) were recorded using the 

GoPro Omni 360° camera. Video 1 (12 minutes) contains the parts of the scenario with a simulated 

patient arriving to the emergency room with life threatening injuries. The team worked through 

medical procedures to stabilize the patient’s condition. Video 2 (8 minutes) has the same patient, but 

the patient’s condition is getting more unstable. Video 3 (1 minute) contains a single image of a 

cardiac arrest in order to represent the passing away of the patient. These videos were combined in 

the tool to create a seemingly single video. A web-based interface was developed and used by the 

students to interact with the video by panning it and answering prompted questions in particular 

sequences of the video (depending on location and time in the 360° space). These questions were 

related to the patient’s health and explore different issues such as identifying the blood type, what 

type of anesthetics should be used, or what heart bit rate was dangerous for the patient in its current 

condition. When the different questions popup in the video, students can collaboratively discuss and 

answer them accordingly. By answering these questions, the patient status will evolve based on the 

provided answers. Depending on the answers, videos 1, 2 or 3 will be loaded and played to reflect 

the choices of the students. The main learning goal of the exercise is to stabilize the patient´s health 

condition. The action is divided into four different acts. The first one is about the medical team 

presentation, the second is about receiving the patient and installing him/her in the emergency room. 

The third act is the examination of the patient. Finally, the fourth one is about stabilizing the patient. 

The fourth has also multiple outcomes, such as patient stabilized, patient in critical condition, or 

patient deceased.  

Six different sessions with both students and experts were conducted. Participants of the 

study were 17 specialist nursing students from the Department of Health and Caring science aging 

from 24 to 45 years old with a great majority of females who never had experience with immersive 

videos, except for one who saw a chirurgical intervention during a livestream. The prototype was 

also tested with four medical experts following the same methodology. The study took place during 

the fall term 2018. Students and medical experts were informed about the device that they are going 

to use (touchable screen) before the study session begin as well as questions will appear in the video 

to be answered. Every participant in the group can use touchable screen to interact with 360-degree 

video. Students had theoretical (and in some cases practical) knowledge about caring for critically ill 

and injured patients before participating in the study. Students were organized in five groups while 

experts were in one group. Each group started to watch the video at the same point (starting with 

Video 1: before the arrival of the patient). Based on their observations and actions performed in 

answering to the questions, video 2 or video 3 were switched. If all questions were answered 

correctly, video 3 would not be played. The prompted questions were discussed in the group and 

their discussion was collected by the prototype. Through discussion, participants reflected over the 

right answers. The interactive 360° video gives the participant a direct feedback if the answer was 

right or wrong. If they answer was wrong the video 1 jumps to the sequence with the unstable patient 

(video 2), and if they answer right the video 2 jumps to the sequence with the stabile patient (video 

1). Figure 1 above (right side) shows a group of students using the prototype during the course of the 

study. During this study, a number of different data sets were collected: 1) Video recordings of the 

study session; 2) Content related questions. Eleven questions and two reflective texts embedded in 
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the video were developed in order to assess the student´s knowledge gained while interacting with 

the prototype. The content of the questions is focused on the patient’s treatment and team work; 3) 

Prototype questionnaire. After performing the activity, each group was given a questionnaire to 

gather data about the Ease of Use and Perceived Usefulness (Davis, 1989); 4) Prototype log data. 

Interaction data about the activity carried out by the group of medical experts were collected and 

stored in a database in JSON format.  

 

 

5. Analysis of the Data and Discussion 

 

In this section, the outcomes of the data collected with the students and the experts are presented. 

First, we describe the results from the students and afterwards from the medical experts. Based on 

the analysis of the data collected using the Ease of Use and Perceived Usefulness questionnaire we 

developed, the prototype was well received by both the students and the experts. The activity in 

general was perceived as good (47%) to very good (52%) by the participants and the use of 360° 

videos was appreciated by most students (94%). The use of the touchscreen was perceived less 

enjoyable than the rest of the tools (12% reserved, 47% good, and 41% very good) due to some 

difficulties for people to press specific buttons during the activity. However, answering questions 

during the video was very well received by all participants despite the previously mentioned issue. 

12% of the participants had trouble and 18% had some trouble using the touchscreen. The rest of the 

participants had few issues (35%) to no issue (35%) using this tool. By looking into the video 

footage, it is apparent that due to their placement (both left and right of the screen), some participants 

definitely had some trouble pressing the correct spots. This is an issue due to touchscreens in general 

and the experience will differ from screen to screen. In general, the participants were pleased to be 

able to work as a team using the same screen in order to discuss and share knowledge (23% satisfied 

and 77% very satisfied). Oral feedback and questionnaires show that students would like to have this 

kind of tool during their education (88%) and that it is a good addition to the existing tools to 

practice. The group activity was also preferred as the participants were able to discuss during it 

depending on their specialty (77%). It was mentioned several times that being able to be an observer 

and an actor through answering the question at the same time was very appreciated. The video itself 

provided a good (35%) to very good (41%) view at specific elements, action, or person in the scene. 

In general, participants found that the 360° videos were a good way to see how a team of medical 

expert work in an emergency situation at the hospital. The answers from the expert group were very 

similar to the one from the students. They would have liked to have such a tool in their education and 

think that this will be a good addition to the existing teaching methods currently provided. When it 

comes to the log data collected by the prototype during the medical expert study session, they have 

generated 300 interaction events (camera movements and hotspots interactions). The analysis 

reveals an increase of interactions (navigation within the 360° space) occurring around 12-14 

seconds within the video, where the patient arrives to the emergency room. By analyzing the camera 

data (pitch and yaw values) occurring between 12-14 seconds, it was clear that users were navigating 

the 360° video from the patient to the status monitor and looking at the emergency team. The second 

point in time showing the increase of interaction happened between the timeline 60-65 seconds in 

the video. There, the emergency nurse starts to describe the health status of the patient. The 

navigation was performed towards this emergency nurse. We have also looked at the relation 

between the pattern of navigation within the content of the 360° space video in relation to how 

experts replied to the questions. The first question was displayed to the users in the timeline of the 

video equal to 138 seconds. Based on the camera movements, it is noticeable that most interaction 

events happened before answering the first question. This fact can be explained as users were 

familiarizing with the 360° video navigation and looking into the emergency team, patient, and 

health status monitor locations. 
  
 

6. Conclusion and Future Work 

 

This paper describes our research efforts connected to the design, development and validation of an 

interactive 360° video system to support specialist nursing students in the context of emergency 
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situation. The proposed tool offers groups of students the possibility to experience the emergency 

room and its medical personnel during the intervention in novel ways. The tool was built for group 

work with different students having different specialties to mimic the way in which a regular trauma 

team at a hospital works. A user study was conducted with 17 students and four medical experts in 

the area. Based on the initial outcomes of the evaluation, the results show that the tool can provide 

students with novel interaction mechanisms that have positive effects in order to improve their 

knowledge and skills. The students and experts also claimed that it is a good addition to the current 

methods and tools used currently in their education and daily practices. In future developments, the 

improvement of the sound recording will be a priority. The addition of more questions and more 

videos will allow a broader range of interaction. The interface of the tool will also be redesigned to 

provide an easier and clearer way to interact with it. Another line of development and research is to 

adapt the existing content to portable Virtual Reality headset such as Oculus rift and the like. The 

technical features of the system are built already for such transition between devices. Additional 

studies will be conducted in order to analyze the learnability of the proposed system at a bigger 

scale. As of now, preliminary results are encouraging, but are yet to be further validated in order to 

refine both the pedagogical and technical aspects of our approach. Other emergency services have 

been reporting their interest in such projects and this tool could be used by others such as Police 

departments and Fire Fighters departments. In the near future, we also plan to further develop all 

those aspects connected to learning analytics in order to make sense and exploit all the amount of 

data that is collected during the different learning sessions.  
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Abstract: Metacognitive thinking skills that monitor and control one’s thoughts, are an 

essential and important competency in various fields/domains. In order to promote learners’ 

metacognitive activities, we have researched and confirmed that learner’s and expert’s 

eye-movement information during critical reading of the learner’s own paper, contributes to 

enhancing the learner’s metacognitive inference activities (MIA) and their metacognitive 

knowledge (Ogino et al., 2017). In this study, we embedded our metacognitive learning 

method into daily lab-activities in order to sustainably promote learners’ MIA. This 

metacognitive learning design was continuously employed in our laboratory for three 

months. Experimental results showed that our proposed learning design was successfully 

adapted in learners’ daily lab-activities. 

Keywords: Metacognition, eye-movement information, long-term practice, research 

activity 

1. Introduction

Metacognition is essential to successful learning because it enables individuals to better manage 

their cognitive skills, and to determine weaknesses that can be corrected by constructing new 

cognitive skills (Schraw, 1998). It has been pointed out that metacognitive skills are difficult to learn 

and execute, since thinking itself is invisible even by the subjects themselves and is difficult to 

control (Kayashima & Inaba, 2003). Writing activities offer an opportunity to develop such 

metacognitive skills (Hacker, 2009). By monitoring one’s own sentences, which can be seen as 

visible expressions of one’s own thoughts (Baker, 1989), one can recognize inconsistency or logical 

contradictions, in order to correct them. However, in many cases when writing academic documents, 

it is difficult for ordinary learners to be aware of logical inconsistencies or a lack of perspective, 

especially when monitoring their own documents. On the other hand, experts can demonstrate their 

metacognitive monitoring activities, during their critical reading processes. 

In order to eliminate the difficulty and promote learners’ metacognitive awareness, we have 

proposed a learning framework that focuses on writing opportunities of academic papers in which 

immature researchers (learners) and their supervisors (experts) collaboratively produce documents 

(Ogino et al., 2017). During metacognitive inferencing activities (MIA), learners try to infer experts’ 

metacognitive knowledge based on eye-movement information during experts’ critical readings of 

learners’ documents, in order to produce their own metacognitive knowledge. From an initial 

experiment, we confirmed that learners’ MIA were promoted by showing different types of 

eye-movement information, such as the difference in the total amount of gaze and the eye-movement 

process on the document. 

In this paper, we propose a learning design for MIA by extending our proposed 

metacognitive learning framework to the daily lab-activities of both learners and experts. In addition, 

we report the results of continuous practice of MIA over three months in the context of daily 

lab-activities. To evaluate the learning design, we confirm the result in terms of two research 

questions: 1) whether our proposed learning design is suitable for learners’ daily lab-activities in a 

way that does not hinder, but instead progresses, their research, and 2) whether the learning design 

promotes learners’ metacognitive awareness through continuous practice of proactive MIA. 
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2. Metacognitive Learning in Daily Lab-activities 
 

2.1 Learning Framework to promote Learners’ Metacognitive Inference Activities 
 

In our previous work, we proposed a learning framework for elaboration activities for academic 

papers, as an opportunity to foster learners’ context-specific metacognitive knowledge construction 

(Ogino et al., 2017). The novel finding of this work is that the metacognitive activity of inferencing 

experts’ metacognitive knowledge (MIA) is promoted by eye-movement information.  

In order for learners to apply their metacognitive knowledge, it is desirable that they 

carefully consider learning materials in terms of their own thought contexts. Thus, in the previous 

study, we employed learners’ document production activities, especially critical reading activities in 

writing their own academic papers. In comparison with reading activities of novels and essays, in 

which ordinary learners concentrate on understanding and enjoying the written contents, creating an 

academic paper requires critical reading (Suzuki et al., 2009). Learners need to critically read the 

paper contents to check whether there exists logical inconsistencies and gaps between what they 

wrote and what they intended to write, before they submit their paper to experts (supervisors). The 

experts also check the contents by applying their metacognitive monitoring activities. 

A simple but promising idea of the framework is to focus on the differences in critical 

reading activities of learners and experts, which reflect the differences in their metacognitive 

activities. By providing eye-movement information as stimuli that can be interpreted in various 

ways, we propose that learners can be made aware of their immature metacognitive activities, so that 

they can attempt to improve their metacognitive knowledge on their own, without instructions. An 

early experiment was conducted, and we confirmed that eye-movement visualization tools (see 

Section 3) promoted learners’ spontaneous MIA (Ogino et al., 2017). 

 

2.2 Learning Materials of Metacognition in Daily Lab-activities 
 

For this study, we designed sustainable learning activities to incorporate MIA into learners’ daily 

lab-activities by extending our previous learning framework that focused on the specific 

opportunities such as academic paper elaboration activities. In order to provide sustainable 

metacognitive learning opportunities for learners in an authentic learning context, we needed to 

consider the appropriate learning materials and the suitable timing to capture eye-movement 

information in order to promote metacognitive awareness in learners. 

As an opportunity to externalize learners’ thoughts about their research and daily 

lab-activities, we focus on reflective reports of the meetings that describe the contents of the 

discussion, written after the meeting. Research meetings are required for creative and collaborative 

discussion (Mori et al., 2017), and the meeting report should include not only discussion results, 

such as in minutes, but also discussion processes and the learners’ own reflective observations 

towards their own research progress. It is also expected that learners write reflective descriptions, 

such as what kind of awareness about their own thought process they gained in the discussion. 

Therefore, we selected the reflective report of the research meeting (hereinafter called reflective 

meeting report), including the discussion among learners and their experts, and the thoughts and 

reflections of the learners, as an ideal learning material of metacognitive learning. 

As for when to measure eye-movement information in learners, we focused on the time just 

before their submissions to experts, as in the previous study. This point in time can be regarded as 

the learners’ final critical reading of their reports. As for experts, we selected the point in time when 

they critically read the report for the first time, i.e., just after submission. Based on both learners’ and 

their expert’s eye-movement information, the eye-movement visualization system (Section 3) 

provides two types of visualization data, each of which intends to continuously encourage learners’ 

MIA in their daily research activity contexts. 

 

2.3 MIA Learning Cycle in Daily Lab-activities 
 

Based on the previous discussion, we designed learning activities to promote the metacognitive 

awareness of learners. The learning cycle consists of the following six phases:  
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P1 Research meeting: Learners report their progress and/or propose ideas of their research to experts 

and explicitly share their thinking processes through the discussion. 

P2 Writing reflective meeting report: After the research meeting, learners reflect on the meeting and 

own thought process, and write them as a reflective meeting report in a logical manner based on the 

discussion. Since the reports reflect their thoughts on the research activities, they should write the 

contents with a deep understanding of their own research. 

P3 Critical reading by learners: This phase corresponds to the point in time just before submission 

to experts. Learners critically read their own reflective meeting reports to verify whether there exists 

logical inconsistencies and gaps among what they intended to write, what they should report (reflect 

on) and what they wrote. During the critical reading, learners’ eye-movement processes are 

measured by eye-tracking devices.  

P4 Critical reading by experts: This phase occurs when experts read the meeting reports for the first 

time, just after the submission. As in P3, the experts’ eye-movement processes are measured by 

eye-tracking devices. In this phase, experts need to check if they understand their own research and 

their own misunderstanding and they were properly written in addition to confirming the 

consistency between the contents of the report and the discussion. After the reading (eye-movement 

recording), feedback (voice recordings) from the experts is provided in order to foster learners’ 

understanding. 

P5 MIA of learner: Based on the eye-movement information measured in phases P3 and P4, learners 

concentrate on performing MIA using eye-movement visualization tools (see Section 3) so that they 

can attempt to improve their metacognitive knowledge on their own, without instructions. Through 

MIA, learners are required to infer the experts’ metacognitive monitoring activities in their critical 

readings of learners’ reports, such as the words that the expert is paying attention to might have 

ambiguous meanings, and the part that the expert repeatedly reads might be different from the 

shared discussion contents or include my misunderstanding. 

P6 Proofing meeting report: Based on the MIA in P5, learners tackle proofing activities (i.e., 

performing metacognitive control activities) of their reflective meeting reports. During this process, 

they deepen their understanding of the report contents and reorganize their thoughts on their 

research. After the proofing activity, learners receive experts’ feedback (i.e., the speech voice 

recorded in P4), and make a plan to improve their research for the next meeting.  

 

 

3. Recording and Visualization Tools of Eye-movements Information 
 

In this section, we first describe an eye-movement recording tool that measures and records gaze 

data when users critically read a reflective meeting report. Then, we present two types of 

visualization tools; comparative heat map visualization tool and eye-movements visualization tool, 

originally proposed in (Ogino et al., 2017).  

 

Eye-movement Recording Tool: The eye-movement recording tool works with a screen-based 

eye-tracking device. The tool starts when a user inputs a target document (e.g., reflective meeting 

report) as text formatted in Japanese. It then divides the text into a set of minimal word units, each of 

which has a syntactic function, using a Japanese dependency parser. After processing, the tool 

automatically assigns area-of-interest (AOI) regions to respective word units and displays them. 

Based on the AOI regions, the tool detects if the eye-movements fall within AOI regions during each 

frame; it records the length of the user’s gaze on the sentence-objects in milliseconds and their 

respective identification data, whereas AOIs are invisible to the user. 

Comparative Heat Map Visualization Tool (C-View): This visualization tool is designed to help the 

learner become aware of the differences in the gaze time of respective sentence-objects between 

him/herself and the expert. The interface includes two heat maps, each of which statically represents 

the aggregations of gaze times of the learner (left side) and the expert (right side) for each 

sentence-object (Fig. 1). In the heat maps, the background color of each sentence-object becomes 

darker red proportionate to the gaze time. By contrasting and displaying each heat map, learners can 

compare and review the sections of their reports that experts paid attention to, but that learners did 

not.  
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Eye-movements Visualization Tool (EM-View): This tool shows the untouched ‘processes’ of 

eye-movements during reading activities according to the timing data of the expert’s gaze at 

statement-objects. Figure 2 shows the interface. By observing the EM-view, a learner can follow the 

expert’s reading processes, in which his/her metacognitive activities are reflected. In the interface, 

the gazed at statement-object is highlighted at each point in time. While this visualization method 

might be quite straightforward, we expect that it could help the learner infer the expert’s 

metacognitive monitoring processes. 

 

 

4. Practicing Metacognitive Inference Activities in Daily Lab-activities 
 

Study participants conducted three months’ practice to confirm the usefulness of our proposed 

metacognitive learning activities discussed in Section 2, and whether the learning design could be 

sustainably incorporated into authentic lab-activities. 

 

4.1 Setting 
 

We practiced our proposed metacognitive learning cycle, in which learners tackled the above series 

of tasks, from mid-October 2017 to mid-January 2018. 

Participants: 10 researchers (four undergraduate students and six graduate students) in the same 

laboratory were selected as learners. Their professor was selected as an expert. In addition, another 

professor was selected as an evaluator in the same laboratory, who joined in the all research 

meetings, to evaluate the quality of learners’ reflective meeting reports. 

Learning opportunities: we selected the time at which each learner writes down his/her reflective 

meeting report after his/her research meeting. Learners continually practiced according to the 

learning cycle in the daily lab-activities (Section 2.3). 

Learners’ tasks: learners were asked to tackle three types of tasks shown in Table 1. Q1 and Q2 

correspond to the MIA task through the interfaces of C-view (Fig. 1) and EM-view (Fig. 2). Q3 is to 

clarify the reasons for correction (if any) after their proofing reflective meeting report phase (P6).  

Evaluator’s tasks: Table 2 shows tasks for the evaluator. In Q4, we set two reports for each learner, 

submitted report and report after correction in P6, at random as report  and report . The evaluator 

was asked to conduct a blind evaluation of them. Q5 was designed to confirm whether learners’ 

corrections of their reflective meeting reports (i.e., learners’ metacognitive controls) were 

meaningful or not. 

 

4.2 Results and Discussion 
 

The total number of practices was 48 and the average number of practices per learner was 4.8. The 

range in the number of characters written in each meeting report was 500 to 3,500 characters. 

 

Feasibility of the Learning Design: While the time taken to write a reflective meeting report depends 

on the discussed contents, the average time required for the learner was about three hours (P1: 

Heat map
(learner)

Heat map
(expert)

 

Process of expert’s 
eye-movement

 
Figure 1. Interface of Comparative Heat Map 

Visualization Tool 
Figure 2. Interface of Eye-movements      

Visualization Tool 
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30min., P2:120min., P3:5min., P5&P6: 40min.). The expert took about 40 minutes for each research 

meeting and critical reading of the report (P1:30min., P4:10min.). Many of the learners commented 

that, although the workload of preparing the reflective meeting report is not low, there is no trouble 

in carrying out the research and it is meaningful in organizing the content of the discussion and my 

research itself. In addition, the expert commented that, it is meaningful to review their reflective 

meeting reports, in terms of grasping learners’ level of understanding of their research, and there is 

very little workload accompanying the critical reading (measurement of gaze information). These 

results and comments support that our proposed learning activities can be successfully and 

sustainably integrated into the daily lab-activities both of learners and their expert. 

 

Effectiveness of MIA by C-view and EM-view: The average numbers of comments in Q1 and Q2 

were 3.27 and 2.81, respectively. During the practice, both Q1 and Q2 were always completed by 

learners. These results indicated that learners’ metacognitive activities of inferencing expert’s 

metacognitive knowledge were activated by observing eye-movement information, as displayed in 

C-view and EM-view. In this practice, we employed the learning design, in which learners first 

conducted MIA with C-view, and then they tackled MIA with EM-view. It is an interesting result 

that C-view and EM-view increasingly promote learners’ MIA even for reports that the learner had 

critically checked before submission. 

The average number of comments in Q3 was 2.57. All of learners made some correction to 

their reflective meeting report during each practice and wrote down the reasons for them. This result 

suggests that learners’ MIA contribute to their correction activities, i.e., metacognitive control 

activities in P6, even though the meeting reports had been thoroughly reviewed before the 

submission.  

 

Quality of Learners’ Correction Through the Long-term Practice: Figure 3 shows the evaluation 

results of the meeting reports from Q4. After the correction, the average scores of nine learners out 

of ten were higher than before. The number of times the evaluator judged the corrected ones higher, 

and was 33 out of 48 reports (about 69%). In order to investigate whether there was a difference 

between the evaluation scores before and after the correction of meeting reports, a paired t-test was 

calculated. Based on this test, the score after correction was significantly higher than before 

correction (t(47)=6.75, p<.01). In addition, we also confirmed there were significant differences in 

report scores before and after, in all three months (left side of Fig. 3). Thus, we confirmed short-term 

and long-term improvement in the quality of learners’ reflective meeting reports. Through this 

long-term practice, the evaluator judged 83 reasons as rational out of 126 reasons given (about 66%) 

in Q5. In addition, we confirmed that more than two of each kind of reason were produced by each 

learner. 

According to the above results, we indicated that our proposed learning design encourages 

MIA, and can be successfully incorporated into an authentic lab context in a sustainable way. This is 

one of the research contributions of this study. In addition, we confirmed the effectiveness of 

activating learners’ MIA continuously, and indicated that MIA contributed to learners’ awareness of 

Table 1 

Questions for Learners 

 Timing Question 

Q1 P5 
Infer and list what the expert was thinking about during his/her critical reading of 
your report by referring to C-view. 

Q2 P5 
Infer and list what the expert was thinking about during his/her critical reading of 
your report by referring to EM-view. 

Q3 P6 Write down the reasons for your correction of your report contents. 

 
Table 2 

Questions for the Evaluator 

 Question 

Q4 
Rate report  and report  respectively on a scale of one to ten (0.5 point intervals). 

Write down the reasons for your scores if there is a difference between the scores. 

Q5 Check the correction reasons of learner (Q3) and whether each of them is rational or not.  
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metacognition, which led to the correction activities of their meeting reports. These results are 

supported by the increase in evaluations of the reflective meeting reports. To summarize, it is 

suggested that our proposed learning design in daily lab-activities could contribute to improving 

learners’ metacognitive awareness. 

 

 

5. Conclusion 
 

In this study, we proposed sustainable learning activities to promote learners’ MIA by extending our 

previous learning framework. As learning materials, we focused on eye-movement information 

during reading of reflective meeting reports in daily lab-activities as opportunities to externalize 

learners’ thoughts about their research. Based on the designed learning cycle, we conducted a 

long-term practice program with ten learners. The results showed that our proposed research 

activities were successfully incorporated into learners’ daily lab-activities for three months, and that 

the visualization tools contributed to continuously promoting learners’ metacognitive awareness by 

MIA. 

In the context of authentic research activities, there are many factors that may affect the 

improvement of metacognitive awareness. Thus, we cannot conclude that all the results presented in 

this study are due to the proposed learning activities. However, it is notable that the learning 

framework makes it possible to produce opportunities where learners become aware of cultivating 

own metacognitive skills in daily lab-activities in a sustainable manner. For the future work, we plan 

to investigate what kind of stimuli were effective in promoting learners’ metacognition, taking into 

account the characteristics of learners in more detail. 
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Abstract: In this paper, we analyze students’ e-book reading patterns by using Markov 

Chains (MCs). We used click-stream data of 236 students while they read 7 different 

contents shared by the instructor across different weeks of the course. To analyze reading 

patterns, we first clustered students independently based on their interaction with each 

content. We grouped students in None, Low, Medium, and High clusters. Then by using 
MCs, we calculated cluster transition probabilities between different contents. We also 

visualized these patterns and applied a prediction algorithm to predict students’ reading 

patterns. Results revealed that students are likely to follow the same reading patterns across 

the semester. In other words, if a student reads less in the first content, s/he is likely to read 

less during the rest of the semester. We also found that transition data could be used to 

predict students’ further reading behaviors. The developed model can be used to plan an 

intervention system for at-risk students. Visualization of these transitions may help a teacher 

to understand how well students use contents. 

Keywords: e-book, sequential behavior analysis, markov chains, clustering, learning 

analytics, educational data mining 

1. Introduction

Digital learning materials are widely used in online learning to deliver lecture contents to the 

students. Along with their advantages for the students and instructors, digital materials have made it 
possible to collect a vast amount of data regarding students’ reading behaviors. Such log data was 

previously used by the researchers to visualize patterns in class preparation and review of the 

students (Ogata et al., 2018). 
In this paper, students’ e-book reading logs are analyzed with Markov Chains (MCs) to 

understand their e-book reading behaviors. To analyze students’ reading patterns, we first clustered 

them independently based on their activities (e.g. session count, total time, event count, etc.) for each 
content then analyzed their transitions with the help of MCs.  

1.1 BookRoll System 

BookRoll is an e-book reader, currently used in Kyoto University to support in-class teaching. It is 

integrated into the university’s Learning Management System (LMS), hence students can access it 

through LMS. Instructors are using BookRoll to support their classes for uploading their slides or 
giving students extra reading materials. In BookRoll, there are marker features to highlight different 

sections of a reading material in yellow and/or red color. Additionally, memos can be created to take 

notes. Students can also bookmark pages or use the full-text search function to find the pages that 
contain information they are looking for. Learning materials can be uploaded to BookRoll in PDF 

format, and it supports various devices as it can be accessed through a standard web browser. 

 Students’ reading logs are recording in the learning analytics system developed by the 
Flanagan and Ogata (2017). This system records all the anonymized learning logs into the integral 

Learning Record Store (LRS) as xAPI statements. Any action taken by students while using the 
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BookRoll system (e.g. next, previous, page jump, highlight, adding a memo, search, etc.) is 
recorded.  

1.2 Student Behavior Analysis 

 
Previously, researchers used to partial correlation analysis (Yin et al., 2015) and lag-sequential 

analysis (Yin et al., 2017) to understand students’ behavioral patterns while reading e-books. 
Markov Chains (MCs), however, are mainly used for profiling users’ web navigation behaviors, 

especially to predict their next clicks (Sarukkai, 2000). In educational settings, MCs previously used 

for the learning sequence recommendation to the students in an adaptive learning environment 
(Yueh-Min, Tien-Chi, Kun-Te, & Wu-Yuin, 2009). Marques and Belo (2011), used MCs to analyze 

students’ Moodle logs and established students’ usage profiles for online learning. Hlosta et al. 

(2014) used MCs for analyzing student activities in the online virtual learning environment to 
identify the behavior of at-risk students. Caprotti (2017) used MCs to visualize logpaths of students 

in an online calculus course and analyzed the study strategies of the students to construct a learning 

resources recommendation engine able to suggest the best learning resources. 
In this study, we formulized students’ reading patterns as MCs to understand their content 

transition behaviors. We also visualized these patterns and applied a prediction algorithm to predict 
their further reading behaviors. To achieve this, we first clustered students based on their interaction 

data in each content, and then analyzed transitions between these clusters by using MCs. This 

method helped us to understand how students’ reading patterns changes across the different contents 
and how this data can be used to predict at-risk students. 

 

 

2. Method 

 

2.1 Data Collection and Feature Extraction 

 
In this paper, more than 250 thousand lines click-stream data of 236 students who registered 

Information Basics course were analyzed. The course was offered for the 1st year undergraduate 
university students. Students used the BookRoll system to access course materials uploaded by the 

instructor in weekly or biweekly intervals. From these data, features were extracted to reflect 
students’ reading patterns. These features include the number of sessions, number of the unique days 

of access, total time they spent on the system, total number of events, total number of short events 

(event duration < 3s), total number of next, previous, jump events, and total number of memos, 
markers and bookmarks. Since there was not enough data related to students’ jump, marker, memo, 

bookmark actions, those features were excluded from the analysis. Descriptive statistics for the 

remaining features for each content are given in Table 1. 
 

Table 1 Descriptive Statistics of Features in Dataset 

  Mean (SD) 

e-Book N Session UniqueDay TotalTime TotalEvent ShortEvent Next Prev 

Content 

1 
215 

2.75 

(1.64) 

2.28 

(1.28) 

25.1 

(24.0) 

119 

(108) 

86.8 

(88.6) 

88.8 

(75.1) 

23.7 

(32.3) 

Content 

2 
223 

3.33 

(1.76) 

2.62 

(1.29) 

66.5 

(49.5) 

222 

(163) 

158 

(133) 

142 

(100) 

68.3 

(60.9) 

Content 

3 
217 

3.12 

(1.77) 

2.55 

(1.24) 

43.9 

(34.1) 

162 

(116) 

115 

(94.2) 

114 

(75) 

41.1 

(41.2) 

Content 

4 
213 

2.82 

(1.65) 

2.34 

(1.17) 

51.8 

(43.1) 

174 

(129) 

122 

(103) 

117 

(81) 

50.2 

(47.3) 

Content 

5 
202 

3 

(1.69) 

2.47 

(1.18) 

34.7 

(37.8) 

188 

(155) 

143 

(135) 

147 

(107) 

33.6 

(52.6) 

Content 

6 
203 

2.44 

(1.55) 

2.02 

(1.05) 

26.3 

(32.5) 

109 

(98) 

79.6 

(81) 

83.5 

(67.4) 

19.7 

(33.1) 
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Content 
7 

206 
3.16 

(1.83) 
2.59 

(1.33) 
45.5 

(41.3) 
206 

(175) 
151 

(149) 
134 

(105) 
65.4 

(70.6) 

 

2.2 Clustering 

 
Clustering analysis was used to cluster students based on their reading activities by following the 
process given in Figure 1. According to this process, first, related data filtered, then attributes are 

using in the analysis were selected. Since the attributes are different in scale, all of them were 

normalized before the clustering algorithm was applied. X-Means algorithm (Pelleg & Moore, 
2000) was used for clustering and this process was applied seven times independently for each 

content. Sankey diagram was used to visualize the transitions across the clusters across seven 

contents (Figure 2). 
 

 
Figure 1. Clustering process 

 

2.3 Markov Chains Analysis 
 

Markov Chains (MCs) Analysis was used to calculate content transition probabilities of the students. 

The MCs is a popular method for modeling sequential data and previous studies have already shown 
its effectiveness in educational settings to understand how students used the resources that teachers 

share with them (Marques & Belo, 2011). MCs analyses were conducted in R (R Core Team, 2017) 

with the help of click-stream (Scholz, 2016) and markovchain (Spedicato, 2017) packages. MCs 
results were presented in the forms of state transition diagrams and sequence prediction analysis. 

 

 

3. Results 
  

3.1 Cluster Analysis 
 
Students were clustered based on their reading patterns. Cluster numbers are automatically 

determined by the X-means algorithm. X-means determined 3 or 4 clusters in each data. Since 

cluster analysis applied independently for each content, obtained clusters are mapped to pre-defined 
clusters (LOW, MEDIUM, HIGH) manually. Otherwise, the comparison between clusters in 

different content could not be possible. For the mapping, cluster centers analyzed and appropriate 

mapping is decided by the authors for each content. After mapping was done, we had three clusters 
for each content. Along with these three clusters, cluster NONE created manually and students who 

do not have any activity in a specific content assigned to this cluster. Numbers of students in each 

cluster for each content can be seen in Table 2. 
 

Table 2 Numbers of Students in each Cluster and their Percentage 

Book N NONE LOW MEDIUM HIGH 

Content 1 236 21 (8.9%) 96 (40.7%) 74 (31.4%) 45 (19.1%) 

Content 2 236 13 (5.5%) 67 (28.4%) 90 (38.1%) 66 (28%) 

Content 3 236 19 (8.1%) 71 (30.1%) 84 (35.6%) 62 (26.3%) 

Content 4 236 23 (9.7%) 73 (30.9%) 88 (37.3%) 52 (22%) 

Content 5 236 34 (14.4%) 83 (35.2%) 76 (32.2%) 43 (18.2%) 

Content 6 236 33 (14%) 146 (61.9%) 47 (19.9%) 10 (4.2%) 

Content 7 236 30 (12.7%) 71 (30.1%) 61 (25.8%) 74 (31.4%) 
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At the end of the analysis, data file was generated that contained all students’ clusters for 
each content (e.g. Student 1: HIGH, HIGH, MEDIUM, HIGH, MEDIUM, HIGH, HIGH). This 

transition data visualized as Sankey diagram to show all transitions (Figure 2). When the Figure 2 

analyzed, we observed that students tend to follow the same reading patterns regardless of time and 
context of the content. Since contents uploaded by the instructor in different weeks of the course, our 

results also represent students’ reading patterns over time. 

 

 
Figure 2. Visualization of students’ reading patterns across 7 contents 

 
For the content 6, we observed that majority of the students (61.9%) are in the LOW cluster 

(see Table 2). This pattern is different than other contents. At present, we do not have enough data to 

analyze reasons of this pattern, however, instructor of the course might have insight about the course 

when s/he looks at this graph. Although it makes easy to understand general content usage patterns 
of the students, this graph alone cannot be used to identify at-risk students; therefore, we used MCs 

to see probability of the transitions. 

 

3.2 Markov Chains Analysis Results 

 
State transition diagrams are generally used to represent transition matrices produces by MCs. For 

the seven different content, it is possible to create twenty-one different transition matrices, we 
reported two of the in this paper (see Figure 3) as an example. The Figure 3-a shows the students’ 

transitions between Content 1 and Content 2, and Figure 3-b shows the students transition between 

Content 1 and Content 7. These two graphs were selected since both are important to observe the 
changes in students’ reading behavior after the first content. 

 

   
Figure 3. State Transition Diagrams: (a) Content 1 to Content 2 (left), (b) Content 1 to Content 7 

(right) 
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When we analyzed the state transition diagrams, we found that, from Content 1 to Content 2 

there was no transition between HIGH to LOW, HIGH to NONE, and MEDIUM to NONE groups 

and only 10% of the students moved from NONE to MEDIUM and 9% of the students moved from 
LOW to HIGH group. Similar patterns were observed from Content 1 to Content 7. Here again, there 

was no transition between HIGH to NONE, and MEDIUM to NONE groups and only 10% of the 

students moved from LOW to HIGH and 10% of the students moved from NONE to MEDIUM 
group. On the contrary, in this case we found that 9% of students moved from HIGH to LOW group. 

In both cases, we observed that students mostly tended to follow similar patterns since within group 

transition had the highest probability for each group. On the other hand, 60% of the students who did 
not read the Content 1, did not read the Content 7 either and 30% of them moved to the LOW group. 

Prediction algorithm was also applied based on MCs result to predict the 2nd and 3rd order 

cluster state of a student. Example patterns and their probabilities are shown in Table 3. Since 
prediction probabilities decrease after the 3rd order, we limited our results at the 3rd order. Patterns 

with the highest probability are reported for each case. According to these patterns, if a student in the 

NONE or LOW group for the first content, the student will most likely be in the LOW group for the 
next (with a probability of 0.5) and following content (with a probability of 0.3). On the other hand, 

if a student in the MEDIUM or HIGH group in the first content, the student will most likely be in the 

same group for the next and following content with a probability of 0.6 and 0.8. 
 
Table 3 Predicted Patterns and their Probabilities 

Pattern
*
 Probability 

B1NONE → B2LOW 0.5 

B1NONE → B2LOW → B3LOW 0.3 

B1LOW → B2LOW 0.5 

B1LOW → B2LOW → B3LOW 0.3 

B1MEDIUM → B2MEDIUM 0.6 

B1MEDIUM → B2MEDIUM → B3MEDIUM 0.3 

B1HIGH → B2HIGH 0.8 

B1HIGH → B2HIGH → B3HIGH 0.5 
* 
Initial State → 2nd Order Prediction → 3rd Order Prediction 

 

 

4. Conclusion 

 
In this paper, we analyzed students’ e-book reading patterns with the help of MCs. We first grouped 

students based on their activity level in different contents of the course, and then we analyzed their 
transition probabilities between the groups in different contents. We also visualized these transitions 

as state transition diagrams and investigated the predictive usage of these patterns. Our results 

showed that, without any intervention, students’ transition probability between NONE, LOW and 
MEDIUM, HIGH groups are low. Moreover, most of the students follow the same pattern that they 

followed in the first content. This finding can be used to identify at-risk students and planning 

interventions for them. 
We analyzed students’ reading patterns regardless of their academic performance. For this 

reason, we can only speculate students in the NONE and LOW groups are probably at-risk, since 

engagement is one of the important factors for success in online learning (Hrastinski, 2009), and low 
engagement is related to low academic success (Akçapınar, Altun, & Aşkar, 2016). However, it is 

important to relate these patterns with academic performance to give students more accurate 

feedback about their learning.  
Visualization is also important to help instructors to interpret learning data easily (Coffrin, 

Corrin, Barba, & Kennedy, 2014; Cristóbal & Sebastián, 2017; Majumdar & Iyer, 2016). State 

transition diagrams generated by MCs may help a teacher to understand how well students use 

contents. Moreover, graphical output provides support to instructors in planning interventions 

(Hlosta et al., 2014). 
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In future studies, we are planning to use MCs model obtained here to predict students’ 
content engagement levels at the beginning of the course. We are also planning to design 

interventions for the students who are in the LOW and NONE group to help them to change their 

reading behaviors. To help instructors to interpret results obtained here, we are planning to 
implement a Stratified Attribute Tracking (SAT) Diagram developed by Majumdar and Iyer (2016). 
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Abstract: In this paper, we describe our ongoing research focused on identifying 

requirements for designing, developing and deploying an environment capable to 

enhance educational activities relying on videos contributed by students. We present a 

joint effort conducted by researchers from three countries bringing their results from 

previous efforts focused on the interplay between learning and technology for optimizing 

the pedagogical exploitation of online videos. In order to reach these goals, we use data 

collected from 204 students where they shared their experiences and insights based on 

their experiences while using videos for their own learning. The presented research 

illustrates the transformation of these students’ insights into actual system requirements. 

These requirements are collected and examined in order to be used for the design, 

development, evaluation and refinement of an existing system while aiming to deploy a 

mature environment enabling an optimized experience of on-line videos in. educational 

settings. Last but not least, we discuss the benefits of our approach in the light of benefits 

and future challenges to incorporate videos in educational activities supported by a 

software architecture that relies on web technologies. Finally, we summarize and discuss 

our efforts in the light of future research while aiming to practice future deployment of 

such architecture. In these future iterations, we discuss new stakeholders possibly 

assisting in identifying new requirements and contributing with innovative ideas for best 

optimization of videos supported by TEL environments offering meaningful and 

appealing learning. 

Keywords: Learning systems platforms and architecture, online videos, Learning 

Analytics, Social Media  

1. Introduction

In recent years, teachers and students are increasingly experiencing the benefits of using online 

videos for educational purposes (Reychav & Wu, 2015). Digital videos available over the web are 

increasingly becoming popular as they are turning into an important alternative educational resource 

that support different learning activities and complement traditional classroom content 

(Buckingham, 2007; Spiegel, 2016). Web-based platforms play an important role in these 

developments as they facilitate the storage, processing and consumption of on-demand videos from 

anywhere and anytime. For the past decade, Technology Enhanced Learning (TEL) environments 

have been designed and deployed including features that enable teachers and students to integrate 

educational videos and to provide support to interact with them in a variety of ways. Such 

innovations in TEL environments provide educators with new opportunities to integrate this type of 
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rich media into the curricula in a wide variety of subject matters (Hoppe et al., 2016; Kohen-Vacs et 

al., 2016). Hence, teachers and learners interacting with such TEL environments from a wide range 

of cutting-edge portable devices are offered with novel opportunities to design, deploy educational 

approaches and used digital videos in ways that were not possible before (Lo & Hew, 2017). 

Nowadays, TEL environments deployed for the web, rely on cloud services offer 

user-friendly experiences enabling authoring and consuming videos for various purposes from 

across contexts and settings. In some cases, these environments interoperate with video services like 

YouTube or Vimeo. Accordingly, it should be emphasized that for those settings in which videos 

need to be used for educational purposes require special attention in terms of content, subject matter 

and modes of use of this digital content (Perakakis & Ghinea, 2017). Consequently, educational 

stakeholders require that TEL tools and systems should be designed for exploiting these new 

learning opportunities (Jacob & Isaac, 2014). 

In this paper, we describe our on-going research efforts related to the incorporation of 

educational videos into different learning paths supported by TEL environments. We seek to 

continue and discover new educational as well as technological requirements enabling to take 

advantage of existing video content found on the web (Kohen-Vacs, 2016; Kohen-Vacs et al., 2016). 

Currently, we are exploring how to expand and add new features to an existing software architecture 

that was designed to support interaction with educational videos (Kohen-Vacs et al., 2016, Smith, 

2016). Our current efforts are guided by the outcomes of the interaction and data collected with more 

than 200 university students during the last 2 years. In our previous efforts, educators, researchers 

and developers have been involved in the design efforts in order to identify the requirements of such 

architecture (Ravenscroft et al., 2012). The specific focus of this work is to explore which new 

features could be added based on the benefits and challenges perceived by students using on-line 

videos for learning purposes. Specifically, we aim to explore students’ opinions, perceptions and the 

type of exploitations in their daily routines including both within the educational scope as well as 

their usage performed beyond their learning purposes.  

The paper is organized as follows. In the next section, we describe the settings in which the 

research takes place and we present the main two research questions that guided our work. We 

proceed and describe the results of data we collected from surveys focused on university students in 

engineering programs and their perceptions related to the design, deployment and exploitation of 

digital videos and tools that can be used in their educational settings. Then, we consolidate their 

responses and try to transform them into learner´s requirements needed later for our design and 

deployment efforts. We further proceed and contextualize these requirements in terms of design 

models for supporting the creation of a number component that can support different learning 

activities. We also examine if and how these requirements could be integrated in an environment we 

have previously developed (Kohen-Vacs, 2016; Kohen-Vacs et al., 2016; Ravenscroft et al., 2012). 

Finally, we conclude this paper with a summary and conclusions followed by possible research 

directions of our future work. 

 

2. Context Settings and Research Questions 

 
In this research, we consider interdisciplinary requirements addressing pedagogy as well as 

technology related aspects. From a methodologically perspective, our research efforts are guided by 

Design-Based Research (DBR) (Collins et al., 2004; Kohen-Vacs, 2016). We explored students’ 

perceptions attending study programs focused on engineering. Their perceptions are explored 

according to the following Research Questions (RQ) addressing the exploitation of videos in and 

beyond their traditional and educational settings. In order to further explore and investigate these 

topics two research questions have been identified and are formulated as follows: 

 

 (RQ1): What are the challenges and benefits perceived by university students using online 

videos resources to support different educational activities? 

 (RQ2): What pedagogical and technological features could be added to those videos and 

on-line systems distributing them in order to facilitate and enhance the exploitation of these 

digital assets? 
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In order to start exploring the mentioned RQs, we started first by gathering some relevant 

information that could help us to comprehend the techno-social contexts and settings experienced by 

students in their classroom and beyond them. Accordingly, we invited more than 250 university 

students to reply to a survey carried out during their classroom sessions during the academic years 

2015-2016. Of those, 204 students have replied to our survey. The range of ages of the students that 

answered this survey was between 19 to 26 years old. Students from each year attending different 

cohorts of engineering programs (six years of study) at the National Technological University of 

Argentina, campus of San-Nicolas (FRSN) participated in this survey. These students represented 

different groups each attending five different specializations of engineering study programs 

including: Industrial Engineering, Electrical Engineering and Electronical Engineering. 

Additionally, other groups of students attended studies focused on Mechanical Engineering and 

Metallurgical Engineer. In Table 1, we specify the number of students while including their 

distributions across six years of studies while also specifying their distributions between males and 

females. The number of students that submmited their replies from each year aim to represent the 

entire population attending courses across the engineering study programs (including the indicated 

gender’s distribution). 

 

Table 1 

Students Distribution across 6 years of study programs focused on Engineering  

Study Program 

Year                              (♂/♀) 
Industrial Electrical Electronical Mechanical Metallurgical 

1st  11 (9/2) 11 (9/2) 10 (8/2) 10 (8/2) 10 (8/2) 

2st  11 (9/2) 11 (9/2) 10 (8/2) 10 (8/2) 10 (8/2) 

3st  8 (7/1) 8 (7/1) 8 (7/1) 8 (7/1) 8 (7/1) 

4st  4 (/3/1) 4 (/3/1) 4 (/3/1) 4 (/3/1) 4 (/3/1) 

5st  4 (/3/1) 4 (/3/1) 4 (/3/1) 4 (/3/1) 4 (/3/1) 

6st  4 (/3/1) 4 (/3/1) 4 (/3/1) 4 (/3/1) 4 (/3/1) 

Total per study program 42 (34/8) 42 (34/8) 40 (32/8) 40 (32/8) 40 (32/8) 

Overall   204(164/40)   

 

As implied, we conducted a survey while providing students with opportunities to share and 

reveal their pre-assumptions, perceptions and insights as experienced during their formal and 

informal educational tasks in which they use video content. The surveys were conducted with the 

students before and following to their lesson sessions. Students that replied to our survey were 

required to address five main topics examined different aspects of their ideas and insights. The 

leading topics corresponding to various categories including, the frequency in which videos were 

used, the purpose of use as well as the reliability perceived from these videos. In addition, we 

examined the added values of these audio-visual resources as perceived by students. The data 

extracted from these surveys will be presented in the next section and will be further elaborated in 

the fourth section. Specifically, the topics addressed by the students in the survey correspond to their 

perceptions of opportunities and challenges related to use of videos to scaffold learning processes 

(RQ1). Additionally, topics addressed by students also align to discovery of requirements associated 

to pedagogical aspects as well to technology corresponding to learning supported by TEL 

environments encompassed by online videos (RQ2).  Specifically, the topics in the survey were 

presented to the student along these five questions: 

 

 How often do you use online videos in order to address challenges tackled during your daily 

routines? 

 What are your perceptions on online videos usable as educational materials? 

 How often and in what method do you verify information retrieved from educational videos? 

 In what way, do you think that educational videos available online could be improved in 

order to facilitate their exploitation? 
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 Do teachers invite you to use videos for your learning purposes? If so, with which 

frequency? 

 

These questions presented in the surveys represent our approach intending to capture students’ 

insights, perceptions and natural habits of use practiced in their everyday activities and not 

necessarily within the formal framework of education. We want also to emphasize that during our 

previous research, we focused only on formal frameworks of education in which learning was 

mainly orchestrated by teachers. In the following sections, we present the results and analyses of the 

students’ answers. Our approach was to use this information in order to elaborate and transform 

those answers into initial requirements for refining our existing architecture. We use these results, 

extracted into preliminary requirements as base-line in order to elicit a design and a deployment 

effort towards an optimized exploitation of videos incorporated in educational settings supported by 

TEL. 

 

 

3. Presentation of Results 

 
In the previous section, we presented several topics needed to be addressed by students participating 

in the mentioned survey. We began and asked them about their utilization habits related to online 

videos used in order to cope with challenges tackled during their daily routines. We found that 75% 

of the students admitted that they search for online videos when seeking for solutions to daily and 

casual problems. In the next phase of the survey we proceeded and asked about the students’ 

perceptions in relation to the possible exploitation of online videos for pedagogical purposes. About 

33% of the students declared that they use videos in order to encompass and support the classroom 

session. They also reported that they exercise this unofficially as video resources are not considered 

as official means to scaffold learning processes in the courses they take. In addition, all of them 

specifically pointed over at YouTube as their main resource of audio visual content. We assume that 

the actual percentage of YouTube users might be even higher if considering that Google is exploited 

as main search engine that is automatically associated with YouTube (Bauckhage et al., 2015). Next, 

we intended to check whether and how students verify information watched in a spotted video. Thus, 

we intended to check if and how students verify the educational information found in videos with 

other audio-visual content they find. Accordingly, we found that more than 40% of students always 

verify the information contained in a spotted video with another video. Another similar group used 

this approach with some frequency. In other words, we can say that 80% of the students frequently 

use another video resource to validate the information from a video with other audio-visual resource 

found in the web.  
 Finally, 33% of students declared that teachers never used or told them to watch videos in or 

for their classes. Some similar portion claimed that in very rear cases teachers instruct them to use 

videos. Consequently, about 2/3 of the students almost do not perceive any encouragement from 

their teachers to intend and use educational opportunities that may be consisted in videos available 

online. This result may imply on a conceptual gap between teachers and their students about the 

potential benefits of online videos for education. It is not surprising that more than 66% of the 

students’ express great desire to increase the exploitation of videos during their classroom practices. 

They considered that further introduction of online and educational videos could increase their 

understanding on the subject matter and related materials and therefore benefit their learning gains 

and knowledge. In the following section, we continue and elaborate on these results while also 

starting and addressing some of the core aspects described in the research questions. 

 

 

4. Further analysis of results towards the identification of requirements  

 
In this section, we further elaborate on the findings presented in the previous section. Specifically, 

we found that practices consisting exploitation of educational videos during studies emerge from 

habits practiced during their daily routines (Balakrishnan & Gan, 2017). We found that such 

utilization emerges from students themselves and its further encouraged by the influence coming 
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from the social networks they are part of.  In addition, it should be mentioned that we did not find a 

necessary influence of teachers over their students. Furthermore, we found that in some cases, 

students may not inform their teachers of regular usage of educational videos for classes they teach 

them. In some extreme cases, students may even intentionally hide exploitation of educational 

videos from their teachers. Some students reported that they may decide on such approach due to 

their fear that teachers may not appreciate them. Furthermore, they declared that such usage of 

videos may cause them to be tagged by their teachers as less motivated to study and even to be 

considered as less serious.  
 In other cases, participating students addressed their search and evaluation processes of 

educational videos was carried out regardless of their teachers and in some cases without having a 

good knowledge on the domain of study being focused. They perceived this search practice as 

variable and align and relevant to their professional formation conducted in their university studies. 

They added and mentioned that this search and evaluation is considered by them as a necessary skill 

that should be considered as part of a process of academic and intellectual development. Finally, 

students declared that they share the results of these searches with other students in order to enable 

mutual benefit from these audio-visual contents. In the results of the survey, students pointed out to 

exploited videos that are available in regular channels stored in platforms like YouTube or Vimeo. 

Thus, students claim that they do not tend to seek for audio-visual materials in platforms that are 

officially devoted for education like Khan Academy, Coursera or Udemy.  

 We end this section by addressing the data extracted and elaborated from the students´ 

replies from the survey and transform them into concrete requirements addressing pedagogical as 

well as technological aspects of learning supported by online videos. Specifically, we demonstrate 

here how various requirements emerge from students’ answers including the following: (Req-1) 

requirement to facilitate adoption of new videos available on the web in order to offer them as 

valuable and educational resource to teachers as well as for peers. In addition, we also include 

(Req-2) to enable optimized incorporation of contributed and audio-visual resources along learning 

paths needing further improvements in terms of vivid, meaningful and appealing illustrations as 

possibly offered in videos. We also bring (Req-3) a requirement for sharing and reusing these online 

videos across learning paths while offering grater exploitation and impact of visual resources found 

on the web. Finally, we suggest (Req-4) to exploit the search of videos as a practice by itself as an 

educational opportunity possibly implemented along educational strategies such as Collaborative 

Learning (CL) (Stahl, 2015). For example, searching videos according to a certain classroom 

mission could be conducted as a ranking competition between students in they are required to justify 

their impressions about audio-visual content spotted by their peers. In the next section, we 

summarize our findings while discussing the mentioned requirements including their affordances for 

enabling enhancement of an existing architecture offering support for statements corresponding to 

the four and mentioned requirements (Kohen-Vacs et al., 2016). 

 

 

5. Summary, Discussion and Future Efforts 

 
As mentioned, in this phase of our efforts we found that the use of on-line videos could be originated 

from various resources aimed at both, social as well as for educational purposes. Accordingly, we 

presented here the outcomes of a survey presented to 204 students exploring those issues. Our 

research efforts also rely on previous investigation focused on exploring architectures for enabling 

teachers to conduct official activities supported by online videos. Here, we emphasize that we join 

our previous experiences in terms of learning and technology in order to investigate new and best 

approaches for enabling deployment of architectures based on learners centered requirements. We 

accordingly, formulated two research questions including RQ1 dealing with challenges and benefits 

perceived by students using online videos resources to support different educational activities. We 

found that the majority of the students exploit videos that were adopted from their causal and social 

lives and use them in their educational practices. In addition, we found that in many cases teachers 

are not aware about this type of audio-visual exploitation originated beyond the boundaries of 

his/her formal teaching. Consequently, in some cases teachers may lose opportunities to expand and 

improve their educational activities conducted in classrooms as they are not aware of those 

opportunities to incorporate new and appealing videos in their pedagogical pathways. As mentioned, 
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we also have explored RQ2 addressing the pedagogical and technological features that could be 

added to those videos and on-line systems in order to facilitate and enhance the exploitation of these 

digital contents. Having in mind the mentioned for the previous RQ, we further encourage 

performing a deployment effort facilitating the adoption, refinement and integration of educational 

videos (also from casual resources). Furthermore, we emphasize that process of seeking for a video 

could be converted into an educational and appealing quest that enhances meaningful learning. The 

requirements that were found and elaborated within this paper along with the proposed architecture 

and its components provide some indications about the potential of incorporating students ́ input in 

the design of TEL solutions.  

In our coming efforts, we will start to deploy a refined solution based on new insights collected from 

students and described in this paper. We will use this data in order to further explore ways to 

incorporate existing video content identified by the students into our evolving platform.  
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Abstract: It is well-known that learners with reading disabilities find it difficult to read or 

write long sentences and need support when learning to read or write. In previous research, 

we have confirmed that learners with reading disabilities can build problem structure and 
word problems from kits themselves if they can understand and use kits within our learning 

environment; this work has focused on one-step addition or subtraction word problems. 

They can also improve their own understanding of word problems. A kit is used to build 

suitable problems and structures within a defined learning subject. The present paper reports 

on the results of an experiment to engage learners with reading disabilities in learning to 

solve one-step multiplication and division word problems, using our learning environment.  

Keywords: Problem-posing, learning disability, arithmetic word problem, reading 

disability 

1. Introduction

The number of students with learning disabilities is increasing year by year. According to the 

National Center for Learning Disabilities, 12% of a random sampling of 1,980 adults in the United 
States have learning disabilities (Cortiella et al., 2014) and 8% of American children whose parents 

have a learning disability also have learning disabilities. In Japan, MEXT (the Ministry of 

Education, Culture, Sports, Science and Technology) has carried out surveys of learning disabilities 

among junior high school and elementary school students without three regions of Japan (52, 272 
students). The results show that 4.5% of Japanese students have learning disabilities. Learning 

disabilities interfere with the ability to learn basic skills, such as reading, writing and mathematics. It 

has been shown that up to 80% of learners with learning disabilities also have reading disabilities 
(Kathryn, 2009). These learners find it difficult to recognize, read, or understand words. For this 

reason, reading disabilities impede many types of learning. 

Several researchers have analyzed reading and arithmetic disabilities separately. 
Dyscalculia is a difficulty learning or comprehending mathematics; people with this condition find it 

hard to understand numbers, learn to manipulate numbers, or learn mathematical facts (Gross-Tsur 

et al., 1996). Although this disability is sometimes called “Arithmetic Disability” (Garnett et al., 

1983), it does not include the inability to understand an arithmetic situation, even though the purpose 
of learning arithmetic is to be able to apply mathematical concepts in ordinary situations. Also, 

Problem-posing exercises are known to be an effective method of helping learners understands 

mathematical word problems (Silver, 1997). Thus, reading comprehension and mathematical word 
problems are inseparably linked. To learn a mathematical concept, a learner must understand 

conceptual relations, such as the relationship between quantitative concepts. But, learners with 

reading disabilities cannot pose problems because of their disability.  
We have focused on developing a learning environment that promotes an understanding of 

conceptual relationships, using arithmetic word problems. We have previously confirmed that 

learners with reading disabilities can pose one-step addition or subtraction word problems using our 
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learning environment, as long as they can read a simple sentence card (Yamamoto et al., 2016; 
Yamamoto et al., 2017). Our system allows them to pose problems by selecting and arranging 

simple sentences, which are generated by the defined problem structure. We call this form of 

problem-posing “problem-posing as sentence integration;” the learning method is a “kit-building 

method” (Hirashima et al., 2016). To verify that this result does not depend on the type of problem 
involved, we have used the learning environment for one-step multiplication and division word 

problems. Also, we verify that the learning environment is effective to improve reading 

comprehension for learners with reading disabilities.  

 

2. One-step Multiplication and Division Word Problems and the Learning 

Environment 

 

2.1 The Structure of a One-step Multiplication and Division Word Problem 

 
Figure 1 offers an example of a mathematical word problem that can be solved using one-step 

multiplication and division. The left-hand side presents an ordinary multiplication word problem. 

The right-hand side uses a triplet structure model to present the multiplication word problem 
(Hirashima et al., 2014). This arithmetic word problem consists of three simple sentences that 

express a quantitative concept. The sentences contain a quantity, object, and attribute. For example, 

in the second sentence, the quantity is six, the object is a box, and the attribute is “there are.” The 

attribute shows different types of quantities: independent quantities express the existence of a 
quantity and relative quantities express the relations between quantities. The second and third simple 

sentence cards express independent quantities, while the first sentence card expresses a relative 

quantity. For example, the first sentence contains the attribute “in each.” This attribute expresses the 
relationship between a box and an apple. We call this model the triplet structure model. 

 Each quantity has other meanings beyond the triplet structure model. Generally, 

multiplication is expressed as, “multiplicand multiplied by multiplier equals product”. The 
quantities therefore correspond to these concepts. In Japan, the multiplicand is also called the “base 

quantity;” the multiplier is the “proportion;” and the product is the “compared quantity.” Therefore, 

an arithmetic word problem that can be solved using one-step multiplication and division 

incorporates three types of story: (1) The compared quantity divided by the base quantity is the 
proportion; (2) The base quantity multiplied by the proportion is the compared quantity; (3) The 

compared quantity divided by the proportion is the base quantity. The story in Figure 1 is the second 

type of problem. 
 

 
Figure 1. Presenting a Multiplication Word Problem using the Triplet Structure Model 

 

2.2 “MONSAKUN Touch3:” The Learning Environment for Posing One-Step 

Multiplication and division Word Problems 

 
A learner can learn to pose one-step multiplication and division word problems in a learning 

environment known as MONSAKUN Touch 3 (see Figure 2)(Yamamoto et al., 2012). 
MONSAKUN Touch 3 can be run on an Android tablet. In our suggested problem-posing sequence, 

the learner is first asked to pose the problem by selecting three simple sentence cards and arranging 

them in the proper order. To pose the problem, the learner must also recognize the type of quantity in 
each sentence and arrange the sentences in the right order.  

 When the three blank spaces are filled with three simple sentence cards, the diagnosis button 

becomes active. When the learner taps this button, MONSAKUN Touch 3 assesses the problem and 

generates immediate feedback. If the learner succeeds in answering all of the questions at the 
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selected level correctly, the interface returns to the level selection page. MONSAKUN Touch 3 
offers nine levels to help learners understand the triplet structure and three kinds of quantity: “base 

quantity,” “proportion,” and “compared quantity.” In Levels 1–7, MONSAKUN Touch 3 allows 

learners to build a story that can be resolved using one-step multiplication and division. The learner 

begins at Level 1 and must answer all of the questions at each level to move on to the next. 
 

 
Figure 2. The Exercise Interface of MONSAKUN Touch 3. 

 

3. Related Research 

 
The next section describes related areas of research in reading disability. When children without 

learning disabilities read a story, they develop a concept of how stories are typically structured 

(Gersten et al., 2001). They also find it easier to develop a set of structural expectations than do 

children with learning disabilities, when beginning to read expository material. It is difficult for 
children with learning disabilities to comprehend text because they have little awareness of narrative 

or expository text structures (Taylor & Williams, 1983). Researchers have argued that, in order to 

improve learners’ reading comprehension, it is necessary to teach them about text structures, using 
proper materials. 

 We also present a brief overview of learning support for arithmetic word problems, the 

learning subject in the present study. In a special needs classroom, teachers teach students to solve 

arithmetic word problems by reading the problems or showing pictures of word problems (Bender, 
2007). Because it is not an arithmetic disability, studies that focus on learning to solve arithmetic 

word problems have not considered the issue of reading comprehension. However, in learning of 

arithmetic word problems, learners must find a way to learn and understand quantitative concepts 
and their relations, as described in Section 2.  

The literature on reading comprehension suggests that improving the reading 

comprehension of people with learning disabilities requires a teaching method that focuses on text 
structures and uses proper materials. We have defined the structure of arithmetic word problems and 

developed a learning environment for building problems using simple sentence cards, which some 

learners with reading disabilities are able to read. This approach enables students to learn the 

structure of arithmetic word problems by posing problems through trial and error. Therefore, our 
learning environment does not give learners with reading disabilities to exercise the method of 

reading text but to build the text structure for understanding it. An understanding of the structure of 

arithmetic word problems can help to achieve more effective learning for reading comprehension in 
special needs classrooms.  

 

4. Experimental Use 

 

4.1 Subjects 

 
The subjects were twelve students in a special needs classroom in a junior high school. They had 
already studied arithmetic word problems that could be solved using one-step multiplication and 

division. We divided the students into the following three groups. Seven participants did not 

understand simple sentences but could read simple sentences (Group A). Four participants 
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understood and could read simple sentences but could not read long sentences made up of more than 
two simple sentences (Group B). One participant could understand long sentences (Group C). These 

groupings reflected teacher assessments; the structure was based on previous research in which our 

learning environment was found to be most effective for Group B participants. 

 

4.2 Drawing Test 

 
We administered a drawing test to measure the participants’ reading comprehension. This test is an 

original test, developed as a part of this learning experiment. It has been shown that learners with 
reading disabilities can often draw pictures to express themselves. We therefore decided that a good 

way of measuring their reading comprehension was to ask them to draw pictures, based on given 

sentences.  

Drawing test consists of four levels. The subject is given several kinds of sentences or 
words, such as “apple;” “There are three apples.” In level 1, subjects are given only one word like 

"apple". They are given simple sentence (Independent quantity sentence) in level 2. Level 3 

assignments give subjects simple sentence (relative quantity sentence). Subjects are given 
multiplication and division stories which are expressed by triplet structure model in level 4. Level 4 

sentences are the most difficult to read and Level 1 sentences are the easiest. The subject draws a 

picture, which expresses the meaning of a given word or sentence. If the subject draws a picture that 
accurately conveys the meaning of the sentence, it is clear that he/she has understood the given 

words. In such cases, the subject is considered to have answered the question correctly. There are 

five problems for each type of given text in the drawing test. We have assumed that participants will 

be able to draw more complex pictures after having the experience of learning in this learning 
environment. 
 

4.3 Procedure 

 
We used MONSAKUN Touch 3 in this experiment to verify that the kit-build method of learning 

was effective in helping learners with reading disabilities improve their reading comprehension 

performance, through the structure of arithmetic word problems. In this experiment, each subject 

spent one 45-minute lesson exploring the drawing test, as a pre-test experience. The subjects then 
spent three lessons using MONSAKUN Touch 3 to learn. In first lesson, subjects were taught the 

method of problem-posing for the first twenty minutes of the lesson; afterwards, they practiced using 

MONSAKUN Touch 3 for the remaining twenty-five minutes. Finally, the subjects practiced the 
drawing test for one lesson, as post-test. This experiment aimed to measure the participants’ reading 

comprehension performance. Participants used Levels 1–7 in MONSAKUN Touch 3 because those 

are the levels in which subjects pose stories. 
 Four teachers in the special needs classroom participated in this experiment. The teachers 

determined, prior to the experiment, that students in Group A would not be able to practice or learn 

using MONSAKUN Touch 3 because they could not solve one-step multiplication and division 

word problems. The teachers hoped that their students would improve their reading comprehension 
in arithmetic word problems because the stories expressed by arithmetic word problems often 

involve situations that students encounter in their daily lives. We therefore suggested that the 

teachers use this learning method, helping the students improve their reading comprehension by 
visualizing and building arithmetic word problems.  

 As mentioned above, the present study has assumed that: (a) subjects who can understand 

simple sentences are also able to pose word problems that can be solved using one-step 

multiplication and division; and (b) subjects who can understand simple sentences are able to 
improve their reading comprehension by posing one-step multiplication and division word 

problems. 
 

4.4 Results 

 
This section describes the classroom environment during this experiment. Because it is difficult for 

learners in special needs classrooms to concentrate on learning, it is not certain that they will be able 
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to work on exercises like these. In this study, however, all of the subjects were able to work on the 
exercises without encountering any problems. Although several participants seemed to be 

struggling, all of them worked hard on the exercises. The teachers helped the subjects understand 

their mistakes when the subjects practiced, using MONSAKUN Touch 3. 

 The results of using MONSAKUN Touch 3 were as follows. It was not possible to carry out 
statistical analyses because the number of subjects was small. All of the participants concentrated on 

the exercises during each lesson. Group A achieved an average of Level 5; Group B achieved an 

average of Level 6; and Group C achieved Level 7. The average accuracy rates were 27%, 40%, and 
56%, respectively, for Groups A, B, and C.  

 The results of the drawing test are shown in Table 1. Subjects in all groups expressed each 

word (Level 1) by drawing a picture. The average score for drawing independent quantity sentences 
was high (Level 2). However, the average score for drawing relative quantity sentences was not high 

(under 50%). The average score for building stories (Level 4) was high in Group C. The average 

score for building stories in Group B increased slightly. Meanwhile, students in Group A improved 

their ability to express a story. In fact, four subjects who had not been able to draw during the 
pre-test became able to express a story in pictures; they also improved their ability to draw pictures 

of relational sentences. 

 
Table 1 

Levels, Examples, and Numbers of Drawing Test Assignments 

 One word Simple sentence 
(Existence) 

Simple sentence 
(Relation) 

Multiplication and division Story 

 Pre Post Pre Post Pre Post Pre Post 

Group A 5 5 4 3.71 1.14 1.71 0.71 1.14 

Group B 5 5 4.25 4.25 2.25 1.5 2 2.25 

Group C 5 5 5 5 3 3 4 4 

Total 5 5 4.17 4 1.67 1.75 1.42 1.75 

 

4.5 Discussion 

 
This section analyzes which subjects were able to pose one-step multiplication and division word 
problems, using our learning environment. Each learner was then given an average of 8 sentence 

cards in our learning environment. As 336 problems could potentially be posed, it was impossible to 

complete the assignment randomly and correctly. The results of the problem-posing exercise using 
MONSAKUN Touch 3 showed that subjects in each group were able to pose problems with a higher 

than 30% accuracy rate. Given that the participants in this study all had learning disabilities, the 

accuracy rates of each group were not low. It is worth noting that, on another occasion, we 
administered a problem-posing test in which the same subjects were asked to pose problems by 

writing out one-step multiplication and division word problems; none of the subjects could write a 

these word problem in proper because the cognitive load was too heavy. 

This study shows that learners with reading disabilities can pose problems that can be solved 
using one-step multiplication and division within our learning environment. Surprisingly, even 

members of Group A, whom the teachers felt could not understand simple sentences, were able to 

pose problems. They also improved their score of drawing test. Since it is very difficult to accurately 
assess the degree of a learning disability, our system may help to measure this. We would also argue 

that the kit-build method may be effective at helping learners with reading disabilities to learn the 

structure of problems through trial and error in a wide range of domains.  

 The drawing test produced interesting results. Participants in Group A improved their 

drawing performance. This suggests that our learning environment may be particularly effective at 

helping students with relatively severe disabilities improve their reading comprehension. Overall, 
four participants improved their scores for drawing stories: three in Group A and one in Group B. 

These subjects also improved their ability to draw pictures to express relational sentences. This 

results show that it is important for students to understand both independent quantity sentences and 

relative quantity sentences to improve their reading comprehension of arithmetic word problems. 
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Our results suggest that learners cannot understand arithmetic stories unless they also understand the 
meaning of each simple sentence and the relationship between simple sentences.  
 

5. Conclusions 
 

This paper demonstrates the practical value of using an interactive environment to help students with 

reading disabilities in a special needs classroom learn to pose one-step multiplication and division 
word problems. The students used simple sentence cards, which were generated by the problem 

structure that we defined. The present study also aimed to confirm that the kit-building materials we 

developed could help students improve their reading comprehension using arithmetic word 
problems.  

 As the results, A drawing test, in which learners were asked to draw illustrations of 

presented sentences, confirmed the extent to which each learner understood the meaning of the 
sentences. The results of log analysis confirmed that our method of structuring and assembling 

sentences can improve reading comprehension in special needs classrooms.  

Future research should include a more detailed analysis of these results, and define the 

relationship between the features of various learning disabilities and models of arithmetic word 
problems.  
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Abstract: This paper proposes a video-based learning environment that can evaluate 

learners’ understanding and provide them with recommendations for reviewing sections that 

they did not understand sufficiently. For such recommendations, the system needs to 

recognize the video content and identify the parts the learners did not understand. This study 

develops the function with Kit-build concept map that allows for the automatic evaluation of 
the learners' concept maps and for review recommendations of the video sections the 

learners did not understand. To verify the function, we used the system as homework to 

prepare for a lecture. From the learners’ log information; although only a few learners used 

this mechanism, they had a higher improvement rate in their concept maps when they use 

the function than they did not. This result shows the possibility of the use of KBmaps in 

self-learning with video lectures used in MOOCs, flipped learning and so on. 

Keywords: Video lecture, Review recommendation, video annotation, automatic 

assessment of concept map 

1. Introduction

Videos are becoming some of the most popular learning-resource media, primarily from the spread 

of massive open online courses (MOOCs) and flipped classrooms (Admiral, 2015). Video-based 
learning (VBL) is a rich and powerful model used in technology-enhanced learning to improve 

learning outcomes as well as learner satisfaction (Yousef, 2014).  

However, learners have difficulty gaining the comprehension expected of teachers through 
watching a video-lecture (Anderson, 2014). Because watching videos is an inherently passive form 

of learning, to learn effectively, students need to engage actively with the video content by 

themselves (Mitrovic, 2017). Engagement with the videos can be facilitated by embedding 
interactive activities, e.g., quizzes and assessment problems (Chauhan, 2014), or by providing 

environments for collaborative annotation of the videos (Chatti, 2013) (Mitrovic, 2017). 

In VBL, for the conceptual development used in xMOOCs and flipped classrooms, the goal 
of a video lecture is for the learner to understand the core concepts it presents (Drake, 2015) (Seery, 

2012). Quizzes are typical methods of helping learners engage in learning and checking their 

understanding (Admiral, 2015) (Wachtler, 2016). However, many learners fall into the trap of 
learning just enough to pass the quizzes and course assessments (Deb, 2017). Writing essays can 

encourage learners to understand the content at a more in-depth level and measure their 

understanding more accurately than multiple-choice tests. However, it is costly, and the automatic 
assessment is still emergent technology (Reilly, 2014). 

This study proposes a video-based learning environment which helps learners to organize 

the content of a video-lecture in the form of a concept map with the review recommendation. 
Concept maps are a kind of schematic summary of what learners learn (Novak, 1984). In this study, 

learners watch a video-lecture and then create concept maps about what they have learned. If a 

learner can make concept maps reflecting the lecture content, the teacher can assess they have 
understood the lecture. If not, s/he has a misunderstanding about what the video lectures. Generally, 

in such case, learners try to find the part of the video related to the question by them or review all the 
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part. The proposed function recommends the section the learners should review and encourage to 
reflect their understanding. 

This study developed a video-based learning environment with Kit-build concept map 

(KBmap) (Hirashima, 2015). This system recommends learners to review parts of video-lectures 
according to the learners' misunderstandings based on the video annotation on the teacher's concept 

maps. The annotation enables the system to detect the learners' misunderstandings as the difference 

between teacher's and learner's concept map and to provide learners with the recommendation to 
review the sections of the video that the learners cannot understand. This approach uses video 

annotation for retrieval at the scene level, rather than the complete level (Zhu, 2012) and lecture 

comprehension rather than collaboration.  
This paper is structured as follows. Section 2 presents the mechanism of automatic 

evaluation in KB map. The method for recommendations for reviewing with annotated video 

sections is presented in Section 3. To evaluate the function for correcting the learners' maps is 
presented in Section 4. Section 5 concludes this paper. 

 

 

2. Sectional Review Recommendation in the Kit-Build Concept Map System 

 

2.1 Kit-Build Concept Map 

 
KBmap is a particular type of concept map. Novak's definition of the concept map is well-known 
(Novak, 1984). "Concept map" is a generic name for a graphical representation of a learner's 

knowledge or understanding. A concept map is a structure of "propositions," which are composed of 

two concepts connected by a link. When a learner creates a concept map, he/she can use any nodes 
and links. On the other hand, in the KBmap approach, learners compose concept maps 

(learner-maps) not freely, but by assembling the provided parts.  
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Figure 1 Kit-build concept map and diagnostic system 

 
A characteristic of the KBmap approach is the automatic evaluation of the concept maps 

assembled with the provided parts. Figure 1 shows an overview of the concept-map evaluation. 

Firstly, the teacher creates a concept map representing the information that he/she wants the learners 
to obtain from the lecture (Fig. 1 (1)). This map is called the "goal map." The teacher hopes that the 

learners can reconstruct the goal map from the parts when they understand the lecture. In KBmap, 

with the parts of the goal map (Fig. 1 (2)); learners create concept maps (learner maps) as the 
representation of their understanding (Fig. 1 (3)).  
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If a learner map includes propositions that differ from the goal map, the learner has formed a 
different understanding than the teacher. KBmap can evaluate learner maps, not only for an 

individual but also for a group of learners. Because all the learner maps are created from the same 

parts, it is possible to overlap them (Fig. 1 (4)). The overlapped map is called a "group map." The 
group map can also be compared with the goal map (Fig. 1 (5)).  

The KBmap system supports kit-build concept maps (Sugihara, 2012). The system can be 

used in classrooms from elementary school to graduate school for a variety of subjects: science in 
elementary schools (Hirashima, 2011) (Hirashima, 2015), geography in junior high schools 

(Nomura, 2014), learning English as a second language (Alkhateeb, 2015), and university-level 

social science and computer science (Hayashi, 2015). Even if the learners only assemble the 
concepts instead of segmenting them, investigation shows the same learning effect regarding the 

contents included in the goal map (Funaoi, 2011). The KBmap assessment method is automated, and 

its validity for evaluating learners’ understanding has been confirmed (Wunnasri, 2018). With the 
evaluation results, teachers can utilize the diagnostic results from KBmap as a formative assessment 

tool for designing feedback for their class (Yoshida, 2013) (Pailai, 2017). 

 

2.2 Annotating a Video with a Goal Map 

 
This study uses goal maps to annotate video-lectures. As mentioned above, the goal map represents 

the information a teacher wants to tell the students in the lecture. That means that each section in the 
video-lecture explains one or more propositions in the goal map. The relationship between the video 

sections and the propositions in the goal map makes it possible to use the propositions as section 

annotations in the video. The left of Figure 2 shows an example of annotating a video-lecture with a 
goal map. Each proposition is explained to the learners in a section of the video; for example, video 

section B illustrates [Sun]-<rise>-[Eastern sky]. It is also possible to annotate a section with more 

than one proposition. For example, section D is annotated with two propositions: 
[Sun]-<through>-[Southern sky] and [Sun]-<not through>-[Northern sky]. 
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Goal	map

Eastern	sky Western	sky

Northern	sky

Southern	sky

Sun setrise

through

not	through lack

lack

Pointed	replay

annotation

Learner	map

Eastern	sky Western	sky

Northern	sky

Southern	sky

Sun setrise

through

not	through
through

not	through

Excess	link

Excess	link

annotation annotation

annotation

 
Figure 2 Selecting the part to re-watch 

 
Combining the automatic evaluation and the video annotation with a goal map allow for 

specific review recommendations. The automatic evaluation identifies the differences in 

understanding between the learners and the teacher by comparing the goal map and the learner maps. 
The evaluation results and the annotations indicate the sections of the video to be recommended. The 

recommended sections are the ones annotated with the propositions in the goal map that the learner 

did not make in the learner map.  
Figure 2 also shows an example of a sectional recommendation. The goal map and the video 

sections are shown in Fig. 2, and a learner map is shown in Fig. 3. In the learner map, the learner 

makes different propositions than the goal map using the links "through" and "not through." 
Although the goal map includes [Sun]-<through>-[Southern sky] and [Sun]-<not 

through>-[Southern sky], the learner map includes [Sun]-<not through>-[Southern sky] and 
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[Western sky]-<not through>-[Northern sky]. Both of the propositions composed of the links 
"through" and "not through" are annotated in section D of the video. Based on the evaluations and 

the annotations, section D is recommended for the learner to review. 

 

 

2.3 A video-based learning environment with Kit-build concept map 

 
We developed a video-based learning environment with Kit-build concept map. The 
recommendation function suggests learners review the section of the video related to learners' 

misunderstandings. In the system, like the usual kit-build system, learners firstly create their concept 

map from a kit. Then, the recommendation function works when the users ask the system to 
diagnose their map after uploading it. The system firstly provides feedback about the difference 

between the learners’ and the teacher’s proposition. Fig. 3 shows the feedback image. The color of 

each link differs depending on whether a proposition is the same as or different from the goal map. If 
the propositions in a learner’s map are different from the goal map, the link color is red, and it is 

called an excess link. If the propositions in a learner’s map are the same as the goal map, the color is 

black. If a link appears in the goal map but not in the learner’s map, it is colored blue and called a 
“lacking link.” In the feedback, lacking links are shown without the link name. When the learner 

clicks a lacking link, the system shows the section of the video annotated with the link. The learner 

can watch the section and reconsider which excess link can replace the lacking link, instead of 
reviewing the entire video. 

 

Blue link = lacking link 
that the learner couldn’t make

Red link = excess link 
that is not in the goal map

Black link = fitting link 
that is in the goal map Video-section related 

to the proposition

 
Figure 3 Screenshot of feedback in the KBmap system 

 

 

3. Practical Use of Sectional Review Recommendations in Video-lectures with 

KBmaps 

 
To validate the sectional review recommendation function, the authors used the KBmap system with 

the function as a pre-lecture resource. The lecture is in an omnibus lecture course for first-year 

undergraduate students. The lecture was presented in 2015 and 2016. The author used the system as 
the lecture-preparation task as an assignment before the lecture. The students watched a short video 

(about 10 min.) and then created a concept map from the kit. After they uploaded their maps onto the 

server, they can check how their learner map differed from the goal map. If there is the difference, 
learners could use the recommendation function. However, the use was not mandatory for the 

students. The students were asked to repeat the process until their map matched the goal map. 

This paper focuses only on the learners who used the recommendation, to investigate the 
effectiveness of the function because the purpose of this study at this stage is whether this 

recommendation function works well or not. We picked up the data of learners who used the 
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recommendation (2015: 17.0 % (18/106), 2016: 18.4 % (18/98)) and analyzed the 
correct-modification rates with the chi-square test when the learners used the recommendation.  

The results of the analysis are shown in Tables 1. There were significant differences between 

the correct-modification rates both in 2015 and 2016. From the result, using the recommendation 
was more efficient for correct rebuilding the concept map than not using it. This show the higher 

probability of successful modification of concept map with the recommendation than the learners 

seeks the sections by themselves.  

 

Table 1 Correct-modification rate 

  rate p-value Effect size Power 

2015 
w/ recommendation 77.8% (21/27) 

0.0000 0.2556 0.9946 
w/o recommendation 33.8% (96/284) 

2016 
w/ recommendation 53.8% (21/39) 

0.0012 0.1755 0.9275 
w/o recommendation 27.4% (93/340) 

Effect size: large = 0.5, medium = 0.3, small = 0.1 

 

 

4. Conclusion 

 
This paper proposed the sectional review recommendation in video-based learning. In general, it is 

difficult to assess learners' misunderstanding and to recommend the review parts. By annotating 
sections of a video with a teacher's concept map, the function proposed in this paper can identify 

learners' misunderstandings, and recommend learners to watch specific video sections again to 

modify their misunderstandings. Although this mechanism costs teachers to make a concept map 
and video annotations with the map, the assessment can be facilitated and advanced because 

KBmaps can cover the lecture content more than the usual comprehension test such as quizzes and 

questions and can provide recommendations based on the automatic assessment of the learners' 
answers.  

This result showed the possibility of the use of KBmaps in self-learning with video lectures 

used in MOOCs and flipped learning. As stated in Introduction, KBmap can cover the lecture 
content more thoroughly than quizzes and questions (Kitamura, 2016) and the automatic assessment 

can attain almost the same level of validity as well-known manual assessment methods (Wunnasri, 

2017). However, the number of learners who used the recommendation was smaller than the learners 
who modified their concept map by themselves without using the recommendation.  

The following two issues are considered for future study. First, we need more data to justify 

the above consideration. We will use the system for the same lecture, but with a different year and 
different students, to validate the generality of the effect. Second, we should improve the 

recommendation function. Notably, many learners did not use the function. It is necessary to make 
them aware of it. 
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Abstract: In this research, we investigate the impact of the timing of associated oral 

explanations and the volume of textual information contained within teaching materials by 

blackboard- and slide-based presentations. We made comparative tests under varying 

conditions of both (a) amount of textual information and (b) the timing oral explanation, 

either with visual presentation or after it. Our results suggest that synchronous explanations, 

characteristic of blackboard-based presentations, have a positive impact on comprehension. 
We also experimentally reveal that the use of highly detailed presentations and explanations 

to solidify some point do not necessarily aid the learners' comprehension of that point. It is 

our hope that these findings will provide a foundation for further study of methods of 

presenting instructional materials. 

Keywords: instructional material presentation, presentation analysis, blackboards, slides, 

oral explanations 

1. Introduction

In earlier research, we have experimentally explored the similarities and differences among (a) 

dynamic presentation by means of a blackboard (i.e., advancing the presentation by writing at the 

time of presentation) or slides (i.e., by making use of some animation capability) and (b) static 

presentation (i.e., simply presenting a final result) (Okazaki, Noguchi & Yoshikawa, 2014; Okazaki 

& Yoshikawa, 2017). 

In this research, we experimentally explore issues related to the timing of associated oral 

explanations along with the textual volume of the material, and assess the impact of such factors on 

learner comprehension. By revealing the characteristics of instructional material presentations in 

terms of their visual aspects, the audial aspects, and interactions between the two, we seek to gain a 

basic understanding of blackboard- and slide-based presentations. 

2. Experiment: Instructional Material Presentation Under Differing Presentation

Factors

In this experiment, we compare post-instruction test scores and subjective opinions of participants 

under cases of (a) a synchronous (simultaneous) presentation and explanation of instructional 

materials, (b) an audial explanation following a presentation of instructional materials, and (c) 

differing amounts of textual presentation. 

2.1 Experimental method 

Testing was conducted on two days (January 17 and 18, 2018). Eighteen students within the Faculty 

of Science and Engineering at Saga University participated in the experiment. Each testing period 
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lasted approximately 45 min. Two lectures were given, one relating to inscribed circles (geometry) 

and the other to buoyancy (physics). Instructional materials were prepared and presented as follows. 

One set of materials was entirely written, containing both equations and explanations. Another set 

omitted some of these equations and explanations. This gave us a total of 4 sets (2 sets × 2 subjects). 

We varied the timing of the presentation and explanation into two patterns for each of these 

materials sets: one in which the presentation and explanation were given simultaneously, and one in 

which the explanation followed the presentation. This created 8 distinct lectures.  

 Oral explanations were the same across introductions sets. We used Handwriting 

Presentation Tool (HPT), an application developed within our research group (Hosoki et al., 2011), 

to create handwritten parts of lectures. For audio recording, we used Audacity, a free software 

package that can edit waveforms. We used Movavi Video Suite to combine visual and audio 

components. Figures 1 (a),(b) show the lecture of entirely written version. 

 Our test procedure is as follows. After the presentation of one lecture, participants were 

asked to solve a problem similar to those presented and complete a questionnaire. They repeat this 

process twice. After both lectures, they were asked to complete a more general questionnaire. 

 Participants were arranged into four groups. Groups 1 and 4 had five members each; Groups 

2 and 3 had four members each. 

 

     
(a) Geometry                                               (b) Physics 

               Figure 1.  Instructional materials for the experiment (Entirely written version). 
 

Table 1: Average scores of post-instruction tests for each lecture by group (100 point scale).  

Geometry Geometry (ignore calculation errors) Physics Physics (ignore calculation errors)

Group1 85 100 60 64

Group2 56 56 45 45

Group3 38 56 35 55

Group4 65 80 32 48

Total 63 75 44 54

Synchronous + Entire Non-Synchronous + Entire
Synchronous + Omitted Non-Synchronous + Omitted  

 

Table 2: Responses to the subjective questionnaires (The lecture is clearly explained).  

  Strongly agree Agree Disagree Strongly disagree 

Geometry : Entirely written 34% 33% 22% 11% 

Geometry : Partially omitted 45% 22% 33%   0% 

Physics : Entirely written 33% 45% 22%   0% 

Physics : Partially omitted 11% 56% 22% 11% 

 

 

2.2 Experiment results  
 

Table 1 shows the average results for each lecture by group. In the table, “Synchronous” and 

“Non-Synchronous” indicate the timing of oral explanation; “Entire” and “Omitted” indicate the 

amount of text. 
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 To analyze the impact of the timing of the oral explanation on comprehension, we compared 

the following pairs: in geometry, Group 1 against Group 3 and Group 2 against Group 4; in physics, 

Group 1 against Group 2 and Group 3 against Group 4. This showed a tendency for better scores 

when instructional materials and audio explanations were presented simultaneously. 

 To analyze the impact of the volume of information presented, we compared the following 

pairs: in geometry, Group 1 against Group 2 and Group 3 against Group 4; in physics, Group 3 

against Group 1 and Group 4 against Group 2. This showed a tendency for better scores when some 

information was omitted. 

 In this experiment, the omitted information was a formula simplification. Without it, 

students made fewer errors when rewriting the formula themselves. 

 Table 2 shows the responses to the subjective questionnaires. 

 Little difference was seen in comprehension between lectures. Group 2, who received 

simultaneous explanations and presentations first, followed by non-simultaneous explanations and 

presentations, subjectively judged the simultaneous version as better. Group 3, who received the 

reversed order, agreed. This shows the synchronous approach is subjectively preferred. 

 In the last general questionnaire, nearly all respondents (94%) thought oral explanation was 

necessary, stating that it is otherwise hard to understand the purpose of graphs and that receiving 

information in two ways (i.e., seeing and hearing) is helpful. 

 

 

3. Conclusion 
 

In this research, we examined two commonly employed methods of presenting instructional 

materials, blackboard- and slide-based presentations. We tested participants in an experiment, 

exploring the impact of the sequencing of visual presentation and oral explanation (either together or 

visual followed by oral) and the amount of text within the instructional material. Our results suggest, 

first, that presenting and explaining at the same time may be more effective than presenting first and, 

second, that increasing the amount of information does not necessarily improve comprehension.  

 The number of participants was low, and we examined only a limited set of instructional 

materials and lecture types. For future research, it would be useful to investigate different 

instructional materials to confirm our findings and recruit enough participants to permit full 

statistical analysis of outcomes. We note that we did not vary the amount of orally presented 

material, and testing the effect of various amounts also warrants further study. 
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Abstract: The purpose of this study was to investigate the effect of Augmented Reality 

(AR) assisted learning environment on students’ learning performance.  A total of 30 

students were invited to learn the topic of geometry in different instructional settings. One 

group of students learned geometry with only paper information, another with paper 

information and real bricks, and the other with an Augmented Reality system (AR App). To 

examine the learning performance, students were tested with the Mathematics Achievement 

Test (MAT) before and after the geometry learning. The result showed that there was 

significant difference in the learning achievement (post-test) among the three study groups. 

Students of AR group obtained the highest scores in MAT.  

Keywords: geometry learning, learning performance, augmented reality 

1. Introduction

Geometry has been viewed as an important learning topic in the international assessments, such as 

Programme for Informational Student Assessment (PISA) and Trends in International Mathematics 

and Science Study (TIMSS). Educational researchers have conducted many studies to examine how 

to help students learn better with different resources. Several studies showed that using information 

technology (IT) can enhance learners’ interest toward geometry learning and also promote learners’ 

understanding of abstract concepts (e.g., Chang, Sung, & Lin, 2007). Students, especially with the 

low academic performance, considered the geometry concept abstract and difficult to understand. 

With the integration of mathematical software program (e.g. Geogebra), students’ learning on 

geometry was improved (Bhagat, & Chang, 2015). It has been argued that spatial ability affects 

science and mathematics learning (eg., Chen & Yang, 2014). Saha, Ayub, and Tarmizi (2010) 

showed that students with low spatial ability learned geometry better with Geogebra program 

compared to those who were taught with traditional method. In short, with the assistance of 

information technology, teachers and educators could help students learn geometry better. In this 

study, we focused on one type of information technology - Augmented Reality (AR), and the 

purpose of the study was to examine how the AR system affected students’ learning achievement on 

the topic of geometry. 

In literature, researchers in different research fields (such as computer sciences and 

educational technology) gave different definitions for AR. (Wu, Lee, Chang, & Liang, 2013). For 

example, Azuma (1997) specified AR as a system with three features: a link between real and virtual 

worlds, real-time and instant interaction, and 3D objects for virtual and real world. Klofer (2008) 

pointed out a spectrum showing how mush AR included in the task, from the highly to lightly AR. 

According to Klopfer, the level of AR was defined depending on how much virtual information and 

real objects were provided to learners. All these studies argue that AR actually played a 
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supplemented role rather than a replacement of reality. The AR applications have been growing in 

recent years but how far the AR applications can help student learn school subjects is an issue to be 

widely explored.  

Based on the above discussions, we attempted to examine the geometry learning 

achievement in the AR assisted learning environment. We expected to find that the use of AR could 

indeed help students learn better the topic of geometry (related to 3D concept).  
 

 

2. Methodology 
 

2.1 Research design and sample 
 

The present study employed pretest-post-test only true experimental design. A total of 30 Chinese 

middle school students, aged 12-13 years, were divided into three groups of 10 students, including: 

one control group (CG) and two experimental groups (EG1 and EG2). 
 

2.2 Instruments 
 

Mathematics Achievement Test (MAT) was employed to measure students’ learning achievement. 

Pre-test and post-test both had the same test items, but the order was changed. The test items were 

comprised of 18 multiple-choice questions based on the concept of 3-dimensional (3-D) geometrical 

shapes and validated by a group of subject experts. The overall Cronbach’s α of the instrument was 

above 0.7, which is acceptable (Barrett, 2001).  
 

2.3 Procedure 
 

All students were asked to finish the MAT test first as the pretest. Then, students in different groups 

were provided with different learning materials. Students in control group (CG) only acquired the 

paper information about different geometry shapes. Students in experimental group 1 (EG1) were 

given the real bricks of different shapes and paper information as well. Students in experimental 

group 2 (EG2) were asked to learn the geometry shapes and related information with an AR system 

shown on iPad. After students finish learning of the geometry shapes, they were given the MAT test 

again as the posttest. 

 

2.4 Data analysis 
 

One-way analysis of co-variance (ANCOVA) was conducted to analyze learning achievement 

scores and learning motivation respectively. All analyses were conducted using the statistical 

package for the social sciences version 21 (SPSS 21). The statistical significance level was set at 

p<0.05. 

 

 

3. Results 

 

3.1 Learning achievement 
 

Table 1 summarizes the descriptive statistics for achievement scores for each group. Levene’s 

homogeneity test was conducted and no violation was found (F=2.37, p>.05). Therefore, ANCOVA 

was conducted. The ANCOVA results showed that there was significant difference in the learning 

achievement among the three groups, F (2, 26) = 3.39, p < .05, η2 = .2, which is considered to be a 

small effect (Cohen, 1988). 

Table1.  

Descriptive Statistics for Achievement Scores 

 Group Mean SD 

Pre-test CG 11.90 1.37 
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 EG1 12.90 1.91 

 EG2 12.80 2.61 

Post-test CG 13.60 1.50 

 EG1 12.70 2.16 

 EG2 14.70 1.33 

 

Table2.  
ANCOVA Results for MAT Post-Test Scores 

Source SS df MS F p η2 

Pre-test 1.22 1 1.22 .413 .52 .01 

Group 20.2 2 10.1 3.39 .04 .20 

Error 70.37 26 2.97    

Total 5702 30     

*p<.05 

 

 

4. Discussion and Conclusion 
 

It was found that there was a significant difference in learning achievement among three groups.  

Experimental group 2 (EG2, the AR group) with the aid of AR learning system obtained the highest 

posttest score. This result was consistent with previous studies, which showed that information 

technology could help students learn better. Surprisingly, the control group who received the lowest 

scores in the pretest obtained achievement scores higher than that of the EG1 who learned the 

geometry with real bricks along with the paper information. This result suggested that without 

further instructional guidance, 3D objects might be limited in assisting learning. 

The result of the study suggests that the AR assisted learning environments can promote 

learning achievement. However, which parts of this learning environment that exactly help students 

learn better have not been studied yet. If researchers and educators can map students’ learning 

process in the AR assisted learning environment, they will know better how to design an effective 

AR system to promote students’ learning. For the future study, it is suggested that the associations 

between learning process, learning achievement and learning motivation in the AR assisted learning 

environments should be studied. Interview and the eye tracking technique could be good methods to 

detect the dynamic process of geometry learning.  
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Abstract: Teamwork is one of the ways to develop the transversal competencies expected 

in industry, especially in the field of Information Technology. However, the success of 

teamwork during programming courses depends on the choice of tools that facilitates 

collaborative work, organization and conflict management. Objectively evaluating both the 

individual and the collaborative work must be a great part of this choice. Among these tools, 

we propose to retain the version control system Git. Indeed, Git facilitates teamwork 

evaluation by giving access to information recorded in its history. It then becomes necessary 

to define the criteria to be applied to make an analysis and a judgment. We propose in this 

article an inventory of the potential evaluation criteria and identify the most relevant ones 

in terms of evaluation of the regularity and quantitative contribution considering the biases 

that they induce. Moreover, one of the difficulties that teachers may encounter when 

producing an assessment is not only to evaluate contributions, but also to be able to monitor 

them regularly, especially when teams are numerous. We then recommend a support tool 

based on the criteria we identified, offering a general overview and facilitating access to 

details. Its evaluation as part of a course allowed us to analyze different team profiles as well 

as the limits to the use of such a tool to make a judgment.  

Keywords: Transversal competencies, computer science education, Git, evaluation criteria, 

teamwork assessment 

1. Introduction

During academic training, teamwork is one of the best ways to acquire and consolidate transversal 

competencies, especially in the field of Information Technology. However, the success of teamwork 

during programming courses depends, among other things, on the choice of tools to facilitate 

collaborative work, the organization of teammates, their collaboration and their management of 

conflicts (Brun, Holmes, Ernst, & Notkin, 2013). The possibility of being able to objectively 

evaluate both the individual and the collaborative work of the team members must be a great part of 

this choice (Laadan, Nieh, & Viennot, 2010) (Haaranen & Lehtinen, 2015). Lanubile et al. (Lanubile, 

Ebert, Prikladnicki, & Vizcaı́no, 2010) have proposed different tools in this direction. Among these 

tools we will retain the Git version control system. The next step is to identify the criteria that can 

be considered to quantify contributions during teamwork. By having a support tool that allows for 

quick monitoring of each team, a teacher will be better able to identify a team that is going through 

a period of conflict. This then requires an analysis, and an agreement on the right decision to make. 

2. Evaluation Criteria

In order to be able to evaluate the regularity of the team, based on the Git repositories, the use of a 

visual illustration or the result of specific git commands can be used to observe the degree of absolute 

or relative contribution of each member over time in terms of lines of code or commits. It is important 

to be able to know the detailed contributions of each member in terms of volume that can be 

associated with a quantity of work. The number of commits can indirectly represent the regularity 

by measuring their frequency, but also the contribution by measuring their number. The number of 

files can be a good indicator of individual contribution but it should be associated with other criteria 
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such as the number of commits. The number of lines of code can be a good indicator of contribution. 

However, not all lines in a source code match the same degree of contribution. Also, there are several 

variants of SLOC (Source Line Of Code) (Bhatt, Tarey, Patel, Mits, & Ujjain, 2012) but only some 

of them can be considered as a contribution measure. It therefore appears that, in practice, only the 

actual lines of code, in other words, the executable physical can be used on the basis of the 

information collected from the Git repositories as a criterion for evaluating the contribution of each 

team member. In addition, these lines of code completed by the commits are the best criteria to retain 

when evaluating teamwork. 

 

 

3. Gitanalysis : a Tool to Support Assessment 
 

One of the difficulties that teachers may encounter when producing an individual assessment of the 

knowledge and skills actually developed by their students during team-based programming work is 

not only to be able to evaluate their respective contributions, but also to be able to track them 

regularly. Having a support tool that offers a general overview and facilitates access to details 

becomes essential, especially if the teams are numerous. Gitanalysis is a tool allowing a global vision 

of the regularity and the quantitative contribution of all the teams in the form of a scoreboard which 

can represent all the teams and their members as shown in Error! Reference source not found..  

 

 
Figure 1. Evaluation of teams by Gitanalysis for a period of 4 months on java files (extract) 

 

In order to be free from opportunistic activities, the regularity is determined as the average of 

the differences between the last 4 days when commits were made. Each member can then be 

classified according to his regularity according to intervals in number of days of activity. Thus, the 

member is considered regular, less regular or irregular if the regularity is found respectively in the 

intervals of [0, 7], [8, 10] or [11, [. Indeed, if the member spends more than 10 days without making 

new contributions, he will potentially encounter difficulties in closing the gap. 

The last activity is evaluated as the number of days elapsed between the date of the last commit 

and the date of analysis which is by default the current date or the date the user selects to determine 

the last activity of each member of the team. It is considered recent if it is in the interval of [0, 7], 

contemporary if it is in the interval of [8, 10] and old if it is in the interval of [11,  [. 

The activity indicator is determined from the last activity and the regularity. It allows 

classifying a member as an active member, a member to supervise or a member at risk.  

From the quantitative contribution made by each member of the team, Gitanalysis also 

determines that of the entire team. Indeed, we have the total number of LOC (Lines Of Code) added 

and deleted by all team members as well as the total number of commits. Gitanalysis is also based 

on the activity indicator of each member to evaluate that of the entire team. We can then distinguish 

functional teams when most of members are active ("Loutre" team in Figure 1), temporarily 

dysfunctional teams when most of members are to be supervised ("Studio" team in Figure 1) and 

dysfunctional teams when at least one of the team members is at risk ("Gaff" team in Figure 1). 
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4. Limits 
 

First, when analyzing the contribution of each member of the team, taking into account some lines 

of code added can skew the result of the analysis. Indeed, if a member adds a library, it will be 

counted as a contribution. Second, if a team member uses multiple computers to push his code and 

his computers are configured with different names and emails, Gitanalysis will not consider it is the 

same person who shared his work. So, to avoid this case, teams would be advised to configure Git 

with the same name and email on all the computers they would use. Third, to be well evaluated, 

team members should make regular commits each week, to prevent their teams from being evaluated 

as being temporarily dysfunctional or dysfunctional teams. Fourth, considering the modified lines 

of code as a great contribution to teamwork, when handing over the work, is not necessarily true 

because the member who started by adding lines of code is often the biggest contributor. Finally, 

dysfunctional teams are to be considered with caution. If one of the members drops the course, it 

penalizes the rest of the team. Thus, for a dysfunctional team, when at least one of the team members 

is at risk, it would be necessary to decide if it represents an abandonment and recalculate the activity 

of the team by omitting the abandonment. 

 

 

5. Conclusion 
 

In computer science education, teamwork is a means of developing the transversal competencies 

expected in the industry. However, the evaluation of this work as part of a course remains a real 

challenge for teachers, especially if the teams are numerous. We propose in this article the use of the 

Git version control system as support. After reviewing the possible criteria, it appears that the 

commits and LOC are the most relevant ones when assessing the team's regularity and the 

quantitative assessment of the contribution of each team member. We then proposed a typical 

application, presenting a scoreboard of contributions. This support tool provides a quick overview 

for the teacher who uses it to keep track of team progress, while highlighting members in difficulty. 

It then facilitates monitoring.  

Also, for the teacher to make a final judgment in order to establish a summative evaluation, 

this tool should be used in conjunction with peer assessment. 
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Abstract: This paper reports a development of a block programming environment enabling 

online peer assessment for promoting Collaborative Learning (CL). Many investigations 

about CL have indicated that peer assessment plays an important role for activation of CL. 

In this research, we develop a block programming environment. This environment consists 

of three systems, (1) a block assembly system, (2) a browsing system, and (3) a server 

system. Client side systems (the block assembly system and the browsing system) has been 

implemented by Blockly for novice programming learners. A part of the server system has 

been implemented by Firebase. This environment helps novice programming learners to 

program through CL. 

Keywords: Collaborative Learning, Peer Assessment, Automatic Evaluation of a Code 

1. Introduction

Targeting novice level learners in programming education, this paper reports a development of a 

block programming environment enabling online peer assessment for promoting Collaborative 

Learning (CL). CL has attracted attention in recent years. Laal, M. & Ghodsi, S. M. (2012) pointed 

out that CL is a promising educational approach for teaching and learning that involves groups of 

learners working together to solve a problem, complete a task, or create a product. They summarized 

CL into four major categories: social, psychological, academic and assessment. Various practical 

strategies, then, have been proposed to effectively conduct CL. For example, Problem Based 

Learning, Project Based Learning, Knowledge Constructive Jigsaw and so on. In group peer 

assessment, where students grade each other is one of the most effective methods to activate CL 

(Kollar, I. & Fischer, F. 2009). Sitthiworachart, J & Joy, M. (2004) pointed out that activities of peer 

assessment are useful for programming education. Therefore, several investigations also have been 

considered to develop a function that allows peer assessment. However, these previous researches 

are targeted for programming learning as coding, that is, code writing, and are not targeted for novice 

programming learners. This research is targeting novice programming learners by using block 

programing. Block programming environments such as Scratch have been commonly used for 

programing education for novices. For novices, it is also important to gain a deep understanding of 

programming by understanding where in code is wrong and then understanding how to program. 

Evaluation of code, however, is very difficult in common programming languages with various 

expressions such as Java, C and so on. In contrast, because block programming is only using several 

predetermined blocks composed by markup language such as xml and json, it is possible to examine 

all possible combinations of the components, that is, it is possible to realize automatic evaluation of 

a code. Therefore, block programming is expected to be more useful than common programming 

language for novice programming learners. However, there are no previous researches that realized 
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peer assessment in a block programming environment. Moreover, automatic evaluation of a code is 

not implemented in block programming environment either. Therefore, it is important to develop the 

block programming system implemented peer assessment and the automatic evaluation of code.  

Based on these backgrounds, as the first step, this paper reports a development of a block 

programming environment enabling online peer assessment for promoting CL. 

 

 

2. Development of Block Programming Environment with Peer Assessment 
 

This system is composed of client side two programs (first program is called “block assembly 

system”, and the second one is called “browsing system”) and a server side program (it is called 

“server system”). The server system allows a learner to view how other learners are programming 

and learn programming from various perspectives through network. Therefore, the two client 

systems using the browsing system can promote deeper learning by recognizing the difference with 

them through A’s programming by block assembly system. Also, it can be expected to promote CL 

using this system. An overview of this environment is shown in Figure 1.  

 

The server system is implemented based on Firebase and the browsing system to peer to 

peer connection by using WebSocket communication. The server system plays a role of mutually 

transmitting xml data of client A using the block assembly system and another client PCs using a 

browsing system. By the function of the server, the data coded by client A is displayed on another 

client PCs. The assessment results for client A’s code displayed on a browsing system are sent to 

the block assembly system of client A. The server stores all data in Firebase Realtime Database. This 

allows students to see their own coding histories and feedback data on the browsing system (Those 

functions correspond to (3) in Figure 1.). 

The block assembly system and browsing system are implemented based on Blockly. Those 

systems are also running on Electron. Blockly is made by Google for Education, and we customized 

this library. Blockly is able to make blocks for programming in the same way with Scratch etc. This 

library is able to customize programming blocks and create new blocks easily, and the blocks can 

be used on web, Android and iOS devices (Google for Education., n.d.). This library has been already 

used to make many block programming systems. Therefore, a student who has learned block 

programming such as Scratch can handle it easily and can expect to utilize it in many schools by 

preparing a block suitable for the stage of student's learning contents. Electron is made by GitHub, 

and this library allows us to develop a cross platform desktop application with JavaScript, HTML, 

and CSS (GitHub., n.d.). Electron application is cross platform, so it can be running on various 

Environment such as Macintosh, Windows etc. without installing application. Electron also has a 

built-in browser Chromium inside, and it is possible to avoid the problem that the display differs 

depending on the browser. Therefore, it is possible to run this system on many classrooms. 

The block assembly system is able to make a program using blocks, and send the code, that 

is, assembled blocks to server system when send button is clicked at block assembly system ((1) in 

Figure 1.). After programming using the block assembly system, this system converts the results to 

xml, and then send the xml description to the server ((2) in Figure 1.). When the server sends 

Figure 1.  An Overview of This Environment 
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feedback data to the block assembly system, the data is displayed on it ((1,7) in Figure 1.). On the 

other hand, the browsing system receives the xml data transmitted from the block assembly system 

via the server system ((2,3,4) in Figure 1.), converts the xml data into block representation, and 

displays it on the screen ((5) in Figure 1.). Then, feedback on the data of the block is performed, and 

when the send button is clicked, any feedback data is transmitted to the server ((5,6) in Figure 1.). 

A prototype of block assembly system is shown in Figure 2. This system has two areas. First, the 

left side is an area where programming is performed, and the second, the right side is an area 

displaying the evaluation from browsing systems. Next, a prototype of the browsing system is shown 

in Figure 3. The browsing system has also two areas. The difference points from the block assembly 

system is that the browsing system has an area where programming results from the block assembly 

system is only displayed, and an area where evaluation is performed. Also, the browsing system is 

not able to program, but able to browse peer’s codes assembled on the block assembly system. A 

student is able to evaluate peer’s codes by the above function. The browsing system’s screen is 

almost same with the block assembly system’s one. This is, if one system can be used by a learner, 

other systems can also be used. Therefore, we expect that this system makes novice programming 

learners to use this system easily. 

 

 

3. Conclusions and Future Works 
 

In this research, we described the Block Programming Environment which implements the peer 

assessment system using Blockly and Firebase so that the novice programming learners are able to 

practice easily. Currently, we are developing the environment and planning evaluation through 

practical use. As future work, it is necessary to further improve the environment to promote CL by 

extending functions of peer assessment and evaluation method.  
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Abstract: E-book readers support users to create learning footprints in many forms, it also 

allows instructors to update their documents in the e-book reading system. However, e-book 

users often face problems when trying to find the learning footprints they made in a new 

version document. In this paper, we deal with how to determine similar pages for learning 

footprints transferring across versions within an e-book reader in a coursework scenario. We 

propose an algorithm include Diff method and Transfer method to transfer learning 

footprints across versions based on page image similarity comparison, and we also try to 

find an optimal threshold for similar pages determination. After that, we prepare some data 

for testing and then analyze how well can this algorithm address the problem and what is 

the optimal threshold for similar pages determination, and the analysis results will be 

presented. 

Keywords: E-book reader, learning footprint, structural similarity 

1. Introduction

Despite e-book readers allow instructors to update their learning material freely, furthermore, users 

can also make their learning footprints in any place in the interface of an e-book reader. There is a 

problem exist within e-book reader. In a coursework, when instructor update the learning material, 

there is a new version of learning material will show up. At that time, we may have to automatically 

transfer learning footprints made by users since some of the page old contents may be changed, and 

the location of learning footprints may also not correct (Yang, Flanagan, & Ogata, 2018). This is 

similar to annotation reflowing or annotation repositioning issue, such techniques have also been 

considered in several researches (Bargeron, & Moscovich, 2003; Golovchinsky, & Denoue, 2002). 

According to that, this paper will briefly summarize those issues to learning footprint transferring 

problem. 

1.1 E-Book Reader and Learning Footprint Transferring Problem 

This paper uses the BookRoll digital learning material reading system, users can create marker, 

memo and bookmark on BookRoll (Ogata et al., 2017). Currently, learning material contents can be 

uploaded to BookRoll in PDF format, and this paper will focus on slide-based learning materials.  

Figure 1. Learning footprints transferring problem in two different versions. 
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These learning footprints need to be transferred automatically from source page in old 

version learning material to its target page in new version learning material or that will become a 

reading problem for the readers since learning footprints are still being connected to the old version 

learning material as shown in Figure 1. To address this problem, in this paper we try to find similar 

pages in two different version learning materials based on the proposed algorithm. 

 

 

2. Method 
 

In this section we demonstrate how we find similar pages based on page image similarity comparison 

and transfer learning footprints across versions by using some data prepared by the authors as our 

learning footprints in a learning material. In this paper, we prepared 100 learning footprints, include 

40 markers, 40 memos, and 20 bookmarks in a 20-pages slide-based learning material for the testing 

of learning footprints transferring algorithm. 

 

2.1 Algorithm 
 

In the proposed algorithm, we will first execute Diff method then be able to compare all the page 

image similarities between two different versions by implementing structural similarity (SSIM) 

index which has been used in heterogeneous document image retrieval for many years (Shin, & 

Doermann, 2006). After that, learning footprints will be either transferred to the target page in new 

version learning material or removed from the current learning material by Transfer method. 

Although we can find similar pages, it is still hard to define why are they similar, so we analyze the 

optimal threshold determining similar pages in two different version learning materials to make sure 

the threshold will not be set too low or too high. 

 

2.2 Evaluation 
 

In the optimal threshold analysis, if the image structural similarity between two pages is higher than 

the threshold, all the learning footprints on the source page will be transferred to the target page with 

the closest image structural similarity, otherwise if none of them is higher than the threshold, then 

they will all be removed. We run the algorithm for 20 times, testing the threshold value from 0 to 1, 

divided by 0.05 in each time to compute the 𝐹1 score based on confusion matrix. The 𝐹1 score and 

threshold can be seen in Figure 2. 

 
Figure 2. The analysis for deciding optimal threshold value. 
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3. Results 
 

As shown in Figure 2, when the optimal threshold value is set to 0.9, we can get the highest 𝐹1 score 

0.865, and the confusion matrix result of image similarity 0.9 is shown in Table 1. In this confusion 

matrix we define Transfer class as learning footprints that need to be transferred, Non-Transfer class 

as learning footprints that should not be transferred, respectively. According to this confusion 

matrix, 81 out of 100 learning footprints are transferred correctly, but 19 learning footprints are 

transferred incorrectly. To understand these errors, we did error analysis and found that there are 

two types of error in it, 4 of them were transferred incorrectly and 15 of them were removed 

incorrectly, we also found that the reason that caused this error is due to the change of image position 

or text position. 

 

Table 1 

Confusion Matrix for Optimal Threshold 

 Gold-Standard 

Algorithm Transfer Non-Transfer 

Transfer 61 (TP) 0 (FP) 

Non-Transfer 19 (FN) 20 (TN) 

 

 

4. Conclusions 
 

In this paper, a method for learning footprints transferring was presented and evaluated. This method 

can detect pages higher than 0.9 image similarity between two different versions, but for other pages 

with lower than the optimal threshold value, we do not know if we can transfer some of the learning 

footprints on it. Meanwhile, the 𝐹1 score obtained from analysis result is still not perfect enough, 19 

of them will still be processed incorrectly. In the future, we will investigate better analysis method 

in different analysis level such as text content comparison between two different versions to 

eliminate these errors. 
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Abstract: In the field of astronomy, it has proved challenging for students undergoing 

elementary school teacher training to understand the moon phasing mechanism. Therefore, 

in this study, we developed an astronomical VR learning system that supports active 

locomoting viewpoint through explorative learning in a virtual environment. To evaluate the 

effectiveness of the proposed system, the degree of comprehension of students undergoing 

teacher training was evaluated. The results show that the proposed system is effective for 

students with low comprehension about the phases of the moon. 

Keywords: Virtual Reality, Locomoting Viewpoint, Teacher Training, Astronomy 

Education 

1. Introduction

In the field of astronomy, children interested in studying the phases of the moon have difficulty 

understanding the phases of the moon (Miyawaki et al., 1992). Trumper (2001), in his study, 

reported that several junior high school students find it difficult to distinguish between the moon 

phasing mechanism and the lunar eclipse mechanism. Further, almost half of the university students 

do not have a scientific understanding about the phases of the moon (Trumper, 2000). 

Such problems, particularly in the field of astronomy, are no exception for students training 

to be elementary school teachers. Matsumori et al. (2015) reported that students undergoing teacher 

training face challenges in recognizing the apparent position of the moon and observable time. In 

addition, students who did not major in science suggested that they were underconfident when 

teaching about astronomy (Shimoikura et al., 2014). Therefore, it is meaningful for teacher training 

students to examine concrete measures for issues in the astronomy field. 

To conceptualize the phases of the moon, it is necessary to understand the relative positions 

and motions of objects in synchronous rotation, and to shift from a geocentric to a heliocentric 

perspective. Therefore, to comprehend moon phases, the learner must exhibit the spatial ability 

associated with locomoting viewpoint. The learner’s ability associated with the locomoting 

viewpoint depends on both the "operation" and the "relative positional relationship between the 

target to be recognized and the learner". In addition, Okada (2009) reported that the correct answer 

rate when using "active locomoting viewpoint", wherein the observer moves with the position of the 

observation object fixed is high. In this study, we develop an explorative learning tool that supports 

active locomoting viewpoint. 

In general, learning by direct observation is challenging in astronomy considering the 

temporal constraints and weather. Therefore, use of virtual reality (VR) technology for such 

application is a promising solution. As regards the use of VR for learning equipment in the field of 

astronomy education, several types of systems have been developed, including multi-view type solar 

system VR learning equipment (Setozaki et al., 2009) and tangible solar system learning equipment 

linked with model operation (Morita et al., 2010). However, these learning systems provide limited 

support to the learner’s active locomoting viewpoint. 
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Therefore, in this study, we develop an astronomical VR learning system that supports 

active locomoting viewpoint through the use of explorative learning in a virtual environment. In 

addition, an evaluation study was conducted to assess the comprehension of students undergoing 

teacher training. 

 

 

2. Development of Explorative VR Learning System 
 

Figure 1 presents an overview of the proposed Explorative VR Learning system. The system was 

constructed in a VR environment using the Unity 5 cross-platform game engine. In the VR 

environment, the CG models of the Earth, the moon, and the sun were placed, with the texture of the 

universe as the background. In addition, the parallel rays from the sun’s CG model were irradiated. 

The animation of the rotation movement was set for the Earth’s CG model. For the moon’s CG 

model, the animation of the moon’s revolution and rotation (rotating around the Earth) were also 

configured. In addition, an animation playback/stop function and speed change function was 

implemented, such that the learner could use these function via two controllers. 

In addition, the exploration area was confined to a 2 m × 3 m area. This enabled the learner 

to observe the phases of the moon while freely exploring outer space within the VR environment. In 

this study, HTC Vive was used as the head mounted display (HMD). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

3. Experimental Procedure 
 

We evaluated the proposed system through experiments, wherein 16 teacher training course students 

were recruited as participants. The students were given approximately 45 minutes to acclimatize 

themselves with the VR learning system. The participants were instructed to observe the celestial 

bodies while moving actively around the VR environment. 

To investigate the effectiveness of the system in aiding the students’ understanding, a 

pre-test and a post-test were conducted, before and after the experiment. Both tests used the same 

questionnaire. The participants were scored on a scale from 0 to 20 points for the evaluation. The 

average scores for the comprehension pre-test was 11.1 points. Therefore, students who scored 11 

points or less on the pre-test were grouped into the "low group" (8 students); students who scored 

more than 12 points on the pre-test were classified as "high group" (8 students). In addition, an 

analysis of variance was done using two factors, namely "proficiency" and "changes in test score." 

 

 

4. Result and Discussion 
 

Figure 2 illustrates the results of the comprehension test. The results showed significant difference 

for the interaction between the two factors (F(1,14) = 13.31, p<.01). Therefore, when analyzing the 

せ Infrared sensor 

せ Infrared sensor 

せ Controlled PC 

せCG sun 

せ CG moon 

せ CG earth 
せ HMD 

せ Controllers 

せ Figure 1. Overview of the astronomical VR learning system 

350



simple main effect of “proficiency”, a significant difference was observed in the pre-test average 

points (F(1,14) = 25.12, p < .01). On the other hand, the simple main effect of “proficiency” showed 

no significant difference in either the post-test results (F(1,14) = 1.07, n.s.). The findings of the 

analysis of the simple main effect of "changes in 

test score" showed a significant difference 

between the pre- and post-test scores for the “low 

group” (F(1,14) =50.86, p<.01), and 

corresponding significant tendencies were 

observed between the pre- and post-test scores 

for “high group”  (F(1,14) =3.59, .05<p<.10).   

Therefore, by using the explorative VR 

learning system, it was demonstrated that the 

score of “low group” was improved, and the 

average score attained in the post-test was equal 

to that of “high group.” 

 

 

5. Conclusion 
 

In this study, we developed an astronomical VR learning system that supports active locomoting 

viewpoint through explorative learning in a virtual environment. We evaluated the degree of 

comprehension of students undergoing teacher training course students. The results showed that the 

proposed VR learning system is effective for students who had low comprehension about the phases 

of the moon.  

In our future work, we intend to improve the credibility of the analysis results by increasing 

the sample size as well as analyzing, in detail, other factors associated with the learning effect. 
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Abstract: In this paper, we attempted to analyze learners’ motivation based on peer 

assessment process logs. In many previous studies, the reliability or validity of peer 

assessment was discussed based on the students’ peer assessment score. In contrast, we have 

discussed the necessity of analyzing evaluation-timing and temporal behavior in the 

assessment processes. We conducted an experiment and the following feature variables, 

such as “Evaluation Time” or “Standard deviation of the scores of the evaluation items”, 

were calculated from the collected log data. We analyzed the relationships among these 

feature variables. As a result, we found some positive and negative correlations among 

them. Furthermore, when conducting continuous evaluations during a single lesson, these 

trends were more noticeable in the evaluation at the end of the lesson than at the beginning 

of the lesson. We expect that the characteristics of the evaluation behavior would be useful 

as indicators of the lack of motivation in terms of serious evaluation in peer assessment 

evaluations. 

Keywords: Peer assessment, Web survey, Paradata, Learning analytics 

1. Introduction

With the spread of active learning style classes in recent years, there have been increasing cases of 

making presentations in classes and evaluating them with peer assessment. The purpose of peer 

assessments by students vary depending on the teacher or the lesson. However, according to 

Topping (2009), the assessment purposes can be roughly divided into the following two types: (1) 

cognitive or metacognitive gains and (2) time saving.  

Peer assessments have such benefits. However, peer assessments conducted by students can 

also have serious problems in terms of reliability and validity. In many previous studies, the 

reliability of the peer assessment was determined based on the consistency between the students’ 

evaluations, and its validity was judged based on the consistency between the teacher’s evaluation 

and the students’ evaluation. We thought that there might be evaluations in which the evaluated 

timing would be entirely different, even though the evaluations were regarded as being “consistent 

with each other” in the previous methods of the score-based judgment. For this reason, we have been 

conducting research by acquiring logs of peer assessment processes and analyzing the timings of the 

evaluations.  

We have not been able to find any researches similar to ours in the field of educational 

engineering. Meanwhile, it became clear that many preceding social science research studies had 

focused on this kind of behavior. With the spread of computers and the Internet, their use of surveys 

that employ computers and the Internet has also expanded. They enable the collection of the data 

generated automatically by the data collection process, and these “data from survey data acquisition 

processes” are called “paradata.” (Couper & Kreuter, 2013). In the various “paradata” research 

studies, the “Response Time” has frequently been the main focus, and it is also similar to our target 

data for the peer assessment behavior study. According to works of literature, it is said that “Shorter 

response times” are associated with “Lack of motivation to answer accurately as the survey 

continues” (Bassili, 1996; Yan & Tourangeau, 2008) 

Based on these findings in the analysis of survey response process logs, we hypothesized 

that learners’ motivation can be detected even from peer assessment process logs. The expected 
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benefit of this research is to find characteristics of evaluation behavior that can be used to indicate 

lack of motivation in terms of serious evaluation during peer assessments. 

 

 

2. Materials and Methods 
 

In order to acquire evaluation-timing data during peer assessment, we have used a web-based form 

as the peer assessment tool (Horikoshi, 2017). This tool has a function that can detect students’ 

temporal behavior, and it is implemented in HTML, JavaScript, and PHP. The items stored in the 

server were as follows: the reviewer’s student ID, the presenter’s student ID, date and time, 

evaluation item ID, and score. 

The target course was held at Sophia University, Japan. The number of participants was 72, 

and they were divided into 12 groups. Each group was given a total of 14 minutes, which consisted 

of a 10-minute presentation and a 4-minute question and answer session. Six groups presented the 

presentation in one class (groups A-F and G-L). This paper utilizes data from this first week. During 

the experiment, we requested the students to conduct peer assessment using the developed tools and 

acquired a log of their evaluation behavior. 

The following variables were calculated from the collected log data of the peer assessment 

process. We will visualize these variables and analyze the relationships between them. 

• Evaluation Time (ET): Diff-time between clicking the radio button of the first evaluation item 

and the last evaluation item  

• Click Count (CC): Total number of times the radio button of the evaluation item was clicked 

• Mean of the score (sM): Average score of all the evaluation items 

• Standard deviation of the score (sSD): Standard deviation of the scores of all the evaluation 

items 

• Mean of the evaluation timestamp (tM): Average of elapsed time since the start of the 

presentation 

• Standard deviation of the evaluation time stamp (tSD): Standard deviation of the 

timestamps for all the evaluations 

 

 

3. Results and Discussion 
 

Figure 1 shows correlations among the six feature variables. In Figure 1, the green lines indicate 

positive correlations, and the red lines indicate negative correlations. In addition, the thicker and 

darker lines show that the absolute values of the correlation coefficient are larger, and the thinner 

lines show that the absolute values of the correlation coefficient are smaller. Figure1-(a) shows the 

correlations of Group A (where the reviewer conducted the evaluation at the beginning of the class) 

and Figure 1-(b) shows that of Group F (where the reviewer conducted the evaluation at the end of 

the class).  

  
(a) Group A (b) Group F 

Figure 1. Correlation coefficient between feature variables (Group A and Group F) 

 

As shown in Figure 1, there are some positive and negative correlations among the six 

feature variables. In this paper, we only focus on three negative correlations (between tM-ET, 

tSD-tM and sSD-sM) and one positive correlation (between sSD-ET) because of space limitations. 

• Negative correlation between tM-ET and between tM-sSD 
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The negative correlation between tM-ET indicates that, the reviewer who spent less time 

on the evaluation (= ET is smaller) had a larger mean of the evaluation time stamp (= tM 

is larger). This is because it would have been after the passage of a long time since the 

presentation was over when the reviewer, who did not spend time on the evaluation, 

performed his or her evaluation. The negative correlation between tM-sSD came from the 

positive correlation between ET-sSD. In other words, these two correlations represent the 

same trend. 

• Negative correlation between sSD-sM  

This negative correlation indicates that the reviewer who did not give the same score to 

many items (= sSD is larger) had a small average score (= sM is smaller). This is because 

the reviewer who gave the same score for many items tended to give high scores such as 

4 or 5. 

• Positive correlation between sSD-ET 

This positive correlation indicates that the reviewer who spent a longer period of time on 

the evaluation (= ET is larger) had a larger variation in the score (= sSD is larger). It is 

very interesting that a correlation appeared between feature variable of the score (sSD) 

and the feature variable of the evaluation time stamp (ET). It is assumed that, as the 

reviewer’s seriousness in performing the evaluation increases, the lengths of the ET and 

the sSD increase as well. This tendency did not appear in the group that the reviewer 

evaluated at the beginning of the class (Group A), but it appeared in the group that the 

reviewer evaluated at the end of the class (Group F). This result suggests that the 

continuous evaluations of peer assessments may affect the student’s evaluation behavior. 

 

 

4. Conclusion and Future Works 
 

The objective of this paper was to verify the hypothesis whether “learners’ motivation can be 

detected from peer assessment process logs” or not. As a result, we found the characteristic 

evaluation behavior that could be used as indicators of the lack of motivation to conduct a serious 

evaluation. Specifically, the following trends can be used as indicators of “not conducting serious 

evaluation”: Short Evaluation Time (ET), large Mean of the score (sM), small Standard deviation of 

the score (sSD), large Mean of the evaluation time stamp (tM), and small Standard deviation of the 

evaluation time stamp (tSD). Furthermore, when conducting continuous evaluations during a single 

lesson, we found that these trends were more noticeable in the evaluation at the end of the lesson 

than at the beginning of the lesson. We expect that the characteristics of the evaluation behavior 

would be useful as indicators of the lack of motivation in terms of serious evaluation in peer 

assessment evaluations. 

With regard to future research works, the following two tasks remain: (1) confirm the 

reproducibility of this research (determine whether this trend will appear in a similar way during 

peer reviews in other contexts) and (2) verify the correlation between the indicators we found this 

time and other highly reliable indicators.  
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Abstract: Much research has been conducted on systems that facilitate learners’ 

understanding of program behavior through program behavior visualization. In this study, 

we focus on program education by constructing a system to support the understanding of 

pointers in C language. The system requires the learner to answer questions about the 

assignment statement of the pointer. The learner responds by clicking on a conceptual view 

in which the behavior of the algorithm is visualized. We conducted an evaluation 

experiment using 50 first year students in engineering department as subjects. Our results 

indicate that the learning system was effective. 

Keywords: Programming learning support system, C language, visualization, pointer 

1. Introduction

It is highly important to visualize program behavior to promote learner understanding. However, it is 

often difficult for beginner programmers to accurately understand such behavior. Thus, there are 

many support tools for visualizing the behavior of program and algorithms alike (Rößling & 

Freisleben, 2002; Moreno et al., 2004; Yu et al., 2014; Kogure et al., 2014; Yamashita et al., 2016; 

Yamashita et al., 2017). C language beginners may have difficulty understanding pointers because 

program code and behavior in the target world do not sufficiently correspond. We thus developed 

TEDViT (Kogure et al., 2014; Yamashita et al., 2016; Yamashita et al., 2017) to enable learners to 

manipulate conceptual views to express their level of pointer understanding. Study participants 

ranged from beginners (i.e., those with no knowledge of pointers) to middle level learners (i.e., those 

with little pointer knowledge). The system proposed in this research facilitates learner understanding 

of program behavior when using pointers correctly in statement units. To work in the system, 

learners were required to answer questions about the meaning of each proposed statement according 

to the provided guidance. They also used GUI operations to determine how each statement would 

affect objects in the conceptual view. We provided this system to 50 beginner-level university 

students in an actual classroom setting. Our results suggested that the system is an effective way to 

learn C pointers. 

2. TEDViT: Teacher Explaining Design Visualization Tool

In previous study, we constructed a program learning support system that visualizes program 

behavior in both implementation view (including memory image) and conceptual view (algorithmic 

appearance). TEDViT contains a feature through which the teacher can freely describe the 

visualization method of the conceptual view. First, the teacher prepares the correct C program and 

the visualization rule set. The prepared files are then input into the system and the system 
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reconstructs the program behavior using variable info and visualization info automatically 

generated. 

 

3. System Requirement and Design Policy 
 

In this study, we focused on C language pointer education. Especially, the support system assists the 

learner into understanding the assignment statement, including the pointer variable. We thus 

summarized the assignment statement variation including the pointer as Table 1. 

 

Table 1  

Assignment Statement Types 

Left         
\ rig

ht 

Primary  Address Pointer Pointer 
with 
offset 

*Pointer *Pointer 
with offset 
m 

Primary  
 

(A) 
a = t[i] 

--- --- --- 
(B) 
a = *q 

(C) 
a = *(q+m) 

Pointer  
 

--- 
(D) 
p = &t[i] 

(E) 
p = q 

(F) 
p = q+m 

--- --- 

*Pointer 
 

(G) 
*p = t[j] 

--- --- --- 
(H) 
*p = *q 

(I) 
*p= *(q+m) 

*Pointer 
with  
offset n 

(J) 
*(p+n) = 
s 

--- --- --- 
(K) 
*(p+n) = 
*q 

(L) 
*(p+n)=*(q+
m) 

 

We explain the exercise flow used to understand the C language pointer assignment 

statement we proposed in this research. There are two available paths according to learning 

proficiency. The learning path is different for intermediates and beginners. The system distinguishes 

between beginner and intermediate learners based on whether they can accurately answer 1.0 and 

2.0 question. Intermediate and expert learners who correctly answer these questions are given the 

main path, while beginners who do not provide correct answers are given the detour path. In the 1.X 

and 2.X questions prepared for the beginner, the learner answers stepwise by fragmenting either the 

left or right-side expression. For example, if the right-side expression is *(p+3), the question is 

divided into three stages. In the first step, the system asks the learner “Which area does ‘p’ 

indicate?” (2.1 question). In the second step, the system asks the learner “Which area does ‘p+3’ 

indicate?” (2.2 question). In the third step, the system asks the learner whether “Is ‘*(p + 3)’ an 

address or a value?” (2.3 question). In the fourth and final step, the system asks the learner “What is 

the value of ‘*(p + 3)’?” (2.4 question). The learner responds to these questions by clicking on a 

value assigned to the variable or a box assigned to the array or pointer variable in the conceptual 

view. 

This exercise system contains two features. The first is ``Program behavior visualization 

function.’’ This exercise system can automatically visualize behavior on conceptual view by pointer 

assignment statement by utilizing the function of visualization of program behavior of conventional 

TEDViT. The second is ``Dynamic learning path function according to learner proficiency.’’ The 

beginner uses this function to incrementally understand the statement starting with the smallest 

fragment. 

 

 

4. Experimental Evaluation 
 

The evaluation experiment was conducted to determine whether the system was effective for pointer 

learning. To confirm this effectiveness, we constructed the two hypotheses. The first hypothesis is 

that this system can improve pointer comprehension for learners (this evaluates the learning effect): 

(Hypohesis 1). The second hypothesis is that this system is sufficient for learning pointers (this 

evaluates system interface usability) :(Hypohesis 2). 
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Study subjects consisted of first-year university students belonging to engineering 

departments (i.e., 50 first-year engineering university students taking “programming foundation” 

subjects). Because of class experiments, we did not compare experimental and control groups. 

Learners used our system on Firefox in Ubuntu 16.04 OS running in Virtual Box for normal 

exercises. The exercise consisted of a pre-test, system use, post-test, and questionnaire. In the pre 

and post-tests, we provided a program involving the assignment statement of the pointer to learners, 

who then answered questions about the program’s execution result. We let students answer 

questions about the execution results of three programs during these tests. 

We obtained a pretest average of 31.0 points, and a posttest average of 57.2 points (possible 

scores ranged from 0.0 to 90.0). We also examined self-evaluation scores regarding pointers in both 

the pre and post-tests. We obtained a pre-test self-evaluation average of 2.37 points and a post-test 

self-evaluation average of 2.94 (possible scores ranged from 1.0 to 4.0). These favorable results 

suggested that hypothesis 1 was correct. 

We then provided learners with a questionnaire regarding their overall impressions of the 

system, the effectiveness of the visualization function, and whether gradual learning was effective 

for beginners. We obtained 3.18 points regarding overall impressions of the system, 3.47 points 

regarding the effectiveness of the visualization function, and 3.27 points regarding whether gradual 

learning was effective for beginners (possible scores ranged from 1.0 to 4.0). Finally, learners were 

asked whether the system or a textbook was more useful for pointer learning. A total of 36 students 

answered that the system was more useful, while 11 students answered that the methods were 

similarly effective, and two students answered that a textbook is more useful (Figure 6). These 

results suggest that hypothesis 2 was correct.  

 

 

5. Conclusion 
 

This study constructed a system to help learners understand pointers in C language. The system 

asked learners questions about pointer assignment statements. Learners were then required to 

respond to these questions by clicking on the conceptual view in which the algorithmic behavior was 

visualized. We then conducted an evaluation experiment with 50 first-year university students in 

engineering departments. Our results indicating that the system was effective for learning. We will 

consider using the functions and structures of pointers in future research. 
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Abstract: It is difficult for unskillful researchers to self-review their own presentation. In 

generally self-reviewing their presentation video, they would feel quite uncomfortable due 

to their looks and voice on it. They would also have difficulties in minutely self-reviewing 

their own presentation. Towards these issues, we propose a presentation robot that 

reproduces the presentation researchers make, and that allows them to self-review their 

presentation including not only slide contents and oral explanation but also non-verbal 

behavior with less uncomfortableness. We also propose a model of presentation behavior 

with slides, whose purpose is to design a checklist including points to be reviewed. It allows 

model-based self-review of presentation. This paper also reports a case study with the 

system, in which we have compared self-review with the presentation robot and self-review 

with a virtual character on PC. The results suggest the potential of the presentation robot for 

promoting model-based self-review of presentation behavior particularly non-verbal 

behavior. 

Keywords: Presentation robot, Presentation model, Avatar, Self-review, Rehearsal, 

Non-verbal behavior 

1. Introduction

Presentation is one of the most important activities for researchers. They often conduct rehearsals in 

lab for improving their presentation. There are two types of presentation rehearsals, which are 

rehearsal with peers and self-rehearsal. In rehearsal with peers, researchers could receive reviews 

from the peers (Okamoto, Miyoshi & Kashihara, 2006). In self-rehearsal, on the other hand, they 

review their presentation by themselves to find out points to be modified. 

The main issue addressed in this work is how to promote self-review. In general, researchers 

self-review their presentation with PC before rehearsals with peers. But, they often miss finding 

points to be modified since they need to concurrently make and review their presentation. On the 

other hand, there is another way for self-review, in which they could make a video of their 

presentation and then check it out. Although it allows them to direct more efforts to review, they 

would feel quite uncomfortable due to their looks and voice on the video. In our previous work, we 

have helped unskillful researchers with presentation avatar (P-Avatar for short) (Inazawa & 

Kashihara, 2017). P-Avatar acts as a virtual character for reproducing the presentation researchers 

make so that it allows them to self-review their own presentation with less uncomfortable sense. 

From the results of the case study, we ascertained that P-Avatar promoted self-review more 

significantly than presentation video (Inazawa & Kashihara, 2017). However, we also ascertained 

that unskillful researchers still had difficulties in finding out points to be modified particularly about 

nonverbal behavior such as pointing gesture and eye direction. In addition, they would also have 

difficulties in minutely self-reviewing their presentation since they have insufficient knowledge 

about what to review. 

Towards these issues, we propose a presentation robot, which reproduces the presentation 

researchers make with more embodiment of non-verbal behavior. The robot is expected to enhance 

awareness of points to be modified including not only slide contents and oral explanation but also 

non-verbal behavior such as paralanguage and gesture. In particular, continuous motion of gestures 

made by learners is segmented and transformed into the robot gestures. The robot could accordingly 
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(a) Capturing and Recording       (b) Reproduction with P-Robot 

Figure 1. Presentation Robot 

 

make the original gestures more discriminable, which contributes to enhancing their awareness 

about gestures. We also propose a model of presentation behavior with slides, whose purpose is to 

design a checklist including points to be reviewed. It allows model-based self-review of 

presentation.  
 

 

2. Presentation Robot 
 

2.1 Overview 

 

Presentation behavior generated by unskilled researchers as learners is first captured and recorded 

with Kinect, and then reproduced by P-Robot. The learners are expected to review the reproduced 

presentation with the checklist including points to be reviewed, which is obtained from the model of 

research presentation behavior.  

We have developed a P-Robot system. It captures and records presentation learners make 

with Kinect as shown in Figure 1 (a). P-Robot reproduces their presentation behavior with the 

recorded data, in which the recorded gesture and utterance are kept, and in which the voice tone is 

changed. Such reproduction allows P-Robot to enhance embodiment of their gestures to promote 

their awareness of points to be modified.  
 

2.2 Model of Research Presentation Behavior 
 

Referring to related work on presentation for research, we have designed a model of presentation 

behavior as shown in Figure 2 (Ishino, Goto & Kashihara, 2017; Goto et al., 2017). The model 

illustrates how behavior intentions could be accomplished with behaviors involving a number of 

components. Following this model, we have designed a checklist including points to be reviewed. 

Referring to such checklist during self-review, learners can ascertain their behavior in presentation. 

They can also ascertain the suitability of the slide contents depending on their intention. Such 

self-review allows them to minutely review their presentation and to enhance their awareness of 

points to be modified. 

 

3. Case Study 
 

Eye direction to slide contents

Attention to 
contents

Comprehensio
n of contents in 

detail

Focusing

Concentration 
on 

presentation

Face direction to slide

Deictic gesture

Paralanguage
Text decoration

Emphasizing important points by animation

Animation to order

Contents design

Reducing gesture noises
Reducing oral noises

Promoting 
comprehension 

for Contents

Promoting 
comprehension 

for Relations

Attention 
awaking

Controlling 
attention

Iconic gesture

Expression of oral explanation

Eye contact with audience

Face direction to audience

Emphasizing important points by gesture

Metaphoric gesture
Slide order

Order of oral explanation
Supplementary explanation at slide transition

Slide contents

Contents of oral explanation

Behavior intention
Behavior 

achieving intention Component

 
 

Figure 2. Model of Research Presentation Behavior 
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3.1 Preparation and Procedure 
 

We have conducted a case study whose purpose was to ascertain whether P-Robot could promote 

model-based self-review more than virtual character reproducing the same body motion as the 

P-Robot system.  

The participants were 8 graduate and undergraduate students. We set two conditions: 

self-review with the virtual character, and self-review with P-Robot. This study included 2 sessions 

referred as Session I (presentation) and Session II (self-review). Before Session I, all participants 

were required to prepare their PPT document including the contents of their research. In Session I, 

they were first required to make presentation, which was recorded by Kinect. In Session II, each 

participant conducted self-review twice with the checklist under two conditions.  

In order to ascertain whether P-Robot could enhance awareness of points to be modified 

more than the virtual character, we compared the numbers of found points to be modified in Session 

II. We also ascertained which self-review had more authenticity of their original presentation, and 

which self-review enhanced awareness and concentration on review with a questionnaire. 

 

3.2 Results 
 

The results suggest that P-Robot contributes to enhancing awareness of points to be modified, 

particularly about gesture. From the results of the questionnaire, the embodied gesture of P-Robot 

could enhance awareness of points to be modified about behaviors for controlling attention and for 

focusing, although the virtual character had more authenticity of their original presentation. 

Actually, some participants commented eye direction, pointing gesture or gesture habit were clearer 

in self-review with P-Robot. 

 Sota as P-Robot shown in Figure 1(b) currently has some shortcomings about the small 

shaking, motor sound, restricted arm motion, and slide animation. We accordingly need to resolve 

these, or we can consider the use of alternative P-Robot except Sota.  

 

 

4. Conclusion 
 

In this work, we have proposed P-Robot and developed the P-Robot system for enhancing awareness 

of points to be modified in presentation. We have also designed the model of presentation behavior 

to design the checklist for self-review, which allows minute self-review of presentation. From the 

results of the case study, P-Robot could enhance awareness of points to be modified particularly 

about gesture. In future, we need to refine the P-Robot system, to consider what kind of robot is 

more suitable for self-review. 
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Abstract: The purpose of this study was to assess an Interactive Virtual Learning 

Environment of Space (IVLES) which was developed to cultivate mental rotation skills in 

STEM (Science, Technology, Engineering, and Mathematics). In the IVLES, learners can 

manipulate virtual spheres of the sun, the earth, and the moon, and can observe not only 

actual phenomena, but also non-actual phenomena of the lunar phases. 16 participants 

assessed the effectiveness and interface design of IVLES and reported that it might be easy 

for learners to manipulate virtual objects in the IVLES in STEM classes in middle and high 

schools.  

Keywords: Virtual Learning Environment, Non-actual Phenomena, Explorative Activity, 

STEM education 

1. Introduction

Mental rotation and mental cutting skills are essential in STEM (Science, Technology, Engineering, 

and Mathematics) subject area. For instance, to imagine the movement of the relative positional 

relationships of celestial bodies, it is necessary to form a mental model (Tayler et al., 2003; Turk et 

al., 2016). In the same way, learners need to use a mental model to think about spatial figures in 

mathematics. 

There has been some development of astronomy course materials using computer graphics 

(CG) simulation and virtual reality (VR) to acquire the mental models. Simulation course materials 

using CG and VR teaching system presenting 3D images enable learners to observe modified actual 

phenomena (Morita et al., 2006; Setozaki et al., 2007; Setozaki et al., 2013).  

However, the previous studies that formed the basis for celestial body simulations were 

unable to change the CG model relative positional relationships of the sun, the earth, and the moon. 

The learners can observe the actual phenomena within the virtual space, but, in many cases, they are 

unable to interact actively with the CG models.  

Therefore, an Interactive Virtual Learning Environment of Space (IVLES) was developed to 

manipulate CG models interactively, and to observe non-actual phenomena of the lunar phases in 

various viewpoints to acquiring mental rotation skills (Miyanishi et al. 2018). In this paper, IVLES 

was assessed effectiveness on exploring learning and interface design, also discussed possibilities to 

use it in K-12 STEM education. 

2. Method

2.1 Interactive Virtual Learning Environment of Space 

Figure 1 shows an overview of the IVLES (Miyanishi et al., 2018) which was designed by a game 

development engine (Unity ver. 2017.2) released by Unity Technologies, and manipulation control 

functions were implemented using libraries for a head mounted display set (VIVE manufactured by 
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htc Corp.). In the IVLES, learner can observer actual phenomena, for instance, rotation and 

revolution of the earth and the moon, lunar phases, and solar eclipse. Furthermore, they can grab and 

move the virtual celestial bodies from actual position to the other non-actual positions. It means the 

IVLES allows learner's flexible and explorative observations to cultivate mental models. 

 

Virtual controller to manipulate objects in a virtual world

Actual Controller in the real world
 

Figure 1. Overview of Interactive Virtual Learning Environment of Space (IVLES) 

 

1. The IVLES is interesting.

13. Non-actual phenomena is effective to understand the phase of the moon.

3. I want to learn by IVLES.

2. I can understand the phases of the moon using the IVLES.

4. I was getting interested in relative movement of the earth and the moon.

5. I want to learn more about relative movement of the earth and the moon.

6. I thought about relative movement of the earth and the moon.

7. I manipulated the 3D model of the moon proactively.

8. I manipulated the 3D model of the earth proactively.

9. I manipulated and moved the 3D model of the moon as non-actual phenomena.

10. I manipulated the 3D model of the moon and noticed new things about non-

actual phenomena on relative movement of the earth and the moon.
11. I manipulated and moved the 3D model of the earth as non-actual phenomena.

12. I manipulated the 3D model of the earth and noticed new things about non-
actual phenomena on relative movement of the earth and the moon.

14. I thought about sunrise and sunset of the observation point on the virtual earth.

Average ScoreQuestionnaire Item

 
Figure 2. Average scores of each questionnaire item on exploring learning using IVLES 

 

15. It was easy to manipulate the 3D models both on the revolution of the moon and on the rotation of the earth.

19. I felt tired.

18. I felt out of sorts.

17. It was easy to imagine from where I was observing the phenomena.

16. It was easy to manipulate the 3D models of the earth and the moon.

Average ScoreQuestionnaire Item

 
Figure 3. Average scores of each questionnaire item on interface design 
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2.2 Assessment 
 

16 participants who were in junior and senior university students assessed the IVLES effectiveness 

on exploring learning and interface design. Each participant manipulated the IVLES for 

approximately 15 minutes in a seminar room or a classroom, then answered the IVLES by 

questionnaire including 14 items for exploring learning and five items for interface design. The 

participants answered each item on the questionnaire using 4-level Likert scale to score as follows: 

"strongly disagree" was 1, "disagree" was 2, "agree" was 3, and "strongly agree" was 4. The average 

scores were calculated for each item and compared. 

 

 

3. Result and Discussion 
 

Figure 2 shows the calculated average scores of each item regarding exploring learning using 

IVLES. All items scored over intermediate value 2.5, except one question item. It means that there 

were more than half of participants could move the virtual spheres and observed non-actual 

phenomena in the virtual environment which allowed learner's exploring activities.  

Figure 3 shows the average scores of each item regarding interface design. It means that most 

of the participants assessed that it might be possible to manipulate the 3D models in the IVLES.  

 

 

4. Conclusion 

 
This paper reported briefly regarding the virtual learning environment which could support 

exploring activities to think spatially in STEM subject area. The participants could observe not only 

actual phenomena of lunar phases, but also non-actual phenomena by manipulating the virtual 

objects. It might be effective to cultivate mental models, which were essential in STEM subjects, 

and be possible to use the IVLES in STEM classes in middle and high schools. 
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Abstract: As a rapidly growing field of learning analysis technology, learning 

prediction has been developed by many researchers from different angles and 

educational environments. Different prediction models have their own characteristics 

and have produced different results. However, each model has their limitations in 

adaptability and generalization. In this concept paper, we proposed a radial basis 

function neural network prediction model based on association rules. The predictors 

of the model are not pre-determined. They are selected by mining the items with a 

strong correlation between the predicted results.  

Keywords: Prediction model, artificial neural network, association rules, learning 

analytics 

1. Introduction

With the vigorous development of the Internet and computers, learning analysis technology is 

developing at a rapid pace. One important direction in learning analytics is to predict and 

intervene, which plays an important role in the process of learning and teaching. It can help 

teachers and educational institutions to provide students with prompt and responsive 

personalized learning strategies. Many different kinds of prediction models have their own 

characteristics and excellent results. However, there are limitations in adaptability and 

generalization. Therefore, this paper proposes an optimized radial basis function (RBF) neural 

network prediction model based on association rules to improve the adaptability and accuracy. 

2. Literature Review

Recently, artificial neural network (ANN) is widely used in educational prediction because it 

has a strong nonlinear problem processing ability and nonlinear approximation performance, 

and can approach almost any nonlinear function. 

Guo (2010) established a number of dynamic models to analyze and predict students' 

satisfaction with the curriculum. The methods used in the model included the ANN algorithm 

and the statistical analysis technology. Sarafraz et al. (2015) designed a scholarship allocation 

model to enable the school admission office to maximize student motivation. ANN is also 
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used to predict students' learning behavior. Kardan (2013) used artificial neural network to 

predict college students’ behavior of online course selection. In terms of predicting students' 

academic performance, ANN has obvious advantages over other methods. Chen and Do (2014) 

studied the prediction ability of the two recent heuristic algorithms, cuckoo search and gravity 

search algorithm. However, existing work only aims at the prediction of a certain project and 

strictly controls the input and parameters of the model, which is the main obstacle to the 

application of the model. 

 

3. RBF Neural Network Prediction Model 

 

3.1 General Method for Designing a Learning Prediction Model 

By analyzing the research literature, Figure 1 is a general method for designing a learning 

prediction model. Based on the experience accumulated from daily teaching and observation 

by education experts or first-line educators, we can decide whether the items can be included 

in the prediction of the results.  

 

 

Figure1. The general design method of a learning prediction model 

 

This method is simple and quick, but its accuracy and reliability are not as high as it 

needs to be tested by experiments. If the experiment shows that the accuracy of the prediction 

is not ideal, then the impact factor should be selected again, or changed by addition or 

deletion, and a new prediction experiment will need to be carried out for verification. In this 

way, the efficiency of model design becomes much lower. 

 

3.2 Prediction Model Based on Association Rules 

This paper proposes a prediction model which is based on association rules. Figure 2 shows 

the design method of the proposed prediction model. The model presented in this study is 

different from the traditional ones. After selecting the related items based on expert analysis 

or field observation, it does not predict directly with these items. Instead, the association rules 
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between these items and the predicted results will be mined. The association rules, the data of 

support and confidence will also be known. Then, the items with a high correlation between 

the prediction results will be selected as the inputs for prediction. The accuracy of this 

selection method is higher, which greatly improves the efficiency of model design. The 

following figure is a specific model framework. 

 

Figure2.  Design method of the proposed prediction model based on association rules 

 

Figure3. Prediction model based on association rules 

3 Conclusion and Future Work 

 

After the analysis of the existing learning prediction models, a new RBF network model 

based on association rules mining is proposed. The predictors are selected by mining the 

items with strong correlation between the predicted results. The model can be adapted to 

different prediction problems for the inputs are not established. The model will be applied to 

the student learning management system to predict student achievement and learning 

behavior. 
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Abstract: Recently, many studies have analyzed digital textbook reading data by treating all 

events in the data stream as mutually independent of each other. However, there is a 

potential loss of information if all event indicators are analyzed independent of time or 

sequence. Therefore, in this study, a sequential analysis method is employed to analyze the 

sequential behavior of digital textbook reading logs. In order to collect students’ learning 

logs with the same experimental design, we conducted two experiments in the years 2017 

and 2018 during an educational technology course for graduate students. We conducted two 

comparisons of sequential behaviors. First, we compared the different sequential behaviors 

through different devices. Second, we compared the sequential behaviors of the students of 

years 2017 and 2018. We found some behavioral patterns that may help digital textbook 

system developers and instructional designers reach an in-depth understanding of the actual 

operations and behavioral patterns of learners. 

Keywords: Learning behaviors, lag-sequential analysis, learning log, digital textbooks 

1. Introduction

Recently, the development of smartphone technologies has made it possible to access the Internet 

anywhere and anytime. The physical size and weight of a smartphone have been better designed for 

increasing its portability (Yin et al., 2016; Yin et al., 2017). It is very convenient for students to 

access digital textbooks through a smartphone. An increasing number of traditional textbooks have 

been replaced by digital ones (Lee, et al., 2012, Yin et al., 2014; Yin et al., 2017). 

In this study, a digital textbook system has been developed to collect textbook reading data 

such as “turning to next/previous page,” “memo,” “zoom in/out,” “adding marker.” The 

aforementioned reading actions are termed as events in this study. The system is named as digital 

textbook for improving teaching and learning (DITeL). The DITeL system can be used not only on a 

personal computer, but also on a smartphone, thereby making it usable anywhere and anytime. 

Teachers and students can use the DITeL system to read digital textbooks using mobile devices such 

as smartphones and tablets. The learning logs of the students were collected to analyze their learning 

behaviors for improving the DITeL system (Yin et al., 2016). 

Many researches have analyzed e-books’ reading data by treating all events in the data 

stream mutually independent of each other (Yin et al., 2014; Yin et al., 2015; Yin et al., 2016; 

Yamada et al., 2015; Mouri & Yin, 2017). However, there is a potential loss of information if all 

event indicators are analyzed independent of time or sequence (Vista, Care, & Awwa, 2017). Vista, 

Care, and Awwa (2017) pointed out that a behavior sequence is important and hence more 

information is gained if we look at sequences of events rather than individual events that we assume 

to be independent. 

In order to analyze the sequence of e-books’ reading behaviors, we designed an experiment 

using the DITeL system to collect the students’ learning logs. The experiment was conducted for the 

graduate students of the educational technology course. The students were assigned to read an 

academic English journal article during the experiment. After completion of the learning activities, 
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we applied lag-sequential analysis to analyze and infer their behavioral patterns. The questions that 

were addressed in this study were as follows: 

1) Differences in the behavioral patterns of students for mobile devices versus PCs. 

2) Differences and similarities in the behavioral patterns of students in the year 2017 versus 

2018. 

 

 

2. Literature Review 
 

2.1 Previous Studies on Data Collection 
 

Collecting data is the first step of learning analysis (Yin et al., 2013a; 2013b). Yin et al. (2014; 2016; 

2017) carried out a review of previous research to survey the categories of data collection. They 

classified the previous studies on data collection into three categories, namely, questionnaire-based 

data collection (QDC), manual data collection (MDC), and automatic data collection (ADC).

 In QDC, data are collected by using a predesigned questionnaire. In MDC, a manual data 

collection system is made available to the users who can then employ the system and consciously 

provide data about their learning behavior. In ADC, the log data of the learning behaviors are 

automatically recorded while the e-documents are read. For categories QDC and MDC, the data are 

affected by users’ own subjective factors. For category ADC, the data is objectively collected, 

thereby removing the subjective factors that affect data authenticity (Yin et al., 2014; Yin et al., 

2016; Yin et al., 2017). The present work falls under category ADC. 

 

2.2 Behavioral sequential analysis 
 

Behavioral sequential analysis is a statistical analysis method to determine behavioral transitions 

through a series of sequential analysis matrix calculations (Bakeman & Gottman, 1997; Hou, 2012; 

Yin et al., 2017). The behavioral sequential analysis method is a one-sided test. The statistical result, 

if greater than 1.96 (>1.96), indicates that a behavior sequence reaches the level of significance; 

otherwise, a statistical result less than 1.96 less than or equal to 1.96) indicates that a behavior 

sequence does not reach the level of significance (Bakeman & Gottman, 1997). 

Many researchers have pointed out the benefit of using progressive sequential analyses that 

using a visualized behavior–transition diagram to explore learners’ complex behaviors can help 

develop a more effective instructional mechanism (Hou, 2012; Hsieh et al., 2016; Hwang et al., 

2017; Yin et al., 2017). For example, Hsieh et al. (2016) explored students’ engagement patterns by 

qualitative observation and sequential analysis in order to visualize and better understand their 

game-based learning process. They found few learning behavioral patterns that can benefit the 

design of a game-based learning environment.  

 This study employs a sequential analyses method to explore the differences in the 

behavioral patterns of students for mobile devices versus PCs when learning using the digital 

textbook system. This study did not compare tablets because only one student used. This study also 

explores the differences and similarities in the behavioral patterns of students in the year 2017 versus 

2018. 

 

 

3. Digital textbook system 
 

A web-based digital textbook system using the e-pub format was developed and used in this research 

(Fig. 1). Fig. 1 shows an interface for students. By using this online digital textbook reading system, 

we can collect data such as “turning to next/previous page,” “memo,” “zoom in/out,” and “adding 

marker.” All of these actions are stored in the database. These data were used to analyze learning 

behaviors of the students.  

A teacher can register a student in the system by his name and number. The teacher uploads 

the digital textbook and other relevant materials into the system before a student can login. 
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Each student has a separate account and, hence, a personal distinct record of the learning 

course. 

 

  
 

Figure 1. Student interface of DITeL 

 

 

4. Experimental design 
 

In order to analyze students’ sequential behavioral patterns in learning with digital textbooks, we 

carried out two experiments, which collected students’ learning logs by using DITeL system and 

analyzed the learning behaviors of students reading academic papers. The first time was in May 

2017 and the second time in May 2018. 

We also explored the common behavior sequences in students’ behavioral patterns by 

comparing the data of these two experiments, and inferred the learning behaviors’ features of 

students when they were reading academic papers. 

 

4.1 Participants 
 

Graduate students participated in the experiment of collecting students’ learning logs, by reading 

academic papers for the duration of about 1.5 h. In May 2017, a total of 21 graduate students 

participated, of which 17 participants were eligible, whereas in May 2018, a total of 39 graduate 

students participated, of which 33 participants were eligible. 

The experiments were conducted following the ethics criteria suggested by an authorized 

ethics committee in Japan in order to protect the participants. Further, the personal information of 

the participants was hidden. 

 

4.2 Coding scheme 
 

A progressive sequential analysis usually requires a coding process (Hou, 2012; Hsieh et al., 2016; 

Hwang et al., 2017). However, our experiments used the DITel system that can automatically record 

students’ learning logs, and hence, no coding process was needed in our experiments. 

5. Analysis and comparison of the learning behavioral patterns 
 

In total, 1,370 records were collected in 2017, and 3,698 records in 2018. 

  

5.1 Devices (PC, Mobile) 
 

Table 1 lists the number of devices that the students used in the experiment. In the experiment, 29 

students used personal computers (PC), and 11 used smartphones to access the DITel system. The 

number of students who simultaneously used the PC and smartphone were 7.  

 

Table 1  
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Number of devices used by the students 

Devices Number of the students Number of logs 

PC 29 3239 

Smart phone 11 388 

 

5.2 Analysis of the frequency of behavioral patterns based on devices 
 

Table 2 shows the frequency and percentage of individual coded behaviors of the students when 

using a PC or smartphone. The data in Table 2 indicates that the ranking of frequencies of behaviors 

is almost the same. This is explained in detail in the following paragraphs. 

  

Table 2  

Frequency and percentage of data of the students’ behaviors collected from a PC and smartphone 

Category Frequency Percentage (%) 

PC smartphone PC smartphone 

NEXT (NX) 1440 189 44 49 

PREV (PR) 1134 133 35 34 

HIGHLIGHT(HL) 399 29 12 7 

UNDERLINE (UL) 118 11 4 3 

BOOKMARKER(BM) 41 15 1 4 

DEL HIGHLIGHT(DH) 47 0 1 0 

DEL BOOKMARKER(DB) 27 11 1 3 

MEMO(MO) 2 0 0 0 

 

First, we found that "go to next page" (NEXT) and “go to previous page” (PREV) were the 

most frequent and common behaviors.  

Second, we found that “make highlight” (HIGHLIGHT) and “make underline” 

(UNDERLINE) were also used frequently. The percentage of usage of “make highlight” was more 

than “make underline.” This means that the students are more likely to use the highlight function 

than underline function to make marking, irrespective of using a PC or smartphone. 

Third, we found that “make bookmaker” (BOOKMARKER) and “delete bookmaker” (DEL 

BOOKMARKER) were also used frequently by smartphone users; the percentage of usage of “make 

bookmaker” was more than “make underline.” This means that the students who used a smartphone 

are more likely to use the bookmaker function than underline; however, its usage is less than the 

highlight function. 

 

5.3 Comparison of learning behavior-sequence patterns based on devices 
 

Tables 3 and 4 show the results of sequential analyses of the data collected from a PC and 

smartphone, respectively. The rows represent the starting behaviors, and the columns represent 

subsequent behaviors.  

 

Table 3  

Sequential analyses table (n = 29) of a PC 

Z-value PR NX UL DU MO HL DH BM DB 

PR 27.45 -15.18 -4.94 -2.6 0.44 -10.2 -4.15 -2.93 -1.81 

NX -15.57 23.66 -3.2 -1.36 0.16 -7.16 -4.09 -3.99 -3.49 

UL -4.12 -4.37 12.43 9.51 -0.28 2.14 0.22 1.36 0.02 

DU -2.21 -3.92 10.47 1.29 -0.14 0.09 5.33 2.67 -0.52 

MO -1.04 0.16 -0.28 -0.14 -0.04 -0.53 -0.17 6.3 -0.13 

HL -10.28 -7.36 1.02 -0.45 -0.53 23.92 5.9 -0.4 -1.37 

DH -4.13 -2.34 0.22 0.82 -0.17 4.09 13.84 0.58 -0.64 

BM -2.41 -2.92 1.26 0.97 -0.16 -0.99 -0.79 0.72 28.67 
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DB -2.2 -3.12 1.05 -0.52 -0.13 -1.96 -0.64 29.41 -0.48 

 

Table 4  

Sequential analyses table (n = 11) of a smartphone 

Z-value PR NX UL DU MO HL DH BM DB 

PR 6.38 -3.38 -1.81 0.00 0.00 -3.19 0.00 0.65 -1.81 

NX -3.63 5.92 -1.43 0.00 0.00 -0.63 0.00 -2.07 -2.66 

UL -1.75 -0.87 8.51 0.00 0.00 -0.95 0.00 0.96 -0.58 

DU 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

MO 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

HL -2.58 -2.13 1.44 0.00 0.00 9.14 0.00 -1.06 -0.93 

DH 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

BM -2.26 -1.27 -0.69 0.00 0.00 -1.12 0.00 0.62 11.84 

DB 1.11 -2.52 -0.56 0.00 0.00 -0.91 0.00 4.46 1.35 

 

          
Figure 2. Progressive behavioral patterns of the students for a PC 

 

  
Figure 3. Progressive behavioral patterns of the students for a smartphone 

 

From the table 3 and 4, we found that 15 significant behavior sequences were seen while 

reading digital textbooks on a PC, and 6 significant behavior sequences while reading digital 

textbooks on a smartphone. The values above each line in the Figs. 2 and 3 represent the Z-score of 

the sequence, whereas the direction of the line represents the direction of the behavioral transition. 

On comparing the sequences-behavior patterns of the PC and smartphone, we found that the 

common sequences-behavior patterns namely, PREV and NEXT (Table 5) were that PREV, NEXT 

have no sequential correlation between other learning behaviors. However, they have sequential 

correlation with themselves (PREV → PREV; NEXT → NEXT).  

Second, the patterns HIGHLIGHT and UNDERLINE have sequential correlation with 

themselves (HIGHLIGHT→ HIGHLIGHT; UNDERLINE→ UNDERLINE).  

Third, the pattern “BOOKMARKER” has sequential correlation with “DEL 

BOOKMARKER” and vice-versa.  
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Table 5  

Sequence-learning behavioral patterns for a PC and smartphone 

No Learning Behavioral Pattern 

LBP1 “PREV” has sequential correlation with itself  

LBP2 “NEXT” has sequential correlation with itself 

LBP3 “HIGHLIGHT” has sequential correlation with itself 

LBP4 “UNDERLINE” has sequential correlation with itself 

LBP5 “BOOKMARKER” has sequential correlation with “DEL BOOKMARKER” 

LBP6 “DEL BOOKMARKER” has sequential correlation with “BOOKMARKER”  

 

Table 6 shows the differences between a PC and smartphone, and these sequence-learning 

behaviors are seen in case of a PC but not in a smartphone.  

On comparing the sequence-learning behaviors pattern in case of a PC and smartphone, we 

found that some learning behavioral patterns were always present, whereas some of the patterns 

appeared in a PC but not in a smartphone.  

 

Table 6  

The sequences-learning behaviors occurred in PC but not appear in smartphone 

No Learning Behavioral Pattern 

LBP1 “HIGHLIGHT” has sequential correlations with “DEL HIGHLIGHT” 

LBP2 “DEL HIGHLIGHT” has sequential correlations with itself and “HIGHLIGHT” 

LBP3 “UNDERLINE” has sequential correlations with itself and “DEL UNDERLINE” and 

“HIGHLIGHT” 

LBP4 “DEL UNDERLINE” has sequential correlations with “UNDERLINE” and “DEL 

HIGHLIGHT” and “BOOKMARKER” 

LBP5 “MEMO” has sequential correlations with “BOOKMARKER” 

 

In this research, we focused on the sequence-learning behaviors patterns in case of a PC and 

smartphone. We found that the behavioral patterns namely, “make highlight,” “make underline,” 

“make bookmaker,” and “delete bookmaker” were used on a smartphone as well as PC. 

“HIGHLIGHT,” “DEL HIGHLIGHT,” “UNDERLINE,” and “DEL UNDERLINE” were used only 

on a PC. The conclusions are given in the following paragraphs. 

First, this phenomenon shows that students prefer to use a PC while reading papers on the 

e-book system. The operations of the e-book system are easier and more convenient on the PC than 

smartphone. 

Second, we also found that students used “HIGHLIGHT,” “UNDERLINE,” and 

“BOOKMARKER” repeatedly and frequently in order to mark the content that they thought was 

important. Especially “BOOKMARKER”，This is the difference between the e-book system and 

traditional reading. It reflects the fact that the e-book system allows students to read and understand 

papers easily and efficiently.  

In future, this e-book system needs to be improved on different devices according to the 

needs of the students in order to support the learning of students and teaching. 

 

5.4 Analysis of the frequency of behavioral patterns 
 

From the data of Table 7, we found that ranking of frequencies of behaviors is almost same. The 

details are as follows: 

 

Table 7  

Frequency and percentage of coded behaviors of students 

Category Frequency Percentage (%) 

2017 2018 2017 2018 
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NEXT (NX) 537 1651 39 44 

PREV (PR) 390 1280 28 34 

HIGHLIGHT(HL) 301 461 22 13 

UNDERLINE (UL) 79 131 6 4 

BOOKMARKER(BM) 8 57 1 2 

DEL HIGHLIGHT(DH) 29 48 2 1 

DEL BOOKMARKER(DB) 3 38 0 1 

MEMO(MO) 8 2 1 0.1 

 

5.5 Analysis of the learning behavioral patterns 
 

Table 8  

Sequential analyses table (n = 33) of 2018 

Z-value PR NX UL DU MO HL DH BM DB 

PR 38.42 -20.52 -7.40 -4.03 -1.02 -14.46 -4.11 -4.30 -3.78 

NX -19.54 34.69 -7.85 -4.93 -1.25 -12.46 -5.56 -4.35 -5.13 

UL -7.28 -7.46 20.95 20.82 -0.28 2.90 -0.60 2.31 0.50 

DU -3.68 -3.10 16.05 1.38 -0.13 -0.58 3.97 -0.68 -0.59 

MO 0.46 -1.24 -0.28 -0.13 -0.03 1.54 -0.17 -0.17 -0.15 

HL -15.76 -12.04 3.42 -0.06 1.53 36.45 7.56 -1.56 -2.42 

DH -3.54 -4.67 0.93 3.97 -0.17 4.57 17.83 -0.85 -0.73 

BM -4.97 -5.08 4.15 -0.72 5.38 -1.39 -0.9 2.40 41.52 

DB -4.16 -4.46 1.37 -0.59 -0.15 -1.94 -0.73 39.88 -0.65 

 

  
Figure 4. Progressive behavioral patterns of the students in 2018 

 

 First, we found that “go to next page” (NEXT) and “go to previous page” (PREV) were the 

most frequent and common behaviors.  

Second, we found that “make highlight” (HIGHLIGHT) and “make underline” 

(UNDERLINE) were used frequently. The percentage of “make highlight” is more than “make 

underline.” This means that the students are more like to use the highlight function than underline 

function to mark the content.  

From Table 8, we found that 19 significant sequences-behavior occurred while reading the digital 

textbooks in 2018. The values above each line on the Fig. 4 represent the Z-score for the sequence, 

while the direction of the line represents the direction of the behavioral transition.  
On comparing the sequences-behavior patterns of 2017 and 2018, we found that 

some behavior sequences occurred in 2017 as well as 2018 (Table 9). For instance, that 

PREV and NEXT behaviors have no sequential correlation with other learning behaviors. 

However, they have sequential correlation with themselves (PREV → PREV; NEXT → 

NEXT). And “after adding HIGHLIGHT, the students deleted the HIGHLIGHT,” “after 

deleting HIGHLIGHT, the students added HIGHLIGHT”. 
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Table 9  

Sequence-learning behavioral patterns occurred in 2017 and 2018 

No Learning Behavioral Pattern 

LBP1 “PREV” has sequential correlations with itself 

LBP2 “NEXT” has sequential correlations with itself  

LBP3 “HIGHLIGHT” has sequential correlations with itself and “DEL HIGHLIGHT”  

LBP4 “DEL HIGHLIGHT” has sequential correlations with “HIGHLIGHT” 

LBP5 “DEL UNDERLINE” has sequential correlations with “UNDERLINE” 

LBP6 “UNDERLINE” has sequential correlations with itself and “DEL UNDERLINE” 

LBP7 “BOOKMARKER” has sequential correlations with “DEL BOOKMARKER” 

LBP8 “DEL BOOKMARKER” has sequential correlations with “BOOKMARKER”  

 

On the other hand, we found the differences between 2017 and 2018 (Table 10). For 

instance, some sequence-learning behaviors occurred in 2017 but not in 2018 namely, “DEL 

HIGHLIGHT” has sequential correlations with “DEL BOOKMARKER,” “BOOKMARKER” has 

sequential correlations with “DEL HIGHLIGHT” and “DEL UNDERLINE”, and so on.  

Some sequence-learning behaviors occurred in 2018 but not in 2017 namely, 

“HIGHLIGHT” has a sequential correlation with “UNDERLINE,” “DEL HIGHLIGHT” has 

sequential correlations with itself and “DEL UNDERLINE”, and so on.  

 

Table 10  

Different points of learning behavioral patterns of 2017 and 2018 

Year No Learning Behavioral Pattern 

2017 LBP1 “DEL HIGHLIGHT” has sequential correlations with “DEL BOOKMARK” 

LBP2 “BOOKMARKER” has sequential correlations with “DEL HIGHLIGHT” and 

“DEL UNDERLINE” 

LBP3 “DEL UNDERLINE” has sequential correlations with itself 

LBP4 “UNDERLINE” has sequential correlations with “DEL BOOKMARKER” 

2018 LBP1 “HIGHLIGHT” has sequential correlations with “UNDERLINE” 

LBP2 “DEL HIGHLIGHT” has sequential correlations with itself and “DEL 

UNDERLINE” 

LBP3 “DEL UNDERLINE” has sequential correlations with “DEL HIGHLIGHT” 

LBP4 “UNDERLINE” has sequential correlations with “HIGHLIGHT” and 

“BOOKMARKER” 

LBP5 “BOOKMARKER” has sequential correlations with itself and “UNDERLINE” and 

“MEMO” 

 

5.6 Analysis of the questionnaire about the learning behavioral patterns 
 

According to the sequence-learning behaviors patterns which occurred in both years 2017 and 2018, 

we had the students fill out a questionnaire asking the reason for their actions. 

 

5.6.1 Question 1 
 

It was found that: After adding HIGHLIGHT, the students deleted the same, or after deleting 

HIGHLIGHT, they added the same. Some of the students who had these learning behavioral patterns 

stated their perceptions as follows: 

 

1. I highlighted it because I thought that it was the most important content of the paragraph 

during the first reading; however, after a second reading, I realized that some other content 

was more important than the previously highlighted content, and hence I deleted it. 

2. In order to deepen my understanding about the article. 

3. As I read the sentences, I found a part more suitable for the question. 
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It was found from the questionnaire that students often changed important keywords while 

reading the textbook, and it was difficult for them to identify which words were important. It is 

suggested that it would be appropriate to mark important places on the teaching materials before 

students read the contents. 

 

5.6.2 Question 2 
 

It was found that: After adding UNDERLINE, the students deleted the same, or after deleting 

UNDERLINE, they added the same. Some students who had this learning behavioral pattern stated 

their perceptions as follows: 

 

1. I wanted to distinguish the degree of importance of the contents. I realized after a second 

reading that some content was more important than the content which had been previously 

underlined. 

2. After understanding the contents which I had underlined earlier, I usually delete them. 

3. As I read the sentences, I found a part more suitable for the question. 

 

It was found from the questionnaire that in order to understand the main idea of a paper, 

students often read the article repeatedly, and they were often confused about which words were 

important. It is suggested that it would be appropriate to mark important keywords on the teaching 

materials before students read the contents. 

 

5.6.3 Question 3 
 

It was found that: After adding BOOKMARKER, the students deleted the same, or after deleting 

BOOKMARKER, they added the same. Or after adding BOOKMARKER, they add MEMO. Some 

of the students who had this learning behavioral pattern stated their perceptions as follows: 

 

1. It was especially important that I would be able to review some content later. After the 

review, I deleted BOOKMARKER if I was able to understand the contents well. 

2. After adding BOOKMARKER, I usually wrote down my thoughts about the paper by 

adding a MEMO. 

3. After I read the paper repeatedly, I delete the BOOKMARKER; 

 

From the questionnaire, it was also found that in order to understand the main idea of a 

paper, students often read the article repeatedly, and were often confused about which contents were 

important. It is suggested that it would be appropriate to mark the important pages on the teaching 

materials before students read the contents, and the papers repeatedly.  

  

 

6. Conclusion 
 

By using a digital textbook system, it is easy to collect textbook reading data, which includes book 

reading actions. These reading actions are termed as events in this paper. Many researches that have 

analyzed e-books’ reading data treat all events as independent, which leads to a loss of the analysis 

of sequences of events. In this study, we developed a digital textbook reading system which could be 

used anywhere and anytime. We collected textbook reading logs to perform learning analysis by 

using sequential analysis methods. 

 In order to understand the behavioral patterns of the students while reading digital 

textbooks, a series of progressive sequential analyses was conducted to compare the differences in 

students’ behavioral patterns in case of mobile devices and PCs. We found that some learning 

behavioral patterns always appeared, whereas some sequence-learning behaviors patterns were seen 

in case of a PC but not a smartphone.  

On comparing the sequence-learning behaviors patterns of 2017 and 2018, we found that 

some learning behavioral patterns always appeared. An example of such a pattern is “After adding 
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HIGHLIGHT, the students deleted the HIGHLIGHT.” In order to understand why students take 

these actions, we had the students fill out a questionnaire. 

 We found some behavioral patterns through the answers. These may help digital textbook 

system developers and instructional designers reach an in-depth understanding of the actual 

operations and behavioral patterns of learners. It also enables them to use a visualized 

behavior–transition diagram to explore learners’ complex behaviors and develop a more effective 

instructional mechanism for digital textbook systems in the future. 
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Abstract: When moving through a space, we have to consider the route to the destination 

and gather real-world information to check that we are following this route correctly. In this 

study, we define spatial movement skill as this ability to associate information like maps and 

memory with real-world objects like signs and buildings. Without adequate spatial 

movement skills, people are liable to experience difficulties such as going around in circles 

and getting lost. Alleviating this problem requires better spatial movement skills, but few 

studies have considered how this can be achieved or supported, and we have found no 

research into how the improvement of these skills can be supported in practice. Since spatial 

cognition is always necessary for spatial movement, our aim in this study is to support the 

improvement of spatial movement skills through the use of knowledge gained from the 

research of spatial cognition. From these related studies, we systematically summarized the 

knowledge of problems in spatial movement and the stages of spatial information 

processing, and we created a new learning model for the improvement of spatial movement 

skills. Based on this model, we developed a system that uses position information to support 

the improvement of spatial movement skills. Initial experiments with this system confirmed 

that its use promotes recognition from a global viewpoint to the current location and 

direction, resulting in the formation of a cognitive map, which suggests that it has an effect 

on spatial movement skills. 

Keywords: spatial movement skill, spatial cognition, cognitive map, cognitive map 

formulation 

1. Introduction

When we move through space, we use various sorts of information as clues. This includes 

information acquired by examining the local surroundings, such as the scenery and road shape, and 

information that has been memorized by, for example, studying maps or from past experience. In 

recent years, it has also become possible to obtain position information in real time from devices 

such as smartphones and tablet terminals. These days, it’s not unusual to see people with a GPS 

navigation tool in one hand, allowing them to check their position in order to get where they need to 

go. 

But people sometimes engage in exploratory activity with the aim of discovering things 

along the way, and may move differently for reasons of practicality (e.g., taking an unmapped short 

cut through a building) or in response to changing circumstances (e.g., considering the state of the 

road surface based on the local weather). In such cases, people are less likely to use navigation tools 

that assume the user will follow the displayed route. It has been shown that people who are using 

navigation devices have a smaller capacity for memorizing spatial elements, such as noticing short 

cuts and landmarks that they would naturally be aware of when not using these devices, and even 

change their gait characteristics relating to information gathering (Ishii & Nishiuchi, 2004). It has 

also been pointed out that these devices cause dilution of the direct interactions between humans and 

real spaces (Hirai & Mori, 2007). 

To move through space, it is essential to have an understanding of one’s current 

surroundings, which requires mental efforts such as estimating and confirming the current location 

(Lindberg & Gärling, 1983). When moving, people must also estimate and confirm their positional 

relationships and make efforts to guess the direction in which they are heading. Working out an 
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optimal route to the destination requires the ability to identify a route by processing diverse 

information acquired through mental effort in an environment that changes as one moves through it. 

In this study, such abilities are defined as spatial movement skills. It is known that spatial movement 

skills can be used in spatial movement for any purpose (Passini, 1984). 

Spatial movement skills exhibit individual differences, and research has been carried out in 

multiple fields with the aim of analyzing and clarifying individual differences and skill level trends. 

On the other hand, no research has been done with the aim of improving this ability or verifying the 

effects of improvement. Ordinary navigation systems are considered to be unsuitable as tools for 

improving spatial movement skills because they overload the user with information and make it 

unnecessary for the user to estimate the route or seek confirmation. As a result, they cannot be 

regarded as learning tools that are suitable for improving skills. Therefore, in this study, we present 

an overview of research into spatial cognition and we propose a learning activity model (spatial 

movement skill learning model) based on the findings of this research. We also develop a 

model-based learning support tool as tablet terminal application and verify its effects on the learning 

of spatial movement skills. 

 

 

2. Cognitive Map Formulation Process Based on Previous Studies 
 

Spatial cognition is an essential skill for spatial movement. If a person is unable to use spatial 

cognition to properly understand and recognize the space they are in, they will find it difficult to 

move to their destination. It thus appears that spatial movement skills are affected by spatial 

cognition skills for spatial awareness. In this study, based on our knowledge of spatial cognition 

research, we devise a learning activity aimed at improving spatial movement skills. 

In spatial cognition research, a mental image representing the positional relationship 

between objects in the outside world is called a “cognitive map” (Tolman, 1948). This term is used 

across a wide range of disciplines in which spatial cognition research has been performed but is 

often used in a vague figurative sense to indicate something that performs the role of a map in the 

mind. In this study, we define a cognitive map as a mental representation relating to characteristics 

and constituent elements of an ordinary large-scale physical environment that is supported by 

internal concepts of short-term and long-term memory (Wakabayashi, 1999; Wakabayashi, 1994). 

 

2.1 Cognitive Map Formulation Process 
 

Cognitive maps are formed through activities such as moving around, observing physical maps, and 

asking people for directions. Wakabayashi summarized the cognitive map formation process into six 
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Figure 1. Concept of Cognitive Map Formulation as an Information Processing Procedure (created 
by the authors based on (Wakabayashi, 1999; Wakabayashi, 1994)) 
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information processing stages as shown in Figure 1 (Wakabayashi, 1999; Wakabayashi, 1994): (1) 

contact with the environment, (2) encoding, (3) storage, (4) decoding, (5) recall and utilization, and 

(6) transformation. The environment shown in Fig. 1 indicates a physical environment. At the stages 

of cognition, (1) contact with the environment includes both direct and indirect contact, and 

although these result in the formation of different kinds of knowledge, the results are encoded at 

stage (2) and stored as abstract or unconscious knowledge at stage (3) At the action stage, the stored 

cognitive map is (5) recalled and used. By using the map at stage (5), the cognitive map is 

transformed at stage (6) through the acquisition of new information by coming into contact with the 

environment again. 

 

2.2 Cognitive map formulation method 
 

In spatial cognition research, cognitive map representations that have been externalized from mental 

cognitive maps by free drawing can be classified into two types: route maps, and survey maps 

(Shemaykin, 1962). Route maps, which are mainly formed by moving actions, are cognitive map 

representations formed by geospatial information obtained from moving actions. Although they 

have implicit qualities that come with physical activity and are not usually conscious, they constitute 

knowledge that is indispensable in route searching (Wakabayashi, 1999). On the other hand, survey 

maps are formed by positional knowledge, which is information obtained by observing physical 

maps (McDonald & Pellegrino, 1993). Positional knowledge is knowledge that is necessary for 

facilitating route searches and developing new rules and includes indirect relationships between 

points that cannot move directly (Wakabayashi, 1999; Wakabayashi, 1994). 

There are various theories of the order in which knowledge is acquired, but today it is 

generally thought that the final stage of the development of cognitive maps is a survey map 

expressing positional knowledge (Wakabayashi, 1999; Wakabayashi, 1994). Therefore, in this study, 

as a factor that contributes to the improvement of spatial movement skills, we consider learning 

activities that increase the ability to formulate a cognitive map like a survey map. 

 

2.3 The Information-gathering Process and Information Strategies Required for Spatial 

Movement 
 

Wakabayashi demonstrated the concept of interaction in the processes of formulating and executing 

a plan of action in relation to when the information needed for spatial movement is acquired, and 

how it is acted upon (Fig. 2) (Wakabayashi, 1999). When planning an action that involves 

movement, we must acquire information from sources such as external media and cognitive maps. 

When executing the plan, we need to associate the information contained in the plan with 

information acquired by direct observation of static landmarks along the way, such as buildings, 

signboards and road shapes, which are known to assist with route recognition and location 

awareness (Clayton & Woodyard, 1981). 

It is also clear that the use of strategic knowledge when searching for a route to a destination 

results in accurate map learning (Lobben, 2004). It has been shown that one such strategy involves 

setting and satisfying sub-goals that are less difficult (Hiiro et al., 1994). 

 

Action plan

Formulation of 
movement action plan

Execution of 
movement action plan

Search / inference 
from cognitive map

Maintain directionDirect observation

Search from media
Acquisition of information

Acquisition of information
 

 
Figure 2. Concept of Interaction between Action Plans, Information Acquisition and Orientation 

(created based on (Wakabayashi, 1999)) 

379



3. Development of a Spatial Movement Skill Learning Model and a Support System 

Based on This Model 
 

3.1 Spatial Movement Skill Learning Model 
 

In the cognitive map formulation process 

discussed in Section 2.1, based on knowledge 

about the action plans discussed in Section 2.3 with 

regard to how information is acquired and how this 

information is used, we propose a learning activity 

model for improving spatial movement skills. 

This spatial movement skill learning 

model is shown in Fig. 3. In this study, our design 

guidelines are to support the following three 

learning activities: 

1. Promote the formation of accurate 

survey-type cognitive maps from physical 

maps 

2. Promote the formation of route-type cognitive 

maps by practicing spatial movements that 

establish correspondence between a 

survey-type cognitive map and the actual 

spatial environment 

3. Integrate the images formed by activities 1 

and 2 to promote the internalization of 

cognitive maps 

 

3.2 Learning Flow 
 

Here we propose learning activities and a learning flow based on the learning guidelines proposed in 

the previous section. Based on the information-gathering process required for spatial movement 

(Fig. 3), learning support is provided in three phases: planning movements (planning), putting these 

movement plans into action (moving), and reflecting on the outcome (reflection). 

 

Phase 1: Planning: In the first phase, the learner practices movement planning. Movement 

planning activities provide learners with the opportunity to explicitly demonstrate their map-reading 

skills and their ability to devise a suitable path by gathering information about landmarks, positional 

relationships and directional relationships. 

 

Phase 2: Moving: In phase 2, learners practice moving in real space based on survey-type 

cognitive maps formed by movement planning in phase 1. The aim is to promote the formulation of 

cognitive maps by encouraging the learner to make a conscious effort to estimate the current location 

(current location estimation task) and the direction to the destination (direction estimation task), 

both of which are effective tools for cognitive map formation. 

 

Phase 3: Reflection: In phase 3, the learner reviews the movement plan created in phase 1 and the 

movement activities performed by executing this plan in phase 2. 

By doing so, the system promotes internalization of the survey-type cognitive maps and 

route-type cognitive map formed at each stage. 

 

3.3 Spatial Movement Skill Improvement Support System 
 

We built a system to implement learning activities based on the spatial movement skill learning 

model proposed in Section 3.1. This system was implemented as an iOS application that can run on 

hand-held Apple iPad or iPhone devices. We used the Google Maps API as a source of map 
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Figure 3. Spatial Movement Skill Learning 
Model 

380



information, and we used a database (Realm) for learner authentication and learner data 

management. 

Figure 4 shows the correspondence between the system’s interface and each phase of the 

learning flow described in Section 2.5. This consists of a Planning mode for movement planning 

activities in the first phase, a Moving mode for performing moving activities corresponding to the 

second phase task, and finally a Reflection mode for reflecting on the activities that were performed. 

 

3.4 Planning Mode 
 

In this mode, a physical map is used to perform movement planning activities aimed at creating an 

image of the environment from the map in Fig. 4 and formulating a movement action plan in Fig. 3. 

To support this activity, the following three functions are provided. 

(1) Target point marker setting function: A function for setting sub-goals on the map in phase 2 

(2) Landmark marker setting function: A function for setting landmarks as indicators of 

movement on the map in phase 2 

(3) Moving route planning function: A route drawing function that people can use when planning 

their own routes 

 

3.5 Moving Mode 
 

In this mode, the learner moves in real space based on movement plan. The maps presented to the 

learner have different display content restrictions depending on the level set by the learner before 

moving. There are three different levels, in which the learning objectives are set as follows: 

(a)  Use the direction of travel and information about roads and the surroundings to understand the 

current location 

(b)  Use landmarks and roads to understand the current location 

(c)  Move using marks and their positional relationships 

Corresponding to each objective, the screen displays a map with different restrictions placed 

on the added information for each level, whereby the difficulty at each level is split into stages. 

(A) A map from which the icon showing the learner’s current location icon has been deleted 

(B) A map from which all the items (e.g., buildings and text information) except for markers set 

by the learner have been deleted 

(C) A map that displays no information apart from a destination marker and landmark markers 

Realm
DB

•Formulation of survey map

• Utilization of survey map
• Formulation of route map

• Integration of cognitive map
• Internalization

A B C

Google Maps API

✔

Visual media

Spatial movement

Reflection
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Reflection

Cognitive 
map

: Start / goal location information : Planning information

: Current location estimation task information

: Direction estimation task information ✔ : Reflection information
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In order to move towards a 

destination, the learner must be aware of 

where he or she is. To make learners 

consciously aware of this fact, we set up 

a function to implement and record a 

current location estimation task to 

promote awareness of the present 

location. Also, since estimating the 

direction of the destination from the 

current location is useful for forming a 

survey map, it also includes functions for 

implementing and recording the 

direction estimation task. 

A record of the estimation task is 

stored together with the actual correct 

answer to facilitate reflection on the 

learner’s guessing skills when reviewing. 

For the same reason, we also installed a 

GPS logger to record information on the actual route traveled. 

 

3.6 Reflection Mode 
 

In this mode, the cognitive map formed through the Planning and Moving modes is externalized, and 

the learner reviews the results of inferring the current location and direction (which are considered to 

contribute to cognitive map formulation during learning). 

The learner reflects on his or her own memories and thoughts while traveling by using free 

drawing to externalize the survey-type cognitive map in the form of a sketch map. The route map is 

also externalized by freely drawing the traveled route on a displayed map. 

By comparing the externalized cognitive map data with the data such as guesses made while 

moving and the correctness of these guesses, the learner reflects on whether or not his or her 

awareness was effective during this spatial movement task. To enable movement actions that were 

performed once by the user to be reviewed again at a later date, the details of the reflection are 

remembered. 

 

 

4. Experimental Studies 
 

We performed initial experiments to get a feel for how the use of the spatial movement skill 

improvement support system described in the previous section contributes to improvement of spatial 

cognition. 

 

4.1 Experimental Setup 
 

4.1.1 Test Subjects and Experimental Tasks 
 

This experiment was performed with the cooperation of six undergraduate students and six graduate 

students. Before conducting the experiment, we had the test subjects complete a questionnaire based 

on a set of questions about their sense of direction (Takeuchi, 1992), and we scored the students 

according to their self-evaluated sense of direction. Based on these results, the test subjects were 

divided into two groups with no significant difference in score. One group of six people used the 

system we developed (G1: 4 males, 2 females), and the other group of six people used a GPS 

navigation app (G2: 4 males, 2 females). 

Based on a preliminary investigation, we decided to perform the experiment in the vicinity 

of Kitanoda station in Sakai city in Osaka Prefecture, Japan, which none of the test subjects had 

visited before. 
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Starting from Kitanoda Station, both groups of test subjects were instructed to find their way 

to a destination point just under one kilometer away. During this movement, they were also set tasks 

that required them to travel via three preset points (buildings) in a specific order. To facilitate these 

tasks, the subjects in both groups were shown maps of the waypoints and their final destination. 

 

4.1.2 Experimental procedure 
 

The experimental procedure is shown in Table 1. First, we described the places where both groups 

would be moving (P1). We then used the system’s planning mode function to devise a movement 

plan for group G1 (P2). Next, we instructed both groups to remain aware of their estimated current 

location and the direction of the destination (P3). 

After reaching the location of the test, group G1 moved by using the system’s Moving mode 

(P4-S). Regarding the efforts of the test subjects to solve the movement tasks using their estimated 

current location and the estimated direction of the destination, we decided in this test to make the 

tasks optional for reasons of safety, and we avoided interruptions from the system and minimized the 

number of responses (P4-N). Group G2, on the other hand, was asked to move while according to the 

spoke directions provided by the GPS navigation app. Just like when using ordinary navigation tools, 

they were allowed to check the map screen. 

After reaching the destination, both groups completed a questionnaire (Table 2) (P5) and 

performed drawing activities in which they drew maps of the surroundings of the movement tasks 

(P6), and of the route they traveled on a map (P7). After that, group G1 used Reflection mode to 

perform a reflection activity in which they were asked to complete questionnaire 1 again (P8). 

Finally, both groups completed questionnaire 2 (P9) (Table 3). 

 

4.2 Experimental Results 
 

4.2.1 Questionnaire 1 
 

In questionnaire 1 conducted after moving, there was no significant difference between the groups in 

terms of the number of responses to each question (Table 2). 

When group G1 completed the questionnaire again while using the Reflection mode 

function, we noticed a change in their self-awareness. 

 

4.2.2 Questionnaire 2 
 

In questionnaire 2, which both groups were asked to complete at the end of the experiment, the test 

subjects rated their experiences on a 5-point scale (1: negative, 2: somewhat negative, 3: neither 

Table 1 

Experimental Procedure 

 Group G1 Group G2 

P1 Description of the experiment location 

P2 Movement planning activity (Planning) – 

P3 

Instructions 
Estimate one’s own current location 

Estimate the direction to the destination as seen from the current location 

P4 

P4-S: Movement activity (Moving) 
Current location estimation task 

Direction estimation task 

P4-N: Navigation 
Move according to spoken instructions 

P5 Questionnaire 1 (Table 2) 

P6 Sketch map drawing 

P7 Movement route drawing 

P8 
Reflection activity (Reflection) 

Repeat questionnaire 1 (Table 2) 
– 

P9 Questionnaire 2 (Table 3) 
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positive nor negative, 4: somewhat positive, 5: positive). Out of the nine questions, a t-test assuming 

equal variance showed significant differences in Q3 (t(10)=−3.16, p<.05) and Q7 (t(10)=2.90, 

p<.05). 

 

4.2.3 Analysis of Cognitive Maps Based on Sketch Maps 
 

As our method for the analysis of sketch maps produced by externalizing cognitive maps, we 

classified them into survey maps and route maps based on a closed loop method used for the analysis 

of hand-drawn maps (Okamoto et al., 2004). 

The closed loop method classifies sketch maps according to whether or not they contain a 

closed road network. In this method, if there is a closed region in the sketch map, then it is 

considered that the space is depicted as having breadth, so the map is classified as a survey type map. 

Conversely, if there is no closed area, then the map is classified as a route-type map which treats 

space in a linear fashion. Figure 5 shows some examples of sketch maps and movement route maps 

drawn by test subjects, and the classifications of these maps. Furthermore, we analyzed how much 

the sketch maps resembled survey maps with reference to the buffer method (Okamoto et al., 2004). 

In analysis by the buffer method, when using GIS to analyze a sketch map, errors and 

distortion in the drawing must be objectively fitted to the actual topography, so the sketch map has to 

be transformed into an actual map. This transformation was performed by two third-party assistants 

with no knowledge of the sketch map evaluation method. 

Figure 6 shows the changes in the rate of increase in the area of the buffered regions. A t-test 

with a significance level of 5% and buffer distances at 10 m intervals assuming equal variance 

showed a significant difference when the buffer distance exceeded 50 m. As shown in Fig. 6, the rate 

Table 2 

Questionnaire 1 Contents and Average Response Rates 

 Were you aware of the following? 

Average number of people 

G1 
G2 

Before After 

Q1 Using positional relationships on the map seen at the Planning stage 6 6 4 

Q2 Using directional relationships on the map seen at the Planning stage 3 3 3 

Q3 Thinking about where you were on the map 6 4 5 

Q4 Memorizing landmarks when changing direction 1 1 2 

Q5 Remembering what was memorized at the Planning stage 4 4 2 

Q6 Thinking about in which direction the destination is located 3 6 6 

Q7 Confirming the direction to the destination based on positional relationships 4 5 5 

Q8 Memorizing landmarks 3 3 2 

 

Table 3 

Questionnaire 2 Contents and Average Response Scores 

 Question content 

Average 

score 

G1 G2 

Q1 I remember the scenery I saw while moving 4.33 4.00 

Q2 I remember what I was thinking while moving 4.33 4.17 

Q3 I was conscious of my current location while moving 4.00 4.67 

Q4 I was aware of which direction I was headed while moving 3.83 4.33 

Q5 I considered the positional relationship between my current location and the destination 3.83 4.50 

Q6 I considered the direction relationship between my current location and the destination 3.50 4.00 

Q7 Drawing a local map helped me understand my positional relationship with the surroundings 4.50 3.17 

Q8 Drawing the movement route helped me understand my positional relationship with the surroundings 4.33 3.50 

Q9 When reflecting on my movements, I found it easy to remember what I had memorized while moving 3.83 3.83 
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of increase in the area of the buffered 

regions tended to become smaller in 

group G1 as the buffer distance increased, 

showing that group G1 had a greater 

tendency to produce survey maps. 

The right side of Table 4 shows 

the average number of 

landmarks in maps 

produced by group G1 

and group G2. The 

results of a t-test 

confirmed that there was 

a significant difference 

between the two groups 

(t(10)=4.052, p<.01). 

These results show that 

group G1 memorized 

more information. 

 

4.3 Discussion 
 

The lack of significant 

differences between the 

groups in questionnaire 1 

may have arisen because 

both groups were 

provided with 

instructions before starting to move, making them aware of how to estimate their current location 

and the direction from there to the target destination. When using the Reflection mode and 

completing questionnaire 1 again while comparing the learners’ record with the correct answers, it 

seems that some items changed because of a memory replay effect caused by the display of the 

actual route. When we asked why they had changed their answers after the experiment, we received 

comments such as “I changed my mind because when doing the actual movements, I remembered 

what I had memorized, which was easy to recall”. This suggests that we achieved our purpose of 

promoting reflection with a user interface that made it possible to compare screens implemented in 

Reflection mode. 

In Q3 of questionnaire 2, significant differences and significant tendencies indicated that the 

group using the navigation system was more aware. This is thought to be partly due to the inclusion 

of spoken navigation. The spoken navigation instructions include information about the latest 

movement actions, such as “In 30 meters, turn to the west.) To follow these instructions, the learners 

must be aware of the relative positional relationship between their current position and the action 

point, and it seems that the local awareness needed for this was promoted more than in group G1. 

On the other hand, the analysis results of the sketch map for the cognitive map formed as a 

result of the movement suggest that group G1 is more advanced. This also supports the above 

interpretation that navigation systems promote local awareness. It is thus suggested that our system 

is more suitable than a GPS navigation app as a learning environment that makes people more aware 

of distances and directions from a more global viewpoint that is needed for cognitive map 

development. 

The significant positive difference in the responses of group G1 to Q7 of questionnaire 2 

could be due to a difference in the information content of the cognitive maps formulated by the two 

groups. As mentioned in Section 1, people tend to memorize less peripheral information when using 

navigation systems. We also confirmed a significant difference in the number of landmarks drawn in 

this study. One possible reason for this is that the results of experiencing the effects of better 

memory organization are reflected due to there being a greater amount of memories in group G1 in 

the externalization of survey maps and route maps that form part of the reflection activity aimed at 

organizing memories. 

Table 4 Sketch Map Classification Results 

 Type Average number 

of landmarks Survey map Route map 

Group G1 4 2 7.33 

Group G2 4 2 1.67 
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It is thus concluded that by putting together the spatial cognition improvement effects of 

using our spatial movement skill improvement support system, the group using the navigation 

system were more aware of their current location and orientation for the selection of local actions, 

but from the representation of sketch maps such as the density of information and the number of 

landmarks, group G1 were more aware of their current location and orientation from a global 

viewpoint, and formed more advanced cognitive maps as a result. This suggests that our system can 

contribute to the formation of spatial cognitive maps, and that it is possible to improve spatial 

movement skills by continuing to tackle spatial movement tasks using this system. 

 

 

5. Conclusion 
 

In this study, we developed a support system for improving spatial movement skills based on spatial 

cognition research, and we verified the effects of this system. This system is based on a learning 

model that builds on our knowledge of spatial cognition research based on the idea that spatial 

movement skills influence spatial movement ability. 

In an initial evaluation experiment conducted with undergraduate and postgraduate 

university students, we confirmed that it was better than a navigation app at supporting their spatial 

cognition. Based on the results of questionnaires, we also found that the Reflection mode has a 

positive effect on spatial understanding, which suggests it has an effect on spatial cognition. 

Further work is needed to verify the improvement of spatial cognition skills in long-term use. 

It is also necessary to verify how much spatial cognitive skill contributes to improvement of spatial 

movement skill. Furthermore, we aim to develop a more suitable system to support the improvement 

of spatial movement skills through methods such as intervention in direct learning by conducting an 

investigation based on opinions gained from experimental collaborators. 
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Abstract: Although inquiry-based learning has been used in science classrooms for some 

time, students still have low inquiry skills, especially when it comes to formulating 

hypotheses and research questions and planning experiments. Taking stock of a growing 

number of mobile devices in schools and many advantages offered by mobile learning, we 

tried to solve the problem with the help of mobile learning. We developed a mobile based 

inquiry learning application which can be used as part of the chemistry lesson where 

students have to plan chemistry experiments. The application was tested in an 8th grade 

chemistry lesson with 22 students. Pre- and post-test showed no significant change in 

students’ experiment planning scores because we only used the tool in one lesson; however, 

data collected by a questionnaire on feedback and potential usefulness of the tool according 

to the UTAUT model and conducted interviews confirmed that the application was easy to 

use and has potential in learning chemistry. Students and their teacher saw many benefits of 

the application, such as chance for individual learning, immediate and individual feedback 

and ease of use. According to our study, the application works well on both individual and 

collaborative learning scenarios. Observations confirmed that the application was easy to 

use and students had positive emotions while using it. In order to further test the application 

and get more data, a larger sample is needed for testing. Using the application in a longer 

period of time is also suggested. 

Keywords: Inquiry-based learning, mobile learning, experiment planning, chemistry 

1. Introduction

Inquiry-based instruction has been recommended as one of the best teaching approaches for the 

science classroom (DeBoer, 1991). According to Pedaste et al. (2015), the common inquiry cycle 

used in classrooms consists of five steps: orientation, conceptualization (where students develop 

research questions and hypotheses, investigation (planning and conducting an experiment or 

exploration), making conclusions, and discussion. The last one, discussion, should run parallel to the 

other four phases and support them – there should be constant communication between students and 

reflection on the learning process in order to learn skills that could be transferred to new learning 

situations or real life. Since it is already a well-known teaching method, it is being used in school 

practice. However, the research conducted in Estonian schools shows that students still struggle with 

their inquiry skills – the poorest results are shown when formulating hypotheses and research 

questions and also when planning experiments (Pedaste et al., 2017a). 

As planning and conducting inquiry-based learning can be time-consuming and often 

difficult for teachers, we argue that it may be reasonable to use the help of technology – to give 

teachers a tool for using students’ or schools’ devices in learning in a way that would improve 

students’ inquiry skills. Using mobile devices in learning processes is nothing new in the current day 

and age, since mobile learning offers many advantages. The positive sides of using mobile devices in 

learning are flexibility, portability, convenience, access to information, attractiveness (Hashemi, 

Azizinezhad, Najafi, & Nesari, 2011), offering immediate feedback and challenge (Ciampa & 

Gallagher, 2013).  
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Although there have been many successful attempts to include mobile devices in learning 

activities (Suárez, Specht, Prinsen, Kalz, & Ternier, 2018; Sung, Chang, & Liu, 2016), not many 

effective mobile inquiry based learning scenarios have been offered to teachers. Moreover, research 

conducted in Estonian schools has shown that only about 5% of sixth and ninth grade students 

actively use mobile devices in the learning process in science and mathematics for different 

purposes such as collecting and sharing information, communication, and content-creation (Pedaste 

et al., 2017b), which is surprising, as the number of mobile phones in schools has been increasing for 

years.  

Taking into account all the above, it is reasonable to find out if a mobile based inquiry 

learning application can be created in a way that can help to improve students’ inquiry skills. 

Moreover, according to the authors’ knowledge, there are no mobile applications which focus on 

experiment planning stage of the inquiry learning process.  
Since discussion is an important part of inquiry-based learning, but, at the same time, there 

are no conclusive studies about the potential benefits of collaborative inquiry learning, it is 

reasonable to test the application in two settings: one device - one student; and one device - two 

students.  

Based on the described problems, three goals were set in the current study: 

1. Develop a mobile based inquiry learning application which helps students improve their 

skills in experiment planning.  
2. Design an individual and collaborative learning scenario using the developed application. 

3. Test the developed application in classroom settings.  

More specifically, the following research questions were formulated:  

1. How do students and their teachers describe the usability of the mobile based inquiry 

learning application? 

2. How does the mobile based inquiry learning application improve students’ experiment 

planning skill? 
3. Is the mobile based inquiry learning application optimal for individual or collaborative 

usage? 
 

 

2. Methods 
 

Development of the mobile based inquiry learning application 

 

The topic for the application was selected based on the assessment of students’ inquiry skills in a 

national testing. According to this, planning of experiments was selected because it appeared to be 

one of the most difficult skills for students (Pedaste et al., 2017a). Next, an experienced chemistry 

teacher (12 years of teaching experience) was involved in designing the application that would 

support acquiring knowledge in chemistry and specific experiment planning skills. The first author 

of this article and the expert teacher designed a sketch and computational model of the application. 

Next, the model was introduced to a programmer and the technical solutions for implementing the 

computational model in an application were specified. Based on that, the programmer developed the 

application in an iterative process where the first author of the article was testing the application and 

asking for an expert opinion from the teacher when needed. In the process, several pedagogy experts 

from the University of Tartu were also involved. 

 

Design of the study 

 

In order to test the application, it was used in an 8th grade chemistry lesson at a secondary school in a 

small town of Estonia. 22 students at the age of 14 to 15 participated in the pilot study as part of their 

regular learning process. One teacher and one researcher were working with the students: the 

chemistry teacher had been teaching the class for four years, and the researcher had no previous 

contact with the participating students. First, the students filled in a pre-test evaluating their 

experiment planning skills. Next, the students followed a learning scenario and the researcher and 

the teacher observed it and helped the students where needed. After that, students filled in a post-test 

388



on experiment planning skills and a questionnaire to evaluate the learning application and its 

perceived effect on their learning. Finally, focus group interviews with the students were conducted 

to specify the gains of the learning process. In addition, an interview was done with the teacher to get 

an expert view on the application and the learning scenario. 

 

Learning scenario 

 

Students were given Android-based tablet computers and had to use an assignment for planning one 

experiment. The topic of the experiment was to study how the temperature affects the speed of the 

chemical reaction. In order to get the most beneficial results, the application was tested in two ways. 

Students were divided into two groups. In the first group, students were working individually with a 

device. In the second group, students were working in pairs with one device. Students were assigned 

to pairs according to their experience of using mobile devices in learning. These approaches were 

chosen because a study carried out in Estonian schools revealed that schools are sometimes unable to 

provide all students with individual mobile devices (Adov, Must, & Pedaste, 2017). Moreover, only 

about half of the students use mobile devices in learning activities, so it can be useful for students to 

work, for learning purposes, in pairs where one of the students is more experienced (Pedaste et al., 

2017b). Proceeding from these ideas, the learning scenario used in the current study consisted of five 

phases: 

1. Students were asked to form two equally sized groups based on their experience of using 

mobile devices in learning; next, seven pairs were formed so that each pair had one less 

experienced and one more experienced student; the rest of the students were assigned an 

individual learning scenario. In this way, a balance between less and more experienced users 

was achieved in the collaborative and individual learning scenarios. 

2. A tablet computer was given to every student or pair and the mobile based inquiry learning 

application was introduced. 

3. In the application, all students had to follow the assignment provided there (see the 

description of the application in section 3.1). 

4. After using the application, all students completed a follow-up real experiment that they had 

just planned in the application (the final correct plans were the same for all students). 

5. The learning phase finished with a short summary and debriefing by the teacher. 

 

Pre- and post-test and a questionnaire  

 

In order to test if the application helps students to more effectively plan an experiment in chemistry, 

pre- and post-tests were conducted by an experienced chemistry teacher and the researcher. The 

topic was the same as in the application, but the variables of the experiment were different. In the test 

there were two assignments – after reading the stated hypothesis, students were supposed to choose 

the relevant laboratory equipment and substances to test if the stated hypothesis is correct (Figure 

1A). Second task was to choose the right sequence of the experiment steps (Figure 1B).  

 

A           B 

 
 

 

 

Figure 1: The sample items of the pre- and post-test. 
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Two tests were created, and for half of the students one was used as a pre-test and for the 

others the same was used as a post-test. In this way, comparability of the pre- and post-tests in the 

whole group was achieved. Moreover, the tests were composed with the help of the chemistry 

teacher to ensure that their level of difficulty was the same. 

In both tests, students were able to score a maximum of 18 points. The questionnaire had 10 

questions on a five-point Likert scale, following the relevant dimensions of the UTAUT model 

(Unified Theory of Acceptance and Use of Technology, Venkatesh et al., 2003) and addressing 

students’ (1) perceived usefulness of the application (4 questions); (2) ease of use of the application 

(3 questions); and (3) availability of facilitating conditions for using the application (3 questions). 

The test items were selected from a validated instrument (Venkatesh et al., 2003) in discussion 

between the two authors and adapted for the current study. The Cronbach’s alpha value of the 

questionnaire is .73 and between the values of .58-.63 in three separate measured dimensions. The 

tests and questionnaire were administered on paper. 

 

Interviews 

 

After using the application and carrying out the laboratory experiment (and the post-test), five short 

semi-structured focus group interviews with the students were conducted. The size of the group was 

decided based on the study-specific aims, which were to collect the opinions of each participant. The 

interviews were held right after the experiment in a vacant classroom in the same school. Necessary 

parental consent forms were handed out prior to the day of the experiment and collected beforehand. 

Groups were interviewed as follows:  

1. Interview with 4 students from collaborative group (group 1).  

2. Interview with 4 students from individual group (group 2). 

3. Interview with 5 students from collaborative group (group 3).  

4. Interview with 4 students from individual group (group 4). 

5. Interview with 5 students from collaborative group (group 5).  

All the students were asked questions about their opinion of the usefulness of the application 

and their ideas as to how the application would be more useful and appealing to them. In addition, 

students from the individual group were also asked whether they would have liked to work in a pair 

at some point of the assignment and which were the benefits of working alone. Students from the 

collaborative group were asked, accordingly, whether they would have liked to work individually at 

any part of the assignment and what were the benefits of working together with a peer on the 

assignment.  

The questions of the semi-structured group interview were as follows: 

1. How did you like the assignment? 

2. What did you like about the application? 

3. How would you improve the application? 

4. Was the application easy to use? 

5. Did the application give enough feedback on your answers? 

Individual group: 

6. Which benefits of working alone on an assignment do you see? 

7. Would you have liked to work with a peer at some point of the assignment? Why? 

Collaborative group: 

8. Which benefits of working with a peer on an assignment do you see? 

9. Would you have liked to work alone at some point of the assignment? Why? 

With the interviews, information about the perceived effectiveness of the application and 

effectiveness of each learning scenario was collected.  

In addition to interviews with students, a short semi-structured interview with the teacher was 

held. The teacher was asked the following questions:  

1. What do you think did the children like the application? 

2. Was the application easy to use for you? 

3. How did the application help you carry out the lesson?  

4. What did you like about the application? 

5. What would you change in the application? 

6. Do you think the application helps to improve experiment planning skills? 
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The interviews were conducted, recorded and transcribed by the first author of the study. The 

transcriptions were read several times in order to categorise the statements.  

 

Observation 

 

In order to validate the information collected from the interviews, participant observation was used 

during the learning process. Both the researcher and teacher were taking notes about students’ 

emotions, indicators of ease of use of the application, difficulties during the assignment for planning 

the experiment in chemistry and other relevant information. The observation notes were discussed 

by both observers during which the conclusions were made.  

 

Data analysis 

 

The comparison of pre- and post-tests was made using the non-parametric Wilcoxon test, as the data 

was not normally distributed for several variables according to the Shapiro-Wilk test of normality. 

For the same reason, Mann-Whitney U test was used for comparing students who worked 

individually and those who worked in groups. Inductive content analysis was used to analyse the 

interviews and observations. SPSS Statistics version 25 was used.  

In order to compare the attitude scores collected in the questionnaire formed according to 

the UTAUT model, the Wilcoxon Signed Ranks test was performed. Three factors were compared: 

four statements described the factor Perceived Usefulness; three statements described the factor 

Ease of Use; three statements described the factor Facilitating Conditions for using the application. 

One statement from the category Facilitating Conditions was formed as a negative statement, so the 

answers were reversed prior to the analysis. Answers to the questions were on a Likert scale and 

coded as 1 – totally agree, 2 – mostly agree, 3 – cannot say, 4 – mostly disagree, and 5 – totally 

disagree.  

 

 

3. Results 
 

Mobile based inquiry learning application 

 

The application was developed in Android Studio and currently allows planning of seven 

experiments. Topics in the application are represented in the national chemistry curriculum. 

In order to help students develop their skill of planning an experiment, the students are 

supposed to perform the following tasks: first, after clicking on the topic (which they are supposed to 

address in current chemistry lesson), students are instructed to read the description and stated 

hypothesis. Then, students are supposed to choose the relevant laboratory equipment and substances 

to test if the stated hypothesis is correct (Figure 2). After that, students can check their answers by 

pressing the button “check”, and the application gives them feedback about their answer. 
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Figure 2. Screenshot of the first part of the assignment in the mobile based inquiry learning 

application. 

 

For example, when a student chooses unnecessary laboratory equipment, the application 

gives him/her feedback that using the chosen equipment is not rational. Or, when a student chooses a 

chemical element which does not allow testing the correctness of the current hypothesis, the 

application gives the student corresponding feedback. Moreover, the application also tells the 

students how many boxes they have left to check. Students can advance to the next step when all the 

chosen equipment is correct. The next assignment for the students is to choose the right sequence of 

the experiment steps. Here, the application gives them simple feedback: whether the chosen 

sequence of steps is correct or incorrect (Figure 3). If correct, students can perform an experiment 

(or, depending on the teacher, watch the video of the experiment). 

 

 
 

Figure 3. Screenshot of the second part of the assignment in the mobile based inquiry learning 

application. 

 

Tests and questionnaires 

 

The Wilcoxon signed-rank test showed that using the application once did not elicit a statistically 

significant change in students’ test scores (Z = -0.74, p = 0.46). However, the mean value of the 

pre-test is slightly lower than the mean value of the post-test (14.82 and 15.32, respectively, standard 

deviation 2.11 and 2.30).  
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The analysis of the UTAUT model-based questionnaire results shows that the findings are 

quite positive. The mean rank of Perceived Usefulness is 2.68, for Ease of Use 1.73, and for 

Facilitating Conditions 1.59. Among these three attitudes, we found that perceived usefulness might 

be a slightly bigger issue than ease of use or facilitating conditions. To compare, we did a Wilcoxon 

test comparing students’ perceived usefulness of the application, perceived ease of use of the 

application and perceived availability of facilitating conditions of the application. The results 

revealed a significant difference between ease of use and perceived usefulness (Z = -3.24, p<0.01) as 

well as between facilitating conditions and perceived usefulness (Z = -3.45, p<0.01).  

 

Interviews 

 

Interviews with the participating students took 7-10 minutes. Students were asked how they liked the 

assignment, what they liked about the application and if they would change anything about it. All the 

interviewed students brought out that the application was easy to use and the instructions were clear 

to them. Moreover, all shared the opinion that the feedback that the application gave was conclusive 

and helped them complete the assignment.  

“The feedback was very good; otherwise we would not have known which answers were 

wrong.” (Group 3) 
“The application told you how many things you have left to pick, that was good.” (Group 5) 
Two students from different focus groups stated that they would have liked the application 

to have more pictures or animations. Other students in the groups agreed. For example, they brought 

out that the application could have pictures of laboratory equipment or animation of the following 

experiment. One student stated that she would have liked if, in addition to the chemical formula, 

there had also been the name of the substance. 

In addition, student groups were asked about their thoughts about working individually and 

working with a partner during the assignment. Students who had been working in a pair stated that 

they liked working in a pair because they could discuss with their partner during the use of the 

application. As advantages of working together, they also pointed out the opportunity to get a second 

opinion about which laboratory equipment to use and to eliminate doubts.  

“The other student also has an opinion, and you can ask if there is a need.” (Group 1) 
“Both of us talked about our ideas and we could discuss, so we could be sure.” (Group 5) 
According to their statements, they would not have wanted to work individually during the 

assignment, although one group agreed that they would have managed, since the assignment seemed 

easy to them. Students who were working individually felt that the advantages of not having a 

partner during the assignment were choosing their individual study pace, individual learning 

benefits and calmer working environment.  

“I can concentrate better – nobody is talking next to me when I’m doing the assignment.” 

(Group 2, example of calmer working environment) 

“Sometimes when somebody is ready with the assignment in the classroom, they start to talk 

about it or the teacher gives us the answers. Here we could complete the task ourselves and 

see the results.” (Group 2, example of choosing an individual study pace) 
“When students are paired up and one student is really good at chemistry and the other is 

not, then the one who is good does all the work. Now we had to think ourselves.” (Group 4, 

example of individual learning benefits) 
“You will know what you know; nobody will tell you the answers.” (Group 2, example of 

individual learning benefits) 
Moreover, students who had worked individually were asked if, at any moment of the 

assignment, they had missed having a partner. All the interviewed students agreed that they had not. 

The interview with the teacher took 13 minutes. In the interview, the teacher commented 

that in her opinion, the students enjoyed working with the application and were quite excited about 

it. The teacher found the application to be easy to use and brought out some advantages, such as 

individual feedback for students and the chance to choose their individual learning pace.  

“I liked the feedback, which is also an important part of formative assessment. The student 

got individual feedback that he or she has made a mistake and that he or she can fix it.” 

(Example of individual feedback to students) 

393



“Sometimes in the lesson I cannot get to all the students. It (the application) gives quick and 

effective feedback and students can work at the pace they like, when they were ready they 

could proceed to conducting an experiment.” (Example of individual learning pace) 
The teacher also stated that the application can make finding students who are struggling 

easier for the teacher.  

There were no suggestions how to change the application.  

The teacher was also asked if the application can improve experiment planning skills. The 

teacher found that it can help students plan an experiment since the application makes them think 

before they proceed to the experiment.  

“They (students) must think what the necessary steps are before they can perform an 

experiment. When you just give them substances and equipment, they might not think too 

hard.” 

The teacher also expressed excitement about the future use of the application and was 

curious about the next time it could be used in teaching. She suggested that the application would 

also be usable in students’ own devices.  

 

Observations 

 

Observation notes were taken during the pilot study and focus group interviews. Students did not 

express negative emotions during working with the application. Most of the students who were 

working in pairs discussed the topic actively during the assignment. Students who were working 

individually did not talk to their desk mate. Three students had questions about what they should do 

after choosing the laboratory equipment because they failed to see the button “Next assignment”. 

Neither the teacher nor the researcher recorded any other occasion where students needed help while 

working with the application. It took students 2-5 minutes to complete the assignment with the 

application. Some students who came to the teacher’s desk to show their work seemed to be in a 

hurry to show that they had done the assignment correctly.  

 

 

4. Discussion 
 

In this study a mobile based inquiry learning application was created and tested in a classroom 

context. The application is based on previous findings: it allows students to choose necessary 

equipment and substances for a chemistry experiment and then lets them arrange the steps of an 

experiment. All the participants agreed that the application was easy to use and took a short time to 

learn. The teacher stated that the application would be helpful in the chemistry lesson since it lets the 

students choose their own study pace and get individual feedback, which is difficult to provide in a 

common classroom with many students. Both the teacher and the students evaluated the feedback 

that the application gave as sufficient and constructive. Previous studies researching mobile devices 

in classrooms have also concluded that feedback and individual learning options are advantages of 

using mobile devices in the classroom (Ciampa & Gallagher, 2013; Hashemi et al., 2011). 

Moreover, the application can be used in the students’ own devices.  

Although the analysed test results did not show a significant improvement in students’ 

inquiry skills, we saw that the questionnaire and tests were suitable for measuring the outcomes of 

the pilot study. Lack of change in students’ skills may be due to the short time of the piloting 

process, and the application might have a much stronger effect when used on a regular basis over a 

longer period of time. This conclusion is supported by previous studies, where longer intervention 

time has resulted in more significant effects on learning outcomes (e.g., see Ahmed & Parsons, 

2013). 

Results of the questionnaire indicated that students valued the application not only for being 

easy to use, but also for working well. They also considered the application to be rather useful to 

them, but the score of perceived usefulness was slightly lower. The reason behind it may be limited 

study time. It can be concluded that the usefulness of the application may also need more thorough 

investigation during future experiments. Perhaps some suggested elements should be added to the 

application in order for it to be more useful to learning, such as pictures of the laboratory equipment, 

animation of an experiment and full names of the chemical formulas. Adding pictures and 
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animations in addition to text is also suggested in other e-learning studies, since they are appealing to 

students, help to learn and, in some cases, animations can help students see the phenomenon (in our 

case the chemistry experiment) from different or changing viewpoints (Clark & Mayer, 2011; Mayer 

& Anderson, 1992). 

We did not, however, get solid evidence as to whether the application is more effective in an 

individual or collaborative learning process. The tests for assessing students’ experimentation skills 

did not show any statistically significant differences in two groups. Results from interviews 

confirmed that the application is suitable for both learning scenarios, and as discussion is part of the 

inquiry learning process (Pedaste et al., 2015), we suggest that using both learning scenarios 

continues in future research in order to get more data.  

 

 

Conclusions 
 

A mobile based inquiry learning application focusing on experiment planning was created during 

this study. In order to get preliminary results on its effectiveness, it was tested in an 8th grade 

classroom with 22 students. Data from students was collected with a pre- and post-test, 

questionnaire, interviews and observation. Moreover, the participating teacher was also interviewed. 

The results indicate that the application is easy to use, offers a chance for individual learning and 

gives constructive feedback. Due to the short time of the pilot study, no significant changes were 

recorded in students’ experiment planning skills. According to the tests and interviews, the 

application worked the same in both individual and collaborative learning scenarios. However, our 

study had some limitations, e.g., small sample, short learning time, only immediate but no delayed 

assessment of learning outcomes, and potential novelty effect. Therefore, in further studies the 

application should be used in a longer period of time in a wider sample in order to get more data on 

its effectiveness in improving students’ inquiry skills.  
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Abstract: In this paper, we examine the use of the Stanford Mobile Inquiry-based Learning 

Environment (SMILE), a virtual learning environment and inquiry maker that allows 

students to be involved in their individual learning process. SMILE provides students a 

platform to generate their questions, leading to opportunities. Students undertake a process 

of creating and presenting their inquiries; analysing and responding to their peers’ questions, 

through an interactive and engaging exchange. This empirical study, with an SEM analysis, 

connotes a positive causal relationship between student learning performances and 

questioning tendencies, upholds the value of fostering student to generate questions for their 
inquiries and learning. 

Keywords: Inquiry-based learning, student-centred learning, technology-aided learning 

1. Introduction

It is well documented that scientific inquiry in science classrooms is highly advocated [American 

Association for the Advancement of Science (AAAS), 1989, 1993; NRC, 1996]. From a teacher’s 

perspective, Chin and Brown (2002) surmised that questions can reveal gaps in students’ knowledge 
and understanding, allowing teachers to address their misconceptions. However, building a learning 

environment anchored on an attitude of questioning would not only help with knowledge gains, it 

can engage learners with a degree of understanding and cultivate a propensity towards further 

questioning (Scardamalia, 2002). Sustaining a disposition towards questioning would be an 
effective approach in learning as it encourages higher-order thinking (Papinczak et al., 2012; Bates 

et al., 2014). Armed with inquiry skills, learners could utilise what they had previously acquired in 

other aspects of learning and applying those skills beyond science (Bruner, 1960; von Secker & 
Lissitz, 1999). Additionally, the practice of inquiry could cultivate the development of cognitive 

skills such as critical thinking and problem-solving (DeBoer, 2004; Shulman & Tamir, 1973; Smith, 

Maclin, Houghton, & Hennessey, 2000). As a result, the cycle of inquiry stimulates the natural 

curiosity of learners and after being familiarised to such a learning culture, they become more 
confident with questioning, testing and redefining their ideas (National Research Council, 2000). 

In Singapore, educators find it challenging to sustain student centred inquiry, especially 

student questioning. The Singapore education has been often regarded as a result-oriented system 
that features rampant rote learning, hence generating a learning culture of students who lack thinking 

skills and creativity (Tan & Gopinathan, 2000). In the early 2000s, the science curriculum was 

restructured to allow students to conduct their own investigations using an inquiry-based approach. 
Nonetheless, Poon and Lim’s study (2014) found that the process of inquiry was not predominant in 

elementary classrooms, due to the pressures of preparing students for examinations and large class 

sizes. Students are likely to be passive learners in class and hardly contribute by asking questions 

(Chen & Looi, 2007). This seems to be a common concern, as educators elsewhere are uneasy about 
the absence of questions from students, even when they probe (Gall 1970; Nystrand 1997; Cazden 

1988). Even though educators are keen for students to be more actively involved in the inquiry 

process, Dillon (1988) found that students were hesitant as they were anxious that there would be 
negative reactions from their peers and teachers, hence did not want to call attention to themselves 

(Good et. al, 1987). 
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To overcome these obstacles, this study intended to use technology to facilitate the process 
of inquiry, stressing on student questioning. A team consisting of researchers from the National 

Institute of Education (NIE) and primary school science teachers was formed. We used the Stanford 

Mobile Inquiry-based Learning Environment (SMILE) platform as a technological enabler and 

developed a series of lesson packages for primary four students, focusing around an inquiry-based 
framework. Each lesson commenced with an activity trigger, for instance, a specific phenomenon or 

a hands-on experiment. Students then generated and submitted questions using the SMILE platform, 

and responded to questions created by their peers, resulting in a collaborative learning environment 
that promotes student inquiry and reflection. Adopting an analysis approach of Structural Equation 

Model (SEM), this paper reports on student learning performance and tendencies  

 

2. Overview of SMILE-enabled Lessons 
 
SMILE is an inquiry maker, mobile learning management software designed to which allows 

students to generate questions related to what was taught in class (Figure 1). It was conceived to 

generate awareness of how mobile educational technology can cultivate student inquiry (Buckner & 

Kim, 2014).   Students can generate questions in either an open-ended or multiple choice formats. 
Students will solve or respond to questions generated by their peers, and rate the questions on a scale 

of 1 to 5, based on what questions they would like answered. The entire process is controlled by a 

teacher using the platform’s activity management system interface. The interface collects 
corresponding data for meant for the teachers’ analysis and assessment, such as amount of inquiries 

generated, average ratings, and the percentage of correct responses for each question. 

 

 
Figure 1. The SMILE interface 

 
To begin each inquiry session, the teacher presented two inquiry-based models: an enhanced 

version of Harvard Project Zero’s Think–Puzzle–Explore (TPE) thinking routine, adapted to provide 

a section for student reflection (R) and Bloom’s Taxonomy (Project Zero 2007; Ritchhart 2002). The 
two models set the framework of the inquiry-based learning environment, supporting students to 
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take more initiative in their questioning-for-learning process with teacher guidance and facilitation. 
Using the subject of heat, the teacher masterfully weaved the concepts of heat through the story of 

Goldilocks and the three bears.  

During each session, the teacher will set aside time for students to raise questions using 

SMILE. However, the questions that can be generated are specific only to the subject of heat. 
Students are guided in the process and the teacher suggested general areas in the subject of heat that 

they could inquire about. For example, if the topic they were studying that day was related to heat 

transfer, the teacher would propose that students ask corresponding questions. The teacher would 
also combine the process with teacher-scaffold questions, where she would ask questions and 

students would respond to them accordingly. 

 

3. Methods 

 

3.1 Participants 

 
The participants consisted of 69 students from a primary four class school in Singapore of between 9 

– 11 years of age. The school X in this study is a public primary school in a fairly new 

neighbourhood. For this study, the experimental class consisted of 37 students and the control class 

consisted of 32 students. The students from the experimental class are of mixed ability, while the 
students from the control class are of higher ability. For this study, the researchers worked closed 

with the teachers and students of the experimental class to develop and enact lesson packages on the 

several topics, such as heat and heat transfer, during duration of one semester (July 2017 to 
December 2017). We administered pre/post tests and pre/post surveys to the students and also 

conducted focus group discussions with students and teachers after the intervention had been 

completed. 

 

3.2 Research Instrument and Structural Equation Model 

 
There are different scholastic lenses of viewing the values and ways of student-generated questions. 

Humphries and Ness (2015) highlight that the 4th-grade standards require students to generate 
questions with sophisticated cognitive operations, including predicting, hypothesising, inferring, 

reconstructing, valuing, judging, defending, and justifying choices. To investigate the value of 

student-generated questions in the classroom inquiry curricula, we build on the constructs based on 
the work by Chin (2002), and Pittenger and Lounsbery (2011). 

 Testing of the measurement and research models was implemented by utilising partial least 

squares structural equation modelling (PLS-SEM) as it is a data analysis method that is suitable for 

analysing small sample sizes (Chin, 1998; Chin & Newsted, 1999). The software used was SPSS as 
well as SmartPLS version 3 (Ringle, Wende, & Will, 2018). Our Structural Equation Model (see 

Figure 2) consists of nine constructs: Value of Asking, Capacity to Ask, Means of Asking, Interest in 

Asking, Intentionality of Asking, Attitude towards Asking, Engagement in Asking, Attitude towards 
Asking, and Cognitive Assessment (via Pre-/Post-tests). 

 To evaluate the nine constructs of this study, the survey instrument of the study consisted of 

a questionnaire with 21 items as well as a cognitive assessment comprised of a pre-test and a 

post-test. All items relating to the questionnaire were measured on a 5-point Likert scale ranging 
from 1, strongly disagree to 5, strong agree. The cognitive assessment that was comprised of a 

pre-test (full marks was 11) and a post-test (full marks was also 11). 
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Figure 2: Exploratory hypotheses model of conceptual constructs (SMILE-Ask framework) 
 

4. Results 

 

4.1 Learning Performances 

 
Both quantitative and qualitative data were gathered for the study. Pre/post- tests and surveys were 

distributed to students before and after the study ended. Additionally, FGDs and interviews were 

conducted with participating teachers and students. The students’ results from their middle and end 
of term school-based formal science assessments – the SA1 and SA2 tests, were collated and 

analysed. 

 From the results, we observed that the experimental class demonstrated learning gains in 
MCQ (t = 5.36***, p < .001), Open-ended (t = 2.086*, p < .05) and Total (t = 6.224***, p < .001). 

The control class demonstrated learning gains in MCQ (t = 3.16**, p < .01) and Total (t = 2.705*, p 

< .05). We did not perceive significant gains for Open-ended Questions (t = .161, p > .05). The 

experimental class showed more pronounced improvement in both MCQ and open-ended sections, 
as compared to the control class. These results indicate that the utilisation of SMILE-based lesson 

packages had a beneficial influence on the students’ understanding of the subject matter. 

 

 

Figure 3: Pre-/Post- Comparisons  
 

 In terms of the school-based formal science assessments – the SA1 and SA2 tests results 

showed that the experimental class revealed gains in Total (t = 2.315*, p < .05. No significant gains 

were observed in the control class for Total Gains (t = .613, p > .05). These results are in line with the 

pre-/post- test results, which further substantiates that the SMILE-based lesson packages had an 
effective impact on the students’ learning in science.  
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Figure 4: SA1/SA2 Test Gains  
 

4.2 Measurement Model: Validity and Reliability 

 
Prior to testing the hypotheses, the measurement model was assessed for the validity and reliability 

of the indicators. Reliability refers to the extent to which the variables of a construct are consistent 
and error-free. Validity refers to the extent to which a variable of a construct is different from a set of 

variables.  

Assessment of the reliability of the construct items for both the experimental class and the 
control class was accomplished in terms of the item loadings. Almost all the items exceeded Chin’s 

(1998) threshold of 0.7, with the exception of ATT_QUES_Q3 (0.688), ATT_QUES_Q7 (0.605), 

and MEANS_QUES_Q16 (0.533) for the experimental class, and ATT_QUES_Q3 (0.678), 
ATT_QUES_Q7 (0.632), MEANS_Q17 (0.686) for the control class, however, they were 

considered acceptable since they were greater than 0.5 (Chin 1998; Shepherd, Tesch & Hsu 2006).  

Internal consistency reliability was assessed in terms of Cronbach’s alpha as well as 

composite reliability, using Nunnally and Bernstein’s (1994) recommended threshold of 0.7. 
Satisfactory values of composite reliability were achieved for all of the constructs (values ranging 

from 0.758 to 0.933) for the experimental class. Satisfactory values of composite reliability were 

also achieved for most of the constructs (values ranging from 0.793 to 0.920) for the control class, 
except for Capacity to Ask (0.589) for the control class. 

In terms of Cronbach’s alpha, the majority of the constructs exceeded 0.7 for both the 

experimental class, with the exception of Engagement (0.616) and Means of Asking (0.640) for the 
experimental class, and also with the exception of Means of Asking (0.524) for the control class.    

The assessment of the validity involved the examination of two subtypes of validity: 

convergent validity, as well as discriminant validity. Convergent validity utilizes the values of 

Average Variance Extracted (AVE) used to check whether a set of construct items corresponds to 
the same construct. Fornell and Larcker (1981) proposed that the AVE value for each item should be 

greater than 0.5. In the current study, the convergent validity of the construct items of the 

experimental class as well as the control class were all greater than 0.5, which suggested that each 
latent variable was able to explain more than 50% variance of its indicators. Discriminant validity 

was checked using the Fornell and Larcker (1981) test. All the constructs satisfactorily passed this 

test and achieved discriminant validity. 

 

4.3 Questioning Tendencies 

 
The relations between constructs in the research model were assessed for statistical significance 

using SmartPLS. The t-values were examined using the two-tail test with statistical significant levels 
of p < .05.  
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Figure 5. Structural Equation Model of the SMILE Experimental Class 

 

The coefficient of determination R2 for each endogenous variable was shown in Figure 5 for 
the experimental class and in Figure 6 for the control class to assess the predictive strength of each 

respective model. For the experimental class, the model was able to explain 76.2% of variance in 

Attitude Towards Asking, 69.9% of variance in Engagement, 52.5% of variance in Attitude Towards 
Science, however, only 17.8% of variance in the Cognitive Assessments (Pre- and Post-tests). For 

the control class, the model was able to explain 86.5% of variance in Attitude Towards Asking, 68.5% 

of variance in Engagement, 30.2% of variance in Attitude Towards Science, however, only 17.6% of 
variance in the Cognitive Assessments (Pre- and Post-tests). This might be due to the small sample 

size utilized in the current study. 
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Figure 6. Structural Equation Model of the Control Class: without SMILE intervention 
 

There was significant positive effect of Interest on Attitude of Asking for both the 

Experimental Class and the Control Class. This suggested that both groups were sufficiently 

motivated by the interest generated in their respective science classes. As an example, one student 

from the experimental class explained “Yes, you want to find out more, like why, like how does it go 

through the metal, what is inside the metal that makes it go through.” There was also significant 
positive effect of Interest on Attitude of Asking for both the Experimental Class and the Control 

Class. This suggested that both groups were sufficiently motivated by the interest generated in 

their respective science classes. As an example, one student from the experimental class explained 

“Yes, you want to find out more, like why, like how does it go through the metal, what is inside the 

metal that makes it go through.”  

There was significant positive effect of Value of Asking on Attitude towards Science for 

both the Experimental Class and the Control Class. This suggested that the students could see the 

significance of asking questions in class. Interviews with the experimental class revealed 

that when other students asked questions that they too could not answer, it made them curious: “Yes 

because it’s interesting and you don’t actually know, it makes you want to ask more questions about 
it. You actually get really curious about it after that.” Students reasoned that they could learn from 

their peers’ questions, especially if they did not know the answer. A student explained: “Because 

other people will also ask questions, then when you see the questions, you might not know how to 

answer it. Then you want to find out as well. Then nobody knows it, so you really want to find out, 
how do you answer the question.”  

More noticeably, there was significant positive effect of Means of Asking on Attitude 

towards Science for the Experimental Class, but there was no positive effect of Means of Asking on 

Attitude towards Science for the Control Class. This suggested that both groups had sufficient 

means of asking questions which led to positive attitudes to science. One student from the 

experimental class shared that SMILE provided a conductive platform for her to ask questions 

especially if she was “shy”: “Everybody is shy to ask teacher , so you can do it there , so you don’t 

have to go up to the teacher and ask, you can type it in and post it. They don’t know if it’s you are not; 
it is not an embarrassment if you ask not that good a question. Because they don’t know your register 

number. So when you say that, the teacher will reply, they help us how to find out.”  

There was also significant positive effect of Attitude towards Asking on Engagement for 

the Experimental Class but not for the Control Class. There was significant positive effect of 
Attitude towards Asking on Attitude towards Science but for the Control Class. There was polarity 

in the results, which implied that there might be significant positive effect of the Attitude towards 

Science on Attitude towards Asking. For one student, he shared that he was excited with the new 
science knowledge that he learned and was eager to    “also share with our friends and family, that 

little bit in science.”  

For the Experimental Class, there was very slight significant positive effect of Attitude 

towards Science on Engagement. For the Control Class, there was no significant positive effect of 

Engagement on Attitude towards Science. This suggested that SMILE was instrumental in the 

intervention with the experimental class. One student from the experimental class mentioned using 

SMILE in science lessons: “You get a little bit of fun way to learn science.”  
From the SEM analysis, a prominent insight is it reveals positive chain relationship as to 

interest, attitudes towards asking, attitudes towards science and cognitive assessment. It connotes a 
possible causal relationship between students questioning tendencies and their learning 

performances. As Biggs (1987) and Marton (1983) have explained, as students develop interest in 

their task, they gain a deeper understanding of the subject, as they are motivated to understand the 

material, in an attempt to link new ideas to previous knowledge, and theories to everyday 
occurrences. Then, the learner will personalise his/her knowledge, making it relatable and 

significant to one’s own experiences (Chin & Brown, 1999). Once the learner has developed a deep 

approach in learning, the interest in the subject would be sustained and the learner would be more 
persistence in their person pursuit of the subject matter (Chin & Brown, 1999). 
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5. Discussion and Conclusion 
 

Dillon (1988) proposed that technology could assist as a mediator to engage students in the inquiry 

process. Likewise, Kubicek (2005) recommended technology and emphasised its interactivity in 
supporting students in the inquiry process. Similarly, Tapscott (1996) notes that interactive and 

collaborative functions of technology can mitigate the passivity of the traditional learning models, 

where students learn through the transmission of didactic knowledge. We examined how engage 
students to ask questions in classroom inquiry using technology-enhanced learning environment. 

Questions can reveal students’ thought processes as well as their gaps in knowledge or 

understanding, allowing teachers to surface such misconceptions. This empirical study, with an 

SEM analysis, connotes a positive causal relationship between student learning performances and 
questioning tendencies, upholds the value of fostering student to generate questions for their 

inquiries and learning. More classroom studies are needed to understand and optimise the 

collaborative process considering individual questioning and learning tendencies.  
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Abstract: For the 21st century learner, self-direction skill is crucial for developing both 

intellectual abilities and maintaining one’s healthy lifestyle. While there are technology 

supports for specific self-regulated learning tasks and health monitoring, research is limited 

on how to support development of the meta-skill of Self-Direction itself. Our work bridges 

Learning Analytics (LA) and Quantified-Self (QS) research to enable technology support 

for self-directed activities of learners. We propose DAPER (Data-Analyze-Plan-Execution 
monitoring-Reflect), a data-driven Self-Direction skill execution and acquisition model. To 

support synchronize-visualize-analyze multisource data regarding learners’ learning and 

physical activities, we are developing the GOAL (Goal Oriented Active Learner) system. In 

this paper we present our DAPER model, the initial implementation of the GOAL system 

based on that model and pilot study regarding the need and context analysis of this research. 

Keywords: Learning Analytics, Quantified Self, Self-direction skills, wearable and mobile 

technology, GOAL system, DAPER model 

1. Introduction

Self-direction skills (SDS) are considered a necessary skill in this 21st century (P21 framework, 

2015; enGauge 21st century skills 2003; SCANS report 1991). University students often carry out 

multiple activities in their daily lives and SDS would be crucial to maintain academic performance 
as well as healthy lifestyle. But we did not find any research work which supports SDS skill 

acquisition for those individuals based on their own context and data. Currently the health and the 

learning data are often collected in separate data silos. Wearable technologies such as smart bands 
and watches (e.g. Fitbit, Apple watch, etc), assist to automatically log user’s physical activities like 

number of steps taken, calories burned, and physiological parameters like heart beat rate, pulse rate, 

etc. On the other hand, Learning Analytics (LA) focuses on data logs from various technology 

enabled teaching learning environments. Learning logs from eBook environments such as reading 
patterns and annotations made can be analyzed with respect to learner’s engagement and learning 

outcomes (Akçapınar G. et.al, 2018). Our overall research agenda is to find how data-driven 

technology can support SDS acquisition.  
In this paper we propose DAPER (Data-Analyze-Plan-Execution monitoring-Reflect), our 

model of data-driven SDS execution and acquisition. We develop the GOAL (Goal Oriented Active 

Learner) system to support DAPER model. The technology synthesizes personal health and learning 
data logs from multiple sources and present it to the learners. We report finds of pilot surveys done 

during the need and context analysis of this GOAL project. 

2. Background and related works

Our context revolves around the process of learner’s acquisition of SDS. We first synthesize the 

definition of SDS from current literature. Our approach to support SDS acquisition is by providing 
learners their own data to reflect on. So, we look at existing techniques from the domain of 
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Quantified Self (QS) and Learning Analytics (LA). We highlight some limitations of existing 
mobile applications to motivate our work to design and develop a system that can support SDS 

execution and acquisition. 

 

2.1 Self-Direction Skill 
 

Discussions around the 21st century skills emphasize that individuals in general and learners in 
specific need to develop the skill to be self-directed. According to P21 framework (2015), Initiative 

and Self-Direction requires monitoring one's understanding and learning needs, demonstrating 

initiative to advance professional skill levels, defining, prioritizing and completing tasks without 

direct oversight and demonstrating commitment to lifelong learning. According to enGauge 21st 
century skills (2003) Adaptability, managing complexity and self-direction skills includes students 

being able to set goals related to learning, plan for the achievement of those goals, independently 

manage time and effort and independently assess the quality of learning and any product that result 
from the learning experience. It also requires students to handle multiple environments, goals, tasks, 

and inputs while understanding and adhering to organizational or technological constraints of time, 

resources, and systems. According to SCANS report (1991) Self-management assesses own 
knowledge, skills, and abilities accurately; set well-defined and realistic personal goals; monitors 

progress toward goal attainment and motivates self through goal achievement; exhibits self-control 

and responds to feedback unemotionally and nondefensively. It leads the learner to be a 

"self-starter”. 
While 21st century skills are more generic framework of overall skills required in this age, 

Self-directed learning (SDL) and Self-regulated learning (SRL) explores the various phases in the 

process of acquiring the necessary learning skills and designing pedagogical supports. Literature 
highlights their commonality and differences (Loyens, S. M., Magda, J., & Rikers, R. M. 2008; Saks, K., 

& Leijen, Ä, 2014). Both SDL and SRL have 4 key phases: Task definition – Setting goals and 

Planning – Enacting strategies – Monitoring and Reflecting. They assume intrinsic motivation and 
goal orientation. While SRL is rooted in educational psychology and is mostly studied in school 

level learners our context of university students is more near to the SDL. We conceptualize 

Self-direction Skill (SDS) as a meta skill and consider the phases of the process similar to SDL. 

 

2.2 Quantified-Self and Learning Analytics 
 

Quantified-Self movement (Choe et.al. 2014) emphasizes on the importance of the regular 
collection, processing, and presentation of data on behavioral indicators, environmental indicators or 

biological indicators as measures to evaluate personal performance so that individuals can better 

achieve progress in their areas of interest. Individuals with focus on the setting process-oriented 
goals are often interested on the stream of data regarding their own activities during that process to 

monitor goal accomplishment and if necessary re-plan. But keeping track of variables of interest is 

often time consuming as data collection is not unified in one application.  
Learning analytics research on the other hand has generated infrastructure to assist gather 

and analyze data from teaching learning context to improve learning experience and understand how 

learning happens. In our context, we have previously developed learning tools to support both 

in-class and out of class learning. BookRoll is an e-book reader which supports in-class teaching 
(Yin, C. et.al, 2015). It can be integrated into university’s Learning Management System (LMS) 

through Learning Tools Interoperability (LTI) standards to give students access it through LMS 

directly. SCROLL (Ogata et al. 2011) is an informal language learning tool ubiquitous learning tool 
to support language learning. These systems log learning footprints such as learner actions in the 

tool and their generated artifacts. To analyze these log data for research and visualize it for students 

and teachers the LA dashboard is built within the LA framework (Flanagan B. & Ogata H., 2017). 
The current work extends the scope of the framework to include learner’s health data and support 

with goal setting and monitoring based on that unified dataset.  

 

2.3 Related works 
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Recently developed QS applications assists users to collect, analyze and plan with their personal 
data. But most of these applications are very focused on tracking single function and hence limited in 

the type of data that they deal with. Some of them are physical activity trackers (Google Fit, Apple 

Health, FitBit Applications, Nike+, Pedometer++) and uses sensors in the mobile devices like 

accelerometers and GPS. Applications like Lose It!, Lifesum, MyNetDiary Calorie Counter focus on 
dieting and use features like calories counter, online diet logs, personalized diet plans for weight 

loss. Sleep cycle alarm clock and Sleep better are applications which track sleeping habits but still 

doesn’t support goal setting. In the context of vocabulary learning some applications like Studyplus, 
TEDICT, Mondly help students to set goals and review their vocabulary achievements. But most of 

them are not based on any research paradigm. We only found, StudentLife (Wang, R. et.al. 2014) as 

a mobile application developed for an academic research study. It collected 48 student’s data over 10 
weeks from their mobile phone use to build predictive models for assessing student’s mental health 

and study correlation of behaviors and academic performance. Our research focuses on supporting 

SDS acquisition by integrating both learning and physical activity data of learners, which to our 

knowledge it is a novel endeavor by itself. In the next two section we present our model of SDS 
acquisition and its associated support application.  

 

3. DAPER model of Self-Direction skill execution and acquisition 
 

We present the DAPER model to conceptualize the process of SDS execution and acquisition. It has 

five phases which can be informed by data and supported with different ICT tools and applications. 
Figure 1. introduces the model and the associated features at each phase. 

 

 
Figure 1. DAPER model of self-direction skill execution and acquisition 

 
A. Data Collection 

In the data collection phase, the individual collects initial behavioral data regarding the activities 

which they want to execute in a self-directed mode. Some of those data can be automatically logged 
with the help of physical sensors like the gyroscope in a wearable or mobile device which is used to 

compute steps taken from the user’s movements data. On the other hand, virtual sensors are the 

applications which can log interaction behaviors of the users. For example, e-book readers like 

BookRoll, logs readers interactions such as reading time and annotating on e-books. Apart from 
automatic logging from multiple behavior sensors, users can also add their own log manually in the 

data collection phase. For instance, logging their calorie intake after a meal or time to go to bed for 

sleep.  
 

B. Analysis 
After data collection, in the analysis phase the individual can conduct simple analysis tasks to 

understand their activity trends and identify problems if any. Broadly these tasks deal with 
comparing the collected data with standard levels or with the group and understand trends. For 
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example, given their recorded sleep data, learners can analyze whether their sleeping time is 
maintained around the same hour or varies. Given their learning data, such as past quiz scores in a 

subject they can check their performance trends.  

 

C. Planning 
In the planning phase the individual sets SMART (Specific, Measurable, Appropriate, Relevant and 

Timely) goals regarding any activities whose data was analysed. Being aware of their own trends 

from the analysis phase aids them to plan accordingly. 
 

D. Execution monitoring 
In this phase the plan is executed and the individual collects data to monitor progress. For example, 
an individual may monitor their heart rate during a specific physical exercise. In the learning 

scenario, a student might monitor the completion of their course content before an upcoming 

assessment. This phase often includes multiple cycles of re-planning and execution monitoring. 

 
E. Reflection 

In the reflection phase the individual reviews the whole process of the SDS execution. It involves 

evaluating the ease of each tasks and their efforts given for their chosen activities. The individual 
further reflects on the effectiveness of their set plan, identify if any specific strategies were used to 

execute the plan and their note benefits and costs based on the outcome of that activity.  

 

4. GOAL system 
 

Goal Oriented Active Learner (GOAL) system supports the DAPER model of SDS acquisition and 
execution. We chose two domains to scope data collection in context of self-directed activities, one 

related to e-book based learning and other maintenance of healthy life style. In this section we 

describe the overall architecture of the system, and the user workflow with its associated mobile 
application. 

 

4.1 Architecture 
 

The GOAL architecture is given in Figure 2. It includes cross platform applications and an analysis 

server. The users open a common web user interfaces through the mobile application (iOS, Android) 

or on web browser of any device. User requires a one-time authentication via their LMS. For 
instance, in Kyoto University students authenticate through the Sakai LMS to open the application 

for the first time and then the UUID token generated by the LMS is used for anonymously linking 

user data. This follows our previously implemented LA framework to bridge production and 
research system (Flanagan B. & Ogata H., 2017). 

Native applications such as Apple Health or Google Fit records the physical activity data 

like steps taken. Our GOAL client directly synchronizes data with the native app and pushes the data 
to the analysis server. The learning data will be accessed in real time from the learning platform by 

using APIs. In upcoming version user can also input records manually.  

The analysis server consists of four modules: plan, activity, analysis and recommendation 

module. The plan module handles users’ goal management. The activity module collects the log of 
learning activities and health activities. The analysis module synchronizes the actual learning and 

health activity logs with their corresponding goals. The recommendation module will recommend 

plans and feedback based on the tracked data.  
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Figure 2. Architecture of the GOAL system 
 

4.2 iOS Mobile Application 
 

For the pilot study, we developed the iOS application as the front end. This decision was taken based 

on an entry survey where 54% of the interested participants said they use iPhones and 63% wanted to 
use Apple watch and Apple Health application to synchronize their activities. We also had in-house 

expertise of iOS development. 

After installation of the application and the user can do a one-time login via authenticating 
through the set university LMS credentials. Then home screen displays the percentage completion of 

specific activities that are being tracked and can has options for the users to set Goals and 

Monitoring details of activities (Figure 3a. below). The Goal setting menu leads to selecting the 
frequency of the goal (Figure 3b.) and then setting the specific activities related to it (Figure 3c.).  

 

   

  
a.        b.     c. 

Figure 3. a. Home screen b. Goal frequency selection c. Activity value setting 

 

For the monitoring function the user has two modes. The first mode is temporal monitoring. Here the 
graph visualizes the presence or absence of specific activities in a given hour of day via a simple 

heatmap (Figure 4a.). The other mode is completion monitoring. Here the recorded value is 

displayed as a bar chart (Figure 4b.). For the reflection phase we are currently developing a spider 

graph (Figure 4c.) to visualize users rating on each of the five subskills of SD. 
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  a.         b.       c. 

Figure 4. a. Temporal monitoring b. Completion monitoring c. proposed Reflection graph 

 

4.3 User Consent and Agreement for Data Collection 
 

Apart from the initial consent taken from the user the current GOAL app also takes user’s 
authorization to synchronize with iOS Healthkit. The GOAL app pushes the data log only after the 

authorization. The data is synchronized from the fitness module (steps and the distance logs) and the 

body measurements module (weight, height) of Healthkit. The system allows to update the consent 
agreement to stop logging the data.  

 

5. Pilot Study 
 

5.1 Research Questions 
 

Our overall research object is to design technology platform to support learners’ 

self-direction skill acquisition with data-driven techniques. We scope the domain of the self-directed 

activities to students learning and physical activities. To conduct the need and context analysis of 
our research objective we have the following three research questions (RQ): 

RQ1: What is the intrinsic value and current ability of self-direction skill for the 

participants? 
RQ2: To what extent and why did the participants take technology support for the various 

phases of self-directed activities prior to the exposure to GOAL system? 

RQ3. To what extent did the participants practice health-promoting lifestyle?  

 

5.2 Methods 
 
Sample 

We give an open call of participation to the new students of social informatics graduate school at 

Kyoto university. This included a 5 minutes presentation during the freshmen orientation sessions, 

separately for the Japanese students and the international students. There were 14 participants who 
participated in the ongoing pilot study (9 Masters students, 3 Doctoral students, 2 Postdoctoral 

fellows). There were 4 females and 10 males representing 9 different nationalities. 

 
Introduction Session 

The GOAL project was introduced to the participants and the application workflow was 

demonstrated to them. We organized monthly face to face reflection sessions with the participants to 
gather surveys response, feedback and conduct co-design activities to update the features of the 

application as found fit. 

 

Data and Analysis 
All the RQs were answered by conducting surveys with the participants. For RQ1, we solicited 

participants’ perception regarding the importance of each SDS phase corresponding to the DAPER 

model (1-Not at all important to 5-Very important) and their current skill set in the activities in those 
phases (4-Excellent, 3-Good, 2-Adequate, 1-Needs improvement). We analyzed transitions in 

responses for each participant with iSAT (Majumdar R. & Iyer S, 2014). 
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For RQ2, we asked the participants whether they used technology to support SDS phases 
during any of their learning, physical or health care activities and if yes, why. 

For RQ3 we used the Health-Promoting Lifestyle Profile (HPLP II) survey (Walker, S., 

Sechrist, K., & Pender, N. 1995). Out of the six dimensions in HPLP II, we selected twenty five 

items from five dimensions that focus on Nutrition, Physical activities, Health responsibility, Stress 
management and Spiritual growth. The participants responded their frequency of specific item 

(Never, Sometimes, Often, Routinely) related to these dimensions. Each item is scored based on the 

frequency on a scale of 4. We report the average score in each dimension and total score of everyone. 
 

5.3 Results 
 
To answer RQ1, the mean rating of importance across all the SDS phases is 4.36 (s.d. 0.44) and their 

mean rating of ability perception was 2.59 (s.d. 0.69). This was the aggregated value for all the 

participants (N=14). iSAT highlighted specific cohort dynamics with respect to the transition 
proportion of ratings across perceived importance to their own skill level corresponding to each SDS 

phases. Figure 5a. and 5b. gives the transitions for the data collection and the data analysis phases. 

For instance, 57% participants perceived data collection was very important (rated 5) and out of 
them 75% perceived they were good (rated 3) at data collection. Similarly, out of 57% of the 

participants who rated data analysis important (rated 4), 62.5% believed to have adequate skill (rated 

2). 

 

 
Figure 5. Survey response transitions for a. Data Collection and b. Data Analysis 

 

Figure 6a, 6b and 6c highlights the transitions for planning, execution and reflection phases. 

 

 
Figure 6. Survey response transitions for a. Planning b. Execution monitoring c. Reflection 

 

To answer RQ 2. the survey results are given below in Table 1. It describes the number of 

participants who used technology to support phases of SDS in either learning, physical or health 
related activities prior to the use of GOAL system. We found more than half of the participants did 

not utilize technology previously for any specific SDS tasks. The ones who used, mostly collected in 

the context of physical activities and used in planning and monitoring. In the context of learning, 3 
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(21%) participants used technology for monitoring and reflecting. In Table 1 we also list the specific 
example activities that the participants mentioned to track and use their data in each phase of SDS. 

 

Table 1. Prior extent of technology use in different phases of SDS execution 

(N=14) Data  

Collection 

Data 

Analysis 

Planning Execution 

Monitoring 

Reflection 

None 8 (57%) 13 (93%) 10 (71%) 9 (64%) 9 (64%) 

Learning  2 (14%) 1 (7%) 1 (7%) 3 (21%) 3 (21%) 

Physical  4 (29%)  1 (7%) 3 (21%) 4 (29%) 2 (14%) 

Health 4 (29%) 1 (7%) 1 (7%) 2 (14%) 1 (7%) 

Activities used for Collect LMS data, Steps, 

Menstrual cycle, Calorie 

counter, Heart beats 

- Scheduling lectures and 

meetings, Menstrual cycle, 

dieting 

Vocabulary 

learning for 

JLPT, Steps 

Vocabulary 

learning 

performance 

 

To answer RQ 3, Table 2 reports the results of the health promoting lifestyle survey for each 
participant. The items in each dimension are clubbed together and its average value is reported. 4 

indicates ‘Routinely’ (desirable) and 1 indicates the undesirable ‘Never’ response. The heatmap can 

be viewed as a reference to identify trend across dimension for a participant (column wise) or each 

dimension (row wise). For example, it could be inspected that one of the MS students gave the 
lowest self-rating in four dimensions but rated 3 in Growth dimension. Also, Health Responsibility 

had lower ratings among dimensions.  

 

Table 2. Results of Health Promoting Lifestyle survey 

Item # in 

HPLP II Dimensions and items MS MS MS MS MS MS MS MS MS PHD PHD PHD PDF PDF 

2, 8, 14, 20, 

26, 32, 38, 

44, 50 

Nutrition 

Choose diet, controlled eating, eat breakfast, 

read labels to identify diet components 

2.7 3.0 3.3 2.6 2.1 2.7 2.2 2.1 1.3 3.4 2.3 2.0 2.6 3.0 

4, 10, 16, 

22, 28, 34, 

40, 46 

Physical Activities 

Follow planned exercise, take part in physical 

activities, Check pulse rate, etc. 

2.9 2.9 2.3 1.9 2.0 1.8 2.0 2.1 1.1 3.0 2.5 2.3 1.8 2.9 

3, 9, 45 Health Responsibility 

Read, browse or attend programs related to 

personal health, report unusual sign to doctor 

2.0 2.3 1.3 2.0 1.7 1.7 1.3 2.0 1.3 2.7 1.7 1.7 2.0 2.0 

5, 11, 35, 

41 

Stress management 

Balance time, enough sleep, relax, meditate 

3.5 2.3 2.0 2.0 2.3 2.0 3.0 2.3 1.8 2.3 2.5 2.5 2.5 2.0 

30 Growth 

Work toward long-term goals in my life.  

4.0 3.0 4.0 4.0 3.0 2.0 2.0 3.0 3.0 3.0 2.0 4.0 1.0 3.0 

 

Total Score 79 77 71 63 58 59 61 60 39 83 65 61 61 74 

 

5.4 Discussion 
 
The answers to the three research questions seeks an understanding of the context of SDS while 

assessing status amongst the participants. To answer RQ1, What is the intrinsic value of 

self-direction skill for participants and their current ability?, iSAT analysis highlights trends 
regarding participant’s perception of importance of certain phase of SDS and their current ability 

rating. On an average 44% perceived each of the 5 phases is very important. For self-rating on an 

average 43% were either adequate or required improvement in their skill. It highlights both the 

opportunity to support students who believe they have the skill and train others who wants to 
improve. 

Though participants perceived that the phases were important and they had the ability to 

execute the required actions in the phase, their actual practice was reported low. To answer RQ2, To 
what extent and why did the participants take technology support for the various phases of 

self-directed activities prior to the exposure to GOAL system?, we found most participants didn’t use 

the technology support for any of the phases. Some reported to use in learning context for 
vocabulary learning using mobile applications. They could plan how many new vocabularies they 

would learn and monitor progress and reflect based on formative assessments in the application. In 

the context of physical activities, some tracked steps and calorie burn during workouts. One 

participant collected data regarding her menstrual cycle in the context of health-related activities. 
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This indicates the need of specific contexts with further activity task design to enable the users to 
actively engage for developing their SDS skills.  

This observation led us to investigate a specific context regarding the personal health and 

lifestyle of individuals. To answer RQ3, To what extent did the participants practice 

health-promoting lifestyle?, we choose items from HPLP-II survey (Walker, S., Sechrist, K., & 
Pender, N. 1995). We found items related to health responsibility has lowest frequency across 

participants. This profiling would further help us to cluster the participants and track their app usage 

patterns and compare behavior outcomes.  
Though this need and context study had only 14 participants, still it was crucial for overall 

systematic design of GOAL system. With initial response of only 8 participants, the reported 

average SUS score of usability was 65.4 (s.d. 17.4) indicating marginally high acceptance (Bangor 
A., et.al. , 2008). The monthly meetings with the participants and their feedback helped to take 

design decisions during the development process and further refine our plan for the next longitudinal 

study. The ongoing pilot study highlights a gap in learning context to support 

planning-monitoring-reflection aided with personal data. Current availability of fitness trackers, 
already exposes users to tracking and monitoring physical activities. Hence, with the GOAL system, 

integrating the health and learning data would help us test common training design modules for SDS 

taking both health (more exposed) and learning (less exposed) as contexts. 
 

6. Conclusion and Future work 
 

6.1 Contribution  
 
We proposed a five-phase DAPER model of Self-Direction Skill execution and acquisition. It is 

informed from prior models of self-directed and self-regulated learning but explicitly emphasizes on 

data driven phases. We scoped to health promotion and learning activities related data. This paper 

describes the design and development of the GOAL system to synthesize health and learning data 
from multiple source. The primary focus of the system is to help learners collect, analyse, plan and 

monitor their physical and learning activities, having full access to their data. We used the LA 

infrastructure established in the Kyoto university and augmented the developed iOS application in it 
via LTI to collect the required health data. This also ensures data privacy by anonymizing the user 

identity following established LA framework (Flanagan B. & Ogata H., 2017). A sample of the 

collected data for one participant through the GOAL system is presented in Figure 7. It visualizes a 

temporal view across the day where each activity value is aggregated ever hour.  
 

 
Figure 7. Sample dataset of one student as synchronized by GOAL system 

 

6.2 Future work 
 
In this pilot study we focus on the university students, but considering the super-aging society in 

Japan, SDS in the context of learning and health are relevant for users across all age groups. It is 

necessary for a lifelong learner and to maintain healthy lifestyle. The GOAL project aims to 
contribute to the societal wellbeing by supporting the different task associated with the five phases 

of self-directed lifestyle. The work initiated with conceptualization of the DAPER model and 
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developing the iOS application, opens various future development and research agenda. Our next 
development work includes analysis of the pilot users’ feedback to modify or implement additional 

functionalities in the GOAL system. Next, we want to create a common web-based application 

which can be integrated with both android and iOS platform. After the ongoing pilot with current 

participants, we plan to develop valid metrics to identify learner behaviors and strategies based on 
their logged data. Identifying any such indicators potentially gives us scope to visualize them in the 

analytics dashboard to assist users to monitor and reflect on their behavioral trends. Based on the 

trends we can also decide about feedback strategies to the learners. The goal is to make learners 
self-directed independent of any technology support. Hence, further research is required on 

designing and studying scaffolding and fading strategies for meta-skills like self-directedness. 

Continuing with this research agenda, GOAL will then be introduced to a cohort of enrolled students 
in one course in the fall semester of 2018. We plan to conduct longitudinal study to investigate 

effectiveness for self-direction skills practiced by the learners and theorize regarding technology 

affordances to support it. 
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Abstract: E-schoolbag, as an important information technology application in the field of 

education in China, not only promote students’ learning, but also have a positive effect on 

the teaching of teachers. In order to understand the impact of e-schoolbag on the 

professional development of teachers, this study used the feedback data of 1004 Chinese 

teachers collected in the 2016 e-Schoolbag package pilot project in S city of China, and 

analyzed the impact of e-Schoolbag on the professional development of teachers from the 

perspective of teachers. We mainly examine the two dimensions of teaching ability and 

information literacy. The results showed that teachers generally think that the application of 

e-Schoolbag promotes the development of their professional abilities. However, some

factors, such as teaching ages and the length of application of e-Schoolbag, may cause

certain degrees of effect on teachers’ perception of e-Schoolbag on their professional

development.

Keywords: e-Schoolbag, teachers’ professional development, teaching ability, information 

literacy 

1. Introduction

The rapid development of information technology has gradually transformed the classroom, and it 

aims to improve the teaching and learning by optimizing the teaching process. With the rise of “1:1 

computing” and “Bring Your Own Device” (BYOD), various types of digital learning applications 

based on mobile device have become a popular study and practice theme in education in many 

countries and are seen as an effective way to promote teaching and learning. In BYOD, students 

bring personal mobile devices to school for learning (Norris & Soloway, 2011). While “1:1 

computing” refer to projects where technology is available to all students and their teachers (Bebell 

& O’Dwyer, 2010; Gu et al, 2017), and students can use mobile terminals (such as laptops and 

tablets) access the internet, digital learning resources, electronic textbooks, and so on (Guan & 

Riezebos, 2015). In China, a similar digital learning project is the “e-Schoolbag”, which emerged 

after 2010. E-Schoolbag provides a personal learning environment that integrates electronic 

textbook reader, virtual-learning tools, and connect the appropriate learning service (Zhu & Yu, 

2011). 

Different provinces and cities in China have carried out pilot projects of e-Schoolbag at 

different levels. Many explorations have been made in the application of e-Schoolbag and digital 

materials, and positive progress and results have been achieved. Moreover, many Chinese 

researchers have studied the application effect of e-Schoolbag in schools. Most of the studies 

investigated the impacts on students’ academic performance, learning experience and other aspects 

about the application of e-Schoolbag in specific subject, which is from a perspective of students and 

teachers, (Zhang et al, 2013; Guan et al, 2014). However, teachers are also the key factors when it 

comes to integrating the e-Schoolbag into the instruction system (Guan et al, 2014). It is incomplete 
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and inaccurate if we just consider its impacts on students when we study the application effect of 

e-Schoolbag in teaching. The existing research on the impact of e-Schoolbag on teachers mainly 

focuses on teachers’ understanding of e-Schoolbag, satisfaction with their use, and acceptance et al. 

(Zhou et al, 2016; Zhang et al, 2015; Zhang et al, 2015;). However, few researches studied the 

impact of the application of e-Schoolbag on teachers’ teaching ability, teaching methods, teaching 

thinking, teaching patterns, etc. Some studies have shown that the evaluation of the application 

effect of e-Schoolbag should be comprehensively in terms of academic achievement levels, skills 

development in the 21st century, development of information literacy, teachers’ professional 

development, improvement of classroom teaching quality, and reform of school systems. (Tong et 

al, 2016). Many teachers also clearly expressed their desire to transform the way of teaching and 

learning with e-Schoolbag, and gradually promote their professional development (Guan et al, 

2014). So that we should also consider its impact on the teachers’ professional development when 

we investigate the effect of the application of e-Schoolbag in teaching.  

The purpose of this study is to explore the attitude of Chinese teachers about the impact of 

e-Schoolbag on their professional development, and further analyze the influences of teaching ages 

and the application time of e-Schoolbag on teachers’ perceptions.  
 

 

2. Research Design  
 

2.1 Research Methods and Data Sources 
 

This study used the feedback data of 1004 Chinese teachers collected in the 2016 e-Schoolbag 

package pilot project in S city of China. Items were set up to investigate the impact of e-Schoolbag 

on teachers’ professional development from two dimensions: teaching ability and information 

literacy. In the survey questionnaire, the Likert scale was applied, for each topic and the five options 

count 1 to 5 points, respectively. Validity analysis of the questionnaire used structural validity 

analysis. KMO is one of the validity test indicators for the main component analysis. If the value is 

above 0.9, it means that it is very suitable for factor analysis. The SPSS 23.0 analysis found that the 

KMO value is 0.905, which is greater than 0.5, and also greater than 0.9, indicating that the 

questionnaire has a good structural validity. 

 

2.2 Participants 
 

The participants are 1004 Chinese teachers, and from elementary, middle, and high schools. In terms 

of gender distribution, most of them are female, accounting for 85.86%. We divided teaching age 

into 1 to 5 years (novice teacher) and more than 5 years (senior teacher). Most of the teachers have 

rich teaching experience, and only 33.07% of the pilots have teaching for less than five years. The 

teachers surveyed belong to different disciplines and teach mainly in Chinese, mathematics, and 

English. In the application time of e-Schoolbag, we divided it into 0~2 semesters (short-term) and 

more than 2 semesters (long-term), and the short-term accounted for 52.69%, and 47.31% for 

long-term. Basic statistical information of the sample shown in Table 1. 

 

Table 1 

Sample basic information statistics 

Independent 

Variable 
Groups Valid Sample Percentage 

Gender 
Male 142 14.14% 

Female 862 85.86% 

Teaching age 
1~5 years(novice teacher) 332 33.07% 

More than 5 years(senior teacher) 672 66.93% 

Discipline 

Chinese 333 33.17% 

Mathematics 221 22.01% 

English 202 20.12% 
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Others 248 24.6% 

Application time 
0~2 semesters(short-term) 529 52.69% 

More than 2 semesters(long-term) 475 47.31% 

 

 

3. Results 
 

3.1 Teacher’s Perception of the impact of e-Schoolbag on Teaching Ability  
 

In order to know the teachers’ perception about the impact of the e-Schoolbag on their own teaching 

ability, there are seven items in the questionnaire. By counting the scores, we got the mean value of 

1004 Chinese teachers under each item. 

  

3.1.1 The Influence of Different Teaching Age 
 

From the results of mean value statistics and independent sample t-test, we can get the teachers’ 

perception of the impact of e-Schoolbag on their teaching ability with different teaching age. Table 2 

shows that as items 1, 3, 5, the senior teachers get lower mean value than the novice teachers, which 

indicate that senior teachers have a better effect perception than novice teachers do in these three 

items. For the reverse item 7, the mean value of novice teacher is higher, which shows that the senior 

teacher feels more that the application of e-Schoolbag increases the preparation burden. Combined 

with the results of the independent sample t-test, the p-values of five items were all less than 0.05, 

which means that teachers with different teaching age, whose perception of the effect of 

e-Schoolbag on teaching ability exist significant differences in these three items. 

 

Table 2 

Teachers' Perception on Their Teaching Abilities with Different Teaching Age 

Teachers’ professional development - 

teaching ability 
Teaching age N Mean SD p-value 

1. I can achieve a high-level teaching 

objectives 

1~5 years 332 2.41 .883 
.145 

More than 5 years 672 2.39 .956 

2. My teaching ability has improved 
1~5 years 332 2.34 .914 

.042* 
More than 5 years 672 2.36 .987 

3.My instructional design has improved 
1~5 years 332 2.26 .923 

.041* 
More than 5 years 672 2.33 .990 

4. My ability to communicate, discuss, 

and generalize with students has 

improved 

1~5 years 332 2.16 .847 
.020* 

More than 5 years 672 2.16 .923 

5. I have increased my awareness of 

mastering the individual learning 

process and providing individual 

guidance 

1~5 years 332 2.08 .877 

.861 
More than 5 years 672 2.06 .874 

6. I think the integration of technology 

and discipline has promoted my 

professional development 

1~5 years 332 2.14 .846 
.027* 

More than 5 years 672 2.14 .928 

7. My workload for preparing lessons 

have been increased 

1~5 years 332 2.28 1.007 
.027* 

More than 5 years 672 2.01 .980 

 

3.1.2 The Influence of Different Application Time 
 

From the results of mean value statistics and independent sample t-test, we can get teachers’ 

perception of the impact of e-Schoolbag on their teaching ability with different application time. As 

shown in Table 3, in terms of the mean values of the first 6 positive items, the short-term teachers 
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higher than long-term teachers, while in the inverse item 7, the short-term teachers get higher mean 

values. Combined with the results of the independent sample t-test, the P values of the two items are 

less than 0.05. They are item 4, 6. That reveal that teachers with different application time exist 

significant differences in these two items in the perception of the effect of on teaching ability.  

 

Table 3 

Teachers’ Perception on Their Teaching Abilities with Different Application Time 

Teachers’ professional development 

- teaching ability 
Application time N 

Mea

n 
SD p-value 

1. My classroom teaching can 

achieve a high-level teaching 

objectives 

0~2 semesters 529 2.51 .907 
.708 More than 2 semesters 475 2.27 .944 

2.My teaching ability has improved 
0~2 semesters 529 2.47 .957 

.447 
More than 2 semesters 475 2.23 .955 

3. My instructional design has 

improved 

0~2 semesters 529 2.40 .953 
.628 

More than 2 semesters 475 2.21 .977 

4. My ability to communicate, 

discuss, and generalize with students 

has improved 

0~2 semesters 529 2.26 .909 
.038* 

More than 2 semesters 475 2.05 .875 

5.I have increased my awareness of 

mastering the individual learning 

process and providing individual 

guidance 

0~2 semesters 529 2.15 .879 

.093 
More than 2 semesters 

475 1.97 .863 

6. I think the integration of 

technology and discipline has 

promoted my professional 

development 

0~2 semesters 529 2.23 .912 

.012* More than 2 semesters 
475 2.03 .878 

7. My workload for preparing lessons 

have been increased 

0~2 semesters 529 2.06 .960 

.066 More than 2 semesters 
475 2.14 

1.03

6 

 

3.2 Teacher’s Perception of the Impact of e-Schoolbag on Information Literacy 

 
In order to know the influence of the e-Schoolbag on teachers’ information literacy, we set 7 items in 

the questionnaire. By counting the scores, we got the mean value of 1004 teachers under each item.  

 

3.2.1 The Influence on Information Literacy of Different Teaching Age 
 

Through mean value statistics and independent sample t-test, we can know that teachers’ perception 

of the impact of e-Schoolbag on their information literacy with different teaching age. Table 4 shows 

that there are three items that the novice teachers get lower mean value than the senior teachers, 

which indicates that novice teachers have a better perception than senior teachers in these three 

items. They are item 5, 6, 7. Combined with the results of the independent sample t-test, the p-values 

of items 3,5,6 were all less than 0.05, which means that teachers with different teaching age, whose 

perception of the effect of e-Schoolbag on information literacy exist significant differences. 

  

Table 4 

Teachers’ Perception on Information Literacy with Different Teaching Age 

Teachers’ professional development - 

teaching ability 
Application time N Mean SD p-value 

1.I have improved the level of computer 

operations 

1~5 years 332 2.11 .909 
.614 

More than 5 years 672 2.08 .928 
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2.I have improved my ability to obtain 

information 

1~5 years 332 2.09 .883 
.111 

More than 5 years 672 2.08 .942 

3.When facing with technical problem, I 

would like to try to solve it by myself 

1~5 years 332 2.14 .869 
.023* 

More than 5 years 672 2.08 .914 

4.I can integrate technology into the 

subjects I teach 

1~5 years 332 2.11 .884 
.180 

More than 5 years 672 2.10 .896 

5.I enjoy finding and applying the 

techniques and tools which can help my 

teaching 

1~5 years 332 2.04 .818 
.033* More than 5 years 

672 2.08 .885 

6.I can help other teachers apply 

technology to teaching 

1~5 years 332 2.22 .889 
.002* 

More than 5 years 672 2.32 .991 

7.I can use technology to teach in 

common teaching process 

1~5 years 332 2.12 .820 
.090 

More than 5 years 672 2.13 .907 

 

3.2.2 The Influence on Information Literacy of Different Application time 
 

From the results of the mean value statistics and independent sample t-test, we can know that 

teachers’ perception of the impact of e-Schoolbag on their information literacy with different 

application time. As shown in Table5, in terms of the mean value, the short-term teacher are all 

higher than long-term teachers. Combined with the results of the independent sample t-test, the P 

values of items 3,4,7 are less than 0.05. That means teachers with different application time exist 

significant differences in these two items in the perception of the effect of on information literacy.  

 

Table 5 

Teachers' Perception on Information Literacy in Different Application Time 

Teachers’ professional 

development - teaching ability 
Application time N Mean SD p-value 

1.I have improved the level of 

computer operations 

0~2 semesters 529 2.19 .909 
.421 

More than 2 semesters 475 1.98 .924 

2.I have improved my ability to 

obtain information 

0~2 semesters 529 2.19 .908 
.505 

More than 2 semesters 475 1.97 .925 

3.When facing with technical 

problem, I would like to try to solve 

it by myself 

0~2 semesters 529 2.12 .916 
.013* More than 2 semesters 

475 2.02 .871 

4.I can integrate technology into the 

subjects I teach 

0~2 semesters 529 2.21 .882 
.011* 

More than 2 semesters 475 1.98 .854 

5.I enjoy finding and experimenting 

the techniques and tools which can 

help my teaching 

0~2 semesters 529 2.16 .866 
.261 More than 2 semesters 

475 1.96 .850 

6.I can help other teachers apply 

technology to teaching 

0~2 semesters 529 2.38 .968 
.123 

More than 2 semesters 475 2.19 .939 

7.I can use technology to teach in 

usual teaching process 

0~2 semesters 529 2.21 .876 
.025* 

More than 2 semesters 475 2.00 .869 

4. Discussion 

 

4.1 Teacher’s Perception of the Impact of e-Schoolbag on Teaching Ability 
 

By analyzing the attitude of teachers’ perception of the impact of e-Schoolbag on their teaching 

ability, we can conclude that teachers have a quite positive attitude toward the improvement in their 

teaching ability through e-Schoolbag. Teachers generally believe that the application of e-Schoolbag 
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can help them to complete their teaching tasks better. For teachers with different teaching age, they 

have different perceptions of the impact of e-Schoolbag on their teaching abilities. Novice teachers 

think that the application of e-Schoolbag has a positive influence on teaching abilities and 

instructional design. Senior teachers prefer that using e-Schoolbag can promote them to reach a 

higher level of teaching objectives, and help them master individual students’ learning process better 

and enhance the awareness of giving individual guidance. However, the senior teachers’ perception 

of the workload caused by e-Schoolbag is deeper than that of novice teachers. This may due to the 

senior teachers’ acceptance and proficiency of information technology. Teachers of different 

application time of e-Schoolbag also have different perceptions of the impact of e-Schoolbag on 

their teaching ability. Teachers with short e-Schoolbag application time think that preparation work 

is a burden. Compared with teachers with a short application time, teachers who have used for a long 

time have a deeper sense of identity about the e-Schoolbag. They think e-Schoolbag can improve 

communication and interaction with students and promote their professional development through 

the integration of technology and disciplines. 

 

4.2 Teacher’s Perception of the Impact of e-Schoolbag on Information Literacy 
 

By analyzing the attitude of teachers' perception of the impact of e-Schoolbag on their information 

literacy, we can conclude that teachers have a quite positive attitude toward the improvement in their 

information literacy through e-Schoolbag. Teacher with different teaching age have different 

perceptions of the impact of e-Schoolbag on their information literacy. Novice teachers believe that 

the application of e-Schoolbag enhances the awareness of integrating assistive teaching tools and 

techniques into regular classroom. Senior teachers, however, have a deeper perception of using the 

ability to solve technology-related problems on their own. Teachers of different e-Schoolbag 

application time also have different perceptions of the impact of e-Schoolbag on their information 

literacy. Teachers with a long application time have a better perception effect. The application of 

e-Schoolbag not only enhances their awareness and ability of applying technology-assisted teaching 

in classroom, but also cultivates the ability to solve technology-related problems independently. 
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Abstract: Aesthetics of a Learning Management System (LMS) user interface can be a very 

powerful tool for supporting learning, yet it is the least considered issue in design. This 

embedded experimental study researches the differences in perceived aesthetics of web and 

mobile interfaces of an LMS and the opinions of students about the effect of these 

differences on their learning. The data was gathered from a total of 128 students of a public 

university. The data collection instruments where, (i) Visual Aesthetics of Websites 

Inventory (VisAWI) for collecting quantitative data, and (ii) individual interviews with a 

sample of 10 students completing the inventory. This study reveals that learning materials 

presented in mobile devices might need design methods specific for mobile interfaces and it 

might have a positive impact on student learning.  

Keywords: VisAWI, Aesthetics in Education, Mobile Learning, Aesthetic Perception, LMS 

1. Introduction

Following the usage of technologies, the information and all the content presented to the students 

has shifted onto various sizes of monitors and with different Graphical User Interface (GUI) designs. 

Design and aesthetics of the presented content have non-negligible effects on the way students 

perceive information and learn, analyze credibility and usability, and assign value to an online 

experience (Reyna, 2013). Aguayo et al.  (2017) highlights aesthetics as an important factor for 

mobile learning. The concept of visual pleasure in interfaces has gained attention almost 3 decades 

ago, and the researchers drove the significance of aesthetics stating that the attention to pure 

aesthetics was playing a crucial role in enhancing the interfaces to make them more understandable, 

memorable, and appealing for the users (Gait, 1985). Aesthetic judgment approaches for web page 

interface are essential for attracting the learners’ attention and assembling the students’ interest in 

using the GUI (Zain et al., 2007). Norman (2002) explains the essential positive influence of the 

aesthetics on cognitive system and competence in problem solving by causing an emotional arousal. 

Majority of the studies report the positive effects of aesthetics on performance (Douneva et al., 2015; 

Yang et. al., 2018; Buyukkokten et. al., 2000). Because the aesthetic design of the learning materials 

especially presented on mobile device screens is neglected, there is a need to differentiate between 

the online learning platforms in terms of aesthetic appeal. In this study, we compare the perceived 

aesthetics of the web and mobile user interfaces of a learning management system by investigating 

students’ overall aesthetic judgments. This study questions the need for different aesthetical design 

principle for smaller screen sizes. 

2. Literature Review

2.1 Definition of Aesthetics 
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The concept of beauty lays back to the ancient centuries. Hoyer and Stockburger-Sauer (2012) state 

that the roots of the word aesthetic derive from “aisthetikos” in Greek language that refers to the 

perception of sense. Aesthetics also is used for describing beauty. Researchers usually described the 

term as pleasant taste (Berlyne 1974a; Child 1964; Frith and Nias 1974; & Goetz et al. 1979). 

Aesthetics, from the beginning of its existence, was open to discussions about its subjectivity and 

objectivity. The academy perceived the aesthetics as a subjective concept until very recent years, 

however there are researchers who found objectiveness in the beauty.  

 

2.2 Visual Design and Aesthetic Dimensions 
 

Measuring the aesthetics have been considered as a subjective issue for a long time in the past. 

However, there are studies on the issue finding the least common denominator that there are 

objective dimensions to define aesthetics. Lavie and Tractinsky (2004) have developed an aesthetic 

measurement instrument abbreviated as “MIPVA” for any sort of user faces, which branches the 

visual perception into two different types of aesthetics: “classical aesthetics” and the “expressive 

aesthetics” (Oyibo et. al.,2018). For the last couple of years, researchers in the area of 

human-computer interaction focus on assessing aesthetics of user interface in an automated way by 

applying computational metrics for the evaluation (Zhu, 2017). In this study, the instrument VisAWI 

designed by Moshagen and Thielsch (2010) was preferred as the objectivity of other aesthetic 

instruments were open to criticism whereas evidence for the convergent, divergent, 

discriminative, and concurrent validity of the VisAWI was provided by the researchers. 

VisAWI was practical and consistent in use. The aesthetic dimensions of VisAWI are simplicity, 

diversity, colorfulness and craftsmanship. 

Simplicity is considered a dimension of classical aesthetic which mainly concerns about the 

figural beauty of the user interface elements (Moshagen & Thielch, 2010). Diversity dimension 

refers to the harmony of varied objects or elements that are present in the user interface. 

Colorfulness has been considered as having an effect on the people’s perceived aesthetics for a long 

time (Du, 2017). Craftsmanship represents the sophistication, professionalism, and skillful 

integration of all relevant design principles.  

 

 

3. Research Method 
 

In this study, we compared students’ aesthetic perceptions of web and mobile interfaces of the LMS 

used in Middle East Technical University. The primary intent of this study is to acquire a better 

understanding on the learner perceptions towards web and mobile versions of the LMS in terms of 

aesthetics. As the research methodology, embedded experimental design was used to determine the 

perceptional differences between aesthetics of web and mobile versions of the LMS. 

 

3.1 Research Questions 

 
The following research questions shed light to the entire process of this study. 

 R.Q.1  Is there a difference between students’ perceived aesthetic dimensions of web and mobile 

interfaces of the LMS with regard to the Visual Aesthetics of Websites Inventory (VisAWI). 

 R.Q.2 What are the overall perceived aesthetics of web and mobile versions of the LMS? 

 R.Q.3 What are the students’ opinions about the effects of visual aesthetics of the LMS on 

learning? 

 

3.2 Participants of the Study 
 

Participants of the study were university students from all years, taking 5 different courses offered in 

the Computer Education and Instructional Technology Department. A total of 130 students varying 

from freshmen to Master’s degree voluntarily participated in this research. Since 17 of the 

participants had involved in the pilot study at the beginning of the research in order to decide on the 
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tasks, and test the data collection instruments, their data was removed from the final data set. 

Remaining 113 students have provided their contributions in the actual study. Besides, 10 students 

who previously participated in the VisAWI accepted to spare time for the follow-up interview. 

 

3.3 Data Collection Instruments 
 

The visual aesthetic measure VisAWI was used for collecting data on visual dimensions. Moshagen 

and Thielsch (2010) developed VisAWI due to lack of an appropriate measurement for aesthetics. 

The researchers state that, majority of the aesthetic measures in the literature uses self-report 

measures such as single-item measures, ad-hoc developed scales, or single scales that are taken from 

more general instruments. VisAWI is a simple, consistent, and reliable 7-point Likert scale, 18- 

question questionnaire that is combined from four main dimensions of visual aesthetics that are 

simplicity, diversity, colorfulness and craftsmanship.  

Following the use of VisAWI, an interview guide was used to further explore the opinions of 

participants on both web and mobile versions of the LMS about aesthetics.   

 

3.4 Procedures 
 

Before collecting any data it was necessary to prepare tasks out of the most frequently used features 

of the LMS and each participant needed to perform the tasks to get equal familiarity and experience.  

A pilot study was conducted with 17 participants to test the instrument and 

understandability of the questions, and to explore the interview questions that are collected for 

supporting the quantitative findings. Four different courses at Middle East Technical University was 

selected for the actual study. The number of students from different years participating in the study 

are presented in Table 1. 

 

Table 1   

Academic Year & Gender Crosstab of Participants 

 Male % Female % 

1ST YEAR 24 21 13 12 

2ND YEAR  22 19 12 11 

3RD YEAR  13 12 14 12 

M.Sc.  8 7 7 6 

Total 67 59 46 41 

 

3.5 Data Collection and Analysis 
 

The LMS is a version of Moodle system that is aesthetically designed specific to the university. In 

this study LMS was aesthetically evaluated in terms of aesthetic dimensions presented in VisAWI, 

which are “simplicity, diversity, colorfulness and craftsmanship”. To further explain and support the 

findings of quantitative data, the qualitative data was collected via the interview guide.  

VisAWI data was analyzed with a paired samples t-test and the aesthetic scores were 

calculated by finding the mean values of each dimension. To analyze the qualitative data, answers of 

of individual participants were transcribed, converted into text, and deductive qualitative content 

analysis was performed. The supportive ideas that were caught in the qualitative data were reported 

to strengthen the reliability of the quantitative study and were used for explaining the quantitative 

research outcomes. 

 

 

4. Results and Discussions 
 

4.1 Quantitative Data Analysis Results 
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In order to compare two user interfaces of the LMS, a paired samples t-test was conducted on SPSS. 

As the results of t-test illustrates (see: Table 2), the average scores for each aesthetic factor seems to 

be relatively high. 

Table 2 

Paired Sample Statistics 

 Mean N Std. Dev. Std. Err. Mean 

Pair 1 Simplicity_web 4.89 113 1.12 .11 

Simplicity_mobile 4.52 113 1.27 .12 

Pair 2 Diversity_web 4.11 113 1.04 .10 

Diversity_mobile 3.83 113 1.12 .11 

Pair 3 Colorfulness_web 4.50 113 1.21 .11 

Colorfulness_mobile 4.36 113 1.15 .11 

Pair 4 Craftsmanship_web 4.64 113 1.07 .10 

Craftsmanship_mobile 4.31 113 1.25 .12 

 

Mean value for the Simplicity dimension for the web screen was reported as 4.89-above the average 

hence it can be said that the participants have perceived the interface of LMS designed for the web 

screen clear and structured. Similarly, the participants scored the “Simplicity” mobile user interface 

as 4.52 which is very slightly lower than that of web version, yet 1 score above the average.  

Additionally, mean score for the aesthetic dimension “Simplicity_web” has the highest 

value among all the other dimensions, while the “Diversity_mobile” dimension has the lowest score 

amongst all the other aesthetic dimensions. The relatively lower score for the diversity_mobile item 

can be interpreted as the participants have found the mobile version of LMS layout averagely 

inventive and dynamic. The overall figure demonstrates that all the aesthetic dimensions have very 

similar scores for both the web and mobile versions of the user interface. Lastly, looking at the 

overall picture, it is clear that all the mean scores of web versions are higher than the mobile versions 

(Table 3). 

 

Table 3  

Paired Samples Results 

  Mean Std. Dev. Cohen’s d t df Sig. 

Pair-1 Simplicity_web – 

Simplicity_mobile 

.37 1.2 .30 3.22 112 .00 

Pair-2 Diversity_web – 

Diversity_mobile 

.28 .88 .32 

 

3.42 112 .00 

Pair-3 Colorfulness_web- 

Colorfulness_mobile 

.14 .99 .14 1.48 112 .14 

Pair-4 Craftsmanship_web- 

Craftsmanship_mobile 

.33 .86 .38 4.06 112 .00 

 

The perceived simplicity aspect of visual aesthetics for web is significantly different than the mobile 

user interface. The perceived inventiveness and dynamics of visual aesthetics for web is 

significantly different than the mobile user interface. The perceived colorfulness of visual aesthetics 

for web is not significantly different than the mobile user interface. This result might mean that the 

students cannot distinguish between the color composition, choice and combination of web and 

mobile versions of LMS learning management system. The perceived topicality and sophistication 
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and professionalism of the interface designed for web is significantly different than that of mobile 

user interface. 

 

Table 4  

Mean Values of Individual Aesthetic Dimensions 

 Web Mobile 

Simplicity 4.89 4.52 

Diversity 4.11 3.83 

Colorfulness 4.50 4.36 

Craftsmanship 4.64 4.31 

 

Regarding the Table 4, findings of the study illustrated that; 

There was a significant difference between the perceived simplicity of the web and mobile interfaces 

of the LMS. There was a significant difference between the perceived diversity of the web and 

mobile interfaces of the LMS. There was no difference between the perceived colorfulness of the 

web and mobile interfaces of the LMS. There was a significant difference between the perceived 

craftsmanship of the web and mobile interfaces of the LMS. Students perceived both interfaces 

aesthetically better than the average. Students found the web interface of LMS better than the mobile 

user interface. Students find the web interface simpler than the mobile interface. The participants 

find both web and mobile versions of the LMS aesthetically above the average. The study also 

revealed that the students perceived both overall aesthetics and individual aesthetic dimensions of 

web and mobile versions in a different way, despite the responsive design, the same colors, and the 

same content. 

 

4.2 Qualitative Results 
 

Majority of the students stated that they find web version of LMS aesthetically pleasing. 

Surprisingly, although the quantitative analysis results show that the students found the 

craftsmanship, and simplicity of mobile version quite well designed, most of them stated that being 

obliged to scroll so much makes it hard to access the information, is time-consuming and decreases 

its sophistical design. The analyzed interviews pointed that the students have found the mobile 

version of the user interface dense by stating that there were too much content and they needed to 

scroll too much. By looking at the interviewee statements, finding the content takes more time in 

mobile user interface compared to the web version. One student stated that he could not find the 

content easily on mobile user interface, because the interface was too disordered and finding it was 

time consuming. All the participants articulated that they prefer to use web version of LMS. Except 

one of the students, all the students articulated that the aesthetics of a user interface affects their 

learning by either attracting their attention, enhancing their comprehension, motivating them, 

fastening the learning process, or contributing to their visual memory. The results are also consistent 

with the literature (Yue et. al, 2017; Bhandari et. al., 2017; Ilhan et. al.,2017). Density of the objects 

on especially in the mobile version of the interface evokes negative feelings about the learning 

material. Color preference and color combination perceived as better looking in the mobile version 

of the LMS. 
 

 

5. Conclusion 
 

Students have found both user interfaces of the LMS better than the average, yet they perceived 

mobile interface slightly less aesthetical compared to the web interface. Students value the power of 

aesthetics of the LMS in learning and agree that it contributes to learning by increasing motivation, 

enhancing comprehension, triggering visual memory, and by organizing information in a 

meaningful manner (Ilhan, 2017). Students’ perceived aesthetics differ based on the device used. 

The perceived aesthetics of web version of the LMS and mobile version of the LMS were 
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significantly different although the aesthetic elements were the same for both of the designs, as it 

was a responsive design. Regarding the results we can suggest that mobile user interface should be 

treated differently than the web interfaces. Different design principles and aesthetic designs should 

be proposed for the mobile UI. A suggestion for the future study is to change the evaluated user 

interface because it is obviously not possible to generalize the findings related with the effect of 

aesthetics in learning by solely investigating it using one learning material. Web and mobile specific 

user interfaces of a variety of different web based learning tools can be used. 
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Abstract: Students’ perceptions of collaboration and satisfaction are key factors that affects 

students’ dropout behavior. In this study, an online collaborative learning approach which 

integrated intra-group and inter-group discussions was proposed. Through questionnaire 

survey and interview, this study explores Chinese undergraduate students’ perceptions of 

collaboration and satisfaction in an online collaborative learning activity. The results 

showed that students took a positive attitude to the process of collaboration and were 

satisfied with the online learning activities. Finally, some suggestions about design and 

implement online collaborative learning activity were proposed. 

Keywords: Perceptions of Collaboration, Satisfaction, Online Collaborative Learning 

1. Introduction

With the rapid development of Information and Communication Technologies (ICT), more and more 

university teachers in China attempt to provide online learning opportunities for students. Compared 

with traditional learning activity, online learning provides diversified and personalized environment 

for students’ independent learning and collaborative learning. Students in online learning 

environment can share learning experience and co-construct knowledge by means of interaction 

(Zhang, Liu, Chen, Wang, & Huang, 2017). Despite the promise of online learning activity, students’ 

dropout rates are disappointing, and online collaboration often appears disjointed conversations 

(Marbouti & Wise, 2016). Students’ perceptions of collaboration and satisfaction are key factors 

that affects students’ interaction and dropout behavior (Cheng & Chau, 2016; So & Brush, 2008). 

In another aspect, in order to improve students' learning enthusiasm and provide more opportunities 

for students to communicate and collaboration, teachers often organize intra-group and inter-group 

discussions. Studies showed that the interaction between learners in online learning environment 

was an important indicator of learners' perceived satisfaction (Luo, Zhang, & Qi, 2017; Yang, Li, 

Guo, & Li, 2015). Although there are a large number of studies on students’ interactive network and 

perception, the research on the effect of online learning approach integrating intra-group and inter-

group discussions on students’ perceived collaboration and satisfaction is less concerned. This study 

explored students’ perceptions of collaboration and satisfaction in an online collaborative learning 

activity and attempt to provide suggestions about design and implement online collaborative 

learning activity. 

2. Background

This study was conducted in the course of Introduction to Educational Technology that lasted for 18 

weeks with 3 credits. Due to the conflict between rich teaching contents and short teaching time of 

this course, the teacher designed a three stage online collaborative learning approach. The actual 
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online collaborative learning lasted for 3 weeks, and each collaborative stage took nearly 1 week 

with the teacher intervention.  

In the first week, teacher posted a problem and some related resources on the Rain 

Classroom (see section 3). Group members used QQ to discuss the problem asynchronously and 

reached a preliminary agreement. Finally, each group submitted a courseware to show their group's 

conclusions. 

In the second week, teacher first shared each group’s courseware in the class. Every student 

was asked to read the content of the courseware in advance, and finally teacher organized a 

synchronous class discussion, and the aim was to promote the participation and engagement of class 

members. 

In the third week, each group modified the courseware of their group on the basis of class 

discussion and shared the final courseware in the class. 

Finally, the teacher and students summarized the answers of the target problem and each 

student submit a reflective journal to the teacher. 

 

 

3. Online learning environment 
 

In this study, we integrate the Rain Classroom (http://ykt.io/) and QQ to create an online learning 

environment. The Rain Classroom can provide many teaching functions, including organizing 

classroom teaching, posting problems, sharing resources, and collecting students’ answers. QQ can 

support information release, synchronous and asynchronous discussions. In this study, we used the 

QQ to organize online discussion groups (see Fig. 1). 

 

   
Fig 1. The interface of Rain Classroom (left) and QQ (right) 

 

 

4. Methods 
 

4.1 Participants 
 

The participants were 48 first year students from one class of a university in central China. Nineteen 

of participants were male (39.6%) and twenty-nine were female (60.4%). Before this study, the 

participants did not have prior experience in collaborative learning, and drew their computing skills 

mainly on the computer course. Students teamed up and each group consisted of three to six students. 

All the students were divided into 13 groups and each group recommended a leader to organize and 

coordinate their online learning activities. All the demographics and related information of students 

were replaced with a serial number as identification. 

 

4.2 Instruments 
 

4.2.1 Perception of collaboration scale 
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The perception of collaboration scale was modified from Lee and Tsai (2011) and had six five-point 

Likert-type items ranging from 1 as strong disagree to 5 as strongly agree (see Table 2). The higher 

the rating score, the higher students’ perceptions of online collaboration. The reliability of the 

original instrument is higher than 0.844 (Cronbach’s alpha). 

 

4.2.2 Satisfaction scale 
 

The perception of satisfaction scale was modified from Bolliger and Halupa (2012) and had eight 

five-point Likert-type items ranging from 1 as strong disagree to 5 as strongly agree (see Table 4). 

The higher the rating score, the higher the perception of the satisfaction. The reliability of the original 

instrument was 0.91 (Cronbach’s alpha). 

 

4.3 Data collection and analyses 
 

Questionnaire survey and depth interviews were employed in this study. The questionnaire of pre-

survey consisted of a set of demographics items of students, including student IDs, Gender, 

Computer Skills, etc., and perceptions of collaboration. The questionnaire of post-survey consisted 

of the demographics items, perceptions of collaboration and satisfaction. All the students of this 

class had participated in the pre-survey and the post-survey, and the response rate was 100%. The 

results of the questionnaires were analyzed by using the STATISTICA software. The reliability of 

the perceptions of collaborative scale was 0.905 (pre-survey, Cronbach’s alpha), and 0.898 (post-

survey, Cronbach’s alpha), and the reliability of the satisfaction scale was 0.916 (Cronbach’s alpha), 

which indicating that the internal reliabilities were sufficient. The Shapiro-Wilk test was used to 

check the normality of distributions of the measured items’ values of the two questionnaires and the 

results were significant (p=.000), showing the measured items of the two questionnaires did not have 

normal distribution of data. Face to face interview were adopted with the teacher and 5 students 

(female=3, male=2) of the class using purposeful sampling (Maxwell, 2013) when the online 

learning activities were finished. Each interview lasted between 15 and 20 minutes. All interviewees 

names were replaced with pseudonyms. The results of questionnaires and interviews were combined 

in the results section. 

 

 

5. Results 
 

5.1 Students’ perceptions of collaboration before and after the online collaborative learning 

activities 
 

Table 2 shows the means and standard deviations for students’ perceptions of collaboration before 

and after being involved in online collaborative learning activities. All the means are higher than 3 

in two surveys which means these students took a positive attitude to the online collaborative 

learning experience. Before the online collaborative learning activities, students had the strongest 

perception in providing feedback to peers’ ideas, and the lowest perception in sharing learning 

materials. After the online collaborative learning activities, students had the strongest perceptions in 

reading and reviewing learning materials, and the lowers perceptions in providing feedback to peers’ 

ideas. 

 

Table 2 

Means and Standard deviations for perceptions of collaboration 

 Pre-survey Post-survey 

Question Mean Std.Dev Mean Std.Dev 

It is important to actively discuss problems with peers in 

online learning activities. 

4.16 1.027 4.55 0.561 
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It is important to share learning materials with peers in 

online learning activities.  

3.83 1.001 4.52 0.690 

It is important to provide feedback to ideas suggested by 

peers in online learning activities. 

4.22 0.951 4.28 0.701 

It is important to share learning experiences with peers in 

online learning activities. 

4.16 0.996 4.50 0.563 

It is important to use online learning information provided 

by peers. 

4.20 0.946 4.38 0.655 

It is important to read and reviewed learning materials 

before online learning activities. 

4.19 0.941 4.63 0.604 

 

Table 3 

Means and Standard deviations for perceptions of satisfaction 

Question Mean Std.Dev 

I am satisfied with the online learning environment (the Rain Classroom and QQ), 

because I can participate in the online discussion by using mobile phone easily. 

4.30 0.903 

I am satisfied with the theme and content of online discussion, because I can apply 

what I have learned in many different situations. 

4.28 0.826 

I am satisfied with the accessibility and availability of the teacher. 4.16 0.895 

I am satisfied with how much I can relate to other students. 4.00 1.141 

I am satisfied with the flexibility of the online collaborative learning activities 

afford me. 

4.25 0.926 

I am satisfied with the quality of interaction between all students. 4.38 0.701 

I am satisfied with my performance in the online collaborative learning activities. 4.11 0.819 

I am very satisfied with this course and will recommend this course to others. 4.31 0.941 

 

Wilcoxon-Mann-Whitney test (Fay & Proschan, 2010) was used to determine whether there 

was significant mean difference between students’ perceptions for collaboration before and after 

being involved in online collaborative learning activities. The results showed that the increase of the 

perceptions of collaboration were at the significance level (Z=-2.080, p=0.038). The findings 

indicated that interaction and collaboration in online learning activities have a significant effect on 

students’ experience in collaboration.  

 

5.2 Students’ perceptions of satisfaction 
 

Descriptive statistics were conducted to examine students’ perceived satisfaction scores. Table 3 

shows the means and standard deviations of students’ perceived satisfaction scores after the online 

collaborative learning activities. All the sample means are higher than 4.0 which means these 

students felt very satisfied with the online collaborative learning experience. Students reported the 

strongest perceptions of satisfaction with the quality of interaction between peers (4.38), and the 

lowest perceptions of satisfaction with the relationships with other students (4.0). 

 

5.3 Interviews 
 

Most of the interviewees were positive about the online learning environment. 

“I am satisfied with the process of online discussion. QQ can record the content of online 

discussion, so I can participate in the discussion at any time.” (Student A, Female) 

“I can use the Rain Classroom and QQ easily. I will read the materials in Rain Classroom, 

and actively participate in the QQ discussion when I see someone posting.” (Student B, Male) 

Some students admitted that they did not perform well during the online learning activities. 

“I don’t have the awareness to preview the learning materials before class. I only read the 

learning materials when needed.” (Student C, Male). 
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“If someone propose interesting but irrelevant topics, our discussion will beside the 

question. Moreover, many messages in QQ quickly disappeared.” (Student D, Female). 

“During the process of online discussion, someone have been silent. If they are asked to give 

a simple response (agree or disagree), this will promote their participation.” (Student E, Female) 

The teacher also encountered a lot of problems: 1) how to arouse students’ learning 

interesting, 2) how to pay attention to the online discussion of each group in time, and 3) how to 

highlight the off-topic phenomena for online discussion timely. 

 

 

6. Conclusions and implications 
 

After being involved in the online collaborative learning activities, students’ perceptions of 

collaboration had increased. This finding was consistent with previous studies. Lee and Tsai (2011) 

suggested that students perceived higher level of collaboration in internet-based learning 

environment. The result of a study (Kurucay & Inan, 2017) with 77 students registered into an online 

course showed that students’ perceptions of collaboration increased after being involved in online 

discussion. One interesting finding was that students had the highest perception of posting comments 

in the pre-test, but in the post-test, students had the lowest perception of posting comments. This 

finding was different from previous study. A study examined Turkish college students’ perception of 

collaborative learning and perceived learning, results showed that these students had a positive 

attitude towards sharing learning experiences (Top, 2012). The reason may be that the comments 

made by students were not evaluated by their classmates, or the comments posted during class 

discussions disappear too quickly to be noticed. Comments posted were not valued, which affected 

students' perception of collaboration. 

This study possesses several limitations which require further studies. Firstly, some students 

came from the same dormitory, these students had a lot of face-to-face discussions during the process 

of online discussions. Face-to-face and online discussions together had an impact on students’ 

perceptions of collaboration and satisfaction, but face-to-face data was hard to collect. Secondly, in 

the process of class discussion, students' posts disappeared quickly due to the large number of 

participants, which made it difficult for them to keep up. Therefore, it is suggested that teachers 

should pay attention to face-to-face data collection in the process of organizing and implementing 

online collaborative learning. At the same time, teachers are advised to summarize students’ views 

in time when organizing class discussion, so as to avoid the disorder and digression of the class 

discussion. 
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Abstract: The progress of mobile devices and augmented reality (AR) plays a great role in 

integrating information technology and classroom teaching. By integrating field research 

into exploration-based experimental teaching activities, this study developed an interactive 

AR physical-simulation experimental procedure and created an evaluation model of 

Knowledge- Attitude-Process teaching objectives. During classroom teaching, the AR 

physical-simulation experimental procedure can present experimental models intuitively to 

encourage students to really interact with the AR experimental environment and enhance 

learning and teaching effects of experimental courses. This study researched influences of 

the procedure on achievement of teaching objectives of students. In this study, 70 

eighth-grade students were randomly divided into an experimental group and a control 

group. According to descriptive statistics analysis of results of pre-tests, post-tests and 

questionnaire surveys, the achievement degree of teaching objectives of students who used 

this procedure was better than that of those who used an ordinary physical-simulation 

laboratory. Therefore, the interactive AR physical-simulation experimental procedure 

played an active role in helping students master scientific experiments and improving their 

inquiry ability. 

Keywords: Augmented reality, Interaction, Scientific inquiry 

1. Introduction

With the gradual popularization of the internet and mobile terminals, the potential of AR in 

education and teaching has been greatly developed and AR has been used as a new tool in respect of 

stimulating learning motivation, creating a learning environment and spanning time and space. 

AR-related studies indicated that the introduction of AR increases possibilities of education 

and teaching. However, now there are still many problems relating to educational application of AR, 

such as simple presentation modes, shallow interactions and difficult popularization, and 

phenomena, including superficial integration of technology and teaching and unreasonable design of 

teaching activities. 

This paper selected physics, a subject with high suitability of AR, to explore influences of 

interactive AR software on the achievement degree of Knowledge - Process - Emotional Attitude 

(KAP) teaching objectives of students through empirical research and contrast experiments. This 

paper is based on curriculum standards of high school physics and the syllabus of physical 

experiments, designed an interactive AR application program and a teaching program of 

experimental. 
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2. Related Work 
 

2.1 Overview of AR 
 

The integration of AR with other research fields stimulates its potential to produce new 

characteristics and functions. In terms of its integration with education, many researchers have 

studied the application. Shelton and Hedley (2002) applied AR-Tookit to the development of an 

earth-sun relation system for explanation of abstract concepts, which showed that AR could improve 

teaching effectiveness by enhancing resource visualization. Other AR-related studies indicated that 

application of AR to education could deepen understanding of learners about their learning contents 

(Albrecht, Folta-Schoofs, Behrends, & Von Jan, 2013); offer opportunities of hands-on practice to 

learners to improve their operational ability(Akçayır, Akçayır, Pektaş, & Ocak, 2016); improve 

learning participation and ability of cooperation and exchange of students during cooperative 

learning(Lin, Duh, Li, Wang, & Tsai, 2013); adapt to learning needs of different students and 

enhance teaching effectiveness to maintain learning motivation of students(Di Serio, Ibáñez, & 

Kloos, 2013). 

 

2.2 AR improves the achievement degree of objectives of physics courses 
 

In addition to its characteristics above, application of AR in education has covered various contents. 

According to analysis on AR and education from 2011 to 2016 carried out by Yu, LI, and Liu 

(2017), nearly half of AR education applications were related to natural sciences. This is probably 

because visualization of microscopic and abstract contents and real-time interactive scenes realized 

through AR can provide a solution for training students with four core quality of physics, namely 

scientific knowledge, scientific methods, scientific spirit and attitude and scientific applications, and 

highlighting the status of experimental subjects during the K-12 stage.  

There are successful application cases about empirical research on AR learning environment 

of physics courses. For the impact of AR on the T&L, Jerry and Aaron (2010) conducted a 

qualitative and quantitative study in form of Inquiry based Learning showing that AR intervention 

had a positive effect on both students' learning attitude and academic achievement on Kinematics 

graph analysis. AR-SaBEr, a simulation tool based on augmented reality was designed and 

suggested effective as the learning environments of basic principles of electricity in different support 

for recommending activities(Ibáñez, Di Serio, Villarán-Molina, & Kloos, 2015). The study on 

teaching of the AR double-slit interference experiment conducted by (Wang, Zhang, Xue, & Cai, 

2018) also verified that AR played a significant role in promoting auxiliary teaching and motivating 

students to learn. 

To sum up, AR applications have covered teaching of the whole subject of physics and show 

a great potential in teaching practice. However, at present, most of studies focus on impact of AR on  

students’ interests and attraction and ignore the holistic study on effects on the achievement of 

teaching objectives. Therefore, this paper carried out a comparative study on achievement of 

teaching objectives with an interactive AR physical-simulation experimental procedure.  

 

 

3. Method 
 

3.1 Program development  
 

The app used Unity 3D to build model and Vuforia to develop the Augmented Reality function. The 

Vuforia can be download from the website. 

 

3.1.1 Content selection 
 

The single slit diffraction is a lesson in Elective Physics 3-4 of the PEP edition. Due to expensive 

equipment, difficult observation and abstract principles of this experiment, we chose single slit 
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diffraction as the presentation content of the AR program and helped students to explore rules by 

three pictures and virtual buttons. 

 

3.1.2 Introduction of functions 

 
The influences of functions of AR software on studying different variables of fringe presentation 

were determined, where modules included: a wavelength-fringe module, a single slit spacing-fringe 

module and a distance-fringe module. 

 

3.2 Teaching design 
 

The teaching design was finished with the ASSURE model. The ASSURE model of teaching design 

was put forward by Robert Heinich, an educational technologist, in “Instructional Media and The 

Technologies for Learning” in 1989. It is an abstract scheme for instructional systems design and 

implementation, which shows specifically and realistically how media fit into the daily life of the 

classroom. (Heinich, 1999) 

The course was designed for eighth-grade students aged between 12 and 14, who can 

conduct presupposition thinking through hypotheses with some self-awareness and monitoring 

ability and break the stereotype thinking. In respect of initial capacity, these students had never 

touched knowledge about single slit diffraction and generally had great interest in and a positive 

attitude toward physical experiments. 

According to Bloom's taxonomy of educational objectives and learning contents, we stated 

educational objectives by the ABCD method and set up expressive objectives. 
Students of two groups carried out the experiment with the interactive AR 

physical-simulation experimental procedure and the SeeLight virtual-simulation experiment 

platform of an optical system (http://www.seelight.net/) respectively. 

 

3.3 Experiment 
 

With the implementation of Curriculum Reform in Fundamental Education aimed at building the 

fundamental education curriculum in the 21st century, Zhong qiquan proposed the three-dimensional 

goal to emphasize the achievement of knowledge and skills in the course objectives, process and 

method, emotional attitude and values (Zhong, 2011). The Knowledge-Process-Emotional Attitude 

three-dimensional scale was used to build the KAP teaching model. As shown in the Figure 1. 

 

 
Figure 1. The KAP model 

 

3.3.1 The process in class 
 

This study selected the Second Junior Middle School of Wuqiao County, Cangzhou City, Hebei 

Province as its experimental school and set up a 35-student experimental group (Class A) and a 

35-student control group (Class B). Teachers of both Class A and Class B were members of the 

subject group with teaching experience.  

The lesson was taught in both classes at the same time for 100 minutes. Teachers created 

scenes, led students to think, design the experiment, operate and exchange. In Class A, the 
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self-developed AR program was used in the exploratory link, while in Class B, the teacher played an 

animation film of experimental investigation in a virtual simulation environment for the link. In 

order to control variables, conditions were the same (such as pictures, teaching media and links used 

by teachers) except tools used in the exploratory link. Figure 2 shows the actual scene of teaching 

with the app. 

 

   
Figure 2. Students in Class A used AR software in an Android system to explore 

 

3.3.2 Data acquisition 
 

According to the established teaching objective model, we tested students and collected data from 

perspectives of Knowledge, Process and Emotional Attitude. 

For knowledge: In terms of knowledge of students, we chose five choice questions as basic 

questions and one matching question as an extended question in accordance with the teaching 

content.  

For process: As for measurement of scientific inquiry of students, we combined pre-tests 

with post-tests and applied comprehensive tests to inspections of students. Students were asked to 

answer a physics question on the basis of their understanding. We evaluated from perspective of 

experimental design, experimental analysis and experimental specifications in line with answers of 

students.  

For emotional attitude, Adams et al. (2006) proposed the Colorado State University scale 

about scientific attitude and verified its reliability and validity. In this study, this scale is simplified 

as Table 1. 

 

Table 1 

Scale about Physical Experiment Attitude(Partial) 

No. Dimension Positive statement 

1 A I think that physical experiments are necessary. 

2 B I think I can conduct physical experiment well if I work hard. 

3 C I like to experiment independently. 

… … … 

 

In Table 1, A represents cognitive dimension, B represents emotional dimension, and C 

stands for behavioral tendency dimension. 

 

 

4. Result 
 

4.1 Knowledge 
 

We conduct descriptive statistics on basic and extended questions. The results are shown in the 

Table 2. Then a T-test was performed on the total scores of the two classes of knowledge subjects, 

Sig = 0.025 < 0.05. There are significant differences between the two classes. The results of the 

extension subjects are significantly higher than those of class B. It shows that the AR interactive 

program can improve students' knowledge mastery, especially the more difficult extension 

problems. 
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Table 2  

Descriptive Statistics of the Results of Knowledge Test 

Subject Basis Extension 

Statistics AVERAGE Sd AVERAGE Sd 

Class A 4.6 1.03 4.24 1.37 

Class B 4.03 1.74 3.23 1.42 

 

4.2 Process 
 

We performed the statistical analysis method ANCOVA on pretest and posttest results of the 

scientific inquiry process subjects of two classes. The result of covariance analysis is 

Sig.=0.078>0.01. It means after eliminating the difference between the pre-tests, the difference 

between the two classes is not significant. However, after eliminating the difference between the 

pretests, the average score of posttest of class A is 2.149 and the average score of B is 1.560. It shows 

that the use of interactive AR program can benefit students' scientific inquiry process to some extent. 

As is shown in the Table 3. 

 

Table 3 

Data Analysis of Process Test-Estimated Marginal Means 

Class Mean Std. Error 
95% Confidence Interval 

Lower Bound Upper Bound 

A 2.149a .225 1.699 2.599 

B 1.560a .218 1.124 1.996 

 

4.3 Emotional Attitude 
 

Attitudes are divided into cognitive dimension, emotional dimension, and behavioral inclination. 

We performed descriptive statistics and a Paired Sample T tests on the results of A-class attitude 

scales. From Table 4, it can be seen that average value of the three dimensions has increased. There 

was no significant difference between the two dimensions of cognition and emotion, and there was a 

significant difference in the dimension of behavioral tendency. 

The explanation for this phenomenon is that "cognition" refers to the understanding of the 

physical experiment itself, and "emotion" refers to the preference for physics experiments. Before 

the experiment, we analyzed the learners. The three interviewed students all said that “I think 

physics experiment is very important” and “I like to do physics experiment”. So we think that the 

students have reached a higher level in these two aspects. For both pretest and posttest, the score 

rates of Classes A and B have reached more than 80%. This level has been difficult to improve, so 

the development of this course has not caused significant impact. 

 

Table 4  

Descriptive Statistics of the Results of Process Test of Class A  

 Pretest Posttest 

Statistics AVERAGE Sd AVERAGE Sd 

Cognitive 8.64 0.93 9.36 1.48 

Emotional 11.42 1.51 12.33 1.54 

Behavior 13.73 1.68 15.91 1.76 

 

5. Conclusion & Discussion  
 

During the study, the interactive AR program developed independently was used to conduct 

physical experiment teaching, and the data was collected by questionnaire to explore its research on 
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the attainment of teaching objectives. The experimental results show that the interactive AR 

program has a positive effect on the achievement of teaching objectives.  
It needs to be emphasized that in order to reasonably apply AR program in the real teaching 

situation, it is necessary to attach importance to the design of teaching resources, teaching activities 

and teaching evaluation, etc. corresponding to AR program. We need to control all aspects of the 

physical experiment." This is the part that needs to be paid attention to in the practice of technology 

integration class represented by AR technology. 

In future studies, we will use AR technology cycle longer experimental research, to explore 

the application of AR technology for students is relatively stable characteristics (such as 

interpersonal skills, subject ability, etc.). In addition, how to improve the development and 

application of AR technology according to the feedback result of students is also one of our tasks. 
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Abstract: Continued innovation in networked digital technologies brings both opportunities 

and challenges to educators, educational system designers, and policy makers. This situation 

is exacerbated in developing countries where there is marked disparity of educational 

opportunities and achievements compared with developed countries. With a global 

population having one out of five children out-of-school, UNESCO’s agenda of quality 

‘Education for All’ demands attention to a deteriorating situation. Advancements in learning 

technologies continue to be seen as key to solving the disparities with increasing diversity in 

the design, development and implementation of educational technology initiatives. This 

paper proposes a framework for underprivileged communities in Pakistan who do not have 

access to good schools, teachers and libraries. Contextualizing adaptable learning support, 

scalability of initiatives, and development of sustainable policies, however, is a continuous 

challenge. In reviewing relevant ‘stand out’ initiatives during the last two decades and 

socio-technological impacts on the communities they served, we discuss a range of issues 

and stakeholder perspectives framed by challenges arising from technological, pedagogical 

and localized perspectives. Principles are identified that might assist contextualized learning 

support models for remote and underprivileged communities, and a way forward is proposed 

in terms of a sustainable, scalable and adaptable teaching and learning model. 

Keywords: Mobile technology, ICT, educational technology, developing countries, 

underprivileged, innovation models 

1. Introduction

Rapidly progressing development of Information and Communications Technology (ICT) through 

mobile devices and wireless technologies has established a solid foundation for alternate 

trends where teaching and learning is no longer dependent on specific time, place, and even the 

teachers (Hussain, 2013). Innovation in e-learning is simultaneously supporting learners in remote 

areas; however, harnessing what can sometimes be perceived as disruptive learning strategies and 

styles through pedagogical and technological innovation poses a challenge to governments and 

educational system designers. 

One of the most recurring issues faced by policy makers regarding the use of educational 

technology for underprivileged communities relates to the design, development and implementation 

of appropriate solutions (Trucano, 2014). Most of these pedagogical and technological innovations, 

product, services and models are initiated from the developed countries, and decision/policy makers 

in developing countries with a completely different set of challenges ‘import’ these technologies to 

their environments. Adoption of educational technologies without context-aware development 

results in either a failure, or become too expensive to afford, and subsequently provide evidence that 

use of Educational Technology in underprivileged context is not an implementable concept 

(Trucano, 2017). Thus, the purpose of this short paper is to present an initial comparison of 

educational technology initiatives undertaken at different geographical locations, associated 

technological and financial capacities, and approaches to solve the problems; however, effectiveness 

of these initiatives is not discussed. This paper thus represents an initial step within a broader 

research agenda aimed at specifying a framework for out-of-school learning to serve 
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underprivileged communities in Pakistan. In pursuing this focus some lessons from the literature and 

the projects are discussed. 

 
  

2. Challenges for 21st Century Education 
 

2.1 Global Perspectives 
 

Global educational stakeholders have initiated numerous programs and initiatives to take advantage 

of contemporary ideas, methods and technologies, with aspirational educational agendas focusing 

towards 21st century skills to overcome the emerging global challenges. For example, ‘Education for 

All’ (EFA) was initiated by UNESCO in 2000 to provide primary education to all children by 2015, 

and Millennium Development Goals (MGD) were set by UNDP, UNESCO, UNICEF and the World 

Bank to help reduce uneducated youth (UNESCO, 2007). Despite all these initiatives, one out of five 

children, adolescents, and youth globally is out-of-school, and the progress in recent years to 

improve the situation had declined drastically (UIS, 2018).   

 

2.2 Disparity in Educational achievement – Developed versus Developing Countries  

 
The world is shifting from top-down external drivers to a combination of top-down and bottom-up 

approaches such as Web 2.0, where blogs are replacing website, and Wikipedia is replacing 

Britannica, creating innovative learning models to tackle the significantly changing factors in the 

world leading to new dimensions of literacy (Anderson, 2009). In Australia, Gonski (2011) 

highlighted that students must also develop a capacity for problem-solving and decision making; 

creative thinking; collaboration, communication, and negotiation; technology and innovation in 

addition to mastering core skills. Increased focus on inquiry-based learning and design thinking in 

21st Century learning skills have resulted in a major shift in the purpose and mechanism of teaching 

and learning – from content delivery to building student capacity (Alexander, et al, 2013). 

 Statistics from global monitors show that these 21st Century trends are being adapted 

effectively by the developed countries, whereas the low and medium income levels developing 

countries are far behind in this race. For example, in OECD countries, on average, only 6% adults 

have not gone further than primary education, whereas the average percentage of out-of-school 

secondary age students in Sub-Saharan Africa is 58% and that in Southern Asia is 48% (UIS, 2018). 

Multi-Government projects like Assessment and Teaching of 21st Century Skills (ATC21S), have 

been initiated in developed countries with focus on skills like collaborative problem solving, 

communication and enhancing student learning in key learning areas (Alexander, et al., 2013), 

whereas 58 million children are out of school globally and around 100 million children do not 

complete primary education. The world's poorest children are four times more likely not to go to 

school than the world's richest children, and five times more likely not to complete primary school 

(UNESCO, 2015).  

 

2.3    Pakistan – Education and Out-of-School Children Status  
Education plays an important role in building foundations of any country. In Pakistan, most of the 

out-of-school children are residing in remote, rural or underprivileged city areas. There are 

particular challenges in providing quality education in these areas including shortage of good 

teachers in these areas, the hidden child labor challenge, affordability and cultural barriers to pursue 

educational goals (Titola-Meskanen, 2014).  Socioeconomic status (SES) of the family presents its 

social and economic position in the society. Education of parents, their income and occupation 

determine the socioeconomic class (SEC) of any family and considered the decisive factors for 

attaining the level of respect in the society (Ghazi et al., 2013). The quality and standard of education 

in rural areas are going down, and thus increasing urban/rural disparities and inequalities in Pakistan, 

which is creating the learning crisis in low-income rural areas (Agrawal, 2014). The funds granted 

by the international funding agencies are not being utilized effectively and hence there the education 

sector in Pakistan is badly affected in last few decades (Khan et al., 2016). 
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3. Role of ICT in spreading education globally 
 

3.1 ICT initiatives in underprivileged context 
 

The ubiquitous use of mobile technology in developing countries has opened new avenues to 

innovative educational opportunities, equity, and quality. Where the main reasons behind 

out-of-school secondary level children are poverty, location and gender (UNESCO, 2011), learning 

models based on mobile technology can provide access to people living in remote locations without 

schools, teachers and libraries (Abu-Al-Aish, 2013). M-learning provides the learner the leverage to 

decide what, when, where, why and how to learn because of its usability, accessibility, and 

affordability, making it an individualized, personalized and highly interactive learning (Ally, 2009; 

Cobcroft, 2006).   

 

3.2 Entrepreneurial Initiatives in Educational Technology 
 

A significant increase in availability of mobile devices and wireless technologies is observed in 

developing countries during the last two decades and its socio-technological impact on the overall 

education system is revolutionary. From the government ranks to newly established tech startups, 

emerging pedagogical and technological innovations are evident in every region of the world at the 

academic research and practical implementation levels (Trucano, 2014). Many segments of the 

global society have initiated ‘stand out’ innovation – examples include technology innovation 

leaders MIT Media Lab with One Laptop per Child in providing, low cost, solar powered laptop to 

educate the poorest children of the world, Kio Kit in Kenya, comprising a box of 40 tablets to turn 

any classroom into digital classroom, mobistation in Uganda, in the form of a mobile classroom with 

briefcase having a solar powered multimedia kit, SMS Education in Pakistan, Same Language 

Subtitling (SLS) in India focusing on utilizing available technologies to augment learning with the 

underprivileged communities, and project Hole in the Wall, providing elementary education and life 

skills through peer learning (Dangwal, 2011). ‘Leapfrogging Inequality’ has identified around 3000 

global education innovations, the largest of such collection to date, with an aim of facilitating 

research and fresh innovation (Trucano, 2017).  In Table 1, we highlight some ‘stand out’ projects. 

 

Table 1 

Comparative Factors of Educational Technology Initiatives for School age children  

 

Project 

Name 

Community 

in Focus 

Desired 

Learning 

Outcomes 

ICT 

innovation  

Learning 

Style 

Consideration 

of local 

Context 
One laptop per 

Child (OLPC) 

(Initiated by 

MIT Media 

Lab in 2005) 

Poorest 

Children of the 

world 

Globally connected 

learning community 

Low-cost, solar 

charging laptops 

Self empowered 

learning 

Very low 

(Global 

pedagogy 

design) 

Hole in the 

Wall (Initiated 

in India in 

1999) 

Disadvantaged 

communities 

of rural and 

urban slums 

Improving 

elementary 

education & life 

skills 

Wall mounted 

computer 

Minimally 

Invasive 

Education 

(MIE) 

High 

(pedagogical 

design suited to 

local audience) 

SMS 

Education 

(Initiated in 

Pakistan 

in201 ) 

Children and 

their parent 

from all 

communities 

Personalized 

learning and 

progress monitoring 

Mobile phone 

Short Message 

Service (SMS) 

Subject Quizzes 

and vocabulary 

building 

High (Teaching 

material can be 

easily localized) 

Same 

Language 

Subtitling 

(SLS) 

(Initiated in 

India in 2013) 

Weak readers 

in India 

Enhanced reading 

skills 

TV & videos 

with Same 

Language 

Subtitling (SLS) 

Karaoke for 

songs and 

videos 

High (Learning 

material suited to 

local taste) 
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Alternative 

Learning 

System (ALS) 

(Initiated by 

Philippines 

government in 

2004) 

Filipinos who 

cannot attend 

regular formal 

education 

Formal and 

non-formal 

education access to 

all 

Parallel learning 

system through 

Community 

Learning Centres 

(CLC) 

Community 

based learning 

environment 

Very High 

(Volunteer 

instructional 

managers are 

from local 

community) 

Kio Kit 

(BRCK) 

(Initiated in 

Kenya in 

2013) 

Rural areas 

school 

students 

Quality education to 

rural students 

A box of 40 

simultaneously 

charging tablets 

connected 

through BRCK 

Turning any 

classroom into 

digital 

classroom 

Medium 

(Educational 

content prepared 

centrally for all 

users) 

Mobistation 

(Initiated by 

UNICEF 

Uganda in 

2013) 

Schools and 

Health Centres 

in Rural 

Communities 

To overcome 

challenges in 

providing quality 

education 

Solar powered 

multimedia kit in 

a portable 

suitcase 

Learning 

anywhere 

through 

portable kit 

Medium 

(Educational 

content prepared 

centrally for all 

users) 

SabaqPk 

(Initiated in 

Pakistan in 

2012) 

School 

children from 

all 

communities 

Quality educational 

content in local 

language 

Topic-wise 

educational 

videos in local 

language 

Learning 

through videos 

tutorials 

High (videos 

follow local 

curriculum of 

each region) 

e-Learning 

Sudan (ELS) 

(Initiated in 

2012) 

Children 

excluded from 

educational 

system due to 

conflict 

Alternate learning 

for education 

deprived children 

Local 

curriculum-based 

games for 

Mathematics 

Tablet based 

Mathematics 

games 

High (games 

follow local 

curriculum of 

each region) 

Nefham 

(Middle East)  

(MENA 

Region) 

(Initiated in 

2012) 

School 

children from 

all 

communities 

Overcome the 

educational 

resources gap 

Local curriculum 

based 

educational 

videos in local 

language 

Supplementary 

Learning 

through videos 

tutorials 

High (videos 

follow local 

curriculum of 

each region) 

 

 

4. Providing Education to All – a Way Forward 
 

4.1 Challenges in implementing Educational Technology  
 

The only certainty regarding the future of technology is that it will be different from what it is at 

present. The present-day challenge for stakeholders in education is to face and adequately respond to, 

not just the integration of technology in education, but the extraordinary pace with which it is 

changing. Innovative technologies in future will bring along with them novel needs, shifting 

teachers' roles, new pedagogical design requirement, and different learning perspectives (Makrakis, 

2005). Moreover, educational technology is not necessarily a solution in itself – it will only deliver 

results according to the way it is utilized. It is just a set of tools, like a range of teaching techniques, 

and can only bring effective results through appropriate pedagogical use by the teachers (Costa, 

2016). Arguably, the potential benefit of educational technology is not being realized, and there is a 

considerable rhetoric-reality gap present, as educational technologies fail to deliver as expected 

(Coombs, 2015; Saljo, 2009). There is therefore a serious need to analyze the progress of 

educational technology from different perspectives to avoid the pitfalls in future which are being 

experienced at present.  

 

4.2 Adopting contextualized approach for remote and underprivileged communities 
 

Achieving optimum contextualized learning for underprivileged communities is a key challenge. 

But, the problems cannot be solved just with new technology, partly because the ‘shelf-life’ of some 

innovations seems short. For example, the One Laptop per Child project experienced decline in 

demand in recent years due to ubiquitous availability of mobile (smart) phones and internet. 

Therefore, a more viable model would be the one which relies on existing technology and to 

innovate accordingly within the available resources.  
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Education is a human endeavor so the learning models encompassing innovative ways for a 

teacher to facilitate learners may have long term impact with far reaching outcomes. Also, the 

innovation models developed around contextualized content are expected to live longer than the 

models designed around the containers that carry them. At the design stage of the educational 

technology initiative, innovators may also study lifecycles of previous initiatives for the similar 

target audience to create better context-aware learning models. The learning models with the 

scalability, adaptability and sustainability as an integral part have more likelihood of crossing 

beyond the startup phase. 

 

4.3 Sustainable and adaptable approach for out-of-school children in Pakistan 

  
Increasing population of out-of-school children in Pakistan demands a sense of urgency to overcome 

this problem. ICT penetration, particularly ubiquitous availability of mobile phones in rural and 

remote areas of the country provides us an opportunity to adapt leapfrogging approach for bringing 

these children to the educational mainstream. However, developing solutions without first 

understanding the local socio-technological context may become another short-term patchwork to 

support the educational system. Therefore, we need to study in-depth the local context and factors 

leading to increasing number of out-of-school children, and accordingly develop a framework to 

bring these children back into the mainstream 
 

 

5. Conclusion 
 

Our exploration of the relevant literature highlights existing impacts of information and 

communication technologies in the context of the developing world, particularly mobile devices and 

wireless technologies. Innovations in the design and utilization of educational technology in 

underprivileged contexts demonstrate some success to date, and our review suggests plenty of 

potential for future innovation. Emerging teaching and learning opportunities arising from ongoing 

advances in ICT demand that governments, policy makers and other education industry stakeholders 

to re-think the pedagogical and contextual aspects of education to optimize the benefits of 

educational technology, particularly for underprivileged communities. New initiatives in 

educational technology may become more successful by adopting context-enabled strategies, and by 

understanding the socio-technological aspects of these initiatives in the localized learning 

environments. Moreover, as new technologies are rapidly replacing old ones, models centered on 

technology may soon become obsolete, whereas the ones adopting innovation based on new learning 

and pedagogical aspects with scalability, adaptability and sustainability incorporated in the design 

framework may have a longer life. In our further research, we aim to analyze the role of 
localized contexts, such as, subject fields, infrastructure, curriculum and policy leadership in 
influencing the ICT based educational solutions. 
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Abstract:  Discussion-based teaching is popular in several courses because it creates 

opportunities for students to practice important skills useful for the working environment. In 

order to make this pedagogy impactful and effective, instructors employ technologies such 

as online discussion forums and student response systems to conduct and manage classroom 

discussions. More recently mobile devices have become prevalent and researchers have 

been exploring how this device can help support education. In this paper we report the 

innovative use of mobile technology and supporting backend tools to manage classroom 

discussions. We have implemented a class discussion and management application, 

LiveClass. This application records the audio of utterances during the classroom discussion 

which is then converted into text and stored in a data store. The stored information is used to 

help efficiently grade the class participation, and provide deeper insights to both students 

and instructor. The analysis of the insights are intended to provide opportunity to the faculty 

to further improve student learning experience. To evaluate the effectiveness of the 

LiveClass application, we conducted a pilot run of a case study discussion in a controlled 

classroom environment. Our experiments enabled us to discover the gaps in the application 

and identify areas for improvement. 

Keywords: in-class discussions, mobile application, speech to text, participation analysis. 

1. Introduction

Teachers promote learning in many ways that include lectures, recitation, project work, and others. 

But among instructional pedagogies that teachers employ, classroom discussion is an important 

method. The idea of classroom discussion as an imperative for developing students' intellectual art 

of thinking and communication was proposed by Schwab (1954). Since then many courses in several 

fields of study have employed various approaches to achieve this goal. Prominent scholars today 

advocate discussion-based teaching because it creates opportunities for students to practice 

important skills such as argumentation, critical thinking, and collaboration (Walshaw & Anthony, 

2008).  Maryellen (2009) has identified a number of benefits of getting students to participate in 

classroom discussions. It improves student focus and attention, enhances student engagement, 

motivates students to connect the content, provides opportunity for instant feedback, promotes 

preparation before attending the class, and helps instructor control the class by calling upon students. 

Further, it encourages peer to peer learning, gives the opportunity to practice using the language of 

the discipline, and develop speaking skills.  

However, the current method of conducting, managing and grading classroom discussions 

has a number of limitations (Mello 2010; Pepper et al. 2008; Smith et al. 2009). Firstly, the valuable 

discussions that happen in the class are not documented, “what is said” is mostly lost by the end of 

the session. This content created by the students can be a valuable source of supplementary 

knowledge for students when preparing for the assessments. Secondly, the instructor has to rely on 

his or her memory to keep track of “who said what” and its relevance or alternatively rely on the 

Teaching Assistant (TA). This leads to inconsistent allocation of participation scores. Thirdly, the 

opportunity to analyse the discussion content is lost. By analysing the discussion content, the 

instructor will be able to gain a better insight into the student learning, that is, “what the students 

have actually learnt during the session”, the “misconception” and the “missing conceptions”. This 
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analysis can identify the stronger and weaker students, and appropriately intervene to enhance 

learning. However, these challenges are difficult to handle by the instructor as the focus of the 

instructor in the classroom is to enable the environment that motivates the students to participate. 

Classroom discussions do not happen meaningfully unless teachers create a supportive classroom 

environment that is open to questioning as well as to varying perspectives (Walshaw & Anthony 

2008). Therefore, there is a dire need for the other approaches which can capture the discussions 

effectively so that the instructor can analyse the session and make informed decisions.   

Research on mobile technology usage in education and teaching emerged in early 2000 

(McConatha et al. 2008), when Sharples (2000) discussed the potential for new designs in mobile 

technologies that could enhance students’ learning experiences. Since then, many articles have been 

published indicating that mobile learning technologies are increasingly desirable in learning 

environments and to educational institutions (McConatha et al. 2008). Heiphetz (2011) discussed 

the advantages of using mobile technology for educating students, including making content 

universally accessible (anytime, anywhere), adapting to student needs, increasing knowledge 

retention, and encouraging knowledge sharing and gathering. However, these are not the only 

benefits of using mobile technology.  Gottipati et al. (2016) used mobile app for personalised weekly 

competency tracking models to improve the teaching and learning process. Menkhoff and Bengtsson 

(2012) found that when blended with traditional instruction, the use of mobile phones in an 

undergraduate course greatly enriched the learners’ experience and produced positive learning 

outcomes. 

This research work attempts to directly address the limitations of the current approaches for 

conducting and managing classroom discussions. Our application goes way beyond the current 

technology enablers such as online discussion forums and clickers by providing an automated 

approach to help capture and analyse the “live” discussions during the classroom sessions. We 

leverage audio, mobile and speech recognition technologies to design and develop an application for 

capturing the student discussions and enabling better learning experiences and discussions 

management in the classroom. We conducted a pilot run of case study discussion in a controlled 

classroom environment to evaluate our application. Our experiment enabled us to discover the gaps 

in the application and identify areas for improvement. 

The rest of the paper is structured as follows. Section 2 will be devoted to literature review 

related to the use of technology in class discussions. Section 3 describes our solution model and the 

details. In section 4, we present the results of the evaluation of the LiveClass application and 

limitations of the tool. We conclude in Section 5 suggesting some future directions of our work. 

 

 

2. Related Work 
 

Current research approaches have adopted technology enablers such as online discussion forums and 

classroom clickers, to manage student participation in class discussions.  

Online discussion forums (ODFs): ODFs are widely implemented in university contexts as 

an important part of the teaching and learning process (Mokoena 2013). Alghamdi (2013) concluded 

that “the use of online discussion as a supplement to in-class discussion improves students’ 

achievement and learning in higher education, at least in this particular context” (p. 74). 

Implementing online discussions during in-class sessions will reduce the time for other interactive 

activities and impacts efficient use of class time. More importantly, online discussions cannot 

replace the in-class face to face discussions.  

Clickers in Classrooms: Over the past two decades, within the academic community, the use 

of student response systems such as clickers in the classroom has gained popularity (Guaci et al. 

2009). However, the clickers limit questions to simple true/false or yes/no answers, multiple-choice 

responses, or even short answers depending on the specific clicker system employed. They are 

incapable of handling natural conversation, are heavy to carry, and requires additional maintenance. 

Both the technologies have benefits and disadvantages. Online discussion forums are not 

usually conducted during live classroom sessions. The clickers are used in the live classroom for 

managing and analysing a highly restricted set of activities. For example, polling students and 

conducting live quizzes. More recently, mobile devices have been replacing clickers (Stowell et al. 

2015, Mandrino et al. 2015). Mobile devices are used for quiz based questions or polling. Mandrino 
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(2015) used the mobile device for quiz and developed a system that captures the quiz responses. It is 

limited to only a specific format and analytics is not part of the system. Stowell, 2015 used mobile 

device for polling participations. When used as a polling device, mobile devices may currently be 

less reliable than traditional radio-frequency clickers. Similar to Mandrino, 2015, analytics is not 

part of the tool proposed by Stowell, 2015.  In our project, we adopt mobile technology and address 

some of the limitations of the previous tools by providing mechanisms to capture utterance and 

convert it into text, analyse the text, and enable the instructor to gain insights from the class 

discussion through an analytics dashboard. 

 

 

3. Solution Design 

We propose a class discussion application, LiveClass, to manage in-class discussions and to analyse 

the students’ participation. The goal of this application is to collect student in-class discussions using 

voice recognition tools and convert it into the textual content. Further, the application aims to 

provide management and analysis of the discussions by both, the students and instructor. Figure 2 

shows the overview of the solution design framework that includes the process flow from inputs to 

the outputs. Users of the application are students and instructors who are the participants of the 

in-class discussions.  

 

  
Figure 2: Solution design framework for student classroom discussion management, LiveClass 

 

Using LiveClass, instructor will be able to analyse the data using dashboards and therefore 

make better informed decisions regarding teaching improvements and classroom participation 

assessment. Students will be able to get a summarized view of the discussion that transpired during 

the session. This could then be part of the learning material, one that has been created in 

collaboration with the student. The implementation of solution design requires devices, application 

modules and supporting backend technologies. The devices include mobile phones to capture the 

audio during the class discussions, and web browsers for dashboards. The supporting backend 

includes databases, server engines such as PHP engines and e-learn tool.  

  The mobile application, provides an interface for both instructors and students to enable 

recording of the class discussions. The app provides three main features; login and registration, 

recording class discussion and course management. Registration includes entry of personal details 

like name, sex, email, year of admission. Class discussion includes recording and uploading the 

audio. Course management includes course creation which includes entering the course title, week 

number, etc., and session management. Session management is the feature that enables the 

instructors to divide each class into multiple short sessions based on the topic of discussion and can 

then analyse these sessions individually for gaining deep insights on the students’ participation 

behaviour. Figure 3 shows the mobile user interface for session management and class discussion. 

User dashboard contains various student performance reports which provide concise 

information of student’s performance in the faculty’s class. The student’s participation scores are 

calculated based on the frequency, length of audio and count of words. The dashboard is created 

using Bootstrap JavaScript framework, chartJS and Google charts which provide support for the 

visualization widgets and graphs. 
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4. Experiments and Findings 
 

At this stage of the project, our main goal is to test the end to end solution and discover the strengths 

of the application and the gaps that need to be improved. The experiments are designed to answer the 

following questions.  

RQ1: What reports can be generated that can provide meaningful insights to the users? 

RQ2: What is the user experience of the instructor (faculty) and the students in using the 

LiveClass system? 

 

 
(a) Session management (Faculty) 

 
(b) Class discussions (Student) 

Figure 3. Mobile application user interface for instructors and students. 

 

We engaged five student participants and a business school professor conducted a case study 

discussion for thirty minutes. This mock class case study experiment enabled us to test the mobile 

application API, speech processing APIs and collect the data for analysis. At the same time, we also 

collected the suggestions from the participants to improve the tool. As noted by Miles & Huberman 

(1994), “Samples in qualitative studies are usually not wholly pre specified, but can evolve once 

fieldwork begins” (p.27). This is our preliminary test and as indicated early, our main goal of 

experiments is to discover strengths and the issues with the LiveClass system. 

 

4.1 Class Discussion Analysis Results 
 

The class discussion analysis reports help to answer RQ1. We would like to study how the collected 

data can be used for analysing students’ participation behaviour in the case discussion. Recall that 

the application not only collects the speech but also the other information such as course details, 

students’ profile, sessions and time of participation. Several reports can be generated to provide 

deeper insights to the faculty on the case discussion. Figure 4 shows sample reports on the case 

discussion analysis. 

From Figure 4, we observe that student, S2, had contributed the highest participation 

compared to others. Though audio time of student, S4, is lowest, the number of words is still higher 

and this indicates that S4 speaks in a faster pace. Other reports generated include, frequency of the 

participation, comparison of participation across the students and the session analysis. Session 

analysis reports indicate how the participations were placed on a time line for the complete case 
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study over the different sessions. It can aid the instructor (faculty) gain a deeper understanding on 

students’ familiarity with the topic or help in conducting behaviour analysis. For example, if a 

student participates more in the beginning and not much in the later part of the case, there could be 

two reasons. Either the student has lost interest in the case or he or she has not prepared well to 

participate in the later sessions which dig deep into the case topic. The faculty can gather more 

details to analyse the class room discussion and thus and make informed decisions to improve the 

in-class case discussion participations in subsequent weeks. To LiveClass system, was able to 

generate various analysis reports on the class discussions that can providing meaningful insights to 

both instructor and students.  

 

 

 
 

Figure 4. Analysis reports on the students’ participation in case discussion. 

 

4.2 Discussions 
 

Our study enabled to discover two types of improvements that will be needed; voice to text 

improvements and analysis improvements.  

Voice to text improvements are related to the audio collection and speech to text 

improvements. The current algorithms are limited to US accents and hence performs inconsistently 

across various students in terms of speech to text accuracy. The experiments are conducted on a 

small group of students and there is a need to study the accuracy on a bigger class size, to at least 

30-40 students. The application should also be tested for compatibility on various mobile devices, 

currently only five different android phones were used. 

Analysis improvements relate to generating reports that can provide useful insights to both 

the instructor and students. Current reports do provide various insights for the instructor. However, 

the current qualitative analysis conducted only on the words in the text. More advanced text 

analytics algorithms can be uses to summarise the discussions for each session that can be shared 

with the students to aid the students in assessment preparations. At the same time, the discussions 

can be further analysed to identify topics, sentiments, and extract argumentative dialogue 

interactions.  

To answer the RQ2, we also collected the feedback from the professor and students who 

participated in the mock class experiment. The instructor raised three concerns namely the need for 

pre-planning, suitability for the course and support for auto grading of class participation. The 

instructor felt there was a need for familiarisation with the LiveClass system before starting the 

session. This could help in pre-planning the sessions and setting up the session for better 

organization of the flow of the case discussion. The instructor alluded that the LiveClass system is 

more useful when the course involves heavily case study based discussions and may not suit other 

types of class discussions such as presenting theory, engaging student to debate on a topic, and 

student group discussions. Current analysis tool only provides insights about each students’ 

participation and the faculty has to manually calculate the scores. The instructor suggested to 

provide an auto grading feature where the faculty inputs the rules for the grading into the application 

and the scores are automatically generated using these rules. The students raised concerns regarding 

the availability of mobile devices and provision for alternative tools, should the mobile device fail. 

For example, using a web app so that can be launched from their laptops and be used for the 
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participation in case discussion without having to use the mobile device. They also suggested the 

need to generate summaries of the case discussions which can help them revise the content covered 

during the class sessions. These limitations and suggestions are useful future work that we will be 

undertaking to further enhance the LiveClass system. 

 

 

5. Conclusion 
 

In this paper, we presented LiveClass, a class discussion management and analysis application. The 

app helps to collect the in-class discussions using a mobile device and provides dashboards that help 

faculty and student gain further insights regarding the student participation during the class 

discussion. It collects the qualitative participation of the students during the in-class case study 

discussion and stores them as text using audio to speech recognition algorithms combined with 

database technologies. Future work will be directed towards addressing the current limitations of the 

LiveClass system and evaluating it using a larger class setting of 25-30 students. 
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Abstract: Learning Management Systems (LMSs) are the most commonly used ICT tools 

in higher education institutions; these institutions also utilize ICT tools such as Facebook 

and Twitter (external services). However, it is difficult to preserve data when using external 

services, and it is also difficult to simultaneously manage learning content within a single 

lesson when using both an LMS and external services. In addition, it is difficult to 

consistently reflect upon what works in the classroom, as there are so many possible ways 

that LMSs and external services are used in combination. In previous research, we 

developed an information sharing tool, “SharedPanel,” which collects posts and messages 

from Facebook, Twitter, e-mail, Evernote, and LINE and stores them in an LMS (Moodle). 

This system enables learners to input information, such as ideas/educational resources, into 

their favorite tool and share it with other learners on Moodle easily, without having to log in 

to Moodle. In this study, we modularized the element where information is entered 

(information input element) and the element where the acquired information is displayed 

(information display element) to enable other developers to add other external services and 

display formats. In this study, modularization means separating functions out from the main 

part; the separated parts are standardized, interchangeable, have a high level of 

independence, and are parts of the whole. Modularized parts can be easily added or changed 

without major change to the main element of SharedPanel. 

Keywords: LMS, SNS, Information Sharing, SharedPanel, Modularization 

1. Introduction

1.1 Current situation of ICT tool use in higher education 

Recently, in institutions of higher education, many teachers have been facilitating 

information-sharing activities between learners using ICT tools. The systems used in these activities 

vary and include not only LMSs but also multiple external services. For example, Williams and 

Jacobs (2004) directed learners in an MBA course to write blogs on the subject matter and share 

them with the other learners. Grünberg and Armellini (2004) revealed that teachers used e-mail to 

share professional resources, and 912 professionally-related exchange acts were found in 1356 

messages. Camiel et al., (2014) instructed students to share meaningful resources and more than 

59% of the students answered that reading their classmates’ tweets enhanced their professional 

development. Cain et al., (2011) used a Facebook group page to expose students to contemporary 

business issues not covered in the course as well as to expose them to the perspectives of experts and 

thought leaders external to their university. Guest experts were invited to join the Facebook group 

and submit posts on business-related topics.  

By sharing information such as ideas and educational resources, learners can benefit each 

other. In particular, adult learners in practical seminars, compared to younger students in school, can 

benefit significantly because they can offer and receive practical information based on their 
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experiences. By using ICT tools, teachers and organizers of these seminars and classes can facilitate 

the easy sharing of ideas and educational resources and can use them in the future.  

However, the sharing and subsequent collection of information between learners in practical 

seminars using ICT tools is difficult because of the lack of common ICT tools and the risk of losing 

data. Teachers and seminar organizers sometimes have difficulties finding ICT tools that every 

seminar student has a user account with and can easily use. Therefore, they must set aside time to 

teach the students how to use the ICT tool at the start of their seminar. Most common ICT tools (e.g., 

Moodle, Facebook, Twitter, etc.) require users to have accounts in order to input information; the 

instructors need to prepare user accounts for every learner before the seminar, but this may be 

difficult to do beforehand because of inadequate information about the learners. Furthermore, 

learning deliverables can be used to evaluate students and could be reused in other classes or in other 

learning activities. SNS use in learning activities can cause some problems such as data loss and 

difficulty finding past posts. In addition, the data are not permanently available. For example, if 

Facebook suddenly stopped their service, users could no longer access their posts. 

Therefore, in our project, by connecting an LMS with external services, we aim to be able to 

store and integrate learning deliverables on the LMS while simultaneously using ICT tools that are 

considered optimal for each learning activity. In previous research, as a first step of our project, we 

developed an information sharing tool, “SharedPanel,” which collects posts and messages from 

Facebook, Twitter, e-mail, Evernote, and LINE to store in a LMS (Moodle) (Nagaoka et al., 2017a; 

Nagaoka et al., 2017b). In this study, we modularized the element where information is entered 

(information input element) as well as the element where information is displayed (information 

display element) to enable other developers to add other external services and display formats. 
 

1.2 The Basic Functions of Information Sharing System “SharedPanel” 
 

Figure 1 shows an image of “SharedPanel”. Collected information from each ICT tool is recorded in 

the Moodle database, and the results are shown on one page, like cards. This system enables learners 

to share information using their favorite services, which they know how to use very well. This 

system includes four main benefits as explained in Table 1. 

Figure 1. An image of “SharedPanel” 
 

Table 1 

Four main benefits to use SharedPanel 

Data 

Preservation 

Teachers and learners can use their favorite ICT tools, such as Facebook and Twitter, to share 
ideas or educational resources; their posts can be stored permanently in a Moodle database. 
Collected posts are shown on one page, so teachers/students can check past posts at a glance. 
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SNS 

Connected 

Learners can share their ideas and educational resources easily through their favorite tools 
such as SNSs and e-mail. Furthermore, if they find interesting posts on SNSs, they can share 
those posts easily by, for example, retweeting on Twitter. 

Mobile 

Friendly 

Learners can easily input and share their ideas and educational resources from mobile 
devices because Facebook, Twitter, and Evernote provide official mobile applications for 
both Android and iOS users and E-mail services also have mobile applications. 

Tool  

Variability 
Each learner can choose their most favorite tools from Facebook, Twitter, Email, LINE, and 
Evernote to input and share their opinions and experiences. 

 

1.3 How to use SharedPanel in Learning Activities 
 

SharedPanel can be used to share various ideas and educational resources. The following cases 

illustrate some ways to use SharedPanel (Table2). Table 3 shows the characteristics of SharedPanel 

used in cases (case 1 to case 4) 

 

Table 2 

Four cases to use SharedPanel 

Case 1: Preserve Posted Information on the Specific External Services 

Ms. Yasuda teaches a course on childcare training with an enrollment of 30 students. She wants her learners to 
record what they learned during the seminar. Last year, she told her learners to input their experiences into the 
LMS because reflecting their experiences after the training would benefit the learners for their future careers; 
she also wanted to show this input experience to learners in a future seminar. However, most learners did not 
log in to the LMS because it was burdensome. Therefore, she decided to have students input data into 
Facebook and she stored their posts for learners in the next seminar using SharedPanel in Moodle. 

Case 2: Share Web Resources Such as Recent News in Daily Life 
Mr. Chang teaches a course on modern sociology with an enrollment of 100 students. In the past, he had 
instructed his learners to find interesting web resources and introduce them in the next class, but nobody 
followed through. Therefore, using SharedPanel, he instructed his learners to share interesting web resources 
and comments through their favorite tools and then introduce them in the next class. Some learners retweeted 
interesting resources that they had found on Twitter and others posted interesting resources that they had found 
on Facebook to the Facebook group. 

Case 3: Share Pictures and Notes in Fieldwork 
Mr. Ming teaches a course on disaster prevention to 60 students. In the fieldwork, he wants his learners to take 
pictures and notes of areas that they recognize as dangerous in the case of a disaster. Last year, he gave his 
learners a camera and notes for recording, but integrating the photos and notes into a paper, and developing 
presentations for other learners, took a lot of time. Using SharedPanel, students could take pictures and notes 
with their smartphones using their favorite tools and share them easily with the other students. In the class, Mr. 
Ming introduced interesting shared content and asked the content creator to explain it to the other students. 

Case 4: Share Learners’ Opinions and Experiences in a Short-term Seminar 
Ms. Smith holds a one-day seminar to teach critical care to 50 medical staff personnel. She wants her 
participants to acquire practical information. Therefore, she wants them to share their experiences, such as 
troubles during previous natural disasters, using ICT tools. However, the participants’ backgrounds vary 
significantly and they did not use common ICT tools. Therefore, she decided to use SharedPanel to share each 
participant’s experience and created discussions based upon them.  

 

Table 3 

Characteristics of SharedPanel used in the cases 1 to case 4 

 Case 1 Case 2 Case 3 Case 4 

Data Preservation Strongly Yes Yes Yes Yes 

SNS Connected Yes Strongly Yes Yes ― 

Mobile Friendly Yes Yes Strongly Yes Yes 

Tool  Variability Yes Yes Yes Strongly Yes 

 

 

2. Modularization of SharedPanel 
 

The previous version of SharedPanel, which had already been developed, could not connect with 

new external services, and developers also needed to be able to update existing tools on their own. In 
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addition, the only display format provided was card format, and customization by a third party (such 

as displaying information in a timeline format) was difficult.  

Therefore, in this research, we modularized the element of SharedPanel that acquires 

information from external services (information input element) and the element that displays the 

acquired information on the screen of Moodle (information display element). After doing so, anyone 

can add new tools and display formats. Figure 2 shows the relation among information input 

element, main part, and information display element of SharedPanel. The created plugin should be 

published on Github (the community for developers to find, share, and build software and anyone 

can use software uploaded here for free), and developers need to add a brief description on 

SharedPanel’s Wiki page. 

 

 
Figure 2. The Modularization of “SharedPanel” 

 

3.1 Modularization of Information Input Element 
 

3.1.1 Purpose 

 

Through modularization of the information input element, a third party can add new external 

services. New applications of SharedPanel become possible, including the following examples: 

 

 Using SNS developed for education such as OpenPNE, learners could interact with other 

students on SNSs. For example, Hasegawa et al (2010) had OB · OG of the university share 

information on work on OpenPNE and made students refer them for job hunting. If OpenPNE is 

added as external service, learners can collect learning deliverables, such as discussion data, 

and export it to their LMS for later reflection. 

 It is important for students, especially students majoring in the arts, to share their uploaded 

productions. For example, the Guardian (2017) encouraged students to submit their artworks 

such as pictures and photographs via Facebook, Twitter, and Instagram. If SNSs focusing on 

sharing photograph and works (e.g., Instagram, etc) are added as external services, students can 

upload their works to SNSs while teachers can check their students works on one page and 

preserve data inside Moodle. 

 

3.1.2 Process to modularize the information input element 
 

To modularize the information input element, we separated information input element from the main 

element of SharedPanel and created a template and a protocol for adding new external services. In 

the previous version of SharedPanel, the information input element program was not separated as a 
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single plugin, so SharedPanel itself had to be updated in order to add a new tool, affecting the main 

element of this system significantly. Here, we modularized the information input element as an 

independent plugin of SharedPanel. Now, even if a new external service is added, the main element 

of the system is not influenced drastically. 

 

3.1.3 How to add a new external service 
 

New external services can be added by the following steps as explained in Figure 3.  

 

1. Create three files (setting_servicename.php/importcard_servicename.php/servicename.php) 

based on the template, or install the developed plugin from Github. 

2. Deploy each file under the designated directory and add some codes by following protocols; 

deployed files will be recognized. 

 

When adding new external services, developers need to acquire “user name” and “contents” at 

least. The class for handling data from the external service should be defined in servicename.php by 

extending the parent class "card" that includes the class methods such as: 

 [add] Insert data acquired from external services into database   

 [add_attachment] Insert data acquired from external services into database 

 [update] Update data in database 

 [delete] Delete card 

 [switch_hide_card] hide deleted cards 

 

3.2 Modularization of the Information Display Element 
 

3.2.1 Purpose 
 

All 4 cases explained in Table2 can be realized with card format which is already developed. 

However, through modularization of the information display element, a third party can add a new 

display style such as timeline format (example1) and evaluation format (example 2) as explained in 

Figure 3. 

 (Example1: Timeline Format) A screen style that shows information in a timeline format such 

as the one used by Facebook.  

 (Example2: Evaluation Format) A screen style that shows information depending on learner’s 

name. If this format is added, teachers can check information depending on learner’s name to 

evaluate them and learners can use them for their reflection. 

 

By realizing example 1, learners can use their favorite external services to share information 

and can check shared information on Moodle as one timeline. And with example 2, teachers can 

check shared information to evaluate their students on Moodle by switching the display depending 

on individual learner’s name. Example 2 is very important especially in case 2 and case 3 because 

these activities will be implemented as a part of a course and requires evaluation compared to case 1 

and case 4. Furthermore, SharedPanel can be used beyond 4 cases. For example, third party can 

develop the display which shared cards are categorized automatically depending on included 

keywords. Therefore, modularization of information display format is necessary for further 

development to provide best display style for each learning activities. 

 

3.2.2 Process 
 

To modularize the information display element, we separated information display element from the 

main element of SharedPanel and created a template and a protocol to add a new display pattern. 

 

3.2.3 How to add new display pattern 
 

New display patterns can be added using the following steps as explained in Figure 3. 
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1. Create files (style_sample1.php) based on the template or install the developed plugin form 

Github. 

2. Deploy each file under the designated directory and add some codes by following protocols; 

deployed files will be recognized. 

 

Figure 3. The Detail of Modularization of “SharedPanel” 

 

 

3. Future study and LTI 
 

In the future research, we will make SharedPanel compliant with LTI (Learning Tools 

Interoperability). By adjusting into LTI, SharedPanel can be used in multiple LMS such as Sakai, 

Blackboard, and canvas. Specifically, we modify the internal code and develop LTI provider so that 

uses can use this function when they prepare the environment as LTI consumer. 
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Abstract: Philippines suffer a great loss from typhoon damages and tons of natural disasters 

that has negative impacts on the environment. Typhoon and flash flood will reduce farm 

productivity by damaging farm inputs and destroying establishment and infrastructure and 

prevent an increasing in farm planting, these results in the worse condition in output and 

productivity which will possibly harm by the country's food security, economic losses, and 

income. One of the major reasons for this is allocation of fund, the lack of knowledge and 

preparation of a citizens and officials in agricultural damages and disaster prevention. This 

concept paper focuses on giving knowledge and awareness by simulating the damage of the 

typhoon in the Agricultural sector to help the community and officials to visualize and know the 

risks and damages of typhoon on the Agricultural when calamity occurs as well as to view the 

damages on agriculture with interactive 3D simulation environment. The proposed system can 

be develop using Simulation Methodology which composes of several phases to achieved the 

agricultural disaster simulation with the integration of  Monte Carlo Algorithm, it can be used 

to apply the parameters from PAGASA’s storm warning signals for simulation and typhoon 

parameters. The need for the development of this system must be develop and implement for 

the benefits of the farmers, agricultural sector, the people, and to the environment to prevent 

possible damages and mitigate larger amount of losses in economic and agriculture. 

Keywords: Agriculture Damages, Natural Disaster, Agriculture Sectors, Crops. Simulation 

1. Introduction

The Philippines is experiencing tons of natural disasters, the typhoon and floods damages the 

country the most. Way back then earthquakes, typhoons and floods killed many lives and 

periodically left parts of the archipelago's structure and economy in pieces. It really affect too much 

the farms and food systems, leaving people without food in their immediate outcome and deflation 

food production capacity for years afterwards (FAO, 2016). It is obviously that agriculture sector in 

a country’s overall economic development as stylized in economic and social development literature 

is well known as mention in literature (Habito & Briones, 2005). Important information needed for 

must be take into account for the improvement of all areas of agriculture (Mao, 2012). 

Natural disasters are harmful and it has negative impacts on the environment, Furthermore, 

Agricultural sector are easily harmed or damaged because the country is prone to natural disaster and 

the unwelcoming aftereffects (Israel & Briones, 2013). In article written by Uy and Pilar (2018) 

across the 10-year reference period, 2009 was the worst for economic losses due to natural disasters 

at P45.084 billion largely due to tropical cyclones (P43.423 billion). The CPES’ P374.199 billion 

estimate for damage from “major natural extreme events and disasters” includes damage 

to agriculture worth P225.626 billion, infrastructure P81.974 billion and private property P66.598 

billion. 

The different typhoon damages in agriculture sector of Laguna in which huge amount crops 

were affected and significant cause to economic and agricultural losses especially in Typhoon 

Chedeng which destroyed Php18 billion. According to Department of Agriculture officials based on 

the interview, the tropical storm Maring destroyed a total of Php126 million worth of rice, fruits and 
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crops in Laguna. Typhoon causes flash floods, mudslides, widespread flooding causing significant 

destruction and damages to the Agricultural sector, these results in the worse condition in output and 

productivity which will possibly harm by the country's food security based Technology for 

Agriculture. 

The law likewise orders all local government units (LGUs) in the country to apportion no 

less than 5% of their yearly spending plans for disaster chance lessening and administration. Be that 

as it may, given the impacts of these tempests, reserves accessible to LGUs, and also those put aside 

by the national government for the Calamity Fund, are scarcely ever enough. It is extremely obvious 

due to the said number of cost harms that the yearly cost of harm surpassed assessed debacle 

subsidizes and add up to expenses of harm were higher than the calamity finance (Dela Cruz, 2016). 

Moreover, the exposure of the agriculture sector to different disaster is evident across the 

world. Approximately a quarter of all damages caused by disaster such as drought, floods storms or 

tsunamis in the developing world are captivated by the agriculture sector (FAO, 2015). Preparing for 

such events and taking steps to reduce risks to farmers and farming systems can significantly reduce 

such damages and avoid the need to build agriculture back (FAO, 2016). It is indeed that it must be 

lessen by creating an application to help the farmer in terms of disaster.  

Based on the stated of Secretary Alcala of The Department of Agriculture (DA) have 

program that is preemptive and quick disaster response mechanisms have enabled the agriculture 

sector become resilient from the adverse effects of calamities. A more resilient and productive 

agriculture industry also requires sustainable management and utilization of natural resources 

through practices such as multi-cropping, ecological agriculture and integrated pest management, 

among others (Reliefweb, 2015). To make the agricultural sector sustainable and climate-adaptive 

practices to complement disaster response, farmer and government official must have a tool to make 

ready in disaster using ICT and create innovation. According to (Rosegrant & Cline, 2003), farmers 

on rural areas are for the most part uneducated with regards to developing nourishment proficiently 

and monetarily Improving their insight into new methods and innovations, notwithstanding giving 

them any physical assets fundamental for execution, can drastically expand the agriculturists' level 

of efficiency. 

Information and Communication Technologies (ICTs), data and information is useful to 

support farmers and farming communities to increase agricultural output and sustainability. 

E-agriculture is a new trend of research and application that can uplift farmers through information 

services (Gakuru, Winter, & Stepman, 2009). This informatization discusses to the renovation of an 

economy and society through the effective distribution of Information and Communication 

Technologies in business, social, and public functions (Guo, 2011 and Obidike, 2011). According to 

National Bureau of Statistics of China (2014) it is claimed that information and knowledge are vital 

in agricultural development to community and where they are poorly disseminated as a result of 

certain constraints, the community’s agricultural development becomes highly impeded. So it must 

be in place different technologies and tools to uplift the farmers in preventing damages to their crops 

and farms. 

One of good ICT application is forecasting system, is regarded as part of disaster 

management where it is characterized by the necessities to make decisions when time is pressing and 

knowledge of consequent effect is still insufficient. Hence, it is recommended to develop specific 

disaster scenarios beforehand and to practice them in advance (Nuñez, 2005). This can be done by 

simulation, which is a technique for learning that can be applied to many different field especially in 

disaster damages in agriculture sector.  

There are simulation tools about natural disaster that can help save lives such Geo 

Simulation by (Naqvi, 2017), Data assimilation in improving the Rainfall Simulation (Ha and Lee, 

2012; Liu et al., 2012; Routray et al., 2012), Earthquake disaster simulations by (Homma, Fujita, 

Ichimura, et al, 2014). A physics-based earthquake disaster simulation that is look forward to 

contribute to high-accuracy earthquake disaster prediction also soil sampling and crop simulation 

method for making decision about spatial management of their farm. Moreover, web-based 

educational simulation tool like AgentSheets, AnyLogic, ExploreLearning Gizmos, and Medical 

education, used for learning and practicing clinical healthcare procedures. Proponents have found 

out from the literatures that simulation of damages in agricultural sector especially in terms of 

disaster in crops is lacking. 
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The provision of agricultural information plays a decisive role for the overall development 

of agriculture as well improving the livelihoods of farmers (Li, 2009 and Milovanovic, 2014).  This 

concept paper aims to focus on the development of web base simulation of a typhoon and its damage 

in agriculture sector that are capable in: (1) creating an agricultural area with the use of different 

topographical area (2) simulate the impact of typhoon to agricultural environment by inputting wind 

speed and rainfall count (3) Visualize the damages of typhoon and flash flood to Agricultural 

environment (4) Receive different report of agriculture damages from different municipalities 

agriculture officials (5) Provide forecasting of possible damages from historical and new data. This 

proposed application provides features and functionality it can provides good insight in decision 

making, policy recommendation for prevention and mitigation, and awareness into new methods and 

innovation using ICT that can educate citizen toward disaster damages.  

 

 

2. Proposed Software Development Method 
 

In developing the proposed system it can employ Simulation Methodology by Ulgen, Black, 

Johnson Baugh & Klungle (2006). The simulation method is composed of the different phases: 

 
1. DEFINE THE PROBLEM. This phase is identification of the problem in the target subject 

of the system. Data collections, interview form related government agencies and farmer, 

observation of the farm is necessary for the extent of the documentation and to analyze the 

cause of the problem of the farmers in times of disaster.. 

2.  DESIGN THE STUDY. The outline of the investigation is the second real period of the 

recreation procedure. In this stage, a examining the collected data and information are 

examined in more detail and the specialized parts of the issue are given more weight. Maybe 

a couple gatherings for data assembling and watching the real or comparative process is by 

and large led amid this stage.  

3. DESIGN THE CONCEPTUAL MODEL. The displaying system to be utilized as a part 

of the examination is the third period of the reenactment procedure. Demonstrating 

methodology includes settling on choices with respect to how a framework ought to be 

spoken to as far as the abilities and components gave by the picked recreation apparatus. 

The general procedure should center on finding a model idea that limits the recreation 

exertion while guaranteeing that all goals of the undertaking are met and every single 

particular issue are researched. 

4. FORMULATE INPUTS, ASSUMPTIONS, AND PROCESS DEFINITION. The 

detailing of the model data sources, suppositions, and the procedure definition is the fourth 

period of the procedure. At this stage, the modeler portrays in detail the working rationale of 

the framework and performs information gathering and investigation errands. The data 

assembled in this period of the examination finishes all the foundation data required to 

fabricate the reenactment show. 

5. BUILD, VERIFY, AND VALIDATE THE SIMULATION MODEL. The working of 

the model, its confirmation, and operational approval constitute the fifth period of the 

reenactment procedure. At this stage, the modeler utilizes surely understood programming 

systems for demonstrate building, confirmation and approval. The model got toward the 

finish of this period of the examination is prepared for experimentation in the following 

period of the investigation. 

6. EXPERIMENT WITH THE MODEL AND LOOK FOR OPPORTUNITIES FOR 

DESIGN OF EXPERIMENTS. Experimentation with the model and applying the design 

of experiments techniques. At this phase, you may decide to investigate other Alternative 

Models and go back to the previous phases of the process for each major model change. 

During this phase, rather than building a design of experiments for the whole study, the 

modeler generally identifies the major variables and eliminates the insignificant variables 

one step at a time 

7. DOCUMENTATION AND PRESENTATION. It is important to properly document the 

whole process of the conduct of the study and present to the target client and users. Good 
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documentation and presentation play a key role in the success of a simulation study. The 

tasks of this phase are performed in parallel to the tasks of other phases of the process.  

3. Proposed System 
 

 

 

       

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Proposed System Design 

 

The System Paradigm as shown in Figure. 1 demonstrates the processes on how the website works. 

The proposed system allows the user to create and visualize the impact of typhoon and flash flood in 

agricultural environment. The system is composed of four main modules. These are 1.) Create the 

agricultural environment Model 2.) Creating Typhoon and Viewing the damage in live 3D 

simulation Model. 3.) Displaying the damage statistics of the simulation 4. Forecasting. The 

proposed system works as follows: 

 

1. Creating the agricultural environment allows the user to create and design the topography of 

the agricultural environment. First, the user will choose the native crop of Laguna (e.g. 

banana, rambutan, mango and coconut) and terrain (mountain, plane, plane with body of 

water in side) as well as input the typhoon parameter (wind speed, and rainfall count). 

 
2. Creating Typhoon and Viewing the damage in live 3D simulation Model, the system will 

send the inputted data in the system to process and see the simulation hat will visualize the 

possible damages. The typhoon strength is being categorized by the Wind speed and 

Rainfall count slider. The user can view the live simulation and adjust the rainfall count and 

wind speed. So that community or officials can identify the possible preventive measures 

and activities to mitigate the occurrences of damages. 

 
3. Then Monte Carlo algorithm will capture the data from the user and will generate a 

randomized result based from the computed data on the database and send it as feedback to 

the system that show amount of possible damages or serve as statistics of damages. 

 
4. Moreover, after the simulation and statistics the system also give some information to the 

users what to do for prevent or avoid damages when disaster occurs based on what input the 

user give in the system. It is like Risk Assessment Information based on MDRRO 

(Municipal Disaster Risk Reduction Office) and Municipal/Provincial Agriculture Office 

for the user (community and farmer) to lessen and mitigate the damages through which such 

risks can be answered, like ground contouring, building retaining walls, or planting 

protective vegetation/crops. 

 

5. The forecasting module will be collecting the data from different municipal agriculture 

office to consolidate all the record of damages from the disaster. The collected disaster 
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damage report it will be retrieved in the database to be used in forecasting the future 

damages using Time Series Analysis. 

 

4. Conclusions  
 

Agriculture sector which is the most affected when it comes to typhoon. Typhoons trigger 

significant destruction and damages like landslides, flash flood, mudslide, widespread flooding. 

Most of the people don’t have the knowledge on what will they do when it comes to typhoon, so this 

paper aims to develop the Agricultural Damage Simulation in the Impact of Typhoon and Flash 

flood in Laguna, it focus in simulating the damage of the typhoon in agricultural environment and 

forecast possible probability of disasters occurrence. This can help by giving the knowledge and 

awareness on what will happen to the environment when the typhoon occurs. 

The need for the development of this system must be develop and implement for the 

benefits of the farmers, agricultural sector, the people, and to the environment to prevent possible 

damages and mitigate larger amount of losses in economic and agriculture. The paper can give idea 

and information on utilizing Information and Communication technology to protect environment, 

agriculture and people. It might use to save time and tools as source of information to plan and give 

appropriate intervention and responses to the farmers in times of disaster and calamities. The related 

government agencies can help in decision making for crafting new program and activities for 

preventing environment and minimize losses. The additional feature can be added to make more to 

valuable system and good tool for prevention are adding geo mapping to easily track the location of 

what will the user want to simulate in the Laguna but not just in Laguna area, but it can also apply in 

the different places. 
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Abstract: Despite the best efforts of educators to introduce active learning techniques, 

classrooms remain largely didactic in nature. We have developed a unique audience 

response system to improve pedagogy in such large-lecture didactic classrooms. A pilot 

study with ten participants was conducted to assess the utility of such voluntary student 

feedback in improving pedagogy. The web-based feedback tool lets students voluntarily 

indicate their perception of the lecture on four key parameters – difficult, easy, boring and 

engaging – in real-time. We discuss the potential of such feedback in refining pedagogy for 

didactic classrooms. We also discuss the usability of such a feedback system as revealed by 

a user perception study.  

Keywords: Audience response system, cognitive-affective states, large lecture classrooms 

1. Introduction

In an exhaustive compilation of instructional strategies in the United States, Stains et al., (2018) 

concluded that although active learning seems to have penetrated some classrooms, teaching 

practices in undergraduate classrooms in the United States remain disproportionately biased toward 

passive and lecture-based strategies. Although we are working toward introducing active learning in 

classrooms, a majority of instructors use lectures as the primary mode of teaching in which hour long 

presentations from Power Point slides are the norm. Manduca (2013) suggested that instructors 

reuse almost 85% of the lecture material. Therefore, if instructors have the knowledge of whether a 

particular set of slides, topic, figures and associated explanations work in a lecture (or not), then that 

can improve instruction and thereby learning in such classrooms.  

Let us imagine a common scenario in a large lecture classroom. A young faculty who has 

received a PhD degree from an Ivy League institution in USA gets inducted to teach a large 

introductory classroom at a R3 public university. Coming from a background of high quality 

research and teaching, she assumed the responsibility of instilling in her students a sense of wonder, 

logic and understanding that are crucial for an introductory course. In one such class, she had to 

introduce the concept of oxidation and reduction. The instructor thought she had explained the 

concept well. However, after the exam she found that most students did not understand the concept. 

Additionally, she recalled retrospectively, of the few students (<1% of the class size) who had come 

to see her during office hours before the exam, most had trouble with this particular concept. Despite 

her best intentions, she was first, not able to identify the lecture segment that was ubiquitously 

difficult for the class to understand and second, even after receiving feedback from the few students, 

she was unsure of the changes that needed to be made. In this scenario, a majority of students seem 

to have had difficulty in understanding the instructor which prevented learning of the difficult 

concept. Regardless of the actual difficulty of the concept the perceived difficulty of the students 

was high. Pintrich (2000) defines perceived difficulty as a judgment of the difficulty level of a task 

and if students perceive a learning task to be difficult that perception may decrease interest and 

increase boredom, due to the negative affect that arises from excessive cognitive load and 

interruptions in information processing (Efklides, 2006). Therefore, perceived difficulty of a topic 

can create negative affect which in turn could hinder learning.  
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Graesser & D’Mello (2012) proposed a cognitive disequilibrium framework (CDF) which 

explains how the principal emotions arising during learning of difficult materials may be related. 

According to CDF, a state of engagement or flow can be impeded by a learning impasse to generate 

a state of confusion. The impasse could lead to frustration and eventual boredom and disengagement 

from future learning. As educators, we need to ensure that the state of boredom is never reached 

because it has been found to have negative impact on learning (Tze, Daniels, & Klassen, 2016; 

Vogel-Walcutt, Fiorella, Carper, & Schatz, 2012). The CDF has been mostly applied to students’ 

learning of difficult material in computerized learning environments like intelligent tutoring systems 

(ITS) or with pedagogical agents (e.g. AutoTutor) (Graesser & D’Mello, 2012). However, learning 

in traditional classroom is not expected to differ in this regard as it should involve similar cognitive 

processes and affective states.  

One of the problems related to the scenario discussed above is the lack of instructor’s 

attention to the knowledge and beliefs that learners bring to the class (Bransford et al., 1999). 

Questioning and raising doubts related to the concepts that are difficult to understand can help 

students avoid obstacles during learning (Dillon, 1990). But, students often do not ask questions 

because of several factors such as student gender (Hall & Sandler, 1982), instructor gender (Pearson 

& West, 1991), class size (Crawford & MacLeod, 1990), student age range (Howard, Short, & 

Clark, 1996), teacher support (Karabenick & Sharma, 1994), and shyness/need for anonymity 

(Nadler & Porat, 1978). Moreover, for a novice instructor, it is not easy to identify ineffective lecture 

segments and it is even more difficult to spot what aspects of those segments (e.g. slide, figure, 

explanation) are central to the problem and what could be a solution for it.  

A potential solution to this problem is through the use of audience response systems (ARS) 

or clickers which allows students to interact, vote on a topic or give feedback when asked (Caldwell, 

2007). Clickers enable instructors to instantaneously collect student responses to a question posed 

by them. The answers are displayed to the students by the instructor and then the students and 

instructor can discuss them further to iron out any confusion (Caldwell, 2007). As traditional use of 

clickers have gained popularity among colleges and has shown positive effects on academic 

performance, one of its primary drawbacks is that they require students to give feedback only when 

asked by the instructor. Therefore, the efficacy of clickers in classroom remains tightly coupled to 

the instructor’s perception of difficulty and may not always align with the students’ perception of the 

same. 

Rivera-Pelayo, Munk, Zacharias, & Braun (2013) extended the ARS technology by 

developing an app (LIM – Live Interest Meter) to obtain continuous voluntary feedback from the 

audience during mass lectures and conferences to improve the presentation content and skills of the 

speakers. The critical technological difference between LIM app and an ordinary clicker is the use of 

time stamps with every response that allows the app to create a time series of the requested variable 

thereby making it possible to collect continuous unsolicited responses and not simply discrete 

response to question prompts. The LIM app interface allows users to vote on any learning related 

variable (e.g., confusion level) throughout the duration of the lecture as and when the users felt 

necessary. The aggregated time series would then reflect the level of confusion (or any other 

parameter) of the entire class at any given time. The focus of LIM app was on reflective learning for 

speakers from the feedback provided by the audience. Interviews with the users of the app revealed 

enthusiasm and acceptance. There is a lot of potential in using such technology to improve teaching 

in the context of large didactic classrooms but systematic research is sparse on this particular 

technology-context combination. For example, Rivera-Pelayo, Munk, Zacharias, & Braun (2013) 

did not dwell much upon the data vis-a-vis its utility for improving any lecture although that premise 

was implicit in the article. In the following sections, we describe a novel feedback system and 

enumerate on the data obtained from a pilot study with a small group of students. We outline how 

such data when collected for large classrooms can help in refining pedagogy. We also report on the 

user perception of our proposed feedback system.  

 

 

2. A novel feedback system 
 

The LIM app collects continuous feedback from the audience on aspects such as comprehension 

(difficult or easy to understand) or performance (too fast or too slow). One of the biggest differences 
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between LIM app and our proposed system is the explicit accounting of cognitive as well as 

affective states of the learner. Learning is not simply a cognitive or an affective process. Rather, it is 

an interaction of the two. A feedback system that gathers data on both aspects could potentially allow 

us to identify how these parameters vary during a lecture and their role in the learning process. The 

proposed feedback system collects feedback on two cognitive states, namely, easy and difficult, and 

two affective states, namely, engaging and boring. The decision to capture feedback on dichotomous 

variables instead of continuous scales, again departing slightly from LIM App, was to reduce 

potential distraction as a binary decision would require less cognitive processing by the student than 

a decision on a continuous scale.  

We have developed a web-based application (Fig. 1.a) that can be accessed by the 

participants on any mobile device. It utilizes the touchscreen feature of the device to make the 

application unobtrusive during the lecture. The interface uses front-end technologies of HTML5, 

CSS3, Bootstrap, JavaScript, JQuery. The backend processing and database use PHP and MySQL. 

The database stores email ID, password, binary responses (0/1) for each variable (easy, difficult, 

engaging, and boring), and time stamp for each response. When the student clicks the button, the 

color of the button changes to notify the participant that her response has been recorded, the button is 

disabled for 5 seconds and the response along with the timestamp is stored in the database. 

 

 

    
(a)                                                                             (b) 

 

Figure 1. a) Feedback system interface on an android cell phone. Students can give voluntary 

feedback about their cognitive state by clicking on either the easy or difficult button and about the 

affective state by clicking on either the engaging or boring button. b) Data collected with the 

feedback system showing frequency of difficulty and engagement during a lecture session. Positive 

values indicate the lecture was difficult (red) or engaging (blue). Negative values indicate the lecture 

was easy (red) or boring (blue). Peaks marked with asterisks indicate segments where at least 60% of 

the students found the lecture to be of either state. 

 

 

3. Method 

 

Ten students enrolled in the course Advanced Heat Transfer in the mechanical engineering 

department of a large public university in India were part of the experimental group. The participants 

were enrolled in the Mtech or PhD program and were all males with ages between 22 and 29. A 45 

minute video lecture of the faculty teaching the Advanced Heat Transfer course on the topic of 

boiling and condensation was used for this lab-based study. Although the lecture topic was related to 

the course the participants were already enrolled in, it was not a part of the syllabus for the course 

and none of them had any prior exposure to content in the video lecture. The students were 

compensated with Rs. 300 (~5 US$) for their time. Informed consent was obtained from the student 
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and the study was cleared by the ethics board of the institute (IEC Approval Letter_Proposal No. 

IITB-IEC/2018/004). The students were asked to watch the lecture projected on a screen size of 6’ 

by 7’ and were asked to provide feedback as and when they felt necessary on a Surface tablet.  

  

 

4. Results and Discussion 

 

On an average the participants clicked 20 times during the lecture (M=20.1, SD=13.82). The 

maximum number of clicks was 54 and the minimum was 8. The median time of inactivity (i.e. no 

clicking recorded) was 111 seconds (1.85 minutes). The longest time of inactivity was 1245 seconds 

(20.75 minutes) and the shortest time of inactivity was 1 second across all four states (buttons).  

In the design of the feedback system, we have taken care of the possibility of spurious 

clicking by restricting clicking of the same button for 5 seconds after clicks. We further applied 

conservative estimate of the data by considering only 1 click per minute for each of the four 

variables. Therefore, if someone has clicked several times in 1 minute, it was still considered as only 

1 click by that person. The reason why this step was necessary instead of simply making the period 

of inactivity 1 minute was to differentiate between spurious or thoughtless clicks and thoughtful yet 

very frequent clicking activity. Frequency calculations were performed for every minute of the 

lecture (Fig 1b). Difficulty was calculated as the difference between the number of difficult and easy 

clicks. Engaging was calculated as the difference between the number of engaging and boring clicks. 

For example, in the 4th minute of the lecture the difference between the total number of students who 

found the segment engaging and those who did not was one. Similarly, the difference between those 

who found it easy and those who did not was two.  Finally, a moving window frame of 2 minutes 

with 1 minute overlap was applied.  

Points of interests were identified when the frequency values crossed a threshold of 60% or 

when six out of ten students found the lecture to be either engaging or difficult. The cutoff mark is 

arbitrary and would differ from study to study. However, it is important to realize that the peak value 

does not necessarily represent all students that found the material either engaging or difficult. That 

value is more reflected by the area under the curve which includes those peaks. For instance, the 

difficulty peak at 20 mins indicates 80 percent of the students clicked the material to be difficult at 

20 minutes into the lecture. Again, this would only be a lower bound as students might have 

reflected upon the difficult material before and after that time. For example, those who might have 

identified the difficult section before and after the peak time (20 min) or those who found the content 

uniformly difficult throughout the entire time that particular topic was being discussed. Hence, a 

cutoff of sixty percent indicates that at least sixty percent of the students found the lecture either 

difficult or engaging. The upper limit is not revealed in this figure. Additionally, the width of the 

area under the curve could be also indicative of the lecture content vis-à-vis difficulty or engagement 

(See Fig. 2 and related discussion).  

Such a feedback system could be useful for eliciting anonymous feedback from students to 

identify optimal/suboptimal parts of the lecture. Retrospective interviews with students and asking 

them to reflect upon their feedback might shed light on the source of these cognitive-affective states.  

With large enough sample size, such as that possible in large undergraduate lectures, this 

type of feedback could also be useful to detect the relationship between cognition and affect i.e. 

whether the students find the lecture to be dull and therefore difficult or vice-versa (from phase lag 

of response curves). Such fine-grained analysis is also expected to provide high-resolution feedback 

to the instructor for retrospective self-reflection (Fig. 2), as the morphology of a difficulty peak 

arising from a very difficult figure that was mentioned in passing is likely to be different than a 

difficult concept that was discussed over a period of 15 minutes and across several slides. Such 

fine-grained analysis will assist instructor to use such data to modify future iterations of the lecture 

or to clarify existing doubts in the classroom. Hence, this system could be further useful as an 

alternative way for teaching evaluation because with every iteration of a lecture the difficulty peaks 

can be expected to flatten and the engagement peaks should become more prominent.   
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Figure 2. Hypothetical curves. (Left) Granularity of difficulty could indicate the source of a learning 

impasse: (a) difficulty over a figure, (b) difficulty over a lecture slide and (c) difficulty over a topic. 

(Right) Phase lag of boredom suggestive of prior difficulty as a probable cause 

 

At the end of the session, a survey on the usability of the feedback system was conducted 

(Fig. 3). Overall the participants were very positive about the feedback system. All participants 

expressed their opinion regarding several usability aspects of the feedback system, like the feedback 

interface ‘is easy to use’ (80%: Strongly agree, 20%: Agree) or the feedback interface ‘became 

easier as I got more used to it (later parts of the lecture)’ (90%: Yes). The participants’ opinion about 

the aspect of distraction was very encouraging. There were two survey questions to measure the 

construct of distraction and one of the questions was reversely coded. Sixty percent of the 

participants said that the feedback system actually improved their attention toward the lecture (40%: 

Strongly agree, 20%: Agree) and when asked whether it was distracting (reverse coding) 80% of the 

participants disagreed (30%: Strongly disagree, 50%: disagree). The reverse coding to estimate the 

construct of distraction lends greater validity to the estimate.  

 
 Figure 3. An overall distribution of participant’s perceptions about the usability of the 

feedback system 

 

In the survey, we also asked whether giving voluntary feedback is better than giving it 

periodically as and when prompted by the teacher. A majority of participants agreed that voluntary 

feedback on cognitive and affective states without prompts by the teacher is better (70%: Strongly 

agree, 10%: Agree, 20%: Neutral). Additionally, the participants also felt such feedback must be 

anonymous in order to be reliable and honest (70%: Strongly agree, 30%: Neutral).  

 

 

5. Conclusion and Limitations 
 

The feedback system we developed enables students to report their cognitive-affective states during 

a lecture. This feedback provides a unique affordance for self-reflection by instructors to identify 
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effective and ineffective segments of the lecture and make necessary corrections. Alternatively, if 

the faculty is pressed for time, we can think of a model of guided self-reflection for instructors 

wherein a group of students/TA/near-peers evaluate synched lecture video-feedback data, identify 

suboptimal segments and suggest possible ways to improve those sections only. A usability survey 

with the participants revealed an overall positive impression of the feedback system. A critical 

attribute of such a system in a teaching-learning scenario is the potentially distracting nature of 

giving the feedback itself. An overwhelming eighty percent of the participants reported that it was 

not distracting for them to use and sixty percent of students reported that this intervention improved 

their attention toward the lecture content.  

 One of the important limitations of this study is the small sample size. We expect a larger 

classroom (sample size) would produce more robust, and possibly more nuanced (such as those in 

Fig 2), observations. Another limitation of the study is the need for independent validation of the 

observed structure in the curves through interviews with students.       
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Abstract: This paper presents a study on computational thinking problem solving where 

first grade primary students engage in five groups of computational thinking tasks. The tasks 

are related to curriculum topics of language, science and mathematics and are implemented 

in form of a web application. Throughout the five tasks groups, students complete tasks 

covering the computation concepts of sequence, algorithms, recognition and removal of 

unnecessary steps, object properties and problem tasks. The focus of the data analysis 

presented in this paper is on identifying the computational thinking tasks across all five task 

groups where students were least successful and identifying patterns of task completion 

done by the students. For these least successful tasks, the correct and the incorrect 

completion patterns were examined. The results indicate that CT tool scaffolds serve as a 

mechanism through which students explore problems via trial and error and come to their 

own creative solutions through problem exploration. 

Keywords: computational thinking, primary education, elementary education, problem 

solving, usage patterns 

1. Introduction

The definition of computational thinking is broad since the problems to be solved using CT are not 

necessarily mathematically well-defined and completely analyzable problems. One definition 

assumes that computational thinking tackles the problems that can be solved by designing a system 

around it (Wing, 2011), while the other state that anything that can be solved using the abstraction 

process, which is done by deciding on which details to highlight and which to ignore, can be 

considered a form of computational thinking (Wing, 2008). Brennan and Resnick propose a 

framework in which they define computational thinking via the three dimensions: computational 

concepts, computational practices and computational perspectives (Brennan & Resnick, 2012). 

Computational concepts are the fundamental concepts of many programing languages and 

computing in general, such as sequences, loops, operators, data etc.  

Kazimoglu et al. argue that computational thinking can be characterized by its core five 

skills: problem solving, building algorithms, debugging, simulation and socializing. They elaborate 

on the definition by building a custom game framework with problem tasks for practicing the core 

skills.  However, it is to be noted that they developed and tested their framework on first year 

university students and relied on student feedback as the primary source of data (Kazimoglu, 

Kiernan, Bacon, & MacKinnon, 2012). In their research of computational thinking assessment, 

Roman-Gonzalez et al. developed a CT test based on computational concepts and, to a lesser extent, 

computational practices (Roman-Gonzalez, Perez-Gonzalez, & Jimenez-Fernandez, 2017). The test 

was conducted on a sample of 1,251 Spanish students from 24 schools, from fifth to tenth grade. 

They compared the results to other standardized psychological tests such as the Primary Mental 

Abilities (PMA) battery and the RP30 problem-solving test, and found high correlation between the 

CT test and the standardized problem-solving test and a small or moderate correlation between CT 

and other student abilities.  
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By further exploring the notion of computational thinking (CT) concepts and processes 

students engage in when completing CT tasks, this paper adds on the study on the use of 

computational thinking in early primary school in Croatia by Boticki, Pivalica & Seow (2018) in 

which a custom computational thinking tool Matko was used to measure the performance of 23 first 

grade primary school students in Croatia 7 to 8 years old completing computational thinking tasks 

covering the curricular topics of mathematics, language and science. The results of the study by 

Boticki, Pivalica & Seow (2018) present data on how well the students solved CT tasks according to 

the type of task they engaged in and correlations of these results with the students’ prior skills and 

knowledge. The analysis found a strong relationship between students’ mathematics skills and his or 

her success rate on all CT tasks, even the ones that had no connection with the Mathematics subject, 

and that were focused on Science or Croatian language. Language skills proved to be limiting for 

some students across almost all CT tasks, with the Science subject task where the goal was to define 

objects’ properties by describing an animal, being the most affected in the analysis.  

This paper aims to further the analysis presented in the previous authors’ study by 

identifying patterns in the most difficult computational thinking tasks completed by the students.  

 

 

2. Matko - A Computational Thinking System for Early Primary School Learners  
 

2.1 System Overview 

 

Matko is a CT tool built as part of a computational thinking project in Croatia in form of a 

block-based visual environment in which students drag-and-drop blocks into a scripting pane to 

build a solution (Figure 1). Such an environment is inspired by similar tools that were used in 

primary school settings (Wilson & Moffat, 2010). It approaches learning programming and the 

underlying computational concepts such as sequence or objects in an interactive way suitable for 

children (Figure 1).  

 
 

  
 

     

Figure 1. Left - user interface of the CT tool presented in this study; right: enlarged toolbox - an 

extraneous element not to be used in completing the task (in red color) 

 

Computational thinking tasks in Matko are organized into five task groups and cover the 

computational concepts of sequence, algorithms recognition and removal of unnecessary steps, 

object properties and problem tasks. These concepts were introduced to students in a visual 

interactive block-based environment, similar to visual programming languages such as Scratch 

(Resnick, et al., 2009). However, unlike Scratch, due to the participants being first grade primary 

school students without any experience with similar systems, the blocks the students needed to use 

were mostly predefined and just needed to be picked out and placed in a correct order or position to 

form a solution.   

Table 1 lists all CT task groups with their respective CT concepts and a representative CT 

task which is illustrated by two images: one displaying a set of primitives students choose to give 
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their solution and the other showing animation that is being displayed to students whereby they get 

the visual indication of whether their solution attempt was successful or not. 

 

Table 1  

CT task groups with their respective CT concepts and an exemplar CT task 

Group CT concepts Exemplar CT task and its solution  

1 Sequence, 

algorithm, 

recognition and 

removal of 

unnecessary steps 

(exemplar task 

1.1) 

   
2 Object and its 

properties 

(exemplar task 

2.2) 

  
3 Problem tasks, 

Problem tasks 

with loops 

(exemplar task 

3.1) 

   
4  Problem tasks, 

Problem tasks 

with loops 

(exemplar task 

4.5) 

   
5 More complex 

problem tasks, 

problem tasks 

with loops 

(exemplar task 

5.5) 

   
 

3.3 Prior Experimental Results 

 

The CT tool presented in this paper allowed for detailed data collection of students’ usage data for 

each CT task completed, including both the successful and possibly multiple unsuccessful attempts. 

The data collected for each student for all five CT task groups included (1) the time students needed 

to complete a task, (2) the total number of attempts for a task, (3) the number of successful attempts 

for a task and (4) the number of unsuccessful attempts for a task and (5) the detailed log of the 

attempt containing all the primitives that a student has chosen in a single task attempt. The analysis 

of the CT tasks and concepts indicates that the problem tasks and object properties tasks had the 

largest values of successful and unsuccessful task attempts, with substantial SD observed. SDs both 

in the case of object properties and problem tasks were high (Boticki, Pivalica & Seow, 2018). 
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3. Identifying the Most Difficult Computational Thinking Tasks 
 

By drawing on the rich dataset of the collected log data, three key parameters were observed to 

identify the most difficult task: the total number of unsuccessful attempts per task, the number of 

students who had at least one unsuccessful attempt per task, and the total amount of time spent on a 

given task. Upon observing the data and the field notes taken during the experiment, it was 

concluded that the number of unsuccessful attempts was more relevant in choosing the most difficult 

CT tasks than the time students spent on a task due to the difficulty of measuring the exact student 

on-task time. This was due to several reasons including students taking breaks in between the task 

attempts, submitting the same solution multiple times by accident or because they enjoyed watching 

the animation appearing after the task evaluation (note that the overall task completion time 

excludes the time needed to display the animation). Nevertheless, the total amount of time spent on a 

task was still used as a control factor when choosing the most difficult tasks. 

 The first task group was excluded from the analysis since students performed extremely 

well, except for the first task in the first task group (1.1) due to the adjustment period to the tool and 

the new computational thinking activity. From both the second and third task group, two most 

difficult tasks were chosen, while in the fourth and fifth only the most difficult task per group was 

chosen due to the general task similarity (Table 2).  

 

Table 2 

Usage statistics of the second task group with the most difficult tasks selected 

Task Total number of 

unsuccessful attempts 

Students with at least an 

unsuccessful attempt 

Average total time spent on 

the task (seconds) 

2.2 127 17 315.62 

2.5 98 18 229.25 

3.1 46 15 134.79 

3.6 44 17 92.98 

4.5 35 12 152.34 

5.5 32 8 251.72 

 

 

4. Identifying Patterns in the Most Difficult Computational Thinking Tasks 
 

The selected tasks (2.2, 2.5, 3.1, 3.6, 4.5 and 5.5) are the most difficult tasks for early primary school 

students according to the selection criteria presented in the previous chapter. Tasks 2.2, 3.1, 4.5 and 

5.5 are illustrated in Table 1. In this chapter patterns, or the most common sequence of steps, in 

completing the tasks are identified. The patterns of correctly completed tasks identify possible 

common correct solutions attempted by the students, while the patterns of the incorrectly completed 

tasks allow for the discovery of common misconceptions and errors in early primary learners’ 

computational task completion.  

  

Table 3 

Patterns identified in tasks of identifying animal properties (2.2 Frog and 2.5 Rabbit) 

Task 2.2 Incorrect Patterns (Frog)  Task 2.5 Incorrect Patterns (Rabbit) 

2 legs, skin, lives in a pond, in 

winter (*) 
56 attempts  

4 legs, hair, lives in burrow, 

in winter (*) 
20 attempts 

4 legs, skin, lives in a pond, in 

winter does not sleep 
5 attempts 

2 legs, hair, lives in haunt, 

in winter (*) 
10 attempts 

4 legs, skin and hair, lives in a 

pond, in winter (*) 
3 attempts 

2 legs, hair, lives in burrow, 

in winter (*) 
9 attempts 

2 legs, hair, lives in a pond, in 

winter does sleeps 
2 attempts 

4 legs, hair, lives in burrow, 

in winter (*) 
7 attempts 

4 legs, hair, lives in pond, in 

winter (*) 
2 attempts 
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In the second task group two most difficult tasks were analyzed for patterns – tasks 2.2 and 

2.5. In these tasks, students needed to choose characteristics of an animal from a set of predefined 

options (number of legs, skin cover type, living area and does it sleep in winter). Table 3 illustrates 

common misconceptions students encountered in the task completion process. The indication winter 

sleeps (*) denotes any choice for the sleeping area in winter (sleeps or does not sleep in winter). 

Two most difficult tasks were analyzed in the third task group (tasks 3.1 and 3.6). In the task 

3.1 students needed to lead a bunny towards the goal using only four simple commands: up, down, 

left and right. In the task 3.6 students needed to do the same but by choosing more distant goal out of 

two available goals without reaching the wrong goal in their solution (Table 4).  

 

Table 4  

Patterns identified in tasks of leading a bunny towards the goal (3.1 without loops and 3.6 with 

loops) 

Task 3.1 Correct patterns Task 3.1 Incorrect 

Patterns 

Task 3.6 

Correct 

patterns 

Task 3.6 Incorrect 

Patterns 

up->up->right->right  10 att. right->up->* 9 att. right->

up->u

p->left 

13 

att. 

up->up 14 att. 

right->right->up->up 8 att. left->* 4 att. right->up->u

p 
5 att. 

right->up->right->up 3 att, up->left->* 3 att. 

up->right->up->right 2 att. 

up->up->right 2 att. left->u

p->up-

>right 

9 

att. 
left->up->* 5 att. up->right->right 2 att. 

 

In the fourth task group students needed to complete simple mathematics problems using the 

operations of addition and subtraction. In task 4.5 students were asked to add any number and 

combination of numbers 1 and 2 to the initial value of 3 in order to reach the value of 7 as the final 

solution. Correct and incorrect solution patterns for the task 4.5 are given in Table 5. 

 

Table 5  

The correct and incorrect patterns in task 4.5 

Task 4.5 Correct Patterns Task 4.5 Incorrect Patterns 

3+     2+2  12 attempts 
3+     1+2  8 attempts 

3+     2+1  8 attempts 

3+     1+2+1  3 attempts 
3+     2+2+2+1  2 attempts 

3+     2+1+2+2  2 attempts 

 

In the fifth task group students needed to solve slightly more complex mathematics 

problems than in task group 4. An example of such a task is given in the last row of Table 1, where a 

student needs to produce number 12 by using any combination of values 3, 1 and 2 and a loop of 3 

repetitions. Correct and incorrect solution patterns for the task 5.5 are given in Table 6. 

 

Table 6  

The correct and incorrect patterns in task 5.5 

Task 5.5 Correct Patterns Task 5.5 Incorrect Patterns 

3*3+3  7 attempts 
3*(nothing)+3+3 7 attempts 

3*(3*(….)) 4 attempts 

3*(3+1)  3 attempts 
3*3+2 2 attempts 

3*3+3*(nothing) 2 attempts 

3+3*3  2 attempts 
3*(nothing)+3+2 2 attempts 

3+2+1 2 attempts 
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5. Conclusions 
 

When completing the computational thinking tasks with object properties students had to leverage 

on their prior knowledge in multiple subjects ranging from mathematics, to nature and society and 

language. Although one of the most common misconception was the wrong recognition of a number 

of legs a frog or a rabbit has, it is to be noted that students mostly did mistaken legs for arms whereby 

obvious influence of cartoons they are exposed to on daily basis is detected. Students struggled with 

language issues when completing the problem of object properties, especially when they needed to 

specify that rabbit lived in a burrow. 

 In the tasks students needed to find a path of a bunny to reach the predefined goal by 

combining the primitives of right, left, up and down, a number of solutions with three steps out of 

four required steps were identified. These steps would give the correct solution if the students 

provided an adequate final step. It seems the students used the tool in their trial and error approach 

facilitated with the animation feature where they could evaluate their solutions visually and continue 

enhancing their solution by adding additional steps. Additionally, a smaller number of students 

attempted to “teleport” their bunny from one side to another (for example from top to bottom or from 

left to right) showing they can generate alternative creative solutions.  

 The students had no issues when solving simpler mathematical problems as indicated by the 

analysis of the group 4 tasks. Similar to the task group 3, students used the trial and error approach as 

well as observed the animated formulas in figuring out intermediary solutions to reach their 

calculation goal. In the task group 5 children had a lot more misconceptions when loops are used to 

form the arithmetic expressions, which effectively translates into multiplication.  

To sum up, although curriculum contents need to be aligned with the CT task contents to 

allow student to complete the task more correctly, allowing for an amount of new contents in CT 

tasks can be beneficial since the students will use the tool to employ trial and error strategies and 

explore the solution space. By doing that they will iterate through the solution space and identify the 

correct solution on their own, or with little scaffolds via the computational tool feedback 

mechanisms. By being open-ended, a CT tool can serve as a polygon for students’ creative solution 

and lead to creative solutions in the same time engaging students in the problem solution process. 
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Abstract: In the era of knowledge economy, the concept of lifelong learning has drawn people's 

attention gradually. Museum learning, one of the main forms of informal learning, has attracted 

visitors with its knowledge, entertainment and other characteristics. Therefore, the promotion of 

learning effect and learning experience of museum learning has also become a research focus. 

This study focuses on how to improve the learning effect of parent-child groups in museum. 

More specifically, it intends to promote parent-child interaction through design of parent-child 

worksheet, consequently help visitors understand the exhibits and improve the learning effects 

in museum. The paper consists of three aspects: 1. Design the questionnaire for parent-child 

museum learning, investigate the museum learning expectations, visiting methods, learning 

experience and expectation of worksheet of the family organizations in the museum, which 

could provide base for the following design of model of parent-child worksheets. 2. Design 

parent-child worksheet model. At this stage, this study investigates other researchers' design 

principles and strategies and designs a model of parent-child worksheets. 3. By a design-based 

approach, the solar system exhibition area and lunar meteorite exhibition area in planetarium 

are selected as the content for parent-child worksheet, then the worksheet is designed and 

applied. 

Keywords: Informal learning, museum learning, worksheet, parent-child interaction 

1. Introduction

With the popularization and development of the concept of lifelong learning, informal learning has 

drawn increasing attention as an important part of lifelong learning. Museum learning, as one of the 

main forms of informal learning, can provide a variety of museum activities to bring visitors a pleasant 

learning experience. Since the role of museum has transferred from collection to education (Zheng, 

2015), the worksheet has gradually become a guide tool in the museum and provide guidelines to visits 

and study for various groups visiting the museum. This study will focus on the core issues of the 

parent-child worksheet in the museum, which are the little effect to learning and the insufficient 

parent-child interaction. By analyzing the visiting pattern of the parent-child groups and the their 

expectations of visits to the museum, building parent-child learning model, and designing parent-child 

learning based on this model, this study aims to promote parent-child interaction by parent-child 

worksheet, thereby enhancing their learning experience of visits to museum. 

2. Investigation On The Current Context of Parent-Child Learning and Recognition

of Worksheet in Museum

2.1 Questionnaire design 

To investigate the current situation of learning in parent-child groups and their views on worksheets, 

this study reviewed and analyzed the dimensions of other questionnaires on museum learning, and drew 

on the dimensions of basic information, visiting purposes and the views on museums, etc. from the 

questionnaires on learning design in museums (Bao, 2013; Chen, 2013; Zhang, 2015). This study 
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includes the following five dimensions: the basic information, the expectations of museum, the museum 

learning habits, the role of parents, as well as the experience and attitudes of using. Based on these 

dimensions, the questionnaire of the parent-child learning method in museum was designed, which 

includes 16 questions (4 multiple choice questions and 12 single choice questions). 

 

2.2 Implementation process 
 

The questionnaire was distributed to the visitors to planetarium randomly. The parents of the 

parent-visitor groups were required to fill in the questionnaires. The data collection lasted for six 

months from June 2016 to December 2016. 306 questionnaires are valid in 320 collected 

questionnaires. The effective rate of questionnaire is 95.6%. 

 

2.3 Analysis and conclusion 
 

Museum learning orientation has guidance. Up to 68.30% of parents are likely to visit "with a plan or a 

map of the exhibits". But 26.47% of parents prefer to visit freely. Most parents regard their role as a 

"companion" in parent-child interaction, accounting for 57.76%. In addition, 23.56% of parents 

considered their role as a "guider". However, "experiencing exhibits", "participating in museum 

activities" and "discussing knowledge of exhibits" all exceeded 25%. Although the two findings seem 

contradictory, the author believes that parents acknowledge the educational functions of museum and 

expect to increase children's knowledge through visiting museum. Therefore, they give guidance to 

children during the visit, but their understanding of their role as guiders is not clear enough.  

Lower worksheet utilization rate. Only 32.35% of parents used worksheets. This study 

investigated the experience of worksheet for parents who used worksheets and found that 80.81% of 

parents like to use worksheet, "suggested route" and "exhibit introduction" are the main reasons why 

parents prefer to use it; 13.13% of parents do not like to use worksheet, and "content design is boring" is 

the main reason. About 6% of parents hold a neutral attitude to worksheets. 

After a simple introduction of parent-child worksheet to parents, 92.48% of parents are willing 

to use parent-child worksheet. There were 20.61% of parents who prefer the game-based worksheet, 

while the supporters of "question-based", "instruction-based" and "task-based" account for 10.75%, 

8.06% and 9.68% respectively. 

 

 

3. Model Building of the Parent-Child Worksheet in Museum Learning 
 

3.1 Parent-child worksheet’s connotation and characteristics 
 

The worksheet enhances interaction among peers by prompting information about the environment or 

exhibits, and facilitating interaction among visitors, exhibits and visitors. Parent-child worksheet is a 

tool that can help parent-child groups study in museum. As a medium tool for museum learning, it  not 

only has the characteristics of general learning list: guiding, intermediary and auxiliary (Yang, 2013). 

The author believes that the parent-child worksheet should have the following characteristics: (1) 

Guidance: The parent-child worksheet can provide visitors with a visit route or related knowledge 

guidance to help visitors better understand the design of exhibits and exhibition areas. (2) 

Intermediation: parent-child worksheet is the intermediary between visitors and exhibits during the visit 

to the museum. (3) Auxiliary: The parent-child worksheets help visitors actively and effectively 

complete the knowledge construction. (4) Interaction promotion: compared to other visitors, 

interactions of parent-child groups are more likely to be in the format of guidance of parents to 

children's learning. 

 

3.2 Design principles of parent-child worksheet 
 

At present, the main problem of museum learning is that children cannot experience exhibits in depth or 

understand the connotation of exhibits. Although parents interact with their children, but it is not 

effective enough, which result in poor learning outcome. So the first principle of design of parent-child 
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worksheets is to attract children's attention. Meanwhile, it should support the interaction between 

children and parents, in order to enhance their experience of exhibits, facilitate a deep understanding of 

the connotation of the exhibits, and improve the learning effect in museum. The design principle of 

parent-child worksheet is shown in Table 1. 

 

Table 1 

Design Principles of Parent-Child Worksheet 

How to attract 

children's attention 

Setting the context It can be subject-based, game-based, or an exploration 

model 

Relationship between problems and reality Link the problems with practice to attract children's 

attention 

How to promote 

parent-child 

interaction 

Providing support or guidance for 

promoting interaction 

Tips to discuss with parents; experience exhibits with 

parents 

How to extend the 

children's learning 

behavior and guide 

the children to 

interact with the 

exhibits in depth. 

The worksheet should be connected with 

the exhibits and the theme of the 

exhibition area. 

The museum learning is relatively fragmented and non- 

systematic. The design of the worksheet can help 

visitors grab the central idea of the whole exhibition 

area. 

The worksheet content is limited. Visitors 

should be encouraged to think about other 

exhibits 

There are four types of problems: memorial, 

convergent, divergent, and judgmental. Open questions 

can be set up (Chang&Wang,2014) 

 

3.3 Design model of parent-child worksheet  
 

John Falk et al. put forward that museum learning is rooted in personal contexts, physical contexts and 

sociocultural contexts, and it's an important theoretical framework for understanding visitors' 

autonomous learning in museum scenarios. They think that learning is that the museum visitors produce 

experience and meaning by continuous interaction and integration in the context of individual, physical 

and social cultural context to. The individual context will shape and be shaped in the physical 

environment across time, but they are both intermediated by social-cultural context (Falk, 2005). They 

believe that the interaction of the three contexts creates a new experience for the visitors and promotes 

the learning behavior in the museum. Under the background of the contextual model, the paper creates 

the learning context in museums through the worksheet, and promotes the interaction between parents 

and children, so as to improve the learning efficiency in museums. The parent-child worksheet’s model 

draws lessons from the contextual model of museum learning, as shown in the following figure 1, sets 

the parent-child worksheets as a mediator, connects visitors, partners and the physical context and 

promotes interactions among the three elements, to help the visitor complete the meaning construction. 

 

 
Figure 1. The parent-child worksheet’s model 

 

 

3.3.1 Visitors 
 

In visit to museums, children's cognition and behavior habits are important factors in the design of the 

parent-child worksheet since they are the main target of parent-child groups. The level of cognitive 

development and gained knowledge are the preparatory work for the design of parent-child worksheet. 

The characteristics of the main users of parent-child worksheet need to be understood and analyzed. 

Expectation and interest, choice and control are the key points in the design of parent-child worksheet, 

with which the children's visit could be guided well. 
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3.3.2 Physical context 
 

The design of physical context of the parent-child worksheet is based on the exhibits. Visitors interact 

with exhibits by watching, operating, getting feedback, etc., but the exhibits do not exist independently, 

they are part of the theme in the exhibition area. So the physical context includes three elements: 

watching, operating, theme. First of all, watching is for exhibits such as pictures, videos, real objects 

and models. Visitors mainly watch and touch the exhibits. The second is the learning activities of 

visitors around the interactive exhibits. Finally, the theme refers to the exhibition theme, parent-child 

worksheets should serve for the entire exhibition area, rather than one single exhibit. 

 

3.3.3 Companion 
 

In parent-child groups, children's peers are their parents. In order to assist the parent's leading role, three 

factors should be considered in the design of parent-child sheets: guidance, reflection and feedback. 

Guidance refers to the museum visits, the guide for parent in worksheets should provide help for parents 

on how to guide children learning; reflection is to help parents reflect on children's behaviors and 

mastery level of knowledge; feedback is that parents timely provide children with support and feedback 

to help them correctly understand the exhibits. 

 

3.3.4 Parent-child worksheet  
 

The content of parent-child worksheet includes task density, answer form, openness and cognitive goal. 

The task density refers to the time visitors spend on one exhibits or exhibition area. It also represents the 

difficulty of tasks, which should be set according to the current cognitive level of children; the answer 

forms of the parent-child worksheet are varied not limited to the form of filling, selection, but also 

include the form of the task and game, etc.; Openness refers to the range of answers. Mcloy and Grinder 

classify the content of the study into four types of questions: memorial, convergence, divergent and 

critical questions (Chang & Wang, 2014). Parent-child worksheet should pay attention to the openness 

of questions, take into account the majority of exhibits in the museum; Cognitive goal means the setting 

of questions should be purposely and clarify the cognitive level of the questions, which should be set 

based on the cognitive level of visitors. 

 

 

4. Design and Practice of Parent-Child Worksheet in "Beijing Planetarium Hall Solar 

System Exhibition Hall" 
 

4.1 Design process 
 

The solar system exhibition hall was selected as the content foundation of parent-child worksheet 

design, and 6-8 aged children and their parents were chosen as objects. In order to assist the design of 

parent-child worksheet, this study designed the template of parent-child worksheet, as shown in the 

following table 2, table 3 and table 4. 

 

Table 2 

Template of Parent-Child Work-Sheet 

The theme The solar system 

User age 6-8 years old 

The theme of exhibition The sun's family 

Characteristics of 

Children's cognitive 

development 

From the preoperational stage to the concrete operational stage 

Child's prior knowledge 

level 

The school does not offer science courses, and children have no systematic knowledge of 

astronomy. However, according to the interview, parents lead their children to visit the 

Planetarium two or three times a year. 

Content analysis of the 

exhibition area 

Describe the volume, mass, period, gravity acceleration of the sun and the eight planets, and 

provide visitors with scientific knowledge about the solar system. 
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Objective of parent-child 

worksheet 

Knowledge and skills Know the name and arrangement of the eight planets; know the planet's 

rotation and revolution period; know the planet's mass and volume 

Emotions, Attitudes 

and Values 

Establish an objective understanding of the solar system 

Build interest in astronomy 

 

Table 3 

Item Design of Parent-Child Worksheet 

 Cognitive 

target 

hierarchy 

Cognitive target Question 

type 

Involved Exhibits and 

their number 

The subject content 

One Know Know the earth's knowledge Game Solar system model, 

earth model, List of 

planetary revolution 

period; three 

Find out where the 

earth is. 

Two Remember Know the order of the eight 

planets 

Painting Solar system model; one Please draw the eight 

planets in the order of 

distance from the sun. 

Three compare Understand the planet's 

revolution; Compare the 

planet's revolution period 

Fill in the 

blank 

List of planet revolution 

period; one 

Which planet runs the 

fastest? 

Four Compare Compare the size of the planet Fill in the 

blank 

Pictures to introduce 

eight planets, solar 

system model; nine 

Which planet is the 

largest? 

Five Know, 

understand 

Understand the meaning of 

gravitational acceleration; 

know the gravitational 

acceleration of the planet 

Question  

and answer 

Physical models of eight 

planets; eight 

On which planet, a 

basketball is the 

heaviest? Why? 

Six Analyze Analyze Earth's revolution and 

rotation; understand the effects 

of revolution and rotation 

Question 

and answer 

Physical model of earth; 

one 

Why there are days 

and nights? Why there 

are four seasons? 

 

Table 4 

Parental Guide-Sheet Content Design 

 Question answer and explanation The location of the 

exhibits 

Guidance advice 

One Solar system model, earth model, 

List of planetary revolution period 

Model of solar system, 

and earth, List of planetary 

revolution period 

Look for exhibits with your children and 

communicate with them about the exhibits you 

find. 

Two Mercury, Venus, Earth, Mars, 

Jupiter, Saturn, Uranus, Neptune 

Model of solar system Accompany your child to see the eight planet 

models and memorize the order of the planets 

Three Mercury is the closest to the sun, 

The faster the revolution of the 

planet is, the smaller the cycle is. 

List of planetary 

revolution period 

Watch the exhibits and explain to your child the 

relationship between revolution, revolution 

period, and speed 

Four Jupiter is the largest and Mercury is 

the smallest 

Pictures to introduce eight 

planets; 

model of solar system 

Introduce scientific notation, or lead children to 

watch the model 

Five Jupiter, the weight of the basketball 

is related to the planet's 

gravitational acceleration, The 

greater the acceleration of gravity, 

the greater the weight is. 

Physical models of eight 

planets. 

Explain the meaning of gravitational 

acceleration to your child and compare the 

magnitude of the gravitational acceleration on 

different planets 

Six While the earth rotates, it also 

revolves around the sun. 

Model of earth Role-play with children, simulate Earth's 

rotation and revolution, and explained by 

stages 

 

4.2 Feedback and revision 
 

Five families who wished to use parent-child worksheet were randomly selected in the planetarium, and 

the children in the family are between 6 and 8 years old. In order to investigate the satisfaction of 

worksheets of parent-child groups, interviews were conducted. The following are the interview 

questions: (1) How often do you talk with your child about the exhibits? (2) What do you think about the 

guidance function of parent-child worksheet in museum learning? (3) Can you answer the child's 
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questions better through the parent-child worksheet? (4) What do you think about the effect of museum 

learning with parent-child worksheets? (5) What are your comments and suggestions on parent-child 

worksheets? 

The summary of the parents’ opinions in the first round of research indicates two aspects: 

Firstly, the content design of parent-child worksheet is not attractive to children; secondly, a small 

number of exhibits are included in the parent-child worksheet, which restricts the visitors’ visits. Based 

on the above questions, the parent-child worksheet and parental guide-sheet are revised; the result is 

shown below in figure 2 and figure 3. 

 

 

Figure 2. Revised Parent-child Worksheet               Figure 3. Revised Parental Guide-sheet 

 

 

5. Conclusion 
 

In the museum learning, the parents will discuss or experience the exhibits with the children. However, 

most parents do not have enough understanding of their guiding role in the visiting process. Parent-child 

worksheet, as support for parent-child group learning in museums, could help parents guide children’s 

learning, promote parent-child interaction, guide children visit effectively and learn more about the 

exhibits, thereby enhancing the museum learning. 

 

 

Acknowledgements 
 

We would like to thank all the people who prepared and revised previous versions of this document.  
 

 

References 
 
Bao, X., Mao, W., & Wang, C. (2011). Chang guan huan jing zhong jie xing xue xi gong ju de she ji yu kai fa: yi 

shang hai ke ji guan xue xi dan she ji yan jiu wei li [Design and development of stadium-based intermediary 

learning tools]. China Electrochemical Education, 10, 40-47. 

Bao, X. (2013). Bo wu guan chang jing zhong de xue xi she ji yan jiu [Learning design in museum scene]. East 

China Normal University.  

Chang, J., & Wang, C. (2014). Qian tan ke ji guan xue xi dan zhong de wen ti [Talking about “problems” in 

science and technology museum worksheet]. Popular Science Research, 9(1), 77-83. 

Chen, L. (2013). Ji yu zhi jia shi jiao xue she ji li lun de chu zhong hua xue xue xi dan she ji mo xing dejian gou 

[Construction of worksheet model for junior middle school chemistry learning based on scaffolding 

instructional design theory]. Shanghai Normal University. 

Falk, J., & Storksdieck, M. (2005). Using the contextual model of learning to understand visitor learning from a 

science center exhibition. Science Education, 89(5), 744-778. 

Yang, Y. (2013). Xue xi dan zhi chi xia chang guan xian jie xue xi huo dong she ji de yan jiu [Design of 

college-venue cohesion learning activities under the worksheet support]. Shanghai Normal University. 

Zhang, Q. (2015). Ge xing hua jiao yu bei jing xia xiao xue shu xue xue xi dan de she ji yu ying yong [Design and 

application of primary school mathematics worksheet under personalized education]. Shanghai Normal 

University. 

Zheng, X. (2015). Cong bo wu guan jiao yu dao chang guan xue xi de yan jin: li shi yu luo ji [Evolution from 

museum education to venue learning: history and logic]. Modern Educational Technology, 2, 5-11. 

481



Lecturer’s Silhouette Display System for 

Distance Education Using Screen Sharing 

between Interactive Whiteboards 

Satoru KOMATSU
a
, Yasuo MIYOSHI

b
, Yuichiro MORI

b
 & Ryo OKAMOTO

b 

aInformation Science Course, Department of Applied Science, Faculty of Science, Kochi University, Japan 
bDepartment of Information Science, Faculty of Science and Technology, Kochi University, Japan 

{b143k093, miyoshi, ymori, ryooka}@is.kochi-u.ac.jp 

Abstract: In distance education using interactive whiteboard, students in the receiving 

classroom cannot know the point indicated by the lecturer while looking at the interactive 

whiteboard. Therefore, we have developed a prototype system that displays lecturer’s 

silhouette to the interactive whiteboard. Students can read the learning contents and see 

where teacher pointing at the same time. For evaluation of our system, we have examined 

the students’ eye-gaze difference between two cases that silhouette is enabled or disabled. 

Moreover, our prototype system is used in actual distance education of a prefectural high 

school. By analyzing the results, we confirmed how effective our system is. 

Keywords: distance education, Kinect sensor, interactive whiteboard, nonverbal behavior 

1. Introduction

In Kochi Prefecture where our university is located, most of prefectural high schools in mountainous 

areas are getting smaller due to depopulation every year. Kochi Prefecture Board of Education is 
worried about high school reduction. Since a small school has few teachers, it could be happened 

there are no teachers who can teach elective subject which students want to take. To give equal 

opportunities which students in small school can take desired subjects, Kochi Prefecture Board of 
Education promotes an introduction of distance education which students can take classes by 

teachers in distance school. Distance education of prefectural high school in Kochi uses prevailing 

information technology. So, we launched studies project which supports introduction of distance 
education by using advanced information technology. This study by the project will deal with a 

method of displaying learning contents and teacher’s behavior in distance education. 

2. Problem in Distance Education Using Interactive whiteboard

In distance education that the students exist at both classrooms, two large monitors are commonly 

introduced. One monitor should “zoom out” to display the teacher’s move and the ambience of the 

classroom and the other one should “zoom in” to display the close-up of the learning contents. If 

there are not any students in the classroom providing the class, it might need only one 
zoom-in-monitor because the teacher does not have to walk around. However, if there are some 

students in the providing classroom, both monitors are needed because the teacher has to walk 

around for checking the learning conditions of their students. In this case, if the zoom-in-monitor is 
an interactive whiteboard, it only displays the learning contents. Therefore, the teacher will be not 

displayed in the monitor. Because of this, students have to watch both monitors to look at the 

learning contents and the teacher’s face. 

In the prefectural high schools of Kochi, a telepresence system and interactive whiteboards 
are used at the providing classroom and the receiving classroom in a distance education, as shown in 

figure 1. The interactive whiteboard of providing classroom is a display monitor of the PC. The 

interactive whiteboard of receiving classroom is able to display the same as the screen of the 
interactive whiteboard of providing classroom by a shared screen function of the interactive 
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whiteboard. The students in the receiving classroom will not know the lecturer’s facial expressions 
and the point indicated by the lecturer while looking at the interactive whiteboard. They also have 

difficulty in reading the learning contents written in the interactive whiteboard by looking at the 

monitor, which shows the image of the network camera of the providing classroom, because the 

characters of the learning contents on the monitor are too small. Therefore, we think that it is 
important to display visually both verbal and nonverbal information on one of the monitors. 

 

 
Figure 1. Disposition of Equipment for Telepresence System in Distance Education Promoted by 

Kochi Prefectural Board of Education 

 

 

3. Lecturer’s Silhouette Display System 
 

3.1 Our Approach and Prototype System Using Kinect Sensor 
 

As described above, the problem is caused by not displaying the teacher on zoom-in monitor. 

Accordingly, we propose an approach, which is to detect teacher’s shape and then to overlay the 
semi-transparent shape (teacher’s silhouette) on the screen of zoom-in monitor. Students can read 

the learning contents written in interactive whiteboard even if the contents hide among the teacher’s 

body, by semi-transparentizing the teacher’s silhouette. Based on our approach, we have developed 
a prototype of lecturer’s silhouette display system. A Kinect V2 sensor manufactured by Microsoft 

was used here to develop the prototype for simplicity. Figure 2 shows the outline of lecturer’s 

silhouette display system.  The Kinect sensor is connected to a PC associated with an interactive 

whiteboard at the providing classroom. When the PC shows the lecturer’s silhouette to the 
interactive whiteboard, the receiving classroom’s whiteboard also displays it by using 

screen-sharing with the screen of the providing classroom. 

 

3.2 Related Works 
 

Okumoto et al. (2017) have developed a live broadcasting system for a lecture using a chalkboard or 
whiteboard. Their system can provide a video that shows the obstructed content through the 

lecturer’s silhouette. Although our system uses a depth sensor that is included in a Kinect sensor to 

detect a lecturer’s shape, their system uses only RGB color image by image processing. In addition, 
their system shows the silhouette by transparentizing the lecturer appearing in the video, in contrast, 

our system displays the silhouette that does not appear in the screen in theory. Marutani et al. (2005) 

have proposed a method for extracting deictic information from gestures of a lecturer. It can suppose 

locus of indicated points and also can classify the lecturer’s deictic gestures into four kinds that are 
defined as “emphasizing, highlighting, pointing and outlining” by Pozzer-Ardenghi and Roth 

(2003). The purpose of Marutani et al. is to solve the same problem that we have indicated in chapter 

2 by extracting deictic gestures and adding deictic information in the movie of the lecture. Our 
system displays the movement of the lecturer’s gestures on the screen. Consequently, there is no 

need for us to extract deictic gestures.  

 Although the purpose of the study is slightly different, Ochi and Takeda (2013) have 
developed a camera control system that commands a network camera and uses a Kinect sensor to 

recognize the lecturer’s gestures. The network camera used by them is equivalent to the network 
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cameras shown in figure 1. Consequently, it is probable that our system will be used together with 
their system. 

 

 
Figure 2. Outline of Lecturer’s Silhouette Display System 

 

 

4. Experiment 
 

We have experimented to evaluate and/or verify of how effective the lecturer’s silhouette display 

system that we have prototyped. While a lecturer points something on an interactive whiteboard, 
students can perceive the pointing place and read learning contents, by displaying the lecturer’s 

silhouette on the board. Therefore, most students may gaze into the interactive whiteboard when a 

silhouette is displayed. To confirm this, we have examined the subjects’ eye-gaze difference 

between two cases that silhouette is enabled or disabled, in the following two situations. 
 

4.1 Students’ Eye-Gaze Analysis at Lecture without Telepresence System 
 

One of the authors, as a teacher, did simulated lecture before three undergraduate and two 

postgraduate students (Subject A-E) in the classroom which has a ceiling-mounted monitor 

rearward. We analyzed subjects’ gazes on manual. This lecture is not distance education but 
face-to-face lecture, so we did not use a telepresence system. The subjects watched a 

ceiling-mounted large monitor as zoom-in monitor, and they watched directly the teacher, instead of 

zoom-out monitor, doing lecture with interactive whiteboard in front of the classroom (shown in 
figure 3). We made subjects sit behind the classroom and recoded the subjects taking the lecture with 

a video camera to check which monitors they are watching. At the same time, we recorded zoom-in 

monitor and the behavior of the teacher doing lecture instead of zoom-out monitor, with another 
video camera. The teacher’s silhouette was disabled for about ten minutes in the first half of the 

lecture. And then it was enabled for about ten minutes in the latter half. We attempted a comparison 

of subjects’ gazes in two cases that silhouette is enabled or disabled, at some scenes that the teacher 

pointed his finger at the interactive whiteboard. 
 

4.2 Students’ Eye-Gaze Analysis at Lecture with Telepresence System 
 

We analyzed gazes of high school students that attended a class which is distance education at a 

prefectural high school in Kochi on manual. The high school has a branch school and then the main 

school provides the branch school with the class by the distance education. In this distance 
education, there are not any students at the providing classroom but there are students at only the 

receiving classroom (like shown in figure 4, not as shown in figure 1). The number of subjects is 

eight, and we named them Subject F-M. We recorded students’ gazes with a video camera in two 
days, because we must not interrupt the class to change the configuration of the silhouette display 

system in the middle of the class. The first day, we recorded gazes of the students taking the distance 

education as usual without silhouette. The second day, in distance education using the prototype 

system, we recorded gazes of them. Students’ gazes were recorded by a video camera from in front 
of the receiving classroom. Zoom-in and zoom-out monitors were recorded by another video camera 

from behind the classroom. As with the section 4.1, we attempted a comparison of subjects’ gazes in 
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two cases that silhouette is enabled or disabled, at some scenes that the teacher pointed his finger at 
the interactive whiteboard. After the class of the second day, the teacher answered some simple oral 

questions and the students answered a brief questionnaire. These questions are about the impression 

of displaying the silhouette. 

 

 
Figure 3. The Classroom where the Pre-test was Performed 

 

 
Figure 4. Disposition of Equipment for the Prototype System at the Time of Experiment 

 

4.3 Results and Discussion 
 
We have picked up three scenes from each four lecture movies. Each three scenes are numbered 

younger by earlier in lecture. Scene S1-S3 and S7-S9 are from teacher start pointing until end 

pointing. Scene S4-S6 and S10-S12 are from teacher start pointing until silhouette cleared. Figure 5 

and figure 6 are screenshots of the movie clip for analyzing students’ gazes. Zoom-in monitor is 
framed in orange, zoom-out monitor is framed in sky blue. Each subject is marked on orange and sky 

blue by which monitor watching. Being marked on gray is the case of students looking down. 

Results of analyzed gazes in every scene are shown in table 1 and table 2. Table 1 shows that a 
percentage of watching zoom-out monitor in the scenes whose silhouettes were disabled is very high 

(89.4%), and a percentage of watching zoom-in monitor that displays silhouette becomes high 

(68.5%). In table 1, there is no subject watching except monitor such as looking down. But in table 2, 

a percentage of subjects looking down is high (no silhouette is 71.4% and with silhouette is 38.4%). 
Regardless of silhouette is enabled or not, percentages of watching zoom-in monitor except looking 

down are both high (about 70%) in table 2. There is about two seconds delay to provide silhouette 

for receiving classroom. Also, there is a case that this system in providing classroom stopped about 
two seconds by overloaded, though we developed to reduce loading. The answers of oral questions 

for the teacher after the class in section 4.2, has contained no negative opinion. However, as the 

questionnaire results of Subject F-M, we have gained opinions “better without silhouette” by seven 
subjects out of eight. This means that students did not get positive impression to displaying 

silhouette. 
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 We shall discuss the reason why the percentage of the students watching zoom-out monitor 

without silhouette is high (89.4%). We consider that students get information unconsciously from 

not only verbal ones like handouts, but also nonverbal ones like teacher’s action and expression. 

Only zoom-in monitor, they get verbal information. They have to watch zoom-out monitor to get 
nonverbal information. On the other hand, the reason why the percentage of subjects watching 

zoom-in monitor is high (68.5%) with silhouette is that subjects can get nonverbal information by 

displaying silhouette. As a result, subjects can get both verbal and nonverbal information at the same 
time without changing eye-gaze. And they only have to watch zoom-in monitor to learn. The teacher 

made students write a board in class in the high school. It is for the reason that the percentages of 

looking down are high (with silhouette is 71.4%, without silhouette is 38.4%). There are two reasons 

why the percentages of looking down are high in table 2. One of the reasons is that we consider that 
students easily watch zoom-in monitor more to write a board. Another reason is that there is about 

two seconds delay to display silhouette in receiving classroom, so we could not provide useful 

information by silhouette. Because of teacher silhouette displaying system did not work effectively, 
the percentage of watching zoom-in monitor did not affect the silhouette enabled or not. In high 

school, they use movie transceiver (send and receive) and sharing screen system as distance 

education system. So, communication loading is a lot, we could not use enough fields to provide 
silhouette. This is why displaying silhouette cause delay. The result of Subject F-M questionnaire 

was not good. As the lecturer pointed speedy, the silhouette’s delay caused that the silhouette system 

could not keep up with teacher’s action like silhouette and teacher point different places. From this, 

we consider that there are many opinions which is better not to display silhouette. Also, the positive 
answers about displaying silhouette of questionnaire are only two students of eight. Answers that 

you understood pointed place has many positive answers. But, we judged that the results of 

questionnaire are not useful enough to refer because the delay was large in this experiment. 
 

 

5. Conclusion 
 

We confirmed that students gain nonverbal information better than verbal one when listen to 

teachers. And, students directed to write a board by teachers, they are likely to gain verbal 
information by their sight. But in distance education, that is students have to give up getting 

nonverbal information. Also, students look down long time to accomplish directions. The prototype 

display silhouette system which we made increased the percentage of students in watching zoom-in 

 
Figure 5. Screenshot of the Movie Clip for Eye-Gaze Analysis (Scene S5) 

 

 
Figure 6. Screenshot of the Movie Clip for Eye-Gaze Analysis (Scene S11) 
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monitor. We consider that this shows nonverbal information gotten from silhouette is enough for the 

students. As teachers stand not to obstruct the interactive whiteboard, a silhouette which shows like 

teacher’s face are not displayed much. But when teachers are pointing board, since students could be 
satisfied with nonverbal information which is contained in silhouette, students should choose 

watching the monitor which also can make up verbal information. These results lead to the 

conclusion that this prototype system is effective. Providing silhouette in distance we tried, did not 
work well because of delay problem. We consider many people want nonverbal information if both 

nonverbal and verbal ones could be gained in the case of verbal one is more important. We would 

like to continue discussing the system improvement, which can display silhouette without 

telepresence system like sharing screen. 
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Abstract: The purpose of this research is to draw implications and insights for the design 

of microlearning. This study investigated two questions concerning (a) what kinds of 

topics and knowledge are relevant to learn through bite-sized content and (b) how to 
design bite-sized content effective for supporting adult learners’ microlearning 

opportunities. We conducted a research study with adult learners who are mostly graduate-

level students and R&D professionals working in the fields of science and technology in 

Korea. To examine their experiences and perspectives about microlearning, we gathered 

data through the survey and focus group interviews. Overall, this study found that adult 

learners tend to have some separations about the topical areas perceived to be relevant for 

e-learning and microlearning. The design of bite-sized content that takes the modality of

video and can be consumed within 3-5 minutes was considered to be the most relevant for

microlearning. In conclusion, we discuss the implications concerning the potential and

challenges in designing microlearning.

Keywords: Adult learners, lifelong learning, microlearning, bite-sized content 

1. Introduction

Education is no longer locked in a formal setting and is changing by constant communication with 
learners. While the existing education paradigm emphasizes the efficiency of knowledge delivery 

and transfer, education in the information age necessitates the fundamental change in how learners 

construct their own knowledge and develop core competencies as 21st century learners (Collins & 
Haverson, 2018). Subsequently, these changes in the educational paradigm require the design of 

learning environments that support adult learners for lifelong and lifewide learning opportunities. 

This means the growing criticality of 'informal learning' spaces where learning happens mostly in 

self-directed ways beyond the conventional structured learning methods. In such informal learning 
spaces, adult learners enter and participate in a learning environment voluntarily, mainly motivated 

by their interests and needs.  

Concomitantly, the proliferation of smart devices and the advancement of web 
environments have affected how people learn and interact. The Horizon Report, published by the 

New Media Consortium (NMC) in 2017, emphasized blended learning as one of the major trends 

of higher education (Johnson, Becker, Estrada, & Freeman, 2017). Brown and Adler (2008) also 
argue that longtail learning emerges with almost unlimited choices of online learning content. 

Another noteworthy trend in recent years is the rise of bite-sized content and media for learning. 

Bite-sized or micro-content is designed to deliver information in the form of short video clips (e.g., 

TED, Instructables), infographics and card news. The proliferation of bite-sized content services is 
closely related to the social phenomenon in which the kind and amount of knowledge that an 

individual has to acquire is rapidly increasing. From the user's point of view, bite-sized content 

easily accessible via computers and mobile devices is advantageous for the on-the-go 
consumption, minimizing temporal and spatial constraints.  
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Microlearning is the term that represents the use of bite-sized content for learning and 
generally refers to a small topic-based content that can be learned in a short timeframe (Hug, 2005). 

Microlearning can be offered across Web 2.0 technologies and social media as well as traditional 

learning management systems (Grevtseva, Willems, & Adachi, 2017). Despite such growing 

interests toward microlearning, little has been known about how to design bite-sized content 
relevant and effective for adult learners. Our review of the existing literature on microlearning 

indicates that little academic research studies have been conducted in this area (So & Lee, 2017). 

We conducted a systematic literature review on the topic of microlearning published in the years 
from 2003 to 2017 and identified 74 articles. Only 13 articles reported empirical findings, and the 

existing articles on microlearning are mostly about theoretical/conceptual discussions and 

technical development. This implies the need for more empirical research that unpacks the 
mechanism of microlearning.  

With this backdrop, this study was initiated with the assumption that bite-sized content is 

not simply truncated tiny information but is a stand-alone manageable content that carries 

meaningful information and knowledge on its own. Another assumption behind this study was that 
not all types of knowledge may be relevant for microlearning, and there are certain types of 

knowledge that can be better designed and delivered as bite-sized content. To this end, we 

conducted a research study with adult learners who had prior experiences with microlearning. 
What kinds of topics and knowledge are relevant for them to learn through bite-sized content? 

How do we design bite-sized content effective for supporting adult learners’ microlearning 

opportunities? These are the questions that this study aimed to answer, ultimately drawing 
implications and insights for the design of microlearning. 

 

 

2. Method 

 

2.1 Research Context 

 
In this study, the concept of microlearning is defined as learning with bite-sized content that can be 

consumed by learners in informal or non-formal learning spaces, and convey knowledge or 

information in a concise form through various types of modality such as video, document, 
infographic and audio. For this study, the research team collaborated with the government-

affiliated organization that is the main provider of online learning courses for enhancing the 

knowledge base and capacity of the science and technology workforce in Korea. The participants 
of this study were adult learners who had taken courses provided by this organization. Some 

courses (e.g., research ethics, lab safety) provided by this organization are mandatory for graduate-

level students and R&D professional working in the fields of science and technology in the 
government-affiliated R&D institutes. While these learners are considered to possess relatively 

high levels of expert knowledge in their areas, there have also been increasing demands to support 

this R& D workforce to continuously update and improve their knowledge and skills, as a response 

to the rapidly changing nature of knowledge in the science and technology fields. To examine their 
experiences and perspectives about microlearning, we gathered data through the survey and focus 

group interviews.  

 

2.2 Survey 

 
We designed the online survey that includes questions about the prior experiences with 

microlearning (e.g., What was the best thing about using microlearning?), the modality of 

microlearning content (e.g., What is the most ideal length of microlearning content?), the types of 
areas and topics that they are interested in learning through microlearning (e.g., Which of the 

following R&D topics do you think is important?). We distributed the online survey to learners 

who had already completed e-learning courses provided by the collaborating organization. A total 
of 791 people completed the online survey. The collected data was analyzed by descriptive 

statistics to identify overall patterns and ranked orders.  
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2.3 Focus Group Interview 

 
The purpose of focus group interview (FGI) was to better understand adult learners’ characteristics 
and needs related to the design of microlearning content and environment, mainly from the content 

consumer’s perspectives. We selected 13 participants (9 males and 4 females) who completed two 

or more e-learning courses provided by the collaborating organization. The FGI was conducted in 

two separate sessions at a meeting room, facilitated by the research team. The FGI was conducted 
for two hours with semi-structured questions that focus on the needs for microlearning and 

relevant topics of knowledge for bite-sized content. The collected data was analyzed using the 

content-analysis method to identify overall patterns and trends of responses. 

 

 

3. Results 

 

3.1 Survey  

 
Among the 755 respondents who submitted valid responses, 326 (43.2%) answered that they had 

prior experiences with microlearning. First, we asked the question about the modality of bite-sized 

content, both media type and ideal length. Video (64%) was perceived to be the most useful 
modality of content for microlearning, followed by 21.5 % in visual images (e.g., cartoons, 

infographics), and 13.5% in text (e.g., reports, news articles). Concerning the ideal length of bite-

sized content for microlearning, as shown in Figure 1, the participants felt that the content length 

between 3-5 minutes is the most ideal for microlearning, followed by 7-10 minutes (28.2%) and 5-
7 minutes (16.6%). The data also indicates that the participants were less favorable about the 

content being extremely short (less than 3 mins.) or more than 10 minutes.  

 

 
Figure 1. Ideal Length of Bite-sized Content (N=326) 

 
Second, we analyzed more specifically what types of R&D topics the participants perceived the 

most relevant for microlearning. In this question, duplicated responses were allowed. Table 1 

summarizes the top five-ranked topics. Overall, the data indicates that the participants perceived 

the needs for microlearning in the topic areas that deal with the latest issues and are beneficial for 
their creative ideas. The needs for domain-specific topics that deal with deeper knowledge levels 

were perceived to be less important or relevant for microlearning.  

 

Table 1 

Rank-order of Microlearning  
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Frequency

Rank Topic Percentage  

1 Latest issues in science 42.0% 

2 Practical interpretation skill 38.7% 

3 Cases of creative development 37.1% 
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Lastly, we examined what properties of microlearning are perceived to be the most beneficial from 
the consumer’s perspectives. As shown in Table 2, the participants rated ‘efficiency’ as the most 

beneficial property, followed by practicality, diversity, on-demand, and interest-based content. 

This finding may indicate that from the content consumers’ perspectives, microlearning is 
attractive mainly for its efficiency in accessing content, coupled with the practical and diverse 

content supporting the on-demand content consumption.  

 

Table 2 

Rank-order of Microlearning Properties  

Rank  Property of microlearning  Percentage 

1 Efficiency 32.0% 

2 Practicality 14.6% 

3 Diversity 13.6% 

4 On-demand  10.7% 

5 Interest-based 8.7% 

 

 

3.2 Focus Group Interview 

 

3.2.1 Demand for the Currentness in Bite-sized Content  
 

We opened the focus group interview with a discussion on what constitutes the definition of 

microlearning from the participants’ perspectives. It was to form a common ground on the 
definition among the participants for future discussions. It was rather surprising to find that the 

participants were less familiar with the term ‘microlearning’ and had difficulty differentiating 

microlearning with other forms of e-learning. Most participants indicated that microlearning refers 
to the content that is presented in the form of brief information and knowledge.  

 Throughout the FGI session, it becomes clear that the demand for microlearning that 

deals with the latest issues and current trends in the R&D fields is high. The participants indicated 
the need of the hub where they could easily access the latest articles, research issues and trends in 

the science and technology field. Another highly-demanded area was more information- or idea-

oriented such as the question & answer section to share cross-field ideas and statistical data. 

Overall, the ‘currentness’ of information and knowledge characterizes the highly demanded areas 
of topics for microlearning. It was worthy to note that the participants equally pointed out the 

dilemma that may arise with the currentness of microlearning content. They raised the questions 

about the efficiency of developing bite-sized content that needs frequent content updating, which 
will increase the cost of production. 
 

3.2.2 Coupling Microlearning and e-learning Content 

 
The FGI participants reached the consensus on the need to integrate microlearning and e-learning. 

Behind this idea was the separation of content areas relevant for microlearning content (e.g., 3-5 
mins. video clip) and e-learning (e.g., longer timeframe, a series of modularized content). The 

participants perceived that microlearning is better suited to deliver the key concepts and 

knowledge of the science and technology R&D field, whereas e-learning is more effective to 
deliver advanced deeper levels of knowledge. Certain topics like research ethics and laboratory 

safety are essential for most professionals working in the science and technology R&D field. The 

4 R & D planning 24.6% 

5 Creating ideas 23.8% 
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participants indicated that such common topics require the acceptable level of knowledge mastery, 
which can be better learned in lecture formats via e-learning. As shown as a T-shaped structure in 

Figure 2, they also suggested that domain-specific information that is changing rather frequently 

(e.g., regulations, laws) can be learned by e-learning, coupled with the provision of bite-sized 

content in domain-general areas such as communication, leadership and humanity topics.  

 

 
Figure 2. Microlearning and e-learning for Domain-neutral and Domain-specific Topics 

 

 

4. Discussion and Conclusion 

 
Through the survey and FGI method, we examined the perceptions that adult learners in the 
science and technology R&D fields have about microlearning. One of the key findings of this 

research is that there were some separations about the topical areas perceived to be relevant for e-

learning and microlearning. While there is no unifying definition of microlearning, from adult 
learners’ perspectives, the timeframe and currentness appear to be the most critical properties of 

bite-sized content that characterize microlearning. That is, the participants regarded something to 

be microlearning when it deals with the updated information in the amount of content that can be 

consumed within 3-10 minutes of timeframe. This finding implies the need to develop new 
frameworks and guidelines suitable to the core properties of microlearning content. For instance, 

we suggest the dual structure of the content development (Figure 3) where relatively stabilized 

content is delivered via the traditional e-learning method whereas topical and dynamic content is 
designed as bite-sized content for microlearning to support the on-demand and on-the-go 

consumption, easily accessible by mobile devices.  

 
Figure 3. Dual Structure for the Content development 

 

Another key finding from this study is the lack of consensus on what constitutes microlearning, 

indicating the semantic and epistemological differences and the need for redefining microlearning 
from the content consumers’ perspectives. Whether bite-sized content designed for microlearning 

delivers merely information rather than knowledge is a debatable issue. Consequently, how to help 
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learners transcend from the information consumption stage to the knowledge building stage is an 
important area for future research. The current study also carries an important implication for the 

changing paradigm of content design and development. The rise of microlearning challenges the 

traditional linear model of instructional design and content development. As the nature of content 

delivered via microlearning tends to be dynamic, topical and interest-driven, the structure for 
developing content needs to be congruent with this trend. That is, it is essential to develop a 

mechanism for rapidly generating and disseminating bite-sized content. Hence, the current divide 

between content consumers and content providers may not be a viable model. A new convergent 
model where the content consumer also generates and disseminates bite-sized content may be a 

more sustainable model for microlearning, as already witnessed in the rise of user-generated video 

content.  
Some limitations of the current study should be noted. Since this study focused on the 

adult learners who tend to be highly educated and are working in the professional fields, the 

findings may not be generalizable to other groups of adult learners with different backgrounds. 

Another limitation is the lack of statistical comparison. While it would be useful to further analyze 
the survey responses through meaningful group comparisons, we were unable to conduct 

inferential statistical analyses due to the anonymized survey and the lack of demographic data 

reported. Despite these limitations, we believe that this study provides important implications to 
the microlearning research areas and the directions for future research and development. 
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Abstract: Augmented Reality (AR) is a technology that recognizes visual and auditory 

information to enhance the end users’ experience in a potentially powerful way. It is 
unquestionably here to stay. However, not all are avid supporters of AR, there are others 

who oppose it. This may be because of AR’s positive influences that caused people to 

believe and support it while there are also negative ones that drove others to scrutinize and 

even condemn it, especially when it comes to ethical concerns, which include 

persuasiveness and behavioral and physiological effects to students. This study was 

conducted to investigate persuasive technologies’ ability to change the attitudes and 

behavior of end users, especially in hedonic-motivation system acceptance, investigate if 

experience affects their behavior, and conduct ethical reflections based on utilitarian and 

deontological approaches. It was found out that perceived usefulness, curiosity, joy, and 

control are associated with perceived ease of use; however, all of these have no significant 

correlation with behavioral intention to use. It is one’s experience that greatly affects the 

latter. The positive and negative experiences encountered by the respondents were identified 
and served as the bases in assessing the utilitarian and deontological context of the use of 

AR apps in innovating pedagogy. Recommendations were then presented so as to improve 

the conduct of the study. 

Keywords: Augmented Reality, Innovating Pedagogy, Ethical Issues, Persuasive 

Technologies, Mobile Technologies 

1. Introduction

Augmented Reality (AR) is a technology that recognizes visual and auditory information to enhance 

the end users’ experience through smartphones in a potentially powerful way (Pase, 2009). It 

combines digital information with the real environment. AR is unquestionably here to stay 
(Rutledge, 2012), however, not all are avid supporters of AR, and there are others who oppose it. 

Many academic institutions today are already incorporating AR technology in innovating teaching 

and learning pedagogy (Huang, Li, and Fong, 2016) because it is observed that AR technology can: 
1) increase the student motivation in the learning process, 2) useful tools for teachers to improve

their teaching effectiveness, and 3) integrate the real-world with learning environment, among

others. However, there are technical risks and disadvantages brought by AR application, such as: 1)

negative effects on young children’s social, visual, and motor development, 2) pushing
student-teacher laziness, losing its effectiveness when perceived as games, and 3) creating

technology addiction (Yilmaz and Batdi, 2016).

Persuasiveness of AR applications is another ethical concern (Pase, 2009). As defined, it is 
called a persuasive technology if it is already having a direct impact on the lives of individuals that 

are involved in this technology such as the developers, designers and most especially the end users, 

even bystanders (Rutledge, 2012), which enables the development of harmful and uncontrollable 
habits caused by the use of these technologies, like its ability to intrude into people’s lives and 

manipulate them. This is a threat to end users; however, this is the main objective of the developers 

in creating these technologies, that is, to persuade the target audience. 

With all these apprehensions, this study was conducted to investigate persuasive 
technologies’ ability to change the attitudes and behavior of end users, especially in 

hedonic-motivation system acceptance and investigate if experience affects their behavior in the 

classroom. To support the results of this investigation, ethical reflections were conducted based on 
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two (2) approaches, such as: 1) the utilitarian approach, which assesses an action based on the 
consequences of its use, and 2) the deontological approach, which evaluates the ethical duty of the 

actor, and pursues the construction of rules and maxims by which all actors should abide. 

(Gram-Hansen, 2014).  

 

2. Review of Related Literature 

 
2.1 Augmented Reality (AR) as Persuasive Technology 

 
Persuasive technology is a sub-discipline within the broader field of human-computer interaction 

which is designed to persuade users that leads them to do a particular course of action (Mintz and 

Aagaard, 2012). Fogg (2003) coined this term as an interactive computing system that is designed to 

effectively change individuals’ attitudes or behaviors. One persuasive technology that profoundly 
impact peoples’ lives is AR because of its high-level interactivity, which outstrips the conventional 

ways of doing and viewing things (Tseng-Lung and Liu, 2014).  

 
2.2 AR in Education 

 

AR can potentially provide powerful, contextual, and established learning experiences. It can be 
applied across different disciplines in education, such as ecosystems, chemistry, biology, geography, 

history, electromagnetics, and others, where students can acquire a whole new level of 

understanding based on interactions with virtual objects (Zhu, Arash, Masiello, and Zary, 2014).  

 

3. Theoretical Framework 

 
The arrival of computers urged psychologists to try to understand the complexities of human 

cognition by comparing it with an artificial system such as a computer (McLeod, 2015). As 
illustrated in Figure 1, McLeod’s theory of cognitive psychology already included the computer 

analogies information processing approach in the areas of artificial intelligence and computer 

simulation.  

 
Figure 1. Cognitive Psychology Model by McLeod (2015). 

This is believed to be a favorable area of research in this digital age knowing that children 

today, as early as 2-5 years old, are surrounded by computers and information technologies as the 

primary sources of information prior to years of formal education (Shamir, 2013). Thus, one 
practical challenge to researchers and members of the academic institutions is to explore ways to 

incorporate tools that can efficiently make metacognitive thinking habitual within the school in this 

digital age (Shamir, 2013). One way is to maximize the use of AR technology in the classroom and 
innovate pedagogy since it provides a powerful, contextual, and situated learning experience and it 

supplements the real world with virtual objects such that it appears to coexist in the same space as 

the real world (Zhu et al., 2014).  

The existence of these technologies enables the adoption of HMS since it covers both 

extrinsic and intrinsic motivation as the precedents of the intention to use and actual use of a system 

(Gerow at al., 2013). With regard to utilitarian IT, extrinsic motivators are prioritized over intrinsic 
motivators, while in the hedonic IT, intrinsic motivators have more impact that extrinsic motivators. 
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The shift from extrinsic to intrinsic motivators when target technology varies from utilitarian to 
hedonic explains why “perceived usefulness” is less important predictor, as emphasized in the 

Technology Acceptance Model (TAM), than enjoyment in a hedonic system-use setting (Wu and Lu, 

2013). However, to have a better conceptual understanding of HMS use, Lowry, Gaskin, Twyman, 

Hammer, and Roberts (2013) designed a new model to explain further the intentions to use HMS, 
which is called Hedonic-Motivation System Adoption Model (HMSAM), as shown in Figure 2, 

which was found to improve existing models to predict HMS use through intrinsic motivations and 

to explain the relationships between these motivations and traditional technology acceptance factors. 

 
Figure 2. Hedonic-Motivation System Adoption Model (HMSAM) Framework (Lowry et al., 2013) 

Despite positive results from HMSAM, this study wanted to investigate ethical concerns of 

AR technology as a persuasive technology and its ability to change the attitudes and behavior of end 

users, especially in Hedonic-motivation system acceptance, in the Philippine setting, and whether 

experience can affect behavioral intention to use, as shown in Figure 3.  

 
Figure 3. Research Model 

 

4. Methods of Data Collection and Analysis 

 
Thirty-seven Grade 7 students from the University of the Philippines Cebu High School Department, 
where the researcher is connected with, were identified as the respondents of the study since they are 

the youngest group among high school students.  

Two (2) short AR-related video clips, a 3-min. video on Pokemon Go and 2-min. video on 

Anatomy 4D AR, were shown to the students prior to answering the survey questions, which was 
intended for them to have an idea on AR. Then, a short demonstration was done on the AR app 

(Anatomy 4D) prior to the actual interactions of the students with the AR app. Anatomy 4D AR app 

by DAQRI was used in the study since it is one of the most-easily downloaded and free apps found. 
All of them were instructed to answer Part I (demographics) and Part II (behavioral intention to use) 

of an adopted 7-scale survey instrument by Lowry, et al. (2013). They were then asked if they have 

heard about AR and have used AR apps before the conduct of the study. Those who answered “yes” 
to the question were instructed to proceed answering Part III (experience and physiological effects) 

of the questionnaire, while those who answered “no” were told to stop answering. All the data were 

carefully analyzed through different statistical treatments. Results and findings, conclusions and 

recommendations were then formulated and presented. 
 

5. Results and Findings 

 
5.1 Analysis of the Ethical Issue 

 
Table 1 presents the correlations between variables as identified in the framework. Based on test 

statistics, PEOU is significantly correlated with PU, CUR, JOY, and CTL. This implies that a 

Perceived 

usefulness 

Curiosity 

Perceived 

ease of use 

Behavioral 

intention to use 

Joy 

Control 

Immersion 
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student’s interaction and reaction to AR apps depends on how easy and joyful (Lowry et al., 2009) it 
is to navigate and manipulate, regardless whether it has positive or negative effects on them.  

 

Table 1 

Results of Behavioral Intention to Use based on HMSAM 

 Sample Mean 
(M) 

Standard Deviation 
(STDEV) 

Test Statistics 
(α=0.05) 

P-Value 

PEOU PU 0.863 0.104 8.181* 0.000 

PEOU CUR 0.624 0.147 4.263* 0.000 

PEOU JOY 0.749 0.104 7.204* 0.000 

PEOU CTL 1.023 0.147 6.701* 0.000 

PU BIU 0.478 8.572 0.165 0.434 

CUR BIU 0.011 2.446 0.090 0.464 

JOY BIU 0.299 7.119 0.065 0.474 

CUR IMM -0.200 11.256 0.027 0.489 

JOY IMM -0.358 9.804 0.012 0.495 

CTL IMM 1.483 18.616 0.033 0.487 

EXP BIU 3.771 1.958 8.262* 0.007 

           *Significant 

BIU is not associated with PU, CUR, and JOY. It is the experience (EXP) that they have 

with the AR app that has significant correlation with BIU. This implies that, no matter how useful 
that AR app to them, it will not affect their behavior toward intention to use if they do not experience 

it themselves. In the same way that their behavior is not affected by how curious they are with the 

AR app and what that AR app can give joy to them. Thus, experience plays an important role in 

increasing the BIU. On the other hand, CUR, JOY and CTL are not significantly correlated with 
IMM. This opposes the statements which state that an interest or a heightened arousal of sensory and 

cognitive inquisitiveness is increased by curiosity (Agarwal and Karahanna, 2000), that finding that 

joy plays a greater role in bringing about immersion (Challco et al., 2016) and that control is a key 
reason why people feel competent, able, and capable of making decisions (Lowry et al., 2013). 

With regard to the students’ experience in using AR apps, a few of the results support the list 

presented by Pase (2009) and Yilmaz and Batdi (2016), particularly on gaining advanced knowledge, 

as well as the negative side of it, which are addiction, laziness, and accidents. However, some 
responses from the students are new addition to the list from the above-mentioned researchers. 

 

Table 2 

Positive and Negative Physiological Effects of AR Apps 

Body Part Positive Effect Negative Effect 

 Eyes  It is interesting 
 

 Sparkles on your eyes 
because it is amazing and 

inspiring. 

 You will have poor 
eyesight. 

 If you use it for a longer 
period, it can damage your 

eyes because of the 
brightness and radiation. 

 It hurts when you 
use too much. 

 Your eyes are 
strained and get 

tired. 

 Hands/ 
Fingers 

 Your speed in typing 
becomes fast. 

 It will exercise your 
fingers. 

 It is moderately good. 
 Reflexes will be enhanced. 

 Nothing will happen to 
your hands. 

 Numbness of the fingers.   

 Other 
Parts 

 It is an exercise to the feet 
because of walking (e.g. 

PokemonGo) 
 It can drive other parts of 

the body to move faster. 

 It has an effect to the brain, 
that is, to think and be 

vigilant to the 
surroundings. 

 You will have sickness. 
 Your leg and feet hurt. 

  

Table 2 shows a list of positive and negatives effects of using AR apps to one’s body based 
on their “experiences”, as specified in the table. This confirms Rutledge’s (2012) statement that 

these technologies already have a direct impact on individuals which leads to harmful effects and 

habits. 
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5.2 Ethical Assessment and Approaches 
 

Normative ethics is one of the subsets of philosophy which involves moral standards that regulates 

right and wrong conduct and addresses concerns on how one should act (Hoover & Pepper, 2015). 

This is believed to be the best ground of ethical assessment of the issue presented, especially the 
utilitarian and deontological approaches, which are two of the normative ethics identified in 

philosophy. 

 
5.2.1 Utilitarianism 

 

In utilitarianism, utilitarians believe on the idea that the intention of morality is making one’s life 
better through increasing the quantity of good things, such as pleasure and happiness, and decreasing 

the bad things like pain and unhappiness (Internet Encyclopedia of Philosophy, 2018). As it is 

observed, an increase in hedonic experience also increases behavioral intention to use. These apps 

make them feel happy and relieved from stress in school and these are perceived to be tools to 
explore new, uncommon feeling of being part of the app, and to gain knowledge and rejuvenate 

one’s mind. These are the reasons why academic institutions today are adopting blended learning 

where new technologies are integrated into instructions to transform traditional way of teaching and 
learning into more interactive and enjoyable multimedia pedagogy, thus, allow teachers to attract the 

attention of students (Huang, Chen, and Chou, 2016).  

 
5.2.2 Deontology 

 

There are a number of factors that affect the behavioral intention to use AR apps that everyone 

should be aware of. Thus, a set of guiding rules are recommended so as not to harm anyone, 
especially the students: 1) in the planning stage of introducing a new pedagogy, it is important for 

educators to identify the objective of doing so. It is equally important to note that AR technologies 

are just tools to assist in delivering the lessons in an interactive way rather than as a primary method 
(Miller and Dousay, 2015); 2) educators should make sure that each one of them are acquainted with 

the AR apps and comfortable in using it. There should be a social and cognitive coaching to students 

in using the AR apps; 3) students are encouraged to participate in the AR-related activity in order for 

them to acquire better understanding of the concepts they are studying, not doing it alone; and 4) 
Seek advises from clinical, physiological and psychological experts on how to avoid negative effects 

from happening to students in using AR apps. Like for instance, the preferred brightness of the 

screen so as not to strain the eyes, when and where to use it or not use it, and more. 
 

6. Conclusion 

 
Therefore, perceived ease of use is a predictor of how useful AR apps are to Grade 7 students of UP 

Cebu. It also triggers one’s curiosity, joy, and control over the use of persuasive technologies like 
AR apps. However, all of these factors are not predictors of one’s behavioral intention to use (BIU) 

and immersion. It is the experience that greatly affects the BIU, which may mean that ethical 

concerns such as risks and negative effects decrease BIU while the benefits and positive effects 

increase BIU. These ethical concerns were addressed through assessment of actions based on the 
consequences of its use (utilitarianism) and by presenting general guidelines that the educators and 

the students should abide (deontological). 

 

7. Limitations and Future Research 

 
There were difficulties in the dissemination of parent’s permits, which hinder the selection of the 

pre-elementary pupils, thus, Grade 7 were selected as the respondents, being a group with almost 

similar characteristics with the ideal group. It is, thus, recommended to consider longitudinal 
research to pre-elementary pupils to validate the results. Inclusion of educators as respondents 

should also be considered to gather data based on their perspective. Moreover, it is recommended to 

conduct further researches on the possible mediating factors that can affect the relationship between 
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EXP and BIU. Lastly, further research should be conducted to come up with detailed guidelines to 
address specific needs of individuals with regard to the use of AR technologies which are persuasive 

in nature, particularly on how to address physiological effects from experts of the field. 
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Abstract: In this paper, we deliver insights into our work with the Calliope system. We 

underline the usefulness of the Calliope system and its positive characteristics relating to an 

evaluation we did with 50 pupils in German schools. Additionally we report about the 

learning scenarios we conducted and illustrated how the learning of the IFTTT conditions 

and according to that Computational Thinking skills can be taught during school lessons by 

using computational devices like the Calliope mini. 
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1. Introduction

To prepare students to contribute to the future world, work and social life is the main goal of 
education and one of the biggest challenges of our century (Trilling & Fadel, 2009). We are not able 

to predict which occupations will be needed in the future or what the precise tasks will look like. 

Nevertheless, we are sure that in our future world computational devices are pervasive. On top, 
many of the tasks humans do today will increasingly include human-computer-interaction in a 

ubiquitous way (Weiser, 1999). This will necessarily render higher levels of knowledge and applied 

skills in order to deal with the complex computerized world and increasing job requirements (Levy 
& Murname, 2013). According to this, pupils with computational competencies will be better 

positioned in a world with pervasive computing (Grover and Pea, 2013) if we teach them in handling 

those kinds of infrastructure. We are also certain about the skills, which are important for today’s job 
requirements like the ability to quickly adopt and dispose new knowledge, and the experience to 

apply the 21st century skills in every project (Trilling & Fadel, 2009). Therefore, teaching the 21st 

century skills to students has become an educational task all over the world and an increasing 
number of countries are in the process of introducing computing skills into their school curricular 

(Heintz et al., 2016). These skills accumulate cognitive and non-cognitive competences for instance: 

critical thinking, problem solving, cooperating work, effective communication, motivation, diverse 
learning and technology understanding. Since we changed technology, it also has changed our 

environment, the way we solve problems. On top technology has also generated a medium that 

allows us to develop new patterns of thinking influencing all disciplines (Einhorn, 2012). Therefore, 
the 21st century skills are the answers to the increasing and changing requirements. Creativity and 

problem-solving competencies and accordingly Computational Thinking (CT) are important aspects 
associated to the 21st century skills. Therefore, learning for the future should compose on thinking 

from a computationally perspective because those aspects provide the basis for future jobs 

(Ljubomir & Settle, 2010). Wing anticipated in 2006 already in her article about Computational 
Thinking that school curricular will change and adapt more and more to our ever-changing society.  

In this paper, we illustrate the term Computational Thinking and relate it to the 21st century 

skills based on the current literature. In the theoretical section, we associate thinking 
computationally to the very basic theory of computability and try to emphasize some important 

aspects out of this theory for teaching Computational Thinking. Furthermore, we explain the 

importance of the If-This-Than-That (IFTTT) conditions, as one example of the building blocks of 
computational theory, and describe the difficulties students have with applying these conditions on 

real world solutions. In order to better understand the difficulties, we started with an analysis of 

basic computational concepts based on computational theory in order to see which concepts are 
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necessary for solving problems systematically. Asides from this, we introduce you to the Calliope 
mini, a new microcontroller from Germany. In order to underline the process of teaching CT in 

everyday class, we developed certain learning scenarios, described in section four. In terms of 

evaluating the usability of the new system along with corresponding learning scenarios, we used the 
System Usability Scale and the results are described in section five. Therefore, in conclusion, the 

contribution of this paper shows how easily children can work with the Calliope mini system and 

together with it, basic concepts of computational theory with respect to general problem solving.  
 

2. State of the Art 

 
The idea of thinking computationally originally goes back to Seymour Papert and his work on Lego 

mindstorms in education in 1980 (Seymour et al., 1986). However, the term Computational 
Thinking was first used by Wing in 2006. Ever since a lot of researchers have talked about CT in 

their articles. Even though there is no consensus on the definition or standardized model of CT, it has 

received extensive attention over the past years (Allan et al., 2010; Barr & Stephenson, 2011; Selby 
& Wollard, 2014). Throughout literature, three concepts appear consistently to define CT: the idea 

of a thought process, the concept of abstraction, as well as the concept of decomposition. Based on 
these similarities Selby & Wollard give a new general definition: “…CT is a brain-based activity 

that enables problems to be resolved, situations better understood, and values better expressed 

through systematic application of abstraction, decomposition, algorithmic design, generalization, 
and evaluation in the production of an automation implementable by a digital or human computing 

device” (Selby & Wollard, 2014). Primarily CT is a cognitive performance in identifying and 

formulating a problem to form a computational solution (Wing, 2014).  
Additionally, professional learning for the 21st century is about using the existing 

knowledge to frame and solve a new problem while generating new skills and knowledge at once to 

use these new vested skills again for the next phenomena (Chai & Kong 2017). Therefore, being able 
to think computationally is an educational benefit for everybody. Just the ability to abstract 

phenomena and to consider them from a different point of view is an enhancement to one’s 

intellectual skills. Future workers that have the ability to think computationally will innovate and 
benefit society, economy and science (Wing 2014). In order to learn the idea of procedural thinking 

and the process of thinking computationally, coding is very useful. The development of a 

step-by-step set of instructions that can be carried out by a device helps the students to pervade the 
process of CT (Papert, 1980, Selby & Wollard, 2014, HU, 2011). Teacher often have problems 

linking CT to their current curricular (Grover & Pea 2013). Therefore, we need to empower our 

teachers to integrate CT skills in their everyday school curricular. This would also have a positive 
influence on our educational system and the way of learning, since a school that educates our future 

workers, should orchestrate learning rather than just deliver information (Chai & Kong 2017). 

 

3. Theoretical Background 

 
One interpretation of the term “Computational Thinking” is that it refers to solving computational 

problems in a way computers do. This is especially important in the light of computational thinking 

since a clear understanding of the building blocks of computational theory in order to better 
understand which concepts are important while thinking computationally and by this allowing 

teacher to focus on these concepts. In order to define what these kinds of problems are, it is worth 

looking to the definition of Alan Turing about computability (Turing, 1937). While Gödel (Gödel, 
1931) already proved that there are theories in every axiom system that are not provable, and 

therefore not computational, Turing proposed a formal definition of computational theorems by the 

definition of the Turing Computable Functions also referred to as Turing Complete Functions. Here, 
Turing Complete Functions are functions that could be solved by a Turing Machine. According to 

the Church’s theorem the set of naive computable functions equals the set of Turing Computable 

Functions. Therefore, it could be said that every problem that is solvable, could be solved by a 
Turing Machine. Hence, one perspective to Computational Thinking could be to have a look at the 

mechanisms that are used by Turing Machines and other approaches to computability in order to 

solve those kinds of problems. Especially, loop-, while-, Goto-computability and the theory of 
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μ-recursive functions provide important aspects to this respect. Analyzing those fundamental 
theories of computational functions, it shows that there are a couple of concepts necessary in order to 

solve problems that are solvable by computers:  

• conditions - as in Turing Machines in the form of the transition function 
• loops - as in loop- and while-computable functions 

• Goto / subroutines - as in Goto-computable functions 

• recursion - as in primitive- or μ-recursive functions. 
While this paper concentrates on teaching conditions, a detailed descript of the other 

building blocks of computational theory could be found in (Jansen, et. al., 2018).  

Conditions basically allow for the distinction of cases. Usually also referred to as 
If-This-Then-That (IFTTT), conditions allow to treat different states of a (sub)-problem differently. 

States are usually expressed/ modelled in the form of boolean expressions. Often, those conditions 

also have an else part, that is executed if a certain boolean expression does not hold. It could easily 
be shown, that the existence of an else part does not yield to more functions that are computable. 

Interestingly, the way to model computer programs as a set of IFTTT expressions lately became 

more and more prominent, e.g., in the field of the Internet-of-Things (IoT) and / or blockchain based 
technologies. Both examples provide highly up to date questions, in which a large number of 

scenarios could be implemented based on simple IFTTT conditions. This underlines the importance 

and power of this kind of modelling.  
The remaining paper focusses especially on one of the corner stones identified from the 

computational theory, namely conditions. Here, we describe different scenarios that foster the 

understanding of the concept of conditions and provide a small evaluation on practical 
implementations of those use cases in schools, based on a new kind of device, the Calliope.  

 

4. Scenario Description 

 
In order to increase motivation and to support the willingness and ability to learn, we decided to use 

microcontrollers as facilitators for learning. The device we made use of, called Calliope mini, is a 

star shaped microcontroller provided with sensors and actors. The most comparable system is the 
commonly known microbit. In comparison to the microbit, the calliope provides enhanced features, 

e.g., by adding more sensors to the board and by providing a better suited form factor, just to 

mention a few enhancements. Large companies and groups like Google, Microsoft, SAP, open 
Roberta, the Telecom Foundation and Cornelsen (a German schoolbook publisher) supported the 

development. One of the advantages of this strong support is that the microcontroller is not provided 

as just another technical tool, but comes with a complete concept and a large amount of learning 
materials provided as Open Educational Resources. Development wise, there are three different 

editors to program the calliope minis. And that editor to choose depends on the capability of the 

students.  
All editors provide a blockly-based language; additionally, there is a possibility to code via 

Java Script. While using a block-based language, students focus on the logic and structure involved 

in programming instead of concentrating on the programming language itself (Kelleher & Pausch, 
2005). In order to underline the experience in coding there are two editors developed by Microsoft. 

The Calliope mini editor is the simplest one. The environment focusses on only one condition: if and 

then, providing a non-Turing Complete programming environment. The other Microsoft editor is 
more complex and supports all functions of the system, providing a Turing complete programming 

environment. In addition, you can also program the Calliope in JavaScript in this environment. The 

third editor, provided by an open source platform called Open Roberta Lab, offering its own coding 
language for kids called NEPO. With this environment, it is as well possible to program other 

devices like the microbit, LEGO mindstorms robots and other devices.  

In our initial observations with about 80 students, we identified that without pre-knowledge 
on computing the pupils have trouble with simple conditions: If-This-Than-That (IFTTT). Although 

our reference group was mixed with respect to gender and age, we identified that results achieved by 

the pupils solely depend on the aforementioned factor of the pre-knowledge. All undermentioned 
scenarios follow the same three phases: 
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1. Purpose of the first phase is to introduce the pupils to the system microcontroller, in 
particular the Calliope We talked about the component parts added to the microcontroller 

and their usage. Next, we also introduce the pupils to the editor to explain what blockly 

based language is, how to create and develop new projects and how to download these onto 
the calliope. This introducing phase never took longer than about half an hour.  

2. During the second phase it is all about the actual program that has to be coded. According to 

the different age groups of children, we developed different scenarios (brush-bot ore sibling 
alarm). We explain the target of the workshop and try to hence the pupils towards the 

particular steps that need to be taken.  

3. In the third phase, the students were handed out a calliope and developed their programs 
hands on. We participated during the whole workshop and supported individually. All 

questions became answered and problems were solved commonly or by asking pointed 

questions to the pupils. In the end of the workshop all deliverables were shared and peer 
addressed (Kohen-Vacs et. al., 2013). Since conditions provide a very basic mechanism 

necessary for Computational Thinking, we developed the following scenarios in which 

simple IFTTT conditions are key.  
 

Our goal was to provide scenarios that foster the learning of simple IFTTT conditions, thus 

thinking computationally. All children we worked with had no previous knowledge in computing. 
The designed scenarios took place in regular school classes sized from 15 to 30 pupils and were 

adapted to the age of the students. We chose adapted projects in order to increase the interest of the 

pupils and to gain their motivation.  
In the age group of 13 to 17 years, their task was to create a burglar / sibling alarm for their 

room. Therefore, the kids had two possible models to choose from, one based on the brightness 

sensor another based on the motion sensor of the Calliope mini system. Mostly they decided to use 
the brightness sensor: if a person (mother or sibling) passes the Calliope, the brightness sensor 

detects a difference in the light intensity and the actor becomes triggered. The other option is to use 

the movement sensor. Therefore, the Calliope is attached to a door or window. Whenever the door is 
opened, the movement sensor recognizes the movement and the actor (speaker) will give out a loud 

tone to “scare the burglar/ sibling off”. Both models work the same way: if an incident appears the 

actors reacts, e.g., by giving out a tone or in counting how many people have passed or opened the 
door. In order to run both models there is only one IFTTT condition necessary.  

For younger children, from age 10 to 13 we developed a second scenario, which is similar to 

the one, described earlier. In order to create a simple brush robot, the students need the brightness 
sensor. We used a self-made brush robot composed of a kitchen brush and a vibration motor 

controlled by the Calliope. If the Calliope system measures high light intensity, the actor, in this 
scenario the motor, starts running. Then the brush robot starts “dancing” around. If the light intensity 

lowers the motor will stop and the robot stops “dancing”.  

Both scenarios are based on only one condition: if something happens, the system reacts in a 
pre-defined way. Since those scenarios are on the one hand easy to understand and at the same time 

motivating for the pupils, they support the understanding of the concept of conditions, which is very 

fundamental for Computational Thinking, as described in the section before.  
In order to increase the complexity of the used conditions a third scenario was developed for 

older pupils. This more advanced scenario is the model of a traffic light circuit. In order to create this 

scenario, at least two Calliopes are needed to communicate with each other. If one Calliope indicates 
green for the pedestrians, the one for the cars must show red and the other way around. Beside the 

communication, another level of complexity came into play, since the conditions of each instance 

related to the condition of the other instance. In order to increase this complexity even further, three 
and more Calliope, one for each side of the crossroad entry and one for a pathway pedestrian who 

wants to cross the street, could be integrated. In this case, the Calliope has to show red for the cars on 

one street and at the same time green for the cars on the opposite side of the road. As well as the 
Calliope for the pedestrians needs to change its condition in relation to the particular Calliope of the 

street. Due to the increased complexity, this scenario is limited to advanced learners.  

All three examples underline the importance of the IFTTT decisions. Many kids had a hard 
time programming these examples. It is quite difficult for them to create and code the complete 

definition of the process. Often they forget a part of the program and then they wonder why the 
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system is not doing what it is supposed to do. For example, they code a tone and wonder why it will 
not stop itself after a certain amount of time. Here, the pupils were taught to implement a complete 

set of actions that should be executed by the device. This question of an algorithm is difficult for 

them to grasp.  
 

5. Evaluation 

 
The evaluated scenarios took place in eight different schools with around 50 pupils in the age from 

11 to 17. All the pupils had no systematical knowledge on Computational Thinking before. For this 
reason, our task was to elaborate if all pupils could work with the provided technical system, the 

Calliope mini. For the evaluation, we used the System Usability Scale (SUS). Within this ten-item 

questionnaire two independent factors are measured: the usability and the learnability (two 
questions; in specific: question four and ten) of a system. Thus, we analyzed, if the calliope system 

was usable for the pupils within the scenarios we developed.  

 

5.1. Evaluation Strategy 
Based on our first impressions, we realized that the majority of the pupils had a hard time with the 

application of the IFTTT conditions. In order to evaluate the children’s ability to use the Calliope 

and deal with the technical environment our main task was to measure the usability of the Calliope 
system by evaluating those scenarios. The results of our evaluation are presented in the next 

subsection. 

For the purpose of the evaluation, we translated and partly simplified the SUS questionnaire 
according to the age of the participants. As previous research has shown, translation and 

simplification does not usually change the results of the evaluation (Lewis & Sauro, 2009). We 

evaluated 60 pupils with the standardized questionnaire. 

5.2. Results 
The score of the learnability is 55.1 (SD=1.3) while the score the usability is at 59.4 (SD=1.26). Both 
scores are ok according to the ranking scale by Bangor et al.. We interpret the low standard deviation 

for learnability and usability as an indicator, that the differentiation in scenarios for different age 

groups was a reasonable decision and did at least not provide a higher threshold for the older 
participants. Furthermore, the evaluation shows that in comparison all participants need a 

comparable amount of time for the handling of the Calliope system. Therefore, in total we believe 

that it was the right decision to adapt the scenarios to the age group of the participants. Those results 
correspond to our previous impressions.  

Our interpretation of the results is that the students, based on the observations we made 

throughout the test, had a hard time using the system in the beginning. Later on they were able to 
finally use it, as indicated by the good values for the learnability dimensions together with the 

corresponding values for the overall usability of the system. 

It is important to mention that the students did not receive any formal introduction in terms 
of working with the Calliope system. This furthermore explains a harder time for the students at the 

beginning. However, the high learning curve (expressed in the learnability values together with the 

ability of the students to finally work with the system after a short period of time) shows that not 
doing a formal introduction to the Calliope system, but letting the pupils make their own 

experiences, provides a solid base for such scenarios.  

 

6. Outlook and future work  

 
In this paper, we present learning scenarios underlining the importance of the IFTTT conditions for 

practical computing. First of all, we motivated the importance of conditions based on fundamental 

computational theory and drew the connection between this fundamental theory and practical 
aspects for teaching computational thinking in schools. We identified that all students without 

previous knowledge in computing have trouble with the simplest conditions and that they also have 

a hard time giving complete instructions to the devices, in terms of algorithms. Furthermore, we 
identified that the pupils have trouble with CT at the beginning. The evaluation assists our first 

impressions, that usual, students have the ability to handle a new device, in this case the Calliope 
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mini system, quite fast. In addition, we were able to provide easy learning scenarios assisted by a 
motivating device to teach CT skills in regular classes. In our future research, we are going to 

evaluate witch learning scenarios foster the learning of Computational Thinking and the IFTTT 

conditions best, along with other building blocks identified by computability theory. Furthermore, 
we will evaluate, if the calliope system can foster the learning concentrating on the IFTTT 

conditions and Computational Thinking. For this purpose, we are planning a research with two equal 

classes. In order to compare the progress in learning of CT skills, only one class will have class units 
with the Calliope system. Afterwards both classes are going to be evaluated with the same test in 

order to identify the difference in appliance of CT skills.  
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Abstract: Digital textbooks have many affordances to facilitate deeper learning through 

active interaction with multimedia contents and learning tools. This study aimed to 

investigate how digital skills, epistemological beliefs, and attitude of secondary school 

students influenced situational interest and cognitive engagement as well as perceived 

learning outcomes in learning with digital textbooks. A total of 131 students participated in 

this study as part of their coursework in science class. They used a tablet computer including 
a digital textbook application. Students used digital textbooks for studying multimedia 

resources, information search, personalized learning, and recording inquiry-based learning 

activities. The results showed that there was no significant influence of digital skills on 

learning with digital textbooks. On the other hand, this study found that students’ 

epistemological beliefs and attitude toward digital learning significantly influenced 

situational interest and cognitive engagement, which in turn influenced perceived learning 

outcomes. This finding implies that a teacher should pay more attention to student beliefs 

and attitude, which might be developed through socio-cultural interaction at home and 
school, when using digital textbooks.   

Keywords: Digital textbook, individual difference, epistemological belief, tablet computer 

1. Introduction

An increasing number of studies have paid attention to the usefulness of e-books, which have many 

strengths when compared to printed books (Huang, Liang, Su, & Chen, 2012; Korat, 2010). In South 
Korea, the government has supported developing and using a digital textbook, which is a kind of 

e-book, in elementary and middle schools. The digital textbook has many affordances to encourage

motivation and deeper learning through interactive learning materials, multimedia resources, and an
online learning community (Sung et al., 2017). Digital textbooks can be beneficial particularly for

digital natives who have grown up with information and communication technologies like

computers, smart phones, and tablet computers. However, all students do not have sufficient
knowledge and skills to use digital textbooks for meaningful learning. It is plausible that some

students can learn better with digital textbooks than others because of a digital divide among
students (Kennedy et al., 2008). The purpose of this study is to investigate what individual

differences influence learning with digital textbooks. The findings of this study will be helpful in

providing personalized support for learning with digital textbooks in school.

2. Individual Differences in Digital Learning

Prensky (2001) argued that students, as digital natives who have spent a lot of time with new digital 
technologies, think and learn differently from older people. However, it is controversial to assume 

that all students are digital natives. Many students are not familiar with using digital technologies for 

meaningful learning, although they frequently use smart phones, computers, and the Internet for 
social interaction and entertainment (Suk, Cho, & Jeong, 2017; Ng, 2012). Eynon and Malmberg 

(2011) found that 31% of young people showed the peripheral profile, low-level use of the Internet 

in communication, information seeking, entertainment, participation, and creativity. In addition, 
students in rural and migrant schools tend to have fewer opportunities to develop their digital skills 
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than those in urban schools (Li & Ranieri, 2013). Teachers may not use smart devices for teaching 
and learning if students do not have previous experience of using the technologies at home. The 

differences in digital skills can influence how students use digital technologies in school, which may 

lead to differences in learning outcomes (Pagani et al., 2016).  
In addition to digital skills, students’ beliefs and attitudes can influence how they use 

technologies in school. Literature showed that epistemological beliefs played an important role in 

online learning (Cho & Huang, 2014; Yang & Chang, 2009). Epistemological beliefs are defined as 
“individuals’ beliefs about the nature of knowledge and the process of knowing” (Hofer & Pintrich, 

1997, p. 117). Cho and Jonassen (2011) found that students were more actively engaged in online 

interaction and acquired more knowledge when task types (collaborative summary vs. collaborative 
argumentation) were well matched with students’ epistemological beliefs (low- vs. high-level 

epistemological beliefs). In addition, students’ attitude can influence the quality of learning with 

digital technologies. According to the theory of planned behavior (Ajzen, 1991), attitude is a key 
factor to predict people’s intention of a behavior like using new technology. It is a legitimate concern 

that students with negative attitude toward digital textbooks may not effectively use them for 

constructive and interactive learning.  
The previous studies indicate that individual differences in digital skills, attitude toward 

digital learning, and epistemological beliefs can affect learning with digital textbooks. This study 

intends to explore the influences of the individual differences on situational interest and cognitive 
engagement, which are influential in learning achievements (e.g. Chi, & Wylie, 2014; Magner, 

Schwonke, Aleven, Popescu, & Renkl, 2014). Situational interest refers to a focused and affective 

reaction generated instantly by the environmental factor, which may or may not last long (Hidi & 
Renninger, 2006). Cognitive engagement includes a degree of cognitive strategy use (Greene, 2015). 

Deep strategy use refers to an active use of prior knowledge and creation of complex knowledge 

structure through integrating new information with prior knowledge. By contrast, shallow strategy 
use refers to a rote and mechanical processing such as rehearsal and memorization strategies. This 

study predicted that the individual differences would influence situational interest and cognitive 

engagement, which in turn would influence perceived learning outcomes.  

 

3. Methods 

 

3.1 Participants 

 
In the current study, 131 students (58 males, 73 females) in the 7th grade participated as part of their 

science coursework at a middle school located in South Korea. Their age ranged from 13 to 14 years 

old. Students who did not complete a survey were excluded, and 99 students’ data were used for 
analysis. 

 

3.2 Procedure 

 
Students participated in nine sessions (100 mins for each session) of the science class using a tablet 

computer, which included a digital textbook application, for nine weeks. They studied the 

composition of the geosphere, which included the types of rocks, the features in the geosphere, 
circulation of the geosphere, and a seismic wave. Students were engaged in student-centered 

learning activities like modeling, inquiry, experiments, and reflection. The digital textbook was used 

for studying multimedia resources, information search, personalized learning, and the recording of 
an experiment (see Figure 1). The teacher acted as a guide through monitoring and facilitating 

students’ learning activities. Students took a survey right after nine-week science class.  
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Figure 1. Personalized learning (Left) and recording of an experiment (Right) with a tablet computer 
 

 

3.3 Data Collection and Analysis 

 
The survey included digital skills of using a tablet computer for learning, attitude toward digital 
learning (positive/negative), epistemological beliefs, situational interest, cognitive engagement 

(deep/shallow strategy), and perceived learning outcomes. To investigate individual differences, 

surveys of digital skills, attitude, and epistemological beliefs were used. The survey items of digital 
skills (e.g., I can search for information about an interesting topic with a tablet computer) and 

attitude (e.g., A tablet computer is helpful for understanding learning contents) were modified from 

the study of Suk et al. (2017). The reliabilities (Cronbach’s alpha) of digital skills and 
positive/negative attitudes toward digital learning ranged from .87 to 90. The epistemological belief 

survey (Bak & Chung, 2012) included 16 items about beliefs of stability (e.g., Useful scientific 

knowledge also needs to be evaluated when new scientific phenomena are discovered), structure 
(e.g., New scientific knowledge should be understood through connecting it with existing scientific 

knowledge), and source of knowledge (e.g., People can create new scientific knowledge through 

scientific inquiry about natural phenomena), and justification of knowing (e.g., People should judge 
whether a content is right or wrong even if it is in a science textbook). The reliabilities of the survey 

items ranged from .73 to .89. For examining learning process, this study used surveys of cognitive 

engagement (Greene, 2015) and situational interest (Rotgans & Schmidt, 2009). 4 items (e.g., I am 
fully focused in today’s topic) of situational interest are included. The cognitive engagement survey 

included 4 items of deep strategy use (e.g., When learning new material, I summarized it in my own 

words) and 4 items of shallow strategy use (e.g., I copied down main ideas exactly as they were 
stated in my readings). The reliabilities of cognitive engagement and situational interest surveys 

ranged from .72 to .86. To explore perceived learning outcomes, 3 items (e.g., I deeply understood 

the learning topic) were modified from the study of Cho et al. (2015). The reliability of the survey 
items was .82. All survey items were with a 5-point Likert scale from 1 (strongly disagree) to 5 

(strongly agree). 
Multiple regression analyses were carried out to examine the influences of digital skills, 

attitude, and epistemological beliefs on students’ situational interest and cognitive engagement in 

learning with digital textbooks. In addition, a hierarchical regression analysis was conducted to 

examine the effects of individual differences (i.e., digital skills, attitude, and epistemological 
beliefs), situational interest, and cognitive engagement on perceived learning outcomes. 
 

4. Results 

 

4.1 Descriptive Statistics and Correlation Analysis 

 
Descriptive statistics of the variables are presented in Table 1. Students tended to have high means in 

digital skills, positive attitude, epistemological beliefs (i.e., stability, structure, source, justification) 

but a low mean of negative attitude. They were likely to have high situational interest in learning 
with digital textbooks. Students tended to use deep strategy moderately, but they were less likely to 
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use shallow strategy. The mean of perceived learning outcomes was high. The results of the 
correlation analysis are shown in Table 1.  

 

Table 1 

Means (Standard Deviations) and Pearson’s Correlation Coefficients of Variables 

Variables M(SD) 1 2 3 4 5 6 7 8 9 10 11 

1. Digital skills 4.26(.58) - .48** -.12 .08 .35** .28** .23* .09 .22* .11 .18 

2. Positive attitude 4.22(.83)  - -.26* .15 .24* .16 .14 .33** .30** .04 .24* 

3. Negative attitude 2.57(1.05)   - .10 .15 .08 .18 .08 -.01 .22* .09 

4. Stability of knowledge 4.45(.55) -   - .50** .44** .55** .39 .22* -.19 .43** 

5. Structure of knowledge 4.21(.66)     - .56** .57** .33** .33** .14 .37** 

6. Source of knowledge 4.28(.62)      - .59** .28** .19 .08 .30** 

7. Justification of knowing 4.4(.68)       - .27** .15 .01 .35** 

8. Situational interest 4.08(.66)        - .64** .03 .69** 

9. Deep strategy 3.79(.76)         - .17 .64** 

10. Shallow strategy 2.91(.83)          - .12 

11. Perceived learning  
outcomes 

4.31(.62)           - 

⁎ p < .05. ⁎⁎ p < .01. ⁎⁎⁎ p < .001.  

 
 

4.2. Influences of Individual Differences on Situational Interest and Cognitive Engagement  

 
Multiple regression analyses were carried out to examine the influences of digital skills, attitude, and 

epistemological beliefs on situational interest and cognitive engagement. As a result, digital skills, 
attitude, and epistemological beliefs significantly predicted students’ situational interest, F(7, 90) = 

4.95, p < .001, R2 = .28. As shown in Table 2, students with more positive attitude toward digital 

learning, β = .36, t = 3.44, p = .001, and with more advanced beliefs about the stability of knowledge, 
β = .28, t = 2.51, p = .014, had higher situational interest in learning with digital textbooks.  

 

Table 2 

Standard Coefficients of Digital Skills, Attitude, and Epistemological Beliefs on Situational Interest 

and Cognitive Engagement 

 
Digital 

skills 

Attitude toward digital 
learning 

Epistemological beliefs Model  

Significance Positive 

attitude 

Negative 

attitude 

Stability  

of knowledge 

Structure  

of knowledge 

Source of 

knowledge 

Justification  

of knowing 

Situational 
interest 

-.19 .36** .10 .28* .13 .08 -.03 
F(7, 90) = 4.95,  

p < .001 

Deep 
strategy use 

-.04 .23* .03 .09 .27* .05 -.15 
F(7, 90) = 2.73, 

p = .013 

Shallow 
strategy use 

.10 .06 .26* -.37** .20 .12 -.06 
F(7, 90) = 2.81,  

p = .011 
⁎ p < .05. ⁎⁎ p < .01. ⁎⁎⁎ p < .001. 

 
Digital skills, attitude, and epistemological beliefs significantly predicted students’ deep 

strategy use, F(7, 90) = 2.73, p = .013, R2 = .18, and shallow strategy use, F(7, 90) = 2.81, p = .011, 

R2 = .18. Students with more positive attitude toward digital learning, β = .23, t = 2.05, p = .044, and 
with more advanced beliefs about the structure of knowledge, β = .27, t = 2.02, p = .046, used more 

deep strategy while learning with digital textbooks. On the other hand, participants with more 

negative attitude toward digital learning, β = .26, t = 2.48, p = .015, and with more naïve beliefs 
about the stability of knowledge, β = -.37, t = -3.09, p = .003, used more shallow strategy.  
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4.3. Influences of Individual differences, Situational Interest, and Cognitive Engagement on 

Perceived Learning Outcomes 

 
A hierarchical regression analysis was conducted to investigate whether individual differences, 

situational interest, and cognitive engagement influenced perceived learning outcomes. In Step 1, 

digital skills, attitude, and epistemological beliefs significantly predicted perceived learning 
outcomes, F(7, 90) = 4.22, p < .001, R2 = .25. In Step 2, individual differences, situational interest, 

and cognitive engagement significantly predicted perceived learning outcomes, F(10, 87) = 12.87, p 

< .001, R2 = .60. As presented in Table 3, after controlling the effects of individual differences, 
situational interest, β = .43, p < .001, and deep strategy use, β = .31, p = .002, significantly predicted 

perceived learning outcomes. Situational interest and cognitive engagement explained 35% of the 

variance in perceived learning outcomes.  

 
Table 3 

Hierarchical Regression Analysis for Perceived Learning Outcomes 

Variables  
Step 1 Step 2 

β SE β SE 

Digital skills -.01 .12 .05 .09 

Positive attitude toward digital learning .18 .08 -.05 .07 

Negative attitude toward digital learning .08 .06 .01 .05 

Stability of knowledge -.28* .13 .17 .11 

Structure of knowledge .12 .12 -.03 .09 

Source of knowledge .06 .12 .00 .09 

Justification of knowing .05 .12 .11 .09 

Situational interest    .43*** .10 

Deep strategy use   .31** .08 

Shallow strategy use   .07 .06 
* p < .05, ** p < .01, *** p < .001. 

 

5. Discussion 

 
This study found that epistemological beliefs and attitude toward digital learning were influential in 

students’ situational interest and cognitive engagement, which in turn influenced perceived learning 
outcomes in learning with digital textbooks. This finding is consistent with previous studies that 

found important roles of epistemological beliefs and attitude in digital learning (e.g., Cho & Huang, 

2014; Yang & Chang, 2009; Soffer & Yaron, 2017). When using digital textbooks in class, teachers 
should consider students’ epistemological beliefs and attitude. To enhance learning with digital 

textbooks, a teacher can provide students, who have less advanced beliefs or negative attitude, 

videos that conflict with their beliefs or attitude and support critical reflection on the videos (Cho & 
Huang, 2014).  

This study did not find a significant influence of digital skills on learning with digital 

textbooks. This study had limitations in measuring digital skills because students self-reported their 
digital skills, which might be different from their actual skills. On the other hand, students might not 

need high-level digital skills in learning with digital textbooks, which were easy to use. Although 

digital skills were not influential in this study, teachers should monitor students’ learning with 
digital textbooks and provide personalized supports to students who lack digital skills. 

In addition, the hierarchical regression results showed that situational interest and deep 

strategy use affected students’ perceived learning outcomes, controlling the individual difference 
effects. This result is consistent with the previous study that the types of learning behaviors using 
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e-books can influence their learning outcomes (Yin, et al., 2015). The result implies that teachers 
should design learning activities promoting students’ situational interest and deep strategy use, 

which will contribute to overcoming individual differences in learning with digital textbooks.  
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Abstract: In recent years, the smartphone ownership in developing country, for instance in 

Indonesia, is skyrocketing. However, there is an issue that the role of the smartphone was 
not in maximum use. Especially in the sophomore group, it is known that the majority of 

smartphone use was used, instead of learning, for social media. However, some researchers 

claim that such social media platform can be used for learning. This paper is to report the 

survey that is to capture the students’ perspective on the role of social media in Technical 

and Vocational Education and Training (TVET). The set of questioners was constructed to 

collect data on two main aspects. The first aspect was to measure the participants’ 

behaviours related to their social interactions through digital technology, and the second 

aspect was to gauge the participants’ perspectives of social media in TVET, and how they 
should utilise it in TVET setting. The survey collected 209 responses from sophomore 

students of two different technical-vocational high schools (TVHS) fields and locations. 

The survey finding shows that the majority of participants agreed that social media could be 

used for learning in the TVET. Another outcome proves that conceptually students in the 

TVHS are ready to use social media platform for learning. 

Keywords: Student perspective, social media, TVET, smartphone use 

1. Introduction

Recently, the smartphone ownership in developing country, for instance in Indonesia, rises steeply. 
However, there is an argument that the occasion of the smartphone was not in maximum usage. 

Especially in the sophomore group, it is known that the majority of smartphone used, instead of 

learning, for social media like WhatsApp, Facebook, Instagram, and Twitter. However, it can be 
established as a suitable tool for teaching and learning purposes. There was some research that 

notably used social media to increase collaborations between teachers and students(Dyson, Vickers, 

Turtle, Cowan, & Tassone, 2014). Social media could also create innovative and effective learning 
and teaching tool and boost the students’ learning performance. (Sobaih, Moustafa, Ghandforoush, 

& Khan, 2016), (Sung, Chang, & Liu, 2015). 

Technical and Vocational Education and Training (TVET) plays a principal position in 
national socio-economic development in Southeast Asia, especially in Indonesia. TVET should be 

able to adjust the capacity more quickly as the pace of change regarding industry products and 

processes increases. According to the use of social media for learning, it is interesting to measure 
how such technology could be adopted in TVET. Some research revealed that social media was 

implemented in general higher education. For instance the awareness of how students leverage 

social technologies to enhance communication with their lecturers, among themselves, and the 
course content (Hamid, Waycott, Kurnia, & Chang, 2015). It is also implemeted in nursing and 

pharmacy (Sinclair, McLoughlin, & Warne, 2015; Ogaji, Okoyeukwu, Wanjiku, Osiro, & 

Ogutu, 2017).Therefore this state of the art of social media motivated us to do this study.  

This paper reports of the survey to capture the perspective of sophomore students of two 
technical-vocational High schools (TVHS) to the role of social media in TVET. The survey result 

shows that the participants from both schools believed the social media platform could be used in 
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TVET setting if such social media could provide necessary features. Hence, it is possible to 
implement social media in learning in widespread of TVHS. 

 

2. Method 

 

2.1 Research Questions and Significance 

 
The survey conducted in this study designed to gather initial information from participants to gauge 

the potential students for the adoption of social media in TVET. Therefore, there are two research 

questions defined as follows. 
• What are the motivations of participants in using social media? This research question sought to 

gather data concerning participants’ behaviours related to their social interactions through digital 

technology. 
• Is it effective to use social media in TVET? This research question intended to collect data 

regarding participants’ perspectives of social media in TVET based on the above research question, 

and how the participants’ should utilise the social media in TVET setting. 

 

2.2 Participants 

 
The survey involved 225 sophomore students from two different TVHS. The first one was a TVHS 
focused on Electrical and Mechanical engineering (coded as TVHS-A), where the general 

assumption was that this school have limited access to modern infrastructure. The second one was a 

TVHS concerned on Computer and Software engineering (coded as TVHS-B) located in the 
industrial region. The total of participants completed the survey were 209 sophomore students. 

 

2.3 Materials 
 

The survey constructed a set of questionnaires. They consist of open-ended and straightforward 
close-ended questions to collect the following group of data. 

 

Demographic data 
It was to collect the required necessary information of participants including age, gender, and 

smartphone ownership.  

 

Participants’ behaviour in using smartphone and Internet 
It was to gather the participants’ behavour using smartphone and Internet including the most use of 

the smartphone of social media to communicate with relatives, how many internet quotas spent in a 

month, and what is social media platform and how many hours spent in a day to uses such social 
media. 

 

Participants’ perspective on the role of social media in TVET 
This set of simple open-ended questions was to collect participants experience using social media in 

education. They asked to give an outlook whether social media can be used in TVET or no, the 
opinion of kind social media appropriated to be used as learning approach in TVET, and the view of 

the social media features that can be utilised for learning purposes.  

 

3. Findings 

 

3.1 Demographic data 
 
The first survey question was with regards to collect the smartphone ownership. The result shows 

that 84% (n=99) of participants in TVHS-A and 98% (n=102) participants of TVHS-B owned a 
smartphone. Regarding demographic data, the total participants involved in the survey were 31.1% 
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(65) females and 68.9% (140) males student. With regards to the age of participants, the age range 
was between 15 and 17 years old. 

3.2 Smartphone and Internet use 
 

The further question was to measure the participant's behaviour using a smartphone in their daily 

activity. As shown in Table 1, the first rank of regular use of smartphone among TVHS-A 
participants was for communication (M=8.42, SD=2.38) as well as in TVHS-B participants 

(M=7.76, SD=2.46). Smartphone use for socialisation was the second rank in the TVHS-A 

participants (M=7.76, SD=2.42). In contrast, participants of TVHS-B utilised smartphone or 
“Social” (M=6.91, SD=2.47) was the third rank. There was more interesting evidence that TVHS-A 

participants used a smartphone for “Learning” (SM=7.26, SD=2.54), and it was seated in the third 

rank. Whereas TVHS-B participants chose smartphone for “Social” (M=7.02, SD=2.72) was in the 
second rank. In summary, the Mann-Whitney U test results for the use of smartphone and 

participants daily activity shows a tendency that there were no significant differences on the use of 

social media for most observed aspects except for the statement of “Communication” (z=-1.0448, 
p=0.1481), and “Social” (z=-3.2357, p=0.0006). 

 

Table 1 

The use of smartphone  

 

TVHS-A TVHS-B Mann-Whitney 

 
M SD M SD z p 

Communication 8.42 2.38 7.76 2.46 -2.5316 0.0057* 

Social 7.76 2.42 6.91 2.47 -3.2357 0.0006* 

Learning 7.26 2.54 7.02 2.72 -0.7774 0.2185 

Audio 5.79 3.06 5.48 2.69 -0.7062 0.2400 

Gaming 5.64 2.45 5.67 2.95 -0.1986 0.4213 

Video 5.30 2.94 4.95 2.64 -0.8748 0.1908 

M=Mean, SD=Standard of Deviation, *p=0.01 

 

With regards to the question of popular social media platform, Table 2 shows the participants 
response. WhatsApp was a popular application among participants of TVHS-A (M=7.86, SD=3.41) 

It is seated in the first rank followed by Line (M=7.39, SD=3.27) in the second position. In contrast, 

the first rank of popular social media platform among participants of TVHS-B was Line (M=7.04, 
SD=3.64) followed by WhatsApp (M=6.54, SD=3.92) in the second place. For the third and fourth 

ranks, participants TVHS-A and TVHS-B selected same social media application. Mann-Whitney U 

test for Line, and Facebook options gave the evidence that there was no significant difference 
between both groups to rate these social media. In contrast, the similar statistical test gave the result 

that there was a significant difference between two groups using WhatsApp, Instagram, Twitter, and 

BBM. 
 

Table 2  

Most popular social media platform among participants  

 

TVHS-A TVHS-B Mann-Whitney U 

 
M SD M SD z p 

WhatsApp 7.86 3.41 6.54 3.92 -2.3087 0.0105* 

Line 7.39 3.27 7.04 3.64 -0.1373 0.4454 

Instagram 6.30 3.63 5.56 3.34 -1.7494 0.0401* 

FB 5.31 2.98 4.77 2.94 -1.2878 0.0989 

Twitter 2.91 2.68 1.86 1.49 -4.3851 0.0081* 

BBM 2.65 3.36 1.27 1.41 -3.8306 0.0001* 

M=Mean, SD=Standard of Deviation, *p=0.05 
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The next set of questions were to measure the monthly internet quota in smartphone expended by 
participants as shown in Table 3. Most of the participants of TVHS-A (n=71, 67.6 %), as well as 

participants of TVHS-B (n=67, 64.4 %), consumed 2-5 Giga Bytes (GB) of internet quota for one 

month. There was surprising data that participants of TVHS-B spent more than 25 GB in one month 
(n=7, SD=6.7) whereas 4 participants (3.8 %) of TVHS-A selected this option.  

Table 4 shows daily hours spent on social media. Most of the participants of TVHS-A 

(n=49, 46.7 %), as well as participants of TVHS-B (n=46, 44.2 %), spent 2-4 hours a day on social 
media. However, there were participants of TVHS-A (n=3, 2.9 %) and TVHS-B (n=7, 6.7 %) 

selected option of More than 6 hours spent on social media a day. It was strange to see the data that 

there were some participants chose such option. Especially in TVET, more than half of curriculum 
was practical work in the laboratories. As a student, they should concern in the learning processes.  

 

Table 3  

Internet quota spent in a month  

 
TVHS-A TVHS-B 

 
F M Total F M Total 

Less Than 2 GB 7 13 20 (19%) 1 10 11 (10.6%) 

2-5 GB 34 37 71 (67.6%) 8 59 67 (64.4%) 

6-10GB 2 5 7 (6.7%) 0 0 0 

11-15GB 1 2 3 (2.9%) 5 9 14 (13.5%) 

16-25GB 0 0 0 2 3 5 (4,8%) 

More Than 25 GB 1 3 4 (3,8%) 4 3 7 (6,7%) 

Total 45 60 105 (100,0%) 20 84 104 (100,0%) 

 
Table 4  

Daily hours spent on social media  

 

TVHS-A TVHS-B 

 

F M Total F M Total 

Less than 2 Hours 7 10 17 (16.2%) 1 11 12 (11.5%) 

2-4 Hours 22 27 49 (46.7%) 13 33 46 (44.2%) 

5-6 Hours 15 21 36 (34.3%) 6 33 39 (37.5%) 

More than 6 Hours 1 2 3 (2.9%) 0 7 7 (6.7%) 

Total 45 60 105 (100.0%) 20 84 104 (100.0%) 

 

3.3 Social media role in TVET 
 

This sub-section described the results of the research question about the participants’ perspective on 
the role of the social media in TVET. The first question was to collect the participants’ opinion, can 

social media be used in TVET? 

The result shows that almost all participants of TVHS-A (n=104, 99 %), as well as 
participants of TVHS-B (n=102, 98.1 %), believed that social media could be maximised its function 

for delivering vocational learning purposes. The simple open-ended responses were also collected 

the participants’ thought in some positive and negative reasons that can be explained as follows. 
 

“Social media is a way to communicate with friends or relatives. It is more powerful for 

daily social interaction than for learning, especially in TVET that learning of engineering 
should be used the appropriate approach as well as more practice using the real practical 

work facilities.” (Female, TVHS-A). 
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“Social media provides a teacher freedom of how to deliver learning content. For example, 
in a mechanical engineering subject, while in the school teachers should focus to guide 

students on practical work process, such as producing a mechanical tool by Computer 

Numerical Code (CNC) machine. One day before, the teacher can give students mechanical 
drawing, CNC program, and some practical instruction by social media followed by a 

comprehensive discussion of some unclear instructions. So, wasting time for such purpose 

in traditional learning could be omitted.” (Male, TVHS-B). 
 

After gave the opinion of using social media in TVET, both groups of participants asked 

their outlook about kind of social media appropriate in TVET. For the TVHS-A, the first rank of 
social media application that possible in TVET was WhatsApp (M=7.99, SD=3.37). In contrast, 

WhatsApp ranked in the second option selected by participants of TVHS-B (M=4.06, SD=3.77). 

However, the participants of TVHS-B chose “Others Social Media” (M=7.81, SD=3.16) as the most 
suitable applications for learning in TVET. From the responses of the simple open-ended question, 

there was the fact that participants of TVHS-B have experience using social media in their learning, 

such as using Edmodo, Slack, and Basecamp.  
In the last question, the participants were asked to rate the fourth-scale Likert statements with 

regards view of social media features that can be utilised in a TVET setting. The results present a 

tendency that there were significant differences between two group of participants rate to all typical 
features of social media, i.e., for discussion, evaluation, and direct chatting. It can be assumed that 

the participants had a similar argument that learning TVET can use social media. They expected to 

be able to discuss some topics, direct chatting with friend and teacher, and comprehensive 
discussion about some problem faced by the majority of students.  

4. Discussion 

 
This survey aims to examine the students’ perspective with regards to the role of social media in 

TVET by measured the participants’ social media experiences, opinions and thoughts regarding 

educational purposes. The learning option placed in the third rank in the opinion of daily smartphone 
use. It can be assumed that smartphone as has enormous potency for the learning environment. It is 

related to some research findings that smartphone was useful for ubiquitous learning. However, the 

two-last position of smartphone use among respondents was gaming and video. There are two 
possibilities; the first one is that most of the smartphone owned by participants are not flagship 

category. Hence, it could not use for gaming in maximum performance. And the second reason why 

video option was in the last rank is that playing video needs sizeable internal storage or if the video 
plays from video service like YouTube, and Daily Motion. It needs a good internet speed and ideally 

with unlimited bandwidth.  

For popular social media application, it is a bit different from the data of most popular social 
media in Indonesia released by some survey agencies. As of April 2017, the first rank of popular 

social networks is Facebook followed by Instagram in the second place, and Twitter in the third 

place. The evidence of survey can be analysed that the need for social media in Sophomore is 
dissimilar with an adult. Adult use Facebook, Instagram, and Twitter for spreading they're taught, 

such as personal daily life diary, and social and political speaks, etc. Whereas, teenager utilised such 

media for chatting with friends, sending greeting image and graphical card and also sharing others 
content like music and video. Hence, social media application like WhatsApp and Line more 

popular. Especially for Line, the user can share much graphical content and game, while WhatsApp 

is more common for chatting.  
Related to the internet quota spent for a month, it is common that most of the participants 

selected option “2-5 GB”. This scheme of internet quota provided by the cellular operator in a basic 

reasonable price. A cellular operator dominates in this segment will exist longer in competition. 
Regarding participants chose “More than 25 GB”, there is some cellular operator offer some data 

packet with the reasonable price especially for a user who can use the service after midnight, with 

the assumption that data traffic from 24:00 to 6:00 are not used in maximum usage. Hence cellular 
provider sells a new subscriber identification module (SIM) card bundled with data packet more 

than 25 GB cheaper than usual.  

The last analysis regarding the feature of social media suitable for learning in TVET. Among 
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participants of TVHS-A and TVHS-B have a similar opinion. For TVET, besides social media can 
provide a way of discussion, the feature of video sharing is also essential. Therefore, the teacher can 

distribute their thought in a recorded media. In face to face discussion, students should concern how 

to understand teacher talk, and sometimes they need to take note. Furthermore, there are some 
barriers especially because of the environment is intended for practical work. Hence, students could 

not fully understand the learning instruction without repetition. By adopting the social media, some 

learning material and preparation of practical work could be recorded. Therefore, students would 
have the opportunity to watch the recorded learning material before or practical works recurrently. 

Besides, social media provide a no limit text-based discussion. Therefore students could arrange a 

question and answer session anytime. In summary, the survey to gauge social media in TVET gave 
the conclusion that even though most of the learning subjects should be done in practical work 

facility, it is also possible to spread the learning content through social media platform if they can 

provide necessary features. 

 

5. Conclusion and Future Work 

 
Social media platform like WhatsApp, Line, Instagram, and Facebook are typical applications used 
on a smartphone nowadays. However, while it can be used just for texting, such media also give a 

benefit that the user can share a picture, photograph or even location on the map. After analysing the 

survey finding, some necessary results indicated that such social media is appropriate to be used as 
learning approach in TVET which most subjects need the particular practice using practical work 

facilities. Participants argued that with some rich features of social media like instant sharing 

message and graphical content, chat and discussion, and also video sharing, the social media can 
support TVET system in delivering learning material more advanced than the traditional way.  

Nonetheless, while achieving the critical point of participants’ perspective to the advantage 

of social media for educational purposes, there are some boundaries considering the survey 
procedure and scope. A drawback of the study was the practically small sample size. Hence, these 

survey results could not be generalised to the larger society and perhaps have different conclusion 

encountered with the finding of related study approach. 
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Abstract: Virtual Reality has been gaining popularity in recent years and has been applied 

in various fields. One of its uses is for Virtual Reality games and simulators, which targets a 

wider range of consumers. Flight simulator is one of the more well-known simulators on the 

market, which is used by both gamers and aspiring pilots. However, developing a simulator 

that is realistic enough to provide a life-like experience often requires space, suitable 

environment, and realistic controllers that are often expensive. Virtual Reality can help 

reduce the production cost of traditional flight simulator by replacing the function of some 

hardware in making a realistic simulation. In this paper, we present a VR Flight Simulator 

that runs on Android mobile devices with an external Bluetooth controller. We studied the 

degree of realism it provides and its effect on player’s enjoyment. The preliminary results 

show that the flight simulator provide enough visual realism to make an enjoyable and 

immersive game experience. 

Key words: Virtual Learning; Flight Simulator; Simulation; Virtual Reality; Visual Realism 

1. Introduction

Virtual Reality (VR) can be described as a display and controlled technology that allows users to 

have an immersive experience in an artificially generated environment (Rae, 2014; Wexelblat, 

2014). It has been gaining popularity in recent years because of the realistic experience it provides 

and its possible applications in various fields, such as rehabilitation for patients with disabilities, 

flight training, language education and property viewing to name a few. 

One of its applications of VR is in Virtual Reality simulators, which has the potential to be a 

useful tool for education and training purposes (LaValle, 2017). A simulator is a software which 

runs on a Computer device (such as a game) or dedicated rig/device that models and realistically 

represents or simulates aspects of a real-life situation such as flight simulators that simulates the 

experience of flying an aircraft. 

Virtual reality can cut down the cost of building a full-scale flight simulator for training 

purposes by simulating the sceneries of a flight that generates high visual fidelity, which refers to 

the degree of conformity to real life visual features (Robinson & Mania, 2007; McMahan, Bowman, 

Zielinski, & Brady, 2012). VR headsets are the kind of VR display devices that is based on the 

computer or mobile phone showing 3D content (Xiangyuan, 2015). It has an appearance that is quite 

like glasses, with lenses that converts images for both eyes with a certain offset creating an illusion 

of depth and realism (LaValle, 2017).  

In this paper, we present a VR Flight Simulator that runs on Android mobile devices with an 

external Bluetooth controller. Our research question is if the proposed simulator offers enough 

visual realism to provide an enjoyable and immersive game experience for the players. The rest of 

the paper is structured as follows. Section 2 describes the design and development of the Flight 

Simulator. Section 3 presents the results of a preliminary evaluation study. Section 4 concludes the 

paper and outlines future work. 

2. Design and Development Process

During the process, a game engine was written to create both the game’s visual and non-visual
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elements. The visual elements included a cockpit, sky, terrain and lighting. Some non-visual 

elements were collision detection and player movement. Hardware used were Android phones, 

Bluetooth controller and a VR Box. 

 

2.1 Cockpit  
 

Initially, the cockpit was made from a cubemap, which is a cube textured on each side. After getting 

some user feedback, a highly detailed pre-made 3D plane model was introduced to the world to 

improve realism. 

 

2.2 Sky  
 

To create a realistic sky, a series of photographs of a clear sky were used to texture the skybox. In 

game development, a skybox refers to a huge cube that is textured and moved according to player’s 

position to give an illusion of an infinite, bigger world. 

 

2.3 Terrain & Lighting 

 

The plane in this flight simulator can usually travel very far, so we want the terrain to be present 

regardless of distance travelled. The approach that we took was to create terrain chunks and to 

divide the world into quadrants. If the player travelled to another quadrant, the terrain chunk that is 

far away from the player is translated to a new position. This way, there is no need to implement 

frustum culling – a performance optimization technique that only renders objects inside the frustum 

– as only the nine terrains near the player was generated at once. 

We used a form of lighting called “Directional Lighting” that mimics a distant light source 

such as the Sun. Directional Lighting emit parallel rays of light in a single direction but from no 

apparent source and as such it can have an infinite distance. Because of this, the intensity of the 

light with Directional Lighting is always a constant luminosity and only its rotation values have an 

impact (the direction). This type of lighting is perfect for illuminating large areas such as open 

spaces or cities and as such, is the reason why we decided this to best fit our project as the user will 

be flying through a large open world/terrain.  

 

2.4 Player Movement  
 

In this project, we used Vector Physics to move the player around in our three-dimensional 

world/space. This vector arrow serves as to show essentially instructions on how to get from Point 

A to Point B. Due to the limited time frame available for this research, it was decided not to factor 

in the physics of flight and aerodynamics into the player movement calculations. 

 
 

3. Preliminary Evaluation 
 

The flight simulator has two unique stages with different environments that can be selected from the 

menu screen. Each game stage has its own theme with a skybox and endless terrain. During 

gameplay, a 3D cockpit model based on a real-life plane is present to give the player the impression 

of being inside a cockpit. The following figures shows the simulation experience.  

              A pilot study was conducted to assess the visual fidelity of the flight simulator. We asked 

12 volunteers (aged 18-29) to grade each visual component of the simulator from 0-10 and provide 

some feedback on how the visuals could have been improved. Table 1 shows the average score for 

each visual component. 

In general, the participants felt that the simulator provides an enjoyable and immersive 

experience akin to a game. However, it was not realistic enough as the plane movement was not as 

smooth as expected due to the absence of plane flight physics, and the terrain did not have enough 

variation. They also felt like the day mode feels more natural than the night mode due to the 

lighting. 
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  Visual Component (%)  
     

 Cockpit Sky Lighting Terrain 
     

Average 88.00 92.00 69.00 71.00 
      

Table 1 Participant's subjective grading for the visual components of our VR Flight Simulator 
 
 
 

4. Conclusion 

 

In this paper, we presented a VR Flight Simulator that runs on Android mobile devices with an 

external Bluetooth controller. We studied the degree of realism it provides and its effect on player’s 

enjoyment. The preliminary results show that the flight simulator provide enough visual realism to 

make an enjoyable and immersive game experience. Going forward, we want to address the received 

feedback by applying physics of a plane flight into the simulator. We also want to improve the 

lighting of the night flight simulator to make it feel more natural. 
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Abstract:  The traditional teaching mode and teaching activities in the smart classroom, still 

cannot change the teacher-centered situation. The instruction model for learning, assessment 

and utilization proposed in this paper can contribute to give full play to students’ subjective 

initiative and make students become the dominant in the classroom. Firstly, the frame of 

instruction model for learning, assessment and utilization (the instruction model for LAU) 

is established. Then, activities for learning, assessment and utilization are designed. Finally, 

according to the instruction model for LAU, the teaching activity of the advertisement 

decision making of the WeChat circle of friends is designed, and the better teaching effect 

is achieved. The results from the teacher's interview and students’ questionnaire maintain a 

high degree of consistency, verified that students in this instruction mode of classroom 

participation, mastery, satisfaction is higher than the traditional task of learning. 

Keywords: Smart classroom, learning activities, assessment activities, utilization activities, 

instruction model 

1. Introduction

In the educational policy of 13th Five-year of China, it points out that building the network, 

digitalization, individuation and life-lone education system is the key way for educational 

modernization. The smart classroom is a learning space that is built on ubiquitous computing 

technology, cloud computing technology and smart technology to promote students to build 

knowledge (HUANG Ronghuai., 2012).  

2. Literature Review

The First Principles of Instruction proposed by Merrill(2002), is to achieve specific teaching goals, 

by solving the problem of gradual progress in the actual situation.  Based on the double helix 

structure theory of the learning ability of B.J. McGettrick(2002), Lv Xiaojuan(2015) proposed 

constructing a flipped classroom teaching design based on the theory of student learning. This design 

makes use of the in-class time to allow students to explore independently, and communicate results. 

There still are lots of problems, except the above-mentioned teaching model. Firstly, it’s easy to 

occur that students have insufficient pre-learning. Secondly, in the process of self-inquiry or 

cooperative learning, students with poor learning ability can’t keep up with the class without 

teachers’ attention. Finally, after class, it is prone to the lack of timely feedback on student work. 

So, this model is designed to deal with the above problems from learning, assessment and utilization. 

3. Research Design
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The Instruction Model for Learning, Assessment and Utilization (see Figure 1) proposed in this study 

is a teaching structure and teaching sequence that focuses on tasks to carry out learning. Learning, 

assessment and utilization are not only three independent structures and three activities, but also are 

closely related to each other and together constitute an organic whole. According to the different 

teaching goals, the focus of learning is to cultivate students’ ability to understand knowledge. 

Assessment is to promote the generation of ability, and utilization is to expand the skills.  

 

 
Figure 1 The framework of instruction model for Learning, Assessment and Utilization 

 

The learning activities design runs differently through the entire knowledge learning process. 

In the before class stage, the teacher supervises students to use the e-learning platform to feedback 

their difficulties. In the class, teachers use the answer platform to test the students' preparatory 

results, and guide students to think positively through heuristic questions. In the post-classroom 

stage, it is necessary to design some explorative work to inspire students’ interests. Classroom 

evaluation at any time can help teachers to master the students’ learning situation, and facilitate 

teachers to implement targeted teaching (Jayahari K R, 2017). Once the Utilization activities is 

applied, teachers should create or simulate real-life situations and use smart questioning to elicit 

tasks (Jung Lim,2009). Each member needs to play a role to complete the tasks together (Pattison 

P,2016).  

 

 

4. Case Study 
 

According to the instruction model based on the smart classroom, this chapter will show an example 

of the teaching activities leaded by “learning, assessment and utilization” in a secondary vocational 

school in Shanghai. The instructional material is Advertising Decision-making in WeChat Moments. 

The students are divided into five groups according to the form of the simulation company. The 

wireless network of smart classroom is unimpeded, so that students can use their mobile phones to 

search information freely, publish the results of the program, and conduct online mutual evaluation.  

Questionnaire survey is designed to find out whether the model will be effective from four aspects. 

And whether there is significant difference between male and female (Almeida,2010) affected by 

this model. Interviewing with the teacher is based on the difference between traditional classroom 

teaching activities, and the students’ participation and mastery. For the corresponding analysis item, 
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each of the “CITC value” is higher than 0.9, which indicates that there is a good correlation between 

the analysis items and the reliability level. 

 

Table 1Analysis of student questionnaire 
Comparation 

Research 

Dimension 

Very 
Approval

（%） 

Approval

（%） 

Ordinary 

（%） 

Disapproval

（%） 

Very 
Disapproval 

（%） 

Mean Value Significant 

（Y/N） 
Overall Male Female 

Environment 66.67 11.67 5.00 0.00 16.67 4.12 3.86 4.30 Y 

Participation 56.67 20.00 6.67 4.17 12.5 4.04 3.86 4.17 N 

Mastery 65.01 14.17 4.17 4.17 12.5 4.15 3.94 4.30 N 

Satisfaction 67.19 10.94 4.69 4.69 12.5 4.16 3.91 4.33 Y 

 

The statistical results of the questionnaire by five self-rating scale are shown in table 1. More 

than half of the students think that the smart classroom’s environment, resources, and IRS give their 

“significant help”. However, in the use of the IRS, girls’ situation is significantly better than the 

boys’. 20% of the students think that learning activities design based on task-based learning needs 

to be improved.  

The results of students’ questionnaire and teacher’s interviews are consistent, verified that in 

the environment of the smart classroom the students’ cooperative learning with this model show 

better performance in participation, mastery and satisfaction than the traditional teaching. 

 

 

5. Conclusion 
 

According to the practical results, smart classroom provides technical support and guarantee for the 

realization of interaction between teacher and students, enriching the source of instructional 

resources. The design of learning, assessment and utilization instructional activities can lay the 

foundation for the realization of classroom education fair and learning program customization, etc. 

However, the number of samples is a little small and no future application in different majors and 

grades. Besides, there are drawbacks with the test to students that Hawthorne Effect exist. 
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Abstract: In Japan, the population decreases especially in the mountainous area due to the 

declining birthrate, and it is difficult to maintain the public high schools in Kochi Prefecture. 

Kochi Prefecture Board of Education has introduced trial remote joint classes three years 

ago. However, as a result of the trial operation, problems on student's shooting method in 

distance classroom were clarified. Therefore, we examined the shooting method in the 

distance classroom and designed and developed a new shooting device for the remote 

classroom. In this paper, we describe the proposal and development of “Balloon Type 

Drone” for supporting student photography in a remote joint classroom. 

Keywords: drone, photographing device, remote joint class, remote classroom 

1. Introduction

In recent years, declining birthrate and aging is highly increasing in Japan, and also in Kochi 

Prefecture where our university is located, depopulation is extremely remarkable. Thus, in the public 

high schools, it is difficult to manage due to extremely marked depopulation, but the board of 

education decided to continue schools if it is more than 20 students in one class at one grade. It is 

predicted that 13 schools of 36 are correspond to the case (Kochi Prefecture School Board, 2018). 

For the problem, the board of education started to introduce remote joint class support system which 

based on “video-conferencing technology” from three years ago, and the authors have been provided 

technical cooperation. Through the test installation of the remote joint class system, we found some 

problems which are caused by the number and the functional limitations of a “photographing 

device” as video camera included in the system. Therefore, we propose the new approach aiming to 

provide flexibility of shooting students in a remote classroom and intelligent support functions for a 

teacher in distance classroom. In this paper, we describe the design and the prototype of “Balloon 

Type Drone” as a photographing device in remote classroom. 

2. Problems of Introduced Remote Joint Classroom Support System

Through multiple inspections of the remote joint classes and the discussions with all the parties 

concerned, we have listed problems to improve the system that are earned from the test installation. 

As a result, some of the problems are concerned with the configuration and the functions of the 

photographing devices. There are two sides of classroom for the remote joint class, “transmitting 

side” and “receiving side”. In the receiving side, there are two photographing devices. The one is the 

fixed video camera which is located in front of students, and the other is handy camera for the 

support teacher. We have focused on the problems with relation to current photographing method. 

There are problems for each camera, the fixed camera and the handy camera, in the remote 

classroom. The fixed camera is mainly used to shoot the students from front of them with a function 

of angle adjustment via control box. This is a quite typical and a necessary equipment for distance 

classroom, but angle control function of the camera is rarely used in actually because of it’s too 

much of a bother. If additional fixed cameras are equipped in the classroom, it is helpful for the 

lecturing teacher to know more details of student’s status, but it cannot be affordable in cost under 

existing our circumstances. On the other hand, the use of handy camera was out of the question. 

Unfortunately, the camera has never used within our inspections. 
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The students in the remote classroom, they sit by side by 2 to 3 and 3 to 4 in row to fit in the 

angle of view of the camera. The lecturing teacher in the transmitting side wants watch the status of 

the student behind the second row. But, it is impossible in principle even if the teacher adjusts the 

angle of the camera, the angle of view of the fixed camera is positionally limited, so the teacher 

cannot observe the work at students’ hand. To compliment the situation, the support teacher, who is 

not special in the subject, goes around the students. However, there is no way of communication 

between the lecturing teacher and the support teacher besides a briefing after the class.  
 

 

3. Proposal of “Balloon Type Drone”  
 

We aimed to realize an ideal photographing method in the remote classroom. There are many studies 

on shooting techniques in distance classes (Wang, R et al., 2016; N. Osawa & K. Asai, 2005; Y. 

Ochi and Y. Takeda, 2013), but few attempts are made to enable shooting in a movable and 

bird's-eye view. Our approach is to challenge “yet another photographing device” which can be 

located freely to where a teacher wants and is possible to shoot students even from above as cheap as 

possible. And further, it is desirable that the functions of traversal and shooting functions are 

intellectually controlled without taking time and effort of a teacher. We propose a “Balloon Type 

Drone” using in the classroom. In this research, we aim to develop the drone which is located near 

the ceiling by obtaining buoyancy by a balloon filled with helium gas and which can autonomously 

move as necessary. The balloon type drone that we aim for has the following advantages. 

(1) Safety: Even when the function stops due to a failure of a motor or the like, there is no danger of 

falling and it only stays on the ceiling. 

(2) Quietness: Because it uses the buoyancy of helium gas, it is not necessary to rotate the motor all 

the time like a general drone, so that quietness can be expected. 

(3) Economy: It is possible to reduce the money cost by developing by utilizing an inexpensive 

commercial small device. 

(4) Functionality: It is highly possible to realize advanced educational support functions using 

sensors or image recognition etc. by technical development using small devices. 
 
 

4. Development of “Balloon Type Drone” 
 

First of all, we designed and prototyped a photographing control module as shown in Figure 1. In the 

module, the two DC motors are arranged coaxially so as to cancel the counter torque. The motor 

located at the top is used for detachment from the ceiling. The motor arranged in the lower part 

allows horizontal movement and direction change by the “Rotating Duct” connected to the stepping 

motor.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure1. Design of “Photographing Control Module” 
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Figure 2. Prototype of “Balloon Type Drone” 
 

 The control unit uses Raspberry Pi Zero W, to which motor drivers, LiPo batteries and a 

camera are connected in lower part. The enclosure and propeller of this module are designed using 

3D-CAD and 3D printers from scratch, and the whole weight of the module is 127g including 

batteries. 

 We created the balloon body shown in Figure 2 to mount the photographing control module. 

The balloon used a polyester aluminum vapor deposited film with a thickness of 28 micron, its size 

was 30 cm x 90 cm x 90 cm, and the loaded weight was around 160g. 

 We carried out a flight test of the drone. The drones floated to the ceiling and confirmed that 

descending and change of direction can be done without problems by the propellers. The control 

program has been created using Python, and at the moment it is currently only executing the script 

stored in Raspberry Pi by logging in remotely from the notebook PC. The noise generated by the 

rotation of propellers was quite small if the rotation speed was suppressed. Considering that it is not 

always turning the propeller, it can be judged that it is a practical range. In addition, it was confirmed 

that the photographing function by the camera also operates without problems. 
 

 

5. Conclusions 
 

In this paper, we proposed a balloon type drone and described about its design and development of 

the prototype, in order to solve problems related to photographing in remote joint classroom. We 

will continue to work on improving enclosure and propeller etc. to improve quietness and efficiently 

obtain propulsion. As future tasks, we will study “autonomous movement control program” to 

realize accurate movement and study information acquisition by image analysis to realize 

educational support functions using them. The balloon type drones introduced in this paper have 

already been patented. 
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Abstract: This paper describes our study where we have aimed to support international 

students’ job hunting in Japan with our developed career support system. Career support for 

international students in Japan is an urgent issue since it is a Japanese government policy to 

increase the number of international workers. A questionnaire survey revealed that top two 

anxieties that international students have were language-related and lack of information. 

The result of our previous evaluation demonstrated that the users benefited from the system, 

while it revealed some agendas to deal with. Reflecting its result, a new career support 

system is scheduled to be designed in 2018 aiming for the enrichment of the career support 

contents and enhancement of seamless interaction among users. It is expected to contribute 

to the enhancement of the employment rate of international students in Japan. 

Keywords: Career support, e-Book, international students, job-hunting, learning log 

system, seamless learning 

1. Introduction

According to Japan Student Services Organization (JASSO), 267,042 foreign students are studying 

in Japan as of 2017. “Japan Revitalization Strategy 2016" declared by the Japanese government 

includes the increasing of the number of international workers who got jobs after graduation. They 
set the goal from 30% to 50% of the international job hunting students find jobs in Japan.  Therefore, 

career support for international students has become an urgent issue to tackle with. 

Job-hunting process is complicated in Japan. It imposes a heavy workload on their academic 
life. Students start job-hunting more than 1 year before graduation. They start with writing CVs 

(curriculum vitae) and entry sheets, taking exams, written or web-based, such as general knowledge 

tests, aptitude tests, and personality tests, participating group discussion observed by recruiters, and 

getting group interviews and individual interviews at the final stage until they finally obtain an 
official job offer. We believe that with the help from IT technology, this heavy workload could be 

lightened. 

The emergence of IT technologies such as multimedia technology, Internet technology, 
ubiquitous and mobile technology provoked new learning concepts such as WBL (web based 

learning), CSCL (computer supported collaborative learning), and MAL (mobile assisted learning) 

(Ogata & Uosaki 2012). Besides, various kinds of learning supports have been made into reality by 
accessing resources of web sites, or by linking learners and numbers of learning objects (Inoue et al., 

2014). But no such system as to support international students’ career path has been developed so far. 

There are two objectives in this study. One is to specify what kind of anxieties they have in the 

process of job-hunting in Japan. The other is to propose effective career support system to facilitate 
their job hunting process. We believe that our system will contribute to the enhancement of the 

employment rate of international students in Japan. 

2. Questionnaire Survey
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A paper-based questionnaire survey was conducted to find out what kind of anxieties they had. 
Ninety-seven international students participated in the questionnaire survey. They were asked to 

answer the question, "Are you anxious about job search in Japan? If so, mark all reasons that apply." 

The result of the survey showed that the top two anxieties that foreign students had about job 

search in Japan were 1) language-related anxieties: writing CVs and entry sheets (writing skill) and 
job interviews (listening and speaking skills) and 2) anxieties about how to get information (Figure 

1). 

As for the Japanese language ability, there are glossaries of job-hunting related technical terms 
which are rarely used in daily conversation. Therefore even advanced learners of Japanese need to 

learn these vocabularies. In addition, the fact that 54 students selected "I don't know know-how need 

to look for a job in Japan" and/or “I don't know how to get information” means that it is very 
important to convey necessary information to job-hunting students.  

 

 

 
 

 

 

 
Figure 1. Anxious factors about job search in Japan. 

 
In order to diminish their anxieties1) and 2), SCROLL Career Support has been now in 

progress. SCROLL (System for Capturing and Reusing Of Learning Log) will be described in the 
next section. 

 

3. SCROLL 

 
SCROLL has been developed to support learners to record what they have learned as a log using a 
web browser and a mobile device and to share them with other learners anytime and anywhere 

seamlessly beyond the limits of time and space (Ogata et al. 2014). Therefore it fits most for 

international students who are learning about the job hunting system and job-hunting related terms 
in Japan in an informal learning setting. Its main functions are as follows: 

 

i. Recording: The system facilitates the way learners record their newly learned terms on the server. 

For example, when a learner comes across a new word, he can upload it to the system with texts, 
images, video, or pdf files. Translation is facilitated by Google translate. 

 

ii. Recommendation: The SCROLL recommendation function works as follows: when a learner 
uploads a new word to the system, the system checks if the same log or related logs have already 

been uploaded or not and shows the related terms to the learner. Then the system links learners’ new 

log with their past log. It assists the implementation of seamless learning by making linking learners’ 

present learning with their past learning, and also by linking a learner’s learning with that of other 
learners. 
 

iii. Quizzes: It is reported that the quiz function is effective in reinforcing students’ memory (Li et al. 

2013; Uosaki et al.2013). The quiz function also assists in linking their present learning with their 
past learning. Four types of quizzes (multiple-choice and yes-no quiz with images and texts) are 

generated automatically by the system. These quizzes are generated according to a learner’s profile, 

location, time and the results of the past quizzes they took. 
 

iv. Reviewing: TimeMap proposed by Johnson and Wilson (2009) was implemented so that learners 

could review where and when they acquired their knowledge at a glance. It provides learners with 
better opportunities to review their learning. 
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3.1 E-book System 

 
E-Book function was implemented to SCROLL (Kiyota et al.2016). It consists of database and 
EPUB (Electronic PUBlication; one of the eBook formats) File Folder. On EPUB-viewer, learners 

can take various actions, such as page turning, page jumping, bookmarking, highlighting, adding 

logs, taking memos, looking into the web dictionary and searching by keywords.  

 

3.2 Past SCROLL Career Support System 

 
The objective of the system was 1) to share job-hunting related information among job-hunters, 2) to 

organize and reinforce their knowledge. According to the pilot evaluation conducted in Uosaki et al. 
(2016), It helped users share job-hunting related knowledge. The system is expected to play an 

important role as information supplier. However, according to the result of the five-point-scale 

questionnaire, e-Book system did not gain good feedback compared with SCROLL. Mean score of 

e-Book was 3.3, while that of SCROLL was 4.1. Therefore with the refinement of e-Book contents, 
more detail examination of effectiveness of our system will be conducted.  

 

4. New SCROLL Career Support System 

 
Our future works include enrichment of the career support contents in e-Book and enhancement of 

seamless interaction among users to share knowledge anytime anywhere. In order to facilitate 

seamless user interaction, we are planning to implement a chat function with a bot system. A new 

career support system is scheduled to be designed during 2018. Our ultimate goal is to contribute to 
the increase of employment rate of international students in Japan. 
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Abstract: This paper describes an infrastructure for seamless learning analytics to bridge 

digital textbook learning and practical training such as programming and conceptual 

modeling education. To realize the infrastructure for seamless learning analytics, we 

propose the integration of a digital textbook system into a software learning support system. 

By using our proposed infrastructure, all learning data will be sent by xAPI and collected in 

an independent LRS. We believe that analyzing and visualizing the relationships between 

the learning in the digital textbook system and practical training in the software learning 
support system leads to improving the quality of learning and teaching.  

Keywords: Digital textbook, seamless learning, xAPI 

1. Introduction

Seamless Learning is defined as an approach “when a person experiences a continuity of learning 

and consciously bridges the multifaceted learning efforts across a combination of locations, times, 
technologies or social settings” (Wong et al., 2015). So far, several researchers have pointed out that 

mobile and ubiquitous technologies have enabled learners to learn continuously across different 
contexts (Chan et al., 2006; Uosaki et al., 2014; Milrad et al., 2013). According to Wong et al., they 

defined the main characteristics of seamless learning as follows: (1) Encompassing formal and 

informal learning, (2) Encompassing personalized and social learning, (3) Across time, (4) Across 
locations, (5) Ubiquitous knowledge access, (6) Encompassing physical and digital worlds, (7) 

Combined use of multiple device types, (8) Seamless switching between multiple learning tasks, (9) 

Knowledge synthesis, (10) Encompassing multiple pedagogical or learning activity models (Wong 
& Looi, 2011). 

With the emergence of seamless learning, several researchers have focused on the 

development of modular systems that can be linked together by standards-based protocols and 
analyzing and visualizing the learning logs in a seamless learning environment (Mouri et al., 2015, 

2017, 2018b). For example, Brendan et al., proposed a learning analytics platform for seamless 

learning to bridge digital textbook learning and real-life learning (Brendan et al., 2018). By 
constructing the learning analytics platform, we can analyze and visualize the learning data that 

occurs across disparate systems that are used in formal and informal settings.In the other hand, 

researchers in the software engineering areas have focused on developing software learning support 
systems such as programming and conceptual modeling. So far, little attention has been paid to 

analyzing data in order to improve learners’ making processes in the programing and conceptual 

modeling. To improve their making processes, it is necessary to analyze not only the data regarding 
practical training but also the data regarding lecture or class.Therefore, this paper introduces 
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seamless learning analytics for analyzing the relationships between lecture and practical training. 
We believe that there are several advantages that make it easier to introduce digital textbook learning 

and practical training. 

 

2. Overview of our seamless learning analytics 

 
Figure 1 shows the overview of our seamless learning analytics. To analyze and visualize the 

relationships between lectures and practical trainings, we propose to integrate main three systems: 
Learning Management System (LMS), Digital textbook system called “Smart E-textbook 

Application” (Mouri et al., 2018) and Software learning support system called “KIfU 3.0” (Tanaka 

et al., 2018a, 2018b). Figure 2 shows SEA interface.  

 

 
Figure 1. Infrastructure for Seamless Learning Analytics 

 

  
Figure 2. SEA interface         Figure 3. KIfU 3.0 interface 

 
By using SEA, learners can use several functions such as next, prev, bookmark, highlight 

and memo. In addition, unlike previous digital textbooks systems (Kiyota et al., 2016), SEA can 

collect which positions of the pages learners were browsing in digital textbooks using mask 
processing. KIfU 3.0 is software learning support system to make and collect data of learners’ 

thinking during their artifact making processes in conceptual modeling. Figure 3 shows KIfU 3.0 
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interface. By using KIfU 3.0, learners can make UML (Unified Modeling Language) class 

diagram.These digital textbook logs and making processes logs of learners will be sent by an 

xAPI and collected in an independent LRS (Learning Record Store). The LRS can collect 

all logs from LMS, SEA and KIfU 3.0 and analyze and visualize them to enhance the 

quality of learning and teaching. 

 

3. Conclusion and Future Work 

 
This paper describes an infrastructure for seamless learning analytics to bridge digital 

textbook learning and practical training such as programming and conceptual modeling education. 

We anticipate discovering the relationships between digital textbook learning and practical 
training.In the future work, we consider that analyzing and visualizing the logs collected by our 

proposed infrastructure using analysis methods such as social network analysis, non-negative matrix 

factorization, association analysis and decision tree (Mouri et al., 2016, 2018a).  
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Abstract: Based on the SSCI sub-database in the Web of Science, this study selected 9 

SSCI journals in the field of educational technology as sources of literature to investigate the 

empirical research of educational games from 2013 to 2017. We used the bibliometric 

method to analyze and describe the overall development of educational game research. It 

was found that the research hotspots mainly focus on educational game environment design, 

educational game effectiveness, learner motivation, and gamification teaching strategies. A 

content analysis framework was established based on the results of the bibliometric analysis. 

From the three dimensions of educational game design and development, teaching and 

application, and educational evaluation, a total of 113 empirical studies were analyzed 

panoramically. The following characteristics and trends were summarized: (1) design and 

development: focus on high-quality learning experiences and personalized learning; (2) 

games used in education: a shift from the perspective of learner characteristics to internal 

cognition; (3) integration of games and teaching: educational games as the main cognitive 

tools for the learner-centered classroom; (4) educational evaluation: the continuous 

exploration of gamification evaluation methods to achieve scientific, interesting, and 

effective assessment. 

Keywords: Game-based learning; Educational games; Empirical research; Research review 

1. Introduction

Since the mid-1960s, when researchers discovered the educational value of video games, various 

fields began to study the application of games in education. Educational game research has seen its 

infancy (from the mid-1960s to the end of the 1980s) and the development period (90s of the 20th 

century). Now it has entered a prosperous period (21st century to the present). There have been 

explorations of new themes and interdisciplinary cooperation studies. At present, the description of 

the definition of educational games is based on two perspectives: game or education. It is considered 

that educational games are computer system software with a certain educational purpose. They can 

simulate real scenes, stimulate learners' internal motivation and create learning effects in a more 

enjoyable experience. Since 2011, the New Media Consortium (NMC) has listed games and 

gamification as the key technology for the future. 

In recent years, educational game research has continued to develop. This study hopes to 

conduct bibliometric analysis of educational game research in the last five years (2013-2017) based 

on the Web of Science (WOS) and conduct document content analysis of empirical research on 

educational games. The content is combed to grasp the current research hotspots of educational 

games, the characteristics of empirical research, and the direction of development, which provides 

practical references and empirical experiences for future research. 

2. Method

2.1 Bibliometric Analysis 

This study selected the Social Sciences Citation Index (SSCI) from the core collection of the Web of 

Science (WOS) as the source of the literature. We use the advanced search function of the WOS and 
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enters the query for topic search: TS= (‘educational game*’ OR ‘learning in game*’ OR ‘gaming for 

education*’ OR ‘integrating the game and education*’ OR ‘game-based learning*’ OR ‘educational 

use of games*’), the time span was set from 2013 to 2017, and the date of search was April 14, 2018. 

A total of 3,902 articles were retrieved. 

Considering the relevance of the field and the reference value of the literature, this study 

refined the documents retrieved from the initial search based on the source of the literature. We 

selected 9 SSCI journals1 that are generally recognized in the field of educational technology and 

have a profound influence and obtained 452 articles. In this part, we used bibliometric method. 

HistCite and CiteSpace were used as research tools to perform quantitative analysis and co-word 

analysis on 452 refined documents. The basic information of the literature was described, 

positioning of the top ten high-impact literatures, capturing current research hotspots to understand 

the overall development of educational game research from 2013 to 2017, and establishing the 

content analysis framework of this article. 

 

2.2 Document content analysis 
 

Based on the above search results, we selected 160 empirical research literatures according to the 

relevance of the content of the articles (titles, abstracts, keywords) and educational games, as well as 

the screening of educational game theoretical research literatures. On the basis of reading through 

the articles, 113 documents were finally determined. Based on the content analysis framework from 

the bibliometric analysis, the content analysis method was used for the panoply analysis to obtain the 

characteristics and development direction of the current empirical research of educational games. 

 

 

3. Results 
 

3.1 Analysis of Educational Game Research 
 

The HistCite and CiteSpace were used to analyze the 452 literatures. Through the analysis of the 

literature's time, country (region), source journals, keywords, etc., this paper reviewed the 

development of educational game research in the past five years. 
 

3.1.1 Time distribution 
 

From Figure 1 we can see that the annual output of the literature has been maintained at around 90 

articles per year, of which the number of articles in 2016 has reached 102, indicating that the 

educational game research is in a period of stable development and gradually occupied a place in the 

field of educational technology. 

 

 
Figure 1. Time distribution of educational game research literature 

 

3.1.2 Country(Region) distribution 
 

The results showed that 452 documents were distributed in 48 countries (regions). According to the 

number of documents of each country (region), the country (region) distribution presents two 

                                                 
1 Including Computers & Education, Educational Technology & Society, British Journal of Educational Technology, Interactive Learning 

Environments, Educational Technology Research & Development, Journal of Educational Computing Research, Journal of Computer Assisted 
Learning, Journal of Science Education and Technology, Australasian Journal of Educational Technology 
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leading positions in Taiwan and the United States. Taiwan has 138 articles ranked first, followed by 

the United States (111 articles). 

In general, the higher the value of TLCS/N, the greater the influence of the region/country in 

the research field. Taiwan and the United States are still at the leading position in the TLCS/N. 

Although Spain and the United Kingdom are not dominant in number, their TLCS/N values have 

reached 1.542 and 0.905, which has a certain influence. 

 

 
Figure 2. Top 10 Countries in the Number of Articles 

 

3.1.3 High-impact research 
 

The articles were ranked according to the LCS value (Table 1). The source journals of the top 10 

documents were Computers & Education. Among the 10 high-impact researches, 9 articles are 

empirical research articles, of which 7 articles are based on the effects of educational games (Erhel S 

& Jamet E, 2013; Sung HY & Hwang GJ, 2013; Dominguez A, Et al., 2013; Hwang GJ, et al., 2013; 

Barzilai S&Blau I, 2014; Giannakos MN, 2013; Hwang GJ, 2015), 1 literature mainly discusses the 

combination of educational games and classroom teaching in mathematics, game production as 

learning content, innovatively implemented interdisciplinary teaching (Ke FF, 2014), and another 

article carried out a survey of the acceptance of secondary school teachers to educational games 

(Bourgonjon J, 2013). In addition, there is one more review study (Wouters P & van Oostendorp H, 

2013). 

 

Table 1 

Top 10 high-impact documents of LCS 

Rank Title Author Journal Year LCS GCS 
1 Digital game-based learning: Impact of instructions and 

feedback on motivation and learning effectiveness 
Erhel S, Jamet E Computers 

& Education 

2013 27 85 

2 A collaborative game-based learning approach to 
improving students' learning performance in science 

courses 

Sung HY, Hwang 

GJ 
Computers 

& Education 

2013 26 107 

3 Gamifying learning experiences: Practical implications 
and outcomes 

Dominguez A, 

Saenz-de-Navarre

te J, et al. 

Computers 

& Education 

2013 18 245 

4 A concept map-embedded educational computer game 

for improving students' learning performance in natural 

science courses 

Hwang GJ, Yang 

LH, Wang SY 
Computers 

& Education 

2013 18 75 

5 A meta-analytic review of the role of instructional 

support in game-based learning 
Wouters P, van 

Oostendorp H 
Computers 

& Education 

2013 13 67 

6 An implementation of design-based learning through 

creating educational computer games: A case study on 
mathematics learning during design and computing 

Ke FF Computers 

& Education 

2014 10 43 

7 Scaffolding game-based learning: Impact on learning 

achievements, perceived learning, and game experiences 
Barzilai S, Blau I Computers 

& Education 

2014 9 51 

8 Enjoy and learn with educational games: Examining 
factors affecting learning performance 

Giannakos MN Computers 

& Education 

2013 8 39 

9 A contextual game-based learning approach to 

improving students' inquiry-based learning performance 
in social studies courses 

Hwang GJ, Chiu 

LY, Chen CH 
Computers 

& Education 

2015 8 30 

10 Acceptance of game-based learning by secondary school 

teachers 
Bourgonjon J, De 

Grove F, et al. 
Computers 

& Education 

2013 7 56 
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3.1.4 Research hotspot analysis 
 

Key words co-occurrence of 452 literature data were analyzed using CiteSpace software. The 

threshold was set as the first 50 high-frequency keywords for each time slice. A total of 147 keyword 

nodes and 672 connections were obtained. In the visual display, keywords from the literature such as 

‘educational game’, ‘game-based learning’, ‘education’, and ‘game’ are excluded, and the 

knowledge map is shown in Fig.3. Selecting the key words in the top 10 of the betweeness centrality 

(Table 2), combined with the frequency analysis, we can see that the current education game 

researches focus mainly on educational game environment design, educational game effectiveness, 

learner motivation, gamification teaching strategies, etc. 

 

 
Figure 3. Key words knowledge map of educational game research 

 

Table 2 

Top 10 Keywords 

Rank Keyword Mediator Frequency 
1 environment 0.16 69 

2 performance 0.10 82 

3 student 0.09 81 

4 design 0.07 71 

5 motivation 0.06 85 

6 strategy 0.06 16 

7 interactive learning environment 0.05 51 

8 impact 0.05 46 

9 achievement 0.05 36 

 

For keywords have high frequency such as environment, performance, design and keywords 

that have high centrality such as strategy and achievement, we analyzed the knowledge maps (Figure 

4). At present, the main contents of educational game research are four aspects of educational game 

design and development, application effects, teaching strategies and educational evaluation. 

 

 
Figure 4. Keyword knowledge map (part) 
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Based on what have been discussed above, combing 113 empirical studies, the content 

analysis framework for this article was established (Figure 5). We believe that both application 

effect research and teaching fusion research belong to the teaching and application research of 

educational games and therefore we can obtain three main analytic dimensions including design and 

development, teaching and application, and education assessment. 

 

 
Figure 5. Analysis framework for empirical research content of educational games 

 

3.2 Review of Empirical Research 
 

3.2.1 Design and Development: Focus on high-quality learning experience and 

personalized learning 
 

3.2.1.1. Design gaming elements and interactions to improve students’ motivation 
 

Educational games can stimulate students’ motivation and interest by creating learning situations for 

learners. Many empirical studies (Malouf, 1988; Chile& Rosas, 2003; Hakan Tuzun, 2004) have 

proved that the game has a promoting effect on motivation. In the past five years, researchers have 

more in-depth research and discussion on how to design gaming elements and interactions to 

stimulate motivators more effectively and thus promote learning outcomes. 

Vandercruysse et al. (2013) added the gaming element ‘competition’ to an educational game 

for business English conversation skills to explore whether the gaming elements ‘competition’ is 

related to students’ motivation, learning outcomes, and perceptions. A two-factor experiment (Table 

3) was designed. As educational games are a complex system, empirical research often uses 

single-factor experiments to discusses the effects of a certain variable separately. There are many 

interactive factors in the actual application environment. The two-factor experiment provides a more 

comprehensive discussion of the complex learning process. 

 

Table 3 

Two-factor experiment 

Instruction Competitive Non competitive 
Game environment 

purpose = leisure 

Competitive game 

environment 

Non-competitive game 

environment 

Learning environment 

purpose = learning 

Competitive learning 

environment 

Non-competitive learning 

environment 

 

There is also another discussion about the effect of games on the students’ motivation. 

Researchers such as Lepper believe that external rewards or excessive use of external rewards have a 

negative impact on learners' intrinsic motivation or interest. Filsecker & Hickey (2014) investigated 

the impact of external rewards on the motivation of primary school students playing educational 

games. The results show that the addition of external rewards did not weaken students’ motivation. 

Therefore, the negative impact of using external rewards can be solved in the new generation of 

learning environments with rich feedback. 

In addition to the influence of game elements on learning, feedback is the most important 

part of the interaction between students and games. More and more scholars have begun to pay 

attention to the design of feedback mechanism. Guo & Goh (2016) aimed to explore the impact of 
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agents' emotional feedback on learning effectiveness, motivation, and fun. Adams & Clark (2014) 

aimed to study the impact of explanatory feedback in educational games on learning. 

 

3.2.1.2. Effective use of technologies such as 3D and AR to enhance game immersion 
 

Educational games can construct actual learning situations and achieve meaningful learning in the 

process of interaction between students and games. The closer the situation is to the real 

environment, the easier it is for students to transfer and use knowledge. In order to provide students 

with a more realistic interactive environment and a better learning experience, technologies such as 

3D and AR have gradually begun to be widely used in the construction of immersive virtual 

environments. 

3D environment is suitable for knowledge that is not easily taught by ordinary teaching 

methods or requires a high-simulation teaching environment. Maratou et al. (2016) developed a 

software project management (SPM) role-playing game based on a 3D online multi-user virtual 

world. The game simulates the situation of a company in real life and promotes the collaboration of 

students. 

AR can help learners to connect the things they observe in the real world with relevant 

knowledge and realize the connection between knowledge and situation. Hwang et al. (2016) 

combined AR and competition to develop an ecology educational game (Figure 6) and proposed a 

competitive approach to support AR-based learning activities. 

 

 
Figure 6. Ecology educational game 

 

Researchers have not only considered the design of educational games from the perspective 

of game elements, but have started from improving the overall learning experience, enhancing the 

immersion of the game. 

 

3.2.1.3. Application of adaptive technology and data mining to provide a personalized 

learning experience 
 

Different learner has diverse ways of learning and information processing. Each learner's initial 

level and learning progress are also different. Educational games, as an increasingly popular 

learning method, also pay attention to the learner's personalized learning experience. 

Due to the budget and versatility of the game, adaptive game systems are the direction that 

scholars actively explore. Soflano et al. (2015) developed a self-adaptive game for SQL based on 

learning style that can dynamically and continuously adjust the content presentation based on the 

learner's interaction with the game. Torrente et al. (2015) focused on special groups and developed a 

(semi) adaptive education game named My First Day at Work. The game configures the user 

interface through the initial role selection, including the role of the blind person, the role with the 

wheelchair, the hearing-impaired person, and the person who has no disability. 

Using data mining techniques to analyze the game data can provide reference for improving 

the learning process, providing learning support and personalized learning experience. To explore 

the relationship between tool use, game selection, and task completion in the game, Cheng et al. 

(2017) collected back-end data from genetics games for high school students and analyzed the data 

using data mining techniques such as classification trees. Khenissi et al. (2017) measured learner's 

working memory capacity (WMC) based on fuzzy logic methods and game data. 

In summary, researches of educational game design focus on providing learners with a 

quality learning experience. The main content includes gaming elements, interactions, 

environmental design and personalized learning. Many emerging technologies are constantly being 

incorporated into educational game design and development. Adaptive and data mining techniques 

are used to more effectively provide learners with learning content and support.  
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3.2.2 Games applied to education and teaching: From the perspective of learner 

characteristics to internal cognition 
 

3.2.2.1. New perspective study, learner's flow experience and cognitive processing 
 

With the continuous deepened empirical research on educational games, researchers not only stop at 

the exploration of learners' performance and characteristics, but also hope to understand the internal 

cognitive mechanisms of learners. New perspectives on cognitive processing and the learner flow 

experience has emerged. Lee & Heeter (2017) analyzes the cognitive process of players playing 

educational games and explores the effects of working memory skills and game skills on the player's 

attention and content comprehension. 

Bressler (2013) used a mobile AR game to study the influencing factors of the learner’s flow 

experience. The result shows that gender and subject interests are not important predictors of 

streaming experience, but game attitudes can predict 23% of flow experience differences and have a 

positive impact on learner flow experience. Cheng et al. (2015) further illustrated the hierarchical 

structure of the educational game flow experience, arguing that game immersions are divided into 

three phases—participation, concentration, and total immersion. From these three dimensions, the 

game immersion questionnaire (GIO) innovation scale was developed to measure learner's flow 

experience. 

The above two studies have adopted scales for the measurement of player flow experience. 

We believe that this self-reporting method is lagging and subjective. In order to enhance the 

scientificity of researches, we can use the eye tracker or the game backstage to collect objective data. 

 

3.2.2.2. New Direction of applications: Gamification 
 

Compared to complex and costly educational games, using gaming elements and mechanics in 

non-game environments for a light gamification design can easily provide students with a gaming 

experience that is highly portable and reduces technical threshold for teachers and students. Based 

on the Blackboard platform, Domínguez and de-Marcos et al. (2013, 2014) integrated game 

elements such as challenges, badges, and leaderboards, to design and develop a gamification plugin 

that includes 9 challenge activities and 36 achievements. Wang (2015) integrates gamification 

elements such as competition, points, and leaderboards into the classroom interaction system 

“Kahoot!”. 

The gamification element design is a new direction. It has the advantages of low threshold, 

low cost, and universal adaptability. It is suitable for classroom teacher-student interaction, 

after-school exercises, and groups’ tasks and other teaching activities. 

Learning is a process of change that takes place within an individual. The shift from the 

perspective of learner characteristics to internal cognition in the empirical research of educational 

games helps us to combine the previous research results with the results of learning sciences and 

establish a link between learner performance and internal cognitive processes.  

 

3.2.3 Game and Teaching Integration: Games as the main cognitive tool to realize the 

learner-centered classroom 
 

Understanding of educational games has gone from a knowledge container to a knowledge 

construction tool. Nowadays, students no longer interact with teachers. Instead, they interact with 

educational games, independently explore and discover, and as a result, learner-centered classroom 

is achieved. Researchers explored the teaching strategies of teachers as mentors. 

Ke (2014) designed a course that integrates computer programming, mathematics, and game 

production. In this course, 64 middle school students were randomly allocated to 10 groups based on 

Scratch for the design and development of mathematical games. 

When it comes to the teaching in the classroom, game design is used as a learning method. 

Learners can independently design and develop educational games related to subject content. This 
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not only enhances learners' programming skills, subject knowledge, and learning attitude, but also 

fosters creativity. And this is also a new way for cross-curricular curriculum design. 

 

3.2.4 Education Assessment: Constant exploration of gamification evaluation methods to 

achieve scientific, interesting, and effective assessment 
 

Education evaluation is the premise for making scientific teaching decisions. As a potential 

educational reform force, educational games are used to explore scientific and effective evaluation 

methods with the characteristics of promoting learning motivation and participation. 

Huang (2013) and others centered around the design and the development of game 

evaluation tools, embed diagnostic feedback that can identify learner error types and give targeted 

guidance into math game assessment tools. 

In addition, Mavridis et al. (2017) developed a teacher-configurable mathematics evaluation 

game (Figure 7). Teachers do not need to have any programming skills to modify the game's 

parameters through the manager interface and change the content of the game. 

 

 
Figure 7. the gaming environment(a) and the administration panel of the game(b) 

 

In recent years, education evaluation research has a leap of the quantity and quality. From 

the quantitative point of view, more and more researches have been conducted to explore 

gamification evaluation methods. From the qualitative point of view, educational game evaluation 

research no longer stays in the summative evaluation, it began to focus on data-based formative 

evaluation, gamification elements used in assessment and the design and development of 

educational game assessment tool. 

 

 

4. Discussion and Conclusion 
 

We use the Social Science Citation Index (SSCI) in the WOS database as the source of literature to 

sort out the overall development of educational game research in the past five years. It is found that 

the current educational game researches mainly focus on educational game environment design, 

educational game effectiveness, motivation and game-based teaching strategies. We investigated the 

empirical research literature on educational games from 2013 to 2017 and found the following 

characteristics and trends. 

First of all, educational game design and development researches focus on providing 

learners with a quality learning experience and personalized learning. Researchers have designed 

game elements, interactions, environments and integrated technologies such as 3D, AR to enhance 

students' immersion and maximize educational games’ potential to stimulate learning motivation. 

Based on the self-adaptation and learning analysis techniques, personalized learning is put into 

practice. 

Secondly, the perspective of games application research changed from learner 

characteristics to internal cognition. Based on the research of learning sciences, the relationship 

between learner performance and internal cognitive processes is established, and the learning 

process is deeply interpreted. Besides, educational game plug-ins became a new direction of 

application. 

Thirdly, in terms of the game and teaching integration, games are used as the main cognitive 

tools to realize a learner-centered classroom. Educational games promote learners' active learning 

and meaning construction. Teachers provide learners with teaching aids and design reflection and 

summarization activities. The classroom with educational games truly focuses on learners. 
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Fourthly, researchers continuously explore game-based evaluation methods to achieve 

scientific, interesting, and effective assessments. Related research has gradually formed a branch of 

educational game research. 

According to the review of educational game empirical study, we also got many 

inspirations. 

In research methods, educational game research mainly adopts mixed research methods, 

which can break through the limitations of a single research method. Quantitative research methods 

help researchers to grasp the objective laws of things through the collection and analysis of objective 

data, which have high reliability and accuracy. Qualitative research methods can build interpretative 

understanding of research problems through interviews and observations. The fusion of the two 

methods can not only support each other, but also establish a multi-party interpretation of the 

problem and form a more three-dimensional understanding. 

In game design, the design and development of educational games should be viewed in 

terms of systemic thinking to establish an effective learning environment. We should 

comprehensively consider the linkage between the gaming elements. With the advancement of 

technology, VR and other technologies also have enormous potential for enhancing game 

immersion. Educational games are expected to make students indulge in learning. 

On the theoretical basis, exploring the cognitive laws of education and the process of 

learning is the basis. Researchers must develop educational game research with the learning sciences 

perspective. It is not only the use of learning sciences research results to interpret the results of 

educational research, but the integration of learning sciences and education from all aspects of the 

entire research process. For example, we can design and develop educational games based on 

learning sciences. 

In technology applications, big data technology is the premise for personalized learning. We 

should enhance the design of data collection points and obtain more real-time and objective process 

data. Big data and learning analysis can help understand and evaluate learners' learning processes 

more comprehensively and provide targeted support for learners. 

For future work, we would like to include more literatures in other databases. 
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Abstract: This paper presents a game-based learning environment supporting the 

acquisition of computational thinking skills. The game environment offers two types of 

usage: a guided progression through levels and an open stage. Seven levels of guided 

learning were evaluated in a study with 40 students to measure their learning progress. We 

introduce five features to describe the students’ learning behavior and map the performance 

parameters to computational thinking competences. In our analysis, we distinguish different 

basic actions and compare the usage and distribution of these actions over time and between 

groups of learners with different achievement levels. This allows for identifying specific 

challenges related the interactive acquisition of CT skills. 

Keywords: Computational Thinking, Game-Based Learning, Abstractions, Learning 

Analytics 

1. Introduction

During the last decade, the term Computational Thinking (CT) emerged from the field of computer 

science education. “The essence of Computational Thinking lies in the creation of ‘logical artifacts’ 

that externalize and reify human ideas in a form that can be interpreted and ‘run’ on computers” 

(Hoppe & Werneburg, 2018). These logical artifacts can be programming solutions that learners 

create in order to be executed on a computer and to produce solutions to a specific problem. Wing 

(2014) emphasized the importance of abstraction in this context: “the most important and high-level 

thought process in computational thinking is the abstraction process. Abstraction is used in defining 

patterns, generalizing from specific instances, and parameterization.” 

Although the term Computational Thinking has gained popularity more recently, Papert 

(1996) described the idea already in conjunction with turtle geometry in Logo. In the 1970s, Logo 

has been designed as an easy-to-learn educational programming language fostering self-directed and 

explorative learning in various fields of mathematics, science, language and arts. One of the key 

elements in Logo was turtle graphics that enables learners to steer a virtual turtle to draw shapes and 

explore properties of geometry. Logo included functional programming elements (inherited from 

LISP), provided natural and easy access to recursion but also offered simple iterative constructs. 

The current practice of CT education is dominated by block-based visually oriented 

programming languages. Accordingly, much effort has been invested into the development of 

innovative approaches and tools for introductory programming following this principle. Such tools 

support the learners in avoiding syntactical errors when writing their programming code. Scratch 

(Resnick et al., 2009) is one of the most prominent examples of this approach. It is rooted in the 

Logo history and philosophy following the principles of “low threshold and no ceiling”. Scratch 

contains basic elements of game engines allowing learners to create their own interactive 

microworlds. However, such activities primarily involve aspects of game design and do not 

necessarily foster CT skills in a systematic way. While Dr. Scratch (Moreno-León, Robles, & 

Román-Gonzáles, 2015) facilitates the assessment of CT skills for programming solutions in the 

Scratch environment, it does not support guidance for an incremental learning progression towards 

becoming a “Computational Thinker”. 
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 In this paper, we present an approach to introductory game-oriented programming by using 

a virtual robot, which can be programmed by the learners with basic operations taken from turtle 

geometry. ctGameStudio provides learners a visual block-based programming editor that is 

connected to a microworld hosting the virtual robot. We support the learner in acquiring the relevant 

CT skills and competences, such as abstractions and decomposition, through a guided learning 

process. We present the results of an exploratory study with 40 participants using the ctGameStudio 

environment. In this context, we particularly elaborate on findings from analyzing the learning 

progressions. 

 

 

2. Background and Related Work 
 

Selby (2013) identifies five main dimensions of CT skills: algorithmic thinking, decomposition, 

generalization, abstraction, and evaluation. Following an understanding based on general common 

sense, the concept of abstraction is often seen quite similar to the one generalization. However, as 

pointed out by Wing (2008) and further explicated by Hoppe & Werneburg (2018), abstraction in 

computer science is based on specific constructive operations used in the formal specification and 

creation of logical artifacts including concepts such as recursion, abstract data types, higher-order 

functions and lambda expressions. When we address abstraction in CT we should be aware of this 

specific meaning.  

 In the history of computer science education, Logo is an important reference and milestone 

as an educational programming language particularly designed for mathematical problem-solving 

(Papert, 1996). The reduced set of syntactic rules and predefined commands helps to introduce 

programming without the typical barriers for novices (McNerney, 2004). On the other hand, Logo 

was designed to give access to deeper mathematical constructs, including recursion and functional 

abstraction as well as turtle geometry as an alternative to using global Cartesian coordinates 

(Abelson & DiSessa, 1986). The design of the Logo turtle followed the concept of “body syntonic” 

reasoning, where the learners take a first person perspective and imagine they would be in the place 

of the turtle. This enables the learners to understand geometric concepts through their “sense and 

knowledge about their own bodies” (Papert, 1980). Papert and Turkle (1990) understand 

“computation as the ultimate embodiment of the abstract and formal”. 

Using games with virtual agents in a microworld is another way to support a first-person 

perspective.  Games also create challenges at various levels and thus come with a high degree of 

problem orientation in the sense of Wing (2006). The strategies formulated as solutions to the 

challenges are of algorithmic nature. With Robocode and RoboBuilder, Weintrop and Wilensky 

(2012) provide a game-based environment with a text-based and a visual block-based programming 

tool to develop strategies for robot fights. The attempt to win grants learners a strong incentive to 

improve the algorithms developed. Robocode and RoboBuilder are open environments with a high 

degree of freedom to develop and refine strategies. Although a well-structured wiki is available for 

the API, the entry threshold is very high. Students start with the whole set of commands and have no 

introducing levels to become familiar with the learning environment or to learn basic CT skills. 

Kazimoglu, Kiernan, Bacon, and MacKinnon (2012) defined in their game-based environment 

“Program Your Robot” consecutive tasks starting with a low entry threshold. With increasing 

demands on the design-debug-run stages, key aspects of CT are fostered. 

 Following the tradition of Logo’s turtle geometry, a low threshold and smooth progression 

facilitate the development of abstractions. However, if students have only this opportunity at their 

disposal, they cannot discover certain abstraction types on their own. So, it is inevitable to provide a 

flexible progression for both forms of learning (Bauer, Butler, & Popović, 2017) – guided learning 

and open exploration – like on-demand or just-in-time direct guidance for new tools. 

 Another kind of learning support and guidance is provided by intelligent tutoring system. 

ITS are based on a knowledge model of the domain and solution strategies for a certain set of 

problems (Corbett, Koedinger, & Anderson, 1997). Although working under this type of system 

requires a high level of knowledge organization, it has been applied to teaching programming tasks.  

Blikstein (2011) collected in an open programming course all actions, including 

programming events and non-coding events like button-clicking and parameter variation in 

NetLogo. He proposed an approach directed to identify behavior from these log files and uses the 
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error rate per compilation as an outcome measure. His approach is the base to develop metrics to 

provide an assessment tool and pattern-finding lenses for programming tasks. 

 Moreno-León et al. (2015) went one step further with the assessment tool “Dr. Scratch” 

based on the Scratch learning environment. Dr. Scratch provides students with feedback about their 

programming activities. The assumption is that feedback on the errors and successes in the 

programming process will help to improve the learners’ CT skills. The underlying analysis checks 

the solutions for concepts like parallelism, synchronization, etc. Then, the authors map the observed 

competence to a scale from 0 to 3. For example, the usage of an “if”-clauses is scored with one point, 

whereas an “if-else” receives two points, logic operations add another point etc. These scores are the 

basis for feedback to the learners, which is easy and fast to understand. But the question is, how to 

map theses CT concepts to an overall CT competence assessment; also, it is questionable whether a 

binary attribute (used the block/does not use the block) is sufficient to assess a competence. 

 Brennan and Resnick (2012) conducted artifact-based interviews to assess the 

computational concepts. They point out, that it is difficult to conceive CT skills as a binary state at a 

single point in time based on a given program solution. They put a focus on process features such as 

the development of ideas and the role of debugging. Grover and Basu (2017) used questionnaires to 

detect typical errors. Their conclusion is that the students (from 6th
 to 8th

 grade) have problems to 

comprehend how, e.g., loops and Boolean operators work. And these problems with fundamental 

abstractions lead to difficulties in developing executable programming solutions. Using these 

abstractions needs to be analyzed more closely in order to be able to give meaningful interventions 

on a pedagogical level. 

 Among the discussed approaches, the study of Blikstein is the only one that does not use a 

block-based visual programming environment. Instead, it uses the error rate per compilation as a 

feature for the analysis. Sure, the subjects are students from higher education. But the question is, 

whether errors in syntax and semantic are indicators of CT skills. Visual block-based programming 

tools are often used, since they are easy to use for students and have a low threshold and avoid issues 

of programming syntax (Grover & Pea, 2013).  

 Taking into account the grown practice of visual programming environments in education 

we want to design an open arena for the acquisition of CT skills that exploits a gaming approach but 

also scaffolds a systematic learning progression through computational abstractions such as loops, 

procedures and functions. In the following section, we will discuss how the use of these abstractions 

– and not only concepts – can be defined and measured. The approach is evaluated in a study with 40 

participants. 

 

 

3. Conceptual Approach 
 

In conjunction with a student software project at the University of Duisburg-Essen entitled 

“Computational Thinking through Gaming”, we designed and developed the web-based learning 

environment ctGameStudio1. This project aimed at providing a game-based environment to learn 

programming and CT skills together with a guidance component. Guidance is personalized through 

a mentor as a virtual companion.  

 Figure 1 shows how students control a virtual robot in a microworld via the visual 

programming tool. Running the program code results in a direct visual feedback in the microworld. 

The mentor in the upper right corner gives just-in-time hints to support the programming process. 

The choice fell on a block-based visual programming tool designed with Blockly2 to stay as close as 

possible to natural language wording and descriptions for strategies. Developed by Google, Blockly 

is a library to build an editor that facilitates the building of visual block-based programming tools, 

especially editors, and provides a framework for generating code in text-based languages like 

JavaScript (Pasternak, Fenichel, & Marshall, 2017). 

  In addition to the perceptual benefits of a visual block-based programming tool, syntax 

errors are excluded, and the learning and gaming flow is not interrupted. Combining blocks always 

                                                 
1 http://ct.collide.info/ctGameStudio/ 
2 https://developers.google.com/blockly/   
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produces executable code (Resnick et al., 2009). Also, highlighting of the actual executed 

programming block supports the evaluation of the code. 

 

  
Figure 1. ctGameStudio with a visual block-based programming tool (left) and the microwold with a 

red controlable virtual robot (right) 

 

 The students have access to a guided learning environment and an open stage. The goal of 

the open stage is to defeat robots programmed by other users in a tournament. The goal of the guided 

learning environment is the preparation for this tournament mode, but also to develop computational 

competences, abstractions and to foster CT. The guided learning environment leads students through 

the exploration of new abstractions. According to Grover and Basu (2017), we focus on the basic 

abstractions. In the open stage, the learners can apply these new concepts. 

 According to the study of Blikstein (2011) and others, the evaluation of the programming 

solutions is important for providing appropriate feedback and support. For this reason, an analytics 

component is connected to ctGameStudio, in which learner data are collected to assess the students’ 

behavior. 

 Table 1 shows the main features of the guided learning environment of ctGameStudio. It is 

divided in four main levels with a subdivision to focus on specific Computational Thinking 

competences. Instructions at the beginning and a just-in-time guidance by the mentor help to 

complete the levels. At each sub-level, new blocks become available to slowly introduce the learner 

to the tool. The functionality of the available blocks can be read at any time in a “block lexicon”. 
  

Table 1 

Level structure of the guided learning environment of ctGameStudio. 

Level Sub-level Content Focus of the Computational 

Thinking competence 

1 

Movement 

1.1 Move forward Evaluation 

1.2 Sequences Algorithmic Thinking 

1.3 Approximated circle 

Movement 

Generalization 

2 

Loops 

2.1 Structured repetition Decomposition 

2.2 Transformation in a loop Abstractions 

3 

Events 

3.1 Scanning of a static object Abstractions 

3.2 Tracking of the mentor 

depending on his random  

movement 

Algorithmic Thinking 

4 

Interaction 

4.1 Attacking strategies against 

a passive opponent 

Combination of all  

Competencies 

4.2 Defending strategies 

against an attacking 

opponent 
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Level 1.1 focuses on evaluation of system feedback. Here, the learner uses only the basic 

“move forward”-block. But the student can vary the parameter for the distance to reach the target. 

The highlighting gives also feedback about the activity and is active until the move is executed. In 

the following sub-levels, the set of commands was extended by “turn left/right”. The students create 

sequences of these commands and create – in analogy to turtle geometry with LOGO – polygons 

(e.g. hexagons).  

 Level 2 sets the focus on introducing and creating iterative loops. In the first part, the 

students compose a sequence of move commands in the shape of stairs. Such repetitive 

subsequences imply the use of loop abstractions, which motivates the use of a count-controlled loop 

in the next sub-level. 

 The required abstractions for level 3 are on different layers, working with attributes of 

objects such as object type, and an event mechanism for scanning these objects: The learners have to 

distinguish object types in order to implement type-specific behavior of the virtual agent. For 

example, the virtual agent scans an object and dodges it if it is a bomb or collects it if it is 

ammunition. The last sub-level combines the latter with loop abstractions and the virtual robot tracks 

an object “on scan”. 

 Level 4 helps to develop a strategy against other robots. In the first sub-level, the user has to 

implement an attack strategy and in the second sub-level a defense strategy. This given 

decomposition gives the student a structure for improving in the next steps their programming. 

(Parametrized) procedures and functions are introduced as another abstraction, to reduce code and 

brush up the structure and quality of the programming. 

 The open stage is a mode to develop strategies against other players. This approach creates a 

seamless transition from guided introductory programming to an open sandbox to foster and practice 

CT competences without limiting the solution space. 
 

 

4. Evaluation 
 

The aim of this exploratory evaluation is to better understand the learning progression with guided 

learning environments and to draw conclusions from the programming behavior based on action 

logs.  

 

4.1 Experimental setting 
 

The experiment has been conducted in a supervised setting using the web-based learning 

environment (ctGameStudio) for capturing data of the programming tasks and learning progressions. 

An online survey tool has been used to assess the usability and user experience of the learning 

environment. In this experiment, 40 people participated (24 men; 16 women; mean age: M = 22.23, 

SD = 3.98). A requirement to participate was having no or a low experience in programming.  

 The participants had a time limit of 45 minutes to accomplish the programming tasks (seven 

levels of ctGameStudio). Each participant has been supervised, but without providing additional 

hints, to solve the tasks. However, we had to exclude seven cases from the data set of the exploratory 

analysis due to time limit violations (e.g. early quitting) and technical issues that led to data loss. 

 The programming tasks were situated in the first seven levels of the ctGameStudio 

environment and cover classical programming-related tasks that are known from turtle geometry 

(e.g. simple movement, tracing a polygon), and from event-based programming (scanning of 

objects, event-handling “on scan”). The final level combines both aspects in a ‘follow task’ that 

incorporates the use of scanning of a moving object in order to track it ‘on scan’. Every level starts 

with a short story and short instructions about the new concepts to be introduced. The participants 

had the possibility to get additional information about the specific programming blocks and 

predefined methods in a “block lexicon”. 

 

4.2 Analysis of the learning progression 
 

In our experimentation, the learner artefacts, particularly the programming solutions to the specified 

tasks of each level, have been collected through the ctGameStudio environment. To characterize the 
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learning progression of each learner, we extracted the following features from each solution: #Runs, 

#Changes per run, #Creates, #Consecutive changes per create, Time spent in minutes. These features 

are mapped to CT competences to describe the learning progression of each user. Additionally, we 

subdivide the users into groups of different achievement levels and compare the performance 

characteristics and learning progression for these groups. 

 Table 2 shows the interpretation of the basic indicators in terms of CT-related skills. During 

the study each action was logged: changing the programming code, running the programming code 

and the event of completing a level. The changing events are divided in creating a block, changing 

the block structure by moving a block in or out of its target scope, deleting a block, and varying a 

parameter.  

 

Table 2 

Interpretation of basic measures for the collected data. 

Indicator Interpretation 

# Runs Testing and evaluating behavior of the created 

programming code  

# Changes per run Trial and error behavior or advanced planning  

# Creates Active extensions of the programming solution  

# Consecutive changes per create Structured editing  

Time spent in minutes Measure for efficiency  

 

Figure 2 presents the distribution of runs per level for all users per sub-level as a measure for their 

evaluation behavior. 

 

 
Figure 2. Distribution of the runs per level with the number of users. 

 

 The boxplots in Figure 2 show the distribution of runs per level for all users who reached the 

level (regardless of whether or not they completed the level), all users who successfully completed 

the level, and for all users who did reached but did not complete the level. Starting with level 2.2, not 

every learner has successfully completed the level, so first differences in the boxplots can be seen. 

Two students did not pass this level and dropped out. Of these, one user executed the code 16 times 

and the other one 48 times. These values are much higher than the median (nine runs) of the users 

who successfully finished the level. Since they could not skip the level, they used the time left to 

modify the programming code but did not develop any ideas to solve this level. Supportive functions 

are needed at this point to help these learners to find a solution. 

 Level 3.2 was only reached by four students and solved by two students. The figure shows 

that those students who completed the level needed more runs than those who did not finish the level 

– an indicator that those students who did not complete the level had not enough time to explore, to 

try out, and to solve the level. A similar structure can be seen in level 3.1.  

 Additionally, outliers are not included in the boxplot and shown as dots outside of the box. 

In the first two levels the distribution is small and symmetrical around a low median. In level 1.3 the 

median of executed runs increases abruptly. Also, a skewness to the right side shows that there are 
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some participants who need many more runs to complete the level. The preparation phase for the 

loop was solved, on average, in less runs. Beginning with level 2.2, different abstractions (loops, 

event-callback associations, structured object types) were introduced. In these cases, the median and 

deviation increase extremely, primarily with a skew to the right. 

 To further analyze the “abstraction gaps” that we started to observe at level 2.2, we want to 

dig more deeply into the advanced planning behavior of the students indicated by the feature 

#Changes per run. Figure 3 presents the values for each user and each run. 

 

 
Figure 3. Changes per run and user for level 1.2 (left) and 3.1 (right) 

 

 As can be seen in Figure 3 and level 1.2, most changes were made in the first run and only 

small changes in the following runs, expect for those who needed more than six runs. These students 

also did not pass level 3.1. In level 3.1, the first run was done with a low number of changes and then, 

an unstructured pattern of changes can be observed. In addition, not everyone who needed just a few 

runs completed the level. This is due to the time limit of 45 minutes. It was only related to working 

on the whole learning environment. In each sublevel, the learners could take as much time as they 

needed. Consequently, a subdivision is needed that analyzes the behavior in the learning 

environment depending on the learning outcome. 

 

 
Figure 4. Number of students who finished n levels 

 

 As shown in Figure 4, most of the students finished five levels (average success), five 

students finished more levels (high success), and three students finished only four levels (low 

success). Table 3 presents all features for these three groups in level 1.2 and 2.2. In level 2.2, the 

loop was introduced as the first abstraction and the group with low success did not finish this level.  

 Table 3 shows that the high achievement group has lower values in each category (e.g., no. 

of runs, time spent) in comparison to the groups with average or low achievement. This indicates, 

that they followed a strategic approach and did not need as much exploration as the other groups. 

The differences are relatively small for level 1.2 but quite distinctive for level 2.2. The low 

achievement group needed much more runs to evaluate their changes than the other two groups. This 

group also created more blocks and needed almost half of the available time. I.e., time was not used 

efficiently, also on average, many changes were made per run and many blocks were created to try 

out different strategies. 
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Table 3 

Median and standard deviation of each feature and learner group in level 1.2 and 2.2. 

Items Level 

1.2 

Success level 

low average high 

# Runs M 3.3 3.5 2.2 

SD 1.7 2.8 0.4 

# Changes 

per run 

M 5.1 7.1 5.7 

SD 2.8 4.4 1.3 

# Creates M 3.0 4.0 3.2 

SD 0 1.3 0.4 

# Consecu- 

tive Changes 

per create 

M 2.2 2.3 1.8 

SD 0.6 0.8 0.6 

Time spent 

in minutes 

M 2.6 1.6 1.1 

SD 0.5 0.9 0.6 
 

Items Level 

2.2 

Success level 

Low average high 

# Runs M 32.0 13.0 8.6 

SD 16 9.3 3.8 

# Changes per 

run 

M 5.1 2.8 2.7 

SD 0.9 2.1 1.0 

# Creates M 14.5 8.8 7.8 

SD 2.5 5.9 5.6 

# Consecutive 

Changes per 

create 

M 2.3 2.1 2.1 

SD 0.05 0.6 0.3 

Time spent in 

minutes 

M 19.2 6.6 4.0 

SD 6.4 5.1 1.9 
 

 

 The task of level 2.2 was to create a loop through which the code would be condensed and 

abstracted. Taking a look at the solutions of the low achieving group shows that parameters were 

varied in an unstructured way and superfluous code was added in/before/after the loop, which 

explains the high value of the feature #changes per run. 

 

4.3 Usability 
 

The user experience has been tested using a shortened version of the UEQ questionnaire (Laugwitz, 

Schrepp, & Held, 2006). Some items in the test have been modified in order to be more suitable for 

younger participants in terms of the vocabulary used (Hinderks, Schrepp, Rauschenberger, 

Olschner, & Thomaschewski, 2012). The questionnaire used a 5-point Likert scale (1 = “no 

agreement”, 5 = “total agreement”). Table 4 shows the results of the survey. Most of these average 

results were above the neutral point on the scale. The participants valued the creative and novel user 

interface (4.10) concept as an alternative approach to programming. The dimension of stimulation 

was well received (3.80), which might have the reason that the learning environment contains a 

game setting with a visually attractive game engine so that stimulates the learners in a way that is 

similar to computer games. 

 

Table 4 

User Experience of ctGameStudio regarding the results of the UEQ. (-) indicates an inverted item. 

Scale Item M SD 

Stimulation Interesting 3.80 1.018 

Dependability Supportive 3.15 1.189 

Efficiency Organized 3.45 0.904 

Novelty Creative 4.10 0.841 

Perspicuity Easy to learn 3.10 1.128 

Perspicuity Complicated (-) 3.43 1.059 

Dependability Unpredictable (-) 2.47 1.176 

Dependability Easy to operate 3.68 0.997 

Dependability Meets expectations 3.38 1.170 

 

4.4 Discussion 
 

As a negative aspect of the usability evaluation, participants found the environment complicated 

(3.43). This might be caused by the low detail in the guidance by the tutor, which is on a too general 

level, but also caused by a jump in the difficulty between level 2.2 and 3.1. The analysis of the 

learning progressions uncovered such a gap. 

550



As can be seen on the left-hand side of Figure 5, in the first four levels the number of 

changes per run increases constantly. The learners become more secure in the implementation of 

their strategies and have more focus on the goal that they want to achieve. The runs themselves 

behave similarly, but in level 1.3 there is a strong upward bias. This is due to the structure of the 

level. Learners are supposed to create an approximate circular motion that requires many block 

elements. Frequent testing of the strategy to see if the parameters have been chosen correctly is 

essential. Level 2.1 was much easier after this level, so they needed fewer runs and the construction 

of the programming was easier. 

 

  
Figure 5. Average of the runs per level (orange) and the changes per run and level (blue) for 

the users who finished the level (left) and did not finished the level (right) 

 

In contrast to the previous levels, not all of the students finished level 2.2. This level marks 

a break as everyone needed a lot of runs with relatively fewer changes per run. In addition, the 

students who could not finish the level, needed almost twice as many runs and made almost half as 

many changes per run (cf. Figure 5, right diagram). This suggests that the level of difficulty in 

introducing the abstraction “loop” is very high for students. A similar behavior can be seen in level 

3.1, where the aspects “data abstraction and events” were introduced. The same applied for level 3.2, 

which indicates that learners need more support when abstractions are introduced. 

 

 

5. Conclusion 
 

In this paper, we presented a game-based learning environment designed to help and stimulate 

students in developing CT competences. On the one hand, we provide a guided learning mode based 

on levels, in which a student can get just-in-time feedback and on-demand hints with the help of a 

tutor (or “mentor”). On the other hand, the learner can perform “free” robot fights against other users 

with similar skill levels in the open stage as suggested by Bauer et al. (2017). The learners can 

choose an environment that corresponds to their skill level and needs. The possibility of the 

competitive open stage allows for open-ended challenges.  

 Our analysis showed that the main distinctive difficulty in the learning progression in 

guided mode was the introduction of loops and other abstractions in level 2.2. In particular, the low 

achieving students struggled with this hurdle. Grover and Basu (2017) also discovered a similar 

obstacle related to basic abstractions such as loops. As a consequence, we see a need for providing 

more worked out examples before students are asked to use the constructs actively. We expect 

similar issues to occur with higher level abstractions. We have been able to confirm this finding with 

code analysis techniques. 

For the evaluation, we introduced features to measure the behavior of the students when 

they are programming. Each feature relates to specific CT competences. While Moreno-Leon et al. 

(2015) proposed measurements for specific computational concepts depending on their occurrence 

on different layers, the results of the features presented in this paper are based on the learner 

behavior in the event of difficulties with specific computational concepts. Identifying difficulty in 

the programming process is, according to Blikstein (2011), important “to design and allocate support 

resources.” Therefore, we provided a set of features and metrics that identified these difficulties in 
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our exploratory study. These features will be a basis for further learning analytic metrics and support 

mechanisms to provide feedback and help especially for lower achieving students.  
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Abstract: Mathematics is a subject that is often stigmatized and avoided by students 

because of its uninteresting methods. Mathematics teaching prioritizes the improvement of 

basic skills as opposed to developing mathematical thinking. Yet, to achieve mathematical 

thinking, conceptual understanding must be first obtained. However, every individual may 

not have the same approach in learning a concept, thus individualized learning is important 

wherein each student has their own learning pathway. These methods can be translated 

into a video game which would make learning geometry, which is a branch of mathematics 

engaging and interesting. Video games can provide an immersive environment and can 

provide incentive for the player to keep playing thus, they keep on learning. A Game-

based Intelligent Learning Environment (GILE) integrates the methods of intelligent 

tutoring system into a game environment, refining the learner’s mastery of a topic by 

adjusting the problems in the game with reference to a learner model. This paper discusses 

the components of a GILE, the design of a geometry game on the domain of angles and 

triangles that would promote conceptual learning, and the game’s preliminary evaluation 

of its mechanics and player enjoyment. Preliminary results indicate that the game has 

features that are both engaging and suitable for Geometry learning. This research offers 

insight into Game-based learning and the use of a learner model in educational games that 

make individualized learning possible and engaging. 

Keywords: Game-based intelligent learning environment, game-based learning, 

educational games for elementary geometry 

1. Introduction

Mathematics has usually been stigmatized as a subject that is often avoided by students because of 

its perceived difficult and uninteresting methods (Boaler, 2016, p. 65). This stigmatization 

negatively influences the students’ motivation to succeed on the subject. Devlin (2011, p. 1) 

describes the state of mathematics teaching as prioritizing the improvement of basic skills 

(routinely performing computations in a subconscious manner) as opposed to developing 

analytical thinking through conceptual understanding. 

Conceptual understanding, as described by Devlin (2011, pp. 107-115) is achieved when 

the learner has adequate comprehension to work efficiently on a concept while still allowing for 

the learner’s growth and mastery of the topic. Conceptually understanding a topic allows for quick 

and total recollection without requiring much effort (Thurston, 1990). Contrarily, procedural skill 

is the ability to execute action sequences to solve a problem, i.e. problem drills schools use. The 

development of procedural skill and conceptual learning is an iterative process–that development 

of one contributes to the development of the other, which would then turn to further development 

of the first (Rittle-Johnson, Siegler, & Alibali, 2001). Consequently, the achievement of 

conceptual understanding benefits directly to the student’s performance since developing 

conceptual understanding further improves the student’s procedural or problem-solving skill. It is 

important to consider that every individual may not have the same approach in understanding a 

concept. 

Boaler (2016, p.180) argues that it is very important that students are offered the 

opportunity to take mathematics to different levels and not give them closed math questions 
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suitable for only a small subset of the class. This can be done through “individualized learning” 

wherein each student has their own learning pathway (Boaler, pp. 183 - 185). Individualized 

learning is wherein a course, for example, has multiple variations that are adjusted for each 

student, to the fit needs of the learner more accordingly.  

Given these considerations, the features of a videogame can be proven to be suitable for 

providing basic Mathematics education (Devlin, 2011). Games provide an immersive environment 

in which the user has a strong sense of being and acting in that world. Games can provide intrinsic 

motivation for the player, engaging them and allowing them to play longer (retention), which 

allows them to learn more. Games allow for mastery by making repetition of a skill meaningful 

and fun. Games also allow players to learn through failure, giving them an opportunity to learn 

without fearing heavy consequences. Games can also provide an opportunity for conceptual 

learning, which can be done by designing game mechanics with regards to the concepts of a 

learning outcome as seen in table 1. 

The overall goal of this project is to develop a Game-based Intelligent Learning 

Environment (GILE), which integrates the methods of an intelligent tutoring system into a game 

environment that promotes individualized learning and conceptual learning while keeping the 

players engaged. We are developing a GILE for grade 4 geometry (angles and triangles) that could 

serve as a complement to the classroom sessions but also has the capability to be played 

independently. The GILE is developed following an outcome-based methodology (Sison, et al., 

2018), in which special game mechanics are designed for each learning outcome. The game is 

developed using the Unity Engine for android devices to appeal to a younger audience of gamers 

which are on mobile devices. Design considerations were made for the GILE, which is also why 

two versions of the game exists and are to be tested: the time bound version, which challenges the 

player to finish quickly and the non-time bound version that gives the player enough time to think 

and act. It is important that the learner keeps playing for them to keep learning, thus it is important 

to know how engaging the game is and which of the two versions is more engaging. 

 The objective of this paper is to evaluate the player’s enjoyment for each of the two 

versions of the GILE prototype. It is to be evaluated using a variation of the GameFlow model 

(Sweetser, Johnson, Wyeth, & Ozdowska, 2012) for mobile adventure games (Sweetser, Johnson, 

Wyeth, Anwar, Meng, & Ozdowska, 2017) with educational purposes (Fu et al., 2009) by a 

different group of Educational Game Designers (EGD) and volunteer student playtesters. In the 

succeeding sections, the paper will discuss the GILE and its components, how the GILE was 

designed, how the GILE is evaluated, along with our findings and discussion. The results will 

indicate whether the game is properly designed to facilitate Geometry learning. This can ensure 

that significant learner performance improvements will be observed upon future testing of the 

GILE. 

 

 

2. Computer-based Systems for Teaching 
 

2.1 Intelligent Tutoring System and Intelligent Learning Environment 
 

An Intelligent Tutoring System (ITS) is a computer program that supports learning by instruction, 

wherein the user is presented to a predetermined outline or a syllabus. An Intelligent Learning 

Environment (ILE) places the user in an environment and provides them a set of tools which the 

learner can manipulate or play with, so that the user could learn the target concept or skill (Sison, 

2001). The intelligent constituent in both ILE and ITS is the system’s ability to adapt to the 

learner’s current understanding on the target concept, with the goal of fitting the needs of the 

learner more accordingly.  

Woolf (2008, pp. 44-45) enumerates four components that are integral in building 

intelligent tutors, which are: domain knowledge, student knowledge, tutoring knowledge, and 

communication knowledge. The domain component represents the domain definitions, procedures, 

and skills (e.g. triangles are polygons that have three sides). The student component, refers to the 

learner’s mastery of the domain, as well as other information such as the current student’s possible 

misconceptions and their preferred learning style. The tutoring component or the pedagogical 

component represents teaching strategies, (examples, and analogies) and includes methods for 
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encoding reasoning about the feedback. Lastly, the communication component constitutes the 

methods for the communication between the learner and the tutoring device, to illustrate a point or 

to explain how conclusions were reached, for example. It can be argued that this component is 

encompassed by the tutoring component, because there is always some form of communication in 

tutoring (e.g. written, verbal, visual).  
 

2.2 Game-Based Intelligent Learning Environment 
 

A Game-based ILE benefits from a game’s applicability as a medium for learning by exploration 

(Devlin, 2011) and provides an adaptive capability, wherein the game adjusts itself to suit the 

ability of the learner to improve their understanding of the domain. More formally, a Game-based 

Intelligent Learning Environment (GILE) integrates the methods of intelligent tutoring system 

(Woolf, 2008, pp. 44-45) into a game environment. The system has three components, namely: the 

game, the learner modelling component, and the pedagogical model. These components are 

devised with reference to an ITS’s four components (i.e. domain knowledge, student knowledge, 

tutoring knowledge, communication knowledge). 
 

2.2.1 Game Component 
 

The game component contains the domain and communication knowledge. The domain knowledge 

is portrayed in the game through the game mechanics. The rules, definitions, procedures, and 

examples of the domain could be displayed through the means of puzzles, minigames, or general 

rules in exploring the world. The communication knowledge is portrayed through the game itself, 

serving as a communication medium by providing the learner with potential interactions. 

 

2.2.2 Learner Modelling Component 
 

The learner (or student) modelling component generates the learner model through the use of a 

statistical model. The learner model contains the student knowledge, an approximate qualitative 

representation of the learner knowledge on a domain that accounts (either partially or fully) for 

certain aspects of the student behavior (Sison & Shimura, 1998). The student behavior refers to the 

learner’s observable responses to a stimulus from a given domain, which serves as the main input 

(along with the stimulus) for the learner modeling system. In the case of GILEs, the stimuli are 

obtained from the learner’s interactions with the game component. 

 

2.2.3 Pedagogical Component 
 

The pedagogical component handles the adjustments to be made on the game component with 

reference to the learner model, and also contains the teaching strategies to be applied as the 

mechanics of the game. The pedagogical component makes use of pedagogical (or learning) 

theories in designing the game’s problems and mechanics to effectively impact the learner’s 

performance. 

 

 

3. System Design and Development 
 

The game-based intelligent learning system is comprised of three components as seen in figure 1, 

namely: (1) the game component, which is what the user would interact with, (2) the learner 

modelling component, which would generate the learner model, and (3) the pedagogical 

component which adjusts the game component with reference to the current learner model 

produced by the learner modelling component.  
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Figure 1. System Flow 

 

3.1 Game Component 
 

The game was created using Unity engine and is for android devices. The engine is responsible for 

the game’s 2D graphics and audio, physics and the collision of objects, controlling the objects 

from scripts, animation, AI, memory management, and storage of user information (Arm Limited, 

2018). 

The game mechanic, its learning outcome and the concept, and the activity involved are 

based on the student model which can be found on table 1. The game revolves on two main 

activities: slashing and aiming (figures 2 and 3), which refers to measuring sides and angles 

respectively. The two main activities are extended to more complex triangle mechanics (figures 4 

and 5). These mechanics had several variations during the development process. Design 

considerations (such as the game having two versions) made and issues encountered are described 

in the succeeding paragraphs.  

 

  
Figure 2. Length Measure mechanic 

 

 
Figure 3. Angle Measure mechanic 
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Figure 4. Triangle Angle Measure mechanic (left) measuring and (right) classification 

 

  
Figure 5. Triangle Side Measure mechanic (left) measuring and (right) classification 

 

The first version or the Time-bound (TB) version is where the enemies of the game 

constantly attack the player at a normal time pace. Although this version provides challenging 

gameplay, it may be at the cost of learner development due to its fast nature. Time-bound 

encounters could inhibit the player’s conceptual learning since they would be less inclined to 

reflect and find the optimal solution as their survival would be the priority. On the other hand, the 

Non Time-bound (N-TB) version is where time is significantly slowed down during enemy 

encounters, resuming only when the player is creating a gesture. In this version, the player is now 

given ample time to find a solution for the problem presented to them. However, the time to defeat 

the enemy is still limited, thus preserving the challenging aspect of the game.  

 

Table 1 

GILE Mechanics for “A Samurai Fable” 

Learning Outcome 

Draw 

angles 

using a 

protractor 

Concept: An angle is the space measured between two rays with a common starting point. 

Activity: Illustrating an angle starting from the base arm, then the vertex, and finally the 

other arm of the angle with the guidance of a protractor for the angle opening. 

Game 

Mechanic: 

Flying enemies are in the way of the player. The player is given two flames 

located on his left and right side which would allow them to conjure a spirit 

protractor. To defeat these enemies and avoid taking damage, the player has to 

shoot an arrow through them by drawing an angle. To accomplish this, the 

player has to first drag a flame towards the center, forming the base ray and 

revealing the protractor. From the center, the player drags their finger towards 

the direction of the enemy, forming another ray and completing the angle, as 

seen in Figure 3. During the previous sequence, the player can reposition their 

aim by dragging their finger either left or right. The arrow is fired by releasing 

the finger off the screen. These mechanics relate to the concept by tasking 

players to draw two lines with a common intersection point while having 

significance on the angle between the lines. This mechanic makes use of the 

knowledge of the different angle types by spawning acute/obtuse enemies on 

either side of the protractor. 

Measure 

the length  

Concept: Measurement is recording the size, amount, or degree of an object using an 

instrument marked in standard units. 
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of a side 

using a 

ruler 

Activity: Aligning the ruler to a starting point of a line and getting the whole number of 

the line’s endpoint. 

Game 

Mechanic: 

The cave-dwelling demon, “oni”, is in the way of the player. The player must 

banish this demon back to its realm by slashing it the same number of times as 

the length of its spiritual form in whole numbers to open a portal where it fits 

perfectly. The player has a sword which can aid in measuring the height of the 

enemy’s spirit form through the markings on its blade. The player can “slash” 

by sliding their finger across the enemy. They can use multiple fingers to 

quickly increment the counter, as seen in Figure 2. 

Measure 

the length  

of triangle 

sides using 

a ruler 

Concept: Measurement is recording the size, amount, or degree of an object using an 

instrument marked in standard units 

Activity: Aligning the ruler to the starting edge of a line and getting the whole number of 

the line’s ending edge for all sides of the triangle. 

Game 

Mechanic: 

The flaming wheel, “Wanyūdō”, forbids the player to progress. Wanyudo has 

three chains linked together in a triangle. The player taps on one of the 

triangle’s sides and slashes the chain by the same amount as the side length, as 

seen in Figure 5. Once the chain is broken, they have to repeat the process until 

all other chains are broken. 

Identify  

triangles 

according 

to its sides 

Concept: A triangle with all three congruent sides is classified as equilateral. A triangle 

with two congruent sides is known as an isosceles triangle. A triangle with no 

congruent sides is called a scalene triangle. 

Activity: After measuring the 3 sides, determine how they compare in length and 

categorize the triangle given the comparison made. 

Game 

Mechanic: 

After all the chains of the Wanyudo are broken, it enters a weakened state. To 

completely banish the enemy, the player has to choose the correct cleansing 

card—which are abstract depictions of triangle types according to their side 

lengths (i.e. equilateral, isosceles, scalene), to be based from the measurements 

of the three broken chains, as seen in Figure 5. 

Measure 

the degrees 

of triangle 

angles 

using a 

protractor 

Concept: Measurement is recording size, amount, or degree of an object using an 

instrument marked in standard units 

Activity: Align the protractor to one of the sides of the triangle, placing the center mark 

at the vertex then measure the angle. Repeat for the remaining unmeasured 

angles.  

Game 

Mechanic: 

The thunder god, Raijin, is in the way of the player. Raijin has three drums 

linked together forming a triangle. To stop the Raijin’s control of lightning, the 

player must break the drums. The player taps on one of the drums and shoots an 

infused arrow which would refire itself towards the next drum. The player 

specifies the trajectory by drawing the angle at the current drum’s vertex, as 

seen in Figure 4. This process is repeated until all drums are broken. 

Identify 

triangles 

according 

to its 

angles  

Concept: A triangle is obtuse if an angle is greater than 90 degrees. A triangle is right if it 

possesses a right angle of 90 degrees. A triangle is acute if all 3 of its angles are 

less than 90 degrees. A triangle is equiangular if all 3 of its angles are equal. 

Activity: After measuring the 3 angles, categorize the triangle given the angle types. 

Game 

Mechanic: 

After all the drums of the Raijin are broken, it enters a weakened state. To 

banish the enemy, the player must choose the correct cleansing card to take full 

control of the drums and deal the final blow. The cleansing cards for the Raijin 

are abstract representations of the types of triangles according to their angles, as 

seen in Figure 4. 

 

Originally, the player can drag their finger back and forth the enemy’s body to emulate 

multiple slashes. The problem with this is that the player could quickly swipe the target until the 

ruler matches the height of the enemy which potentially does not let the learner understand 

measuring but instead would learn how to quickly match the ruler to the object’s height. Our 

solution is to restrict one touch instance (the touch on the screen, without lifting the finger) to a 
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single slash count. To compensate for the loss of the player’s potential to quickly complete the 

encounter, the mechanic allows for multiple touch instances at a single time, letting the player do a 

three-finger slash. 

 Another issue is the player’s comprehension of the drawing angles activity. It is possible 

that the player will think of the activity as drawing a line between a point and a target rather than 

the action of drawing an angle itself. Our solution for this is to indicate through various visual 

feedbacks that the player is engaging in an activity related to drawing angles. Thus, the measure is 

of the angle they created and the angle measures of their targets are displayed.  

 

3.2 Learner Modelling Component  
 

An implementation for the learner modelling component, a Bayesian network is a specific type of 

graphical model, a directed acyclic graph, which means that all of the edges (or the connections) in 

the graph are directed towards a particular direction and does not create cycles–the edges does not 

direct in such a way that it is possible to return towards the starting point (Stephenson, 2000). In a 

study by Garcia, et. al (2007), Bayesian networks were used to model and detect students’ learning 

styles. Factors such as whether the learner uses mail or not, how good their exam results were, and 

how fast they hand over exams were used to determine the students’ learner style which is based 

on Felder’s learning styles (Felder & Silverman, 1988). The study also evaluated the capability of 

Bayesian network to model the students’ learning. The study concluded that the Bayesian network 

can determine the perception style (a part of Felder’s learning styles) of a student with high 

precision (Stephenson, 2000).  

This component is implemented as a Bayesian network where the nodes specify the topics 

in grade 4 geometry and each edge is accompanied with a conditional probability table for the 

probabilities of the learner knowing the child node given their knowledge on its parent nodes. The 

network consists of three nodes: (1) Draw Angles, (2) Measure Triangles, and (3) Identify 

Triangles. The nodes correspond from the learning outcomes which are mentioned above in Table 

1. The nodes’ relation with one another is portrayed in Figure 6 below. 

 

 
Figure 6. Bayesian Network Implementation Structure 

 

3.3 Pedagogical Component 
 

The pedagogical component communicates with the game component on what game elements are 

to be adjusted to fit the user’s current state of knowledge. The game is altered during level 

progression, with reference to the current extent of the user’s performance.  

With regards to difficulty, the game is adjusting itself depending on how the player 

performs in the mechanics. Levels are procedurally generated in such a way that the mechanics of 

the concepts that the player is having trouble with are more prevalent. The gameplay is split into 

runs, where each run has a more difficult set of encounters depending on the player’s previous 

performance. The bayesian network, which represents the learner’s current state of knowledge, is 

updated between runs. The difficulty of the mechanics increases and the spawn rate decreases as 

the probabilities of the learner model’s nodes increases. The updated bayesian network then 

informs the pedagogical component to decide on the difficulty of the next encounters for the next 

run. Aside from optimizing the game’s performance (framerate), this design was made so that the 

learner would have a clear sense of progress as the encounters become more difficult. 
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4. Experimental Design 
 

One of the goals of this project and the objective of this paper is to evaluate player engagement 

which can be measured using the GameFlow model (Sweetser, Johnson, Wyeth, & Ozdowska, 

2012). The GameFlow model is a model of player enjoyment, structured into eight elements:  

● Concentration is the player’s inclination to concentrate on the game.  

● Challenge refers to the capability of the game to be sufficiently challenging, matching the 

player’s skill level.  

● Player skills is about the game’s active involvement in supporting the player towards skill 

development and mastery.  

● Control refers to the player’s sense of control over the actions they make on the game.   

● Clear goals refer to the awareness of the players regarding the task given.  

● Feedback is the appropriateness of the feedback the game is providing the player.  

● Immersion speaks of the player’s involvement to the game, in regard to the level of 

involvement (how deep it is) and the amount of effort they put in to be immersed.  

● Social interaction refers to capability of the game to support and create opportunities for 

social interaction.  

All of these elements are given multiple heuristics, which are scored based on how much 

the game incorporates a specific concept. The scores are then averaged to produce the enjoyment 

score of the game.  

A derived model from the original GameFlow model is the EGameFlow (EGF) model (Fu 

et al., 2009). The EGF model evaluates the enjoyment of e-learning games. The knowledge 

improvement element, which refers to the game’s capability to improve the player’s knowledge 

and skills while meeting the curriculum’s goal, replaces the player skills element. The study (Fu et 

al., 2009) concludes that the EGameFlow model is reliable and valid enough for evaluating player 

enjoyment in e-learning games. However, removing the player skills element may not fit the 

study’s aim for the GILE to have the capability to be played independently of supervision. Despite 

this incompatibility, the knowledge improvement element is a fine addition for a game that aims to 

educate players. 

Along with an addition from the EGF model, the modified GameFlow model is based on a 

modern variation of Sweetser’s GameFlow for mobile adventure games (Sweetser, Johnson, 

Wyeth, Anwar, Meng, & Ozdowska, 2017). The social interaction section was also omitted as the 

GILE is a single player experience with no online functionality such as leaderboards. The two 

versions of the game are to be evaluated using the modified model by two groups: a group of 

educational game designers (EGDs), and students ranging from grade 6 to grade 10.  

For the first group, three volunteers that are around the age of 11 to 15 which are currently 

studying at Caritas Don Bosco school. Observations during the playtesting sessions were also 

noted, and an interview was conducted afterwards to probe further into their experience playing 

the game. 

The second group is made up of three EGDs who volunteer to playtest the GILE. The 

developers are around the ages of 19 to 21 and are working on their own GILE for fractions and 

number sense. The developers were given a copy of the game which they played at their own time 

and with the freedom to play the as long as they want. Playtesters were made to fill a questionnaire 

based on the GameFlow model, wherein each item is rated from 1 (strongly disagree) to 5 

(strongly agree). 

The performance is categorized as follows. Games with scores below 1 is categorized as 

“bad”, scores below 2 is categorized as “below average”, scores below 3 is categorized as 

“average”, scores below 4 is categorized as “above average”, and scores 5 and below is 

categorized as “well done”. Sweetser et al. stated examples of games that are considered “high-

rating” with 76% as the lowest GameFlow score from high-rating group (Sweetser, Johnson, 

Wyeth, Anwar, Meng, & Ozdowska, 2017).  
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5. Preliminary Results 
 

Both versions of the game yielded high player enjoyment scores. The time-bound version is 

categorized as “above average” having a lower score of 3.92 (78%) and the non-time-bound 

version having a score of 4.04 (80%) and is categorized as “well done”. The non-time-bound 

version has a score of 80% and the time bound version falls slightly behind at 78%. Both versions 

of the game have scores slightly higher than the lowest GameFlow score from high-rating group 

from Sweetser’s example, which was 76%. Table 2 reports the overall mean scores, its percentage, 

and category for each GameFlow element for each version of the game.  

 

GameFlow mean results of the EGDs’ group 

Element TB N-TB Difference 

Concentration 4.17 4.50 0.33 

Challenge 3.61 3.83 0.22 

Player Skills 4.05 4.11 0.06 

Control 3.78 4 0.22 

Clear Goals 3.67 3.67 0 

Feedback 4.08 4.08 0 

Immersion 4 4.07 0.07 

Knowledge Improvement 3.95 4.02 0.07 

Overall Mean Score 3.92 4.04 0.12 

Percentage 78% 80%  

Category Above Average Well done  

  

Table 2 also reports the mean of each GameFlow element for the two versions of the 

game. Aside from the “clear goals” and “feedback” elements, the non-time-bound version scored 

consistently higher across all GameFlow elements. The “clear goals” element across both versions 

remained consistent as there is no difference in the way the goals were presented. The same can be 

said for the “feedback” element, as there is no difference in the way the players receive feedback. 

The elements that yielded the highest differences are concentration, challenge, and control. 

 In addition to the questionnaire given, we also asked the participants their rationale for 

their scores per element. We found out that for concentration, the time bound version was too 

“overwhelming” as the enemy approaches the player too fast. For challenge, the participants felt 

anxious while playing the time-bound version and both version lacked hints to help the player. For 

player skills, they noted that across both versions, the tutorial is lacking. For control, they noted 

that it is hard to recover from mistakes in the time-bound version. For clear goals, they noted that 

the lack of narrative and context doesn’t give the player an idea of why they are doing the tasks 

and as far as they know, they are just tasked with defeating the enemies. They added that during 

the “mini-boss” they had difficulty in knowing what to do. Feedback was well received by the 

participants. For immersion, they noted that a narrative may help the player be emotionally 

involved in the game. For knowledge improvement, they felt that they were simply “matching” for 

both measurement mechanics and not using knowledge about the topic. 

 

 

6. Discussion and Conclusion 
 

We presented to the participants two versions of “A Samurai Fable”, the Time-bound (TB) version 

and the Non Time-bound (N-TB). We then asked the participants to evaluate the game’s enjoyment 

factor through a series of questions based on Sweetser’s GameFlow model modified for casual 

single player mobile adventure e-learning games. The N-TB version scored higher than the TB 

version, this is because players find the TB version “overwhelming” and too “fast-paced”. 
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Table 3 

Overall GameFlow mean results  

 Version Overall Mean Percentage Category 

EGD Group 
Time Bound 3.92 78% Above Average 

Non-Time Bound 4.04 80% Well Done 

 

Aside from this group, we also gathered and analyzed the results from the playtests of 

students from Caritas Don Bosco school. As compared to the EGD group, their results were 

significantly higher. This could be due to the expertise of the EGDs with regards to game 

development. Their knowledge in this field allows them to form better alternatives in mind when 

seeing the various parts of our game. This leads them to lower their scores because they know that 

there is a better way to achieve a certain item listed in the questionnaire. For example, most of the 

EGDs remarked that our tutorials were unintuitive and lacking. As compared to the student 

playtesters where they were satisfied with the provided tutorials, thus leading to relatively high 

scores. 

The findings from this study would enable us to improve our GILE’s game component and 

develop a definitive, more enjoyable version of the game. We plan to conduct further study with a 

larger sample size and using the definitive version of our GILE to find out whether it improves 

learner performance and to evaluate the player enjoyment. We would also like to compare if the 

utilization of a student model improves learner performance when compared to a version that 

without one. 
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Abstract:  This study aims to explore the impact of cognitive styles and guidance strategies 

on the learning effectiveness and attitude of primary school students learning programming 
design. With six-grade students as its subjects, this study employs the quasi-experimental 

research method of 2 x 2 factorial designs to study 106 valid samples. The independent 

variables are cognitive styles (FD vs. FI) and guidance strategies (question-guidance vs. 

completion problem-guidance), while dependent variables are learning effectiveness and 

attitude. This study finds that (1) in terms of the learning effectiveness of programming 

design, the FI cognitive style group is more effective than the FD group in applying the 

program acquired during the project assignment, whereas the completion problem-guidance 

group scored higher than the question-guidance group; (2) in terms of program learning 

attitude, the completion problem-guidance group holds a more positive attitude towards the 

benefit of learning programming design than the question-guidance group. It is suggested 

that future studies target the analysis of programming design strategy and problem-solving 

behavior, to further explore the thinking process of learners.  

Keywords: cognitive styles, guidance strategies, experienced learning 

1. Introduction

Programming design is regarded as one of the key abilities to solve real world problems (Grover & 

Pea, 2013). Using computational thinking to solve problems has become an essential skill for 
modern people. Computational thinking is a way of thinking via computers to solve problems 

systematically and logically. In particular, programming design is the best approach to developing 

computational thinking ( Chen, Shen, Barth-Cohen, Jiang, Huang & Eltoukhy, 2017).  

The process of programming design involves complex cognitive processes, since learners 
need to understand programming grammar and instructions as well as have problem-solving skills 

during the learning process. In particular, Govender and Grayson (2006) point out that for learners, 

problem-solving skills have the most influence on programming ability. However, programming 
design is not only to combine a number of instructions, but also represents a series of steps to solve 

problems (Chen, 2007). Beginners would encounter many challenges in learning programming 

language (Feng & Chen, 2014; McCall, 2016). For instance, in respect of problem solving, these 
learners often cannot find a clue to start with and apply the knowledge learnt, thus failing to enter the 

passage of solving the problem (Lye & Koh, 2014) and resulting in low interest in learning (West & 

Ross, 2002).  

Hence, Soloway and Spohrer (2013) point out that the environment for beginners to learn 
programming language should be characteristics of simplicity and visualization. This study employs 

Scratch, a visual programming learning application developed by the Media Lab of MIT, as the tool 

for experiment. Scratch helps concretize abstract concepts through its visualized programming 
design interface and uses modes of representation to reduce the grammar that restricts students 

during programming design. Besides, its puzzle-style design allows easy operation, and enables 
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learners to avoid getting lost in dealing with wrong meaning or grammar. Instead, learners can focus 
on logical reasoning for problem solving during their programming design. Moreover, the dynamic 

presentation boosts students' learning interest and fits into the characteristics of aboriginals, such as 

processing diverse information, image preference, active exploration and interactive learning 

(Prensky, 2001).  
Apart from that, cognitive style has a crucial impact on the learning of programming design 

(Mancy& Reid, 2004). Preferential differences in cognitive style may lead to distinctive structural 

knowledge among learners and directly affect the manner of information acquisition and problem 
handling. This, in turn, causes the difference in imitation, disassembly and modification. Under the 

information interaction among different individuals, the sharing and feedback mechanism may lead 

to different programming design strategies and problem-solving behaviors, which affect learning 
effectiveness. Therefore, teaching models can be predicted by understanding the individual 

differences in cognitive style among learners and analyzing possible operational process and 

learning effectiveness (Riding & Cheema, 1991).  

Hence, this study is designed to explore cognitive style and prompt strategy as key support 
to guide learners to complete game design assignments. The following questions are studied: 

(1) What impact does the combination of different cognitive styles and guidance strategies 

have on the learning effectiveness of programming design among learners? 

(2) What impact does the combination of different cognitive styles and guidance strategies 

have on the learning attitude of programming design among learners? 

 

2. Review of related studies 

 

2.1 Experienced learning 

Kolb (1984) emphasizes that learning is a process of constantly converting experience and creating 
knowledge, while knowledge is the outcome of comprehension and experience conversion. In this 

study by Abdulwahed and Nagy (2011), an experiential learning cycle was integrated into the 

teaching design, to allow learners to study chemistry concepts by doing experiments in a virtual 
laboratory. The result suggests that learners' reflection can be facilitated and achieve a better 

learning effectiveness under a feedback mechanism, which is composed of doing experiments and 

the virtual laboratory. 
As shown in Figure 1, Kolb (1984), having considered that experiential learning is a 

complete cyclic process, divides learning into a four-stage cycle, which includes concrete 

experience (CE), reflective observation (RO), abstract conceptualization (AC), and active 

experience (AE). Specifically, (1) CE is to learn through perception, by integrating the operational 
experience from the real world and daily life into the learning situation, thus enabling learners to 

construct knowledge independently; (2) RO is to leverage different information and content to 

stimulate learners to observe, start reflection by comparing previous knowledge and experience, and 
try to relate to their experience to find a solution to the problem; (3) AC is to summarize and 

synthesize thoughts and experience during the thinking process, to form concepts as the most ideal 

solution to the problem; and (4) AE is for learners to consolidate the acquisition concept, leverage 

self-checks to determine whether the concept is correct, and apply such knowledge and reasoning to 
various other situations.  

  

2.2 Cognitive Styles 

Cognitive style is a personal trait. Witkin, Oltman, Raskin & Karp (1971) believes that 

cognitive style is the personal way of organizing and searching information, through which one can 
understand how a person applies his/her intelligence to learn. Cognitive style also represents the 

individual habit and preference of searching and describing information (Chen, 2002). The 

categorization of cognitive styles varies among different scholars, depending on their perspectives 
and analytical aspects. Nonetheless, out of numerous categorization of cognitive styles, the most 
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explored and studied one is the division into field independence (FI) and field dependence (FD) 

(Witkin, Moore, Goodenough & Cox, 1977). In 1971, Witkin put forward the Grouped 

Embedded Figure Test (GEFT) as a test instrument, which comprised 25 test items. In 

particular, subjects are required to identify the simple geometric figures that are embedded 

in complex ones within limited time; both the accuracy of identifying such simple figures 

and the number of identified ones are used to distinguish FI and FD (Witkin et al., 1977).In 

general, FI learners excel in constructing and organizing information in the hypermedia 

learning environment, as they are more capable of working out the content on their 

assignment according to its requirements and widely selecting usable clues for application. 

By comparison, FD learners perform poorly in information analysis and organization. While 

they are inclined to opt for a more passive learning approach, their FI counterparts are 

inclined to choose a more active learning method (Lin & Gayle, 1996). 

 

Figure 1. The experimental learning cycle helps cultivate diverse learning experience and improve 

learning effectiveness through four learning stages. 

 

2.3 Guidance strategies 

In teaching, guidance refers to providing learners with precise and complete information and 

relevant narrative knowledge, thereby helping learners to complete a task, address the problem and 

attain the objective during the problem-solving process (Clark, 2009). During knowledge transfer, 
learners need guidance during their practice and feedback during their performance of a task, so that 

learners are corrected immediately and apply such experience to other situational tasks (Hill & 

Hannafin, 2001; Lazonder & Harmsen, 2016; Matlen & Klahr, 2013). Textbook design can help to 
guide learners in their study, reduce their cognitive load during the cognitive process. Proper 

guidance and prompts can help the construction of abstract concepts and connect them to specific 

knowledge. Some researchers believe that an approach featuring a high level of guidance to help 

learners study knowledge and concepts step by step, can allow knowledge to be quickly and 
temporarily stored in short-term memory. Nevertheless, the knowledge cannot be transferred to 

long-term memory and applied to new situations; a low level of guidance can prompt learners to 

learn actively, reflect on problems and construct knowledge, thus achieving meaningful learning 
(Clark, 2009; Hill & Hannafin, 2001). 

Hill and Hannafin (2001) raised four approaches of learning guidance, namely, (1) concept 

guidance: conceptual information relating to the learning content is provided to connect learners to 
the theme of learning; (2) question guidance: questions are raised to guide learners to think, examine 

actively, test and modify a given concept; (3) procedure guidance: learners are guided to think step 

by step, complete tasks, construct knowledge and attain a deeper level of cognitive development; 

and (4) strategy guidance: professional strategies, methods or suggestions are offered to guide 
learners to complete tasks. Based on various levels of prompts, this study focuses on two guidance 

strategies that guide learners in learning programming design, namely, question guidance (low-level 

Concrete  

Experience

Reflective 
Observation

Abstract 
Conceptualization

Active Experience
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guidance) and completion-problem guidance (medium-level guidance) which are explored as 
follows. 

2.3.1 Question guidance 

Question guidance allows learners to properly reflect and explore the problem during the 

problem-solving process, seek the solution from the situation of the problem concerned, sort it out, 
construct knowledge and store it in long-term memory. Such systematic construction cultivates the 

problem-solving ability (Dean & Kuhn, 2007; Lazonder & Harmsen, 2016). 

2.3.2 Completion problem- guidance 

Van Merrie ̈nboer and Sweller (2005) holds that beginners are not suitable to be taught to do direct 

programming and create new programs. Hence, he put forward the completion strategy, which 

emphasizes that beginners are offered “well-structured” programs for reading, modification and 
expansion. His research findings show that students who employed the completion strategy created 

better program templates and attained greater effectiveness in comprehending meanings thanks to 

the support of robust learning examples. Hence, completion problem refers to that textbooks present 
given conditions, target conditions and some steps to follow, and that learners should complete the 

problem and work out the answer by themselves based on the clues given to them. This serves as a 

bridge between worked examples and ordinary problem solving (Sweller, Van Merrienboer, & Paas, 
1998).With the significance and application of the above guidance strategies in mind, one may 

conclude that it is helpful to offer learning guidance to learners. In textbook design, proper 

integration of guidance strategies helps learners in knowledge exploration and construction, 

reflection, and connection of abstract concepts with concrete knowledge during the cognitive 
process. This study has question guidance and completion-problem guidance as the strategies for 

guiding programming design, puts forward respective conceptual questions to help learners reflect 

and provide them with half-finished programs as prompts, and explores whether both guidance 
strategies can effectively improve learning effectiveness and attitude. 

 

3. Methods  

 

3.1 Participants 

This study recruited 106 sixth-grade students (51 males and 55 females aged between 11 and 12 

years) from six classes at an elementary school in northern Taiwan. They participated in activities to 

learn game design for 40 minutes per week over eight weeks. The domain knowledge included 
computer programming using Scratch programming language. All participants were novices to 

programming; however, they had spent four weeks observing the scripts for games made using 

Scratch before their actual hands-on experience. 

 

3.2 Framework of research design 

A quasi-experimental, 2 x 2 (cognitive styles x guidance strategies) factorial design was employed to 

investigate the impact of cognitive styles and guidance strategies on learners’ performance and 
attitude to game programming. The independent variables were cognitive styles (field-independence 

vs. field-dependence) and guidance strategies (question-guidance vs. completion problem-guidance), 

structured in the experiential learning cycle and integrated into the four stages of this 
cycle—concrete experience, reflective observation, abstract conceptualization and active 

experience.  

This study has two dependent variables, namely, “learning performance of programming 

design” and “learning attitude of programming design”. The former refers to the outcome of a 
learner’s performance of game programming design after experiment-based teaching, which 

comprises of (1) programming comprehension: the understanding of programming knowledge 

contained in programming blocks; and (2) programming application: the ability to achieve 
objectives through a proper combination of different programming blocks. “Learning attitude of 
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programming design” refers to a learner’s view of the learning attitude towards programming design 
after experiment-based teaching, which comprises of (a) learning motivation: the learner’s interest 

in, willingness and the extent of preference towards the course; (b) learning benefit: the extent of 

benefit from learning approaches and instruments perceived by the learner; and (c) learning 

satisfaction: the extent of satisfaction with learning approaches and instruments on the part of 
learners. 

 

3.3 Procedures 

First, participants underwent the Grouped Embedded Figure Test (GEFT) and a test on the 

preparatory knowledge of programming concepts. Then, they took an example-based practical 

course to analyze the elements of a game and construct such concepts as repeated execution, 
sequential and parallel programming, condition execution and variables. Afterwards, there were a 

total of four sessions for the special game design “Monkey Catching Bananas” (Figure 2), in which 

participants followed guidance strategies to complete their works step by step (Table 1). In the last 
session, participants took a test on programming concepts to show their project performance, and 

filled in a questionnaire composed of a learning attitude scale, which is designed to understand their 

learning motive, benefit and satisfaction. 

 
Figure 2. Game Design Sample, “Monkey Catching Bananas” 

Table 1 

Examples of guidance strategies 
Question-guidance Completion problem- guidance 

Let the banana move to the right at the 

beginning. When you encounter the left and right 

edges (x position), let the banana fall in the 
opposite direction and move it one line down. 

Think about it: 

1. How to move the banana to the right? Which 
direction is the direction? 

2. Let the left and right edges of the banana fly in 

the opposite direction, and move down one line 

when touching the edge 

Let the banana move to the right at the 

beginning. When you encounter the left and right 

edges (x position), let the banana fall in the 
opposite direction and move it one line down. 

 
 

3.4 Instructional design 

 

In this study, learning activities are structured in an experiential learning cycle to enable learners to 

develop correct concepts on programming design through four steps, including “concrete 
experience”, “reflective observation”, “abstract conceptualization” and “active experience”, and 

facilitate positive learning motivation and effectiveness. The special game design course “Monkey 

Catching Bananas” stimulated learners’ interest. The course comprises of three tasks, with the 

objectives of each task and course content structure illustrated in Table 2. 
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Table 2 

A Teaching Model Integrating “Monkey Catching Bananas” into the Experiential Learning Cycle 

Step 
Significance of Each Stage 
in the Cycle 

Planned Tasks 

Concrete 
experience 

Learning through perception 
and by integrating the 
operational experience from 
the real world and daily life 
into learning situations, so 
that learners can construct 
knowledge independently.  

Task 1: To enable the monkey to move 
From the Scratch example, students experience the 
abstract concepts of programming language 
(sequential and parallel programming, repeated 
execution, global variable, sequential structure, and 
conditional structure), set tasks and objectives, and 
identify the problem. 

Reflective 
observation 

In the course of the activity 
experience, you can think of 
ways to understand the 
existence or observation of 
doubts in your own 
problems, and try to find 
ways to solve problems by 
linking past experience. 

Task 2:   Monkey Catching Bananas 
1. Through guidance, students undergo reflection 
and observation from constant trial and error during 
the programming design process, and acquire the 
correct game approach, understand the 
programming language and record it in their 
worksheets. 

Abstract 
conceptualization 

Generalizing and sorting out 
the thoughts and experience 
from the thinking process, 
and form concepts to serve 
as the ideal solution to the 
problem. 

2. Students utilize toy blocks and task prompts to 
experience the abstract concepts of programming 
language in the game process. The teacher 
introduces programming concepts to guide students 
to develop their own combination of toy blocks, 
acquire correct abstract concepts and achieve the 
task objectives.  

Active 
experience 

Learners should be able to 
consolidate the acquisition 
concepts, do self-checks to 
determine whether a 
concept is correct, and apply 
such knowledge to problems 
in different situations. 

Task 3: Monkey’s Adventure in the New 
Amusement Park 
Discussion and sharing take place to modify 
programs and verify whether the structure and 
concept of programming language are correct. 

 

3.5 Instruments 

 

3.5.1 Test on the Learning Effectiveness of Programming Design 

The test on the learning effectiveness of programming design mainly aims to assess the learner’s 

comprehension and application of programming design concepts after learning programming design 
through guidance strategies. The test, with knowledge comprehension and application as its 

dimensions, comprises of 15 multiple-choice items, including 6 items on knowledge comprehension 

and 9 on knowledge application. The test content is identical to that on preparatory knowledge of 

programming design concepts, but the items and the order of choices are rearranged randomly. The 

Cronbach α coefficient was .847. 

 

3.5.2 Project grading rubrics 

Project grading rubrics were used to evaluate programming skills in the application of Scratch 

programming to design the game. The project grading rubrics comprised five aspects: correct 

programming, the completeness of programming, content creativity and the user’s interaction with 
various styles of sprites (e.g., color and animation effects), appealing interface, and creative 

performance. When the project had been completed, each criterion in was evaluated on a scale of ten. 
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Three experts evaluated the projects developed by the participants. The grading correlation 

coefficient between the experts was 0.751 (Kendall’s ω). 

 

3.5.3 Learning attitude scale 

The scale was divided into three dimensions: learning motivation, learning benefit, and learning 

satisfaction. Learning motivation measured the learners’ interest and how much they enjoyed the 

game design courses; learning benefit measured the degree to which the learners found the course 
helpful; learning satisfaction measured students’ satisfaction with the game design programming 

course. A Likert-type scale was adopted, ranging from “strongly agree” to “strongly disagree”. The 

reliability coefficient was 0.78 (Cronbach’s alpha). 

 

4. Results 

 

4.1 Influence of cognitive styles and guidance strategies on programming performance 

As shown in Table 3, the two cognitive styles with completion problem-guidance obtained higher 
scores in programming comprehension, and the field-independence with completion 

problem-guidance obtained higher scores in programming application. Whether the differences 

between the mean of the two groups was statistically significant was further examined. 

 

Table 3 
 Group means of game design performance 

  Guidance strategies 

  Question-guidance Completion problem- 
guidance 

Total 

  M SD n M SD n M SD n 
programming comprehension 

Cognitive 
styles 

FI 59.81 21.79 28 70.54 17.45 26 67.02 19.44 54 

FD 63.65 21.43 26 70.38 16.70 26 65.37 20.22 52 
Total 67.02 19.43 54 70.46 17.05 52 66.18 19.76 106 

Programming application 
Cognitive 

styles 
FI 72.68 18.38 28 81.73 12.57 26 78.94 13.59 54 

FD 76.15 14.23 26 67.69 17.85 26 70.28 18.13 52 
Total 74.35 16.46 54 74.71 16.85 52 74.54 16.57 106 

Table 4 reflects a prominent difference in the knowledge application effectiveness in 

relation to cognitive style (F (1,102) =7.93, p<. 05), as post hoc comparison finds that the mean of the 
FI group (M=67.02) is higher than that of the FD group (M=65.37); and there is also a prominent 

difference in the knowledge comprehension effectiveness in relation to guidance strategies (F (1,102) = 

5.31, p<. 05), as post hoc comparison finds that the mean of the “completion problem-guidance” 

group (M=74.71) is higher than that of the “question-guidance” group (M=74.35).As to the reason 
for the above research results, learners who prefer field independence (FI) is most effective in 

programming comprehension, mainly because they are more active in programming study and able 

to dissemble and reassemble the existing programs when they observe the program example; during 
programming design, they understand the connection among programming codes, which benefits 

the ability to address similar problems in the future and the understanding of programming concepts. 

On the other hand, learners who took “completion problem-guidance” are more effective in 
programming application, which is consistent with Sweller et al. (1998). For such academic fields as 

programming design, it is more effective to teach beginners with examples than starting with 

problem-solving. Example-based learning is combined with “completion problems” designed in 

different ways, which can help beginners to gain from basic models when learning the examples and 
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can help students to better understand abstract concepts. Hence, they can score better performance in 
project assignments. 

 

Table 4 

MANOVA summary of the performance of cognitive styles and guidance strategies on dependent 
measures 

Source 
Dependent 
Variable 

Type III 
Sum of 
Squares 

df 
Mean 
Square 

F Sig. 
Partial Eta 
Squared 

Cognitive 
styles 

Programming 
comprehension 

90.36 1 90.36 .24 .63 .002 

Programming 
application 

2030.00 1 2030.00 7.93* .016 .072 

Guidance 
strategies 

Programming 
comprehension 

2017.28 1 2017.28 5.31* .02 .049 

Programming 
application 

2.31 1 2.31 .01 .93 .000 

Cognitive 
styles 

 
Guidance 
strategies 

Programming 
comprehension 

105.75 1 105.756 .28 .60 .003 

Programming 
application 

738.46 1 738.46 2.89 .09 .028 

Error 

Programming 
comprehension 

38765.04 102 380.059    

Programming 
application 

26098.15 102 255.86    

     *p<.05 

 

4.2 Influence of cognitive styles and guidance strategies on learning attitude 

Table 5 shows that the average score of “question-guidance” learners is higher than their 

“completion problem-guidance” counterparts in terms of the learning motivation and satisfaction 
under programming learning attitude. However, a variance analysis is needed to further examine 

whether there is any difference. 

Table 6 reflects a prominent difference in learning benefits in relation to guidance strategies 

(F (1,102) =4.82, p<. 05), as post hoc comparison finds that the benefit of learning programming 

design for the “completion problem-guidance” group (M=3.75) is significantly higher than that of 

the “question-guidance” group (M=3.26). This is presumably because the former observes the 
operation of programming examples and uses the assistance of worksheets to select the 

programming block that most approximates the programming example. By doing so, students can 

observe programming operation, acquire basic programming concepts, integrate the acquired 
concepts into actual programming blocks and convert them into concrete programming instructions. 

Therefore, perception improves the comprehension of programming concepts and benefits project 

work.  
 

5. Conclusions 

This study summarizes research results and concludes that (1) in respect of the learning 
effectiveness of programming design, the FI group is more effective than the FD group in applying 

the acquired program during project work, and the completion problem-guidance group is better 

than the question-guidance group; and (2) in respect of the learning attitude of programming design, 
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Table 5 
Group means of game design learning attitude 

 
Question-guidance 

Completion problem- 
guidance 

Total 

M SD n M SD n M SD n 

Learning motivation 

FI 3.47 1.02 27 3.41 .87 38 3.43 .929 65 

FD 3.65 .69 27 3.40 .59 14 3.56 .66 41 

Total 3.56 .87 54 3.40 .80 52 3.49 .83 106 

Leaning benefit          

FI 3.26 1.02 27 3.75 .98 38 3.54 1.02 65 

FD 3.68 .936 27 3.28 .93 14 3.54 .94 41 

Total 3.47 .99 54 3.62 .98 52 3.54 .98 106 
Learning satisfaction 

FI 3.38 1.01 27 3.33 1.02 38 3.35 1.00 65 

FD 3.64 .89 27 3.24 .79 14 3.50 .87 41 

Total 3.51 .95 54 3.31 .99 52 3.41 .956 106 

 

Table 6 
MANOVA summary of the learning attitude for the cognitive styles and guidance strategies on 

dependent measures 

Source Dependent 
Variable 

Type III Sum 
of Squares 

df Mean 
Square 

F Sig. Partial Eta 
Squared 

Cognitive 
styles 

Learning 
motivation .18 1 .18 .260 .61 .003 

Learning benefit .02 1 .02 .022 .88 .000 
Learning 
satisfaction .18 1 .18 .195 .66 .002 

Guidance 
strategies 

Learning 
motivation .56 1 .563 .797 .37 .008 

Learning benefit .04 1 .04 4.82* .03 .000 
Learning 
satisfaction 1.15 1 1.15 1.252 .27 .012 

Cognitive 
styles 

 
Guidance 
strategies 

Learning 
motivation .22 1 .22 .308 .58 .003 

Learning benefit 4.57 1 4.57 .042 .84 .045 
Learning 
satisfaction .720 1 .72 .782 .38 .008 

Error Learning 
motivation 72.09 102 .71    

Learning benefit 96.64 102 .95    
Learning 
satisfaction 93.86 102 .92    

*p<.05 

 

learners from the completion problem-guidance group hold a more positive attitude towards the 

learning benefit of programming design than the question-guidance group. 

 

6. Limitations and future research 

This study employs quantitative analysis to gauge the impact of learners’ cognitive style and 

learning guidance strategy on the learning effectiveness and attitude of programming. It is suggested 

that future research can analyze the strategy and problem-solving behavior of programming design, 
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further explore learners’ thinking process, and study the connection between the information 

conversion and learning effectiveness of learners during their disassembly process. 
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Abstract: Design thinking has gained popularity in many tertiary education disciplines. 

However, the teaching of this topic and imparting students with the skills to improve their 

innovation competence are challenging tasks. In this paper, we examine the use of an online 

whiteboarding system as a platform to teach design thinking. The system was used by 

students in a graduate-level digital innovation course to complete their service design 

project. The project required them to generate IT-enabled service innovations by following 

the design thinking framework on the whiteboarding system. Results from 54 students show 
that online whiteboarding can be a very effective tool to develop design thinking skills. 

Additionally, we also investigate the relationships between the creative mindset of the 

learners and the different stages of design thinking. Our findings suggest that learners with 

growth creative mindsets report a higher level of perceived usefulness of whiteboarding as 

compared to fixed creative mindsets in terms of empathizing, defining and ideating stages of 

the design thinking process. The study is novel to the extent that it explores the use of online 

whiteboarding as a new learning platform to handle the challenging task of teaching design 

thinking and examines the relationships between learners’ creative mindset and their 
perceptions of employing online whiteboarding in project-based learning. 

Keywords: design thinking, service innovation, online whiteboarding, creative mindset, 

project-based learning 

1. Introduction

Design thinking has emerged as a popular human-centered innovation process to bring about 
innovations in products and services (Lockwood, 2010). It has been defined as a process of ‘creative 

strategies which designers utilize during the process of designing’ (Visser, 2006). Design thinking 

has gained prominence in recent years and many companies adopt this methodology to design not 
only products but also services and different kinds of solutions. IDEO, a company ranked as one of 

the most innovative companies in the world, is famous for applying the design thinking 

methodology to design various products, including health products, toys, food, electronics, 
computers, and different consumer goods. IDEO’s CEO Tim Brown advocates design thinking as “a 

human-centered approach to innovation that draws from the designer's toolkit to integrate the needs 

of people, the possibilities of technology, and the requirements for business success.” Interestingly, 
IDEO is also applying the design thinking process to design services for financial, government and 

education sectors, and to come up with creative solutions for environment, investors, marketing, 

transportation and to enhance customers’ experience among many other things (IDEO, 2015). 
While the origins of design thinking date back to the 1960s, the term itself first appeared in 

a book titled ‘Design Thinking’ (Rowe, 1987). Multiple models of design thinking have emerged 

since then. However, the design thinking process, in general, should go through the five stages of 
Empathize, Define, Ideate, Prototype, and Test. During the Empathize phase, designers work to fully 

understand the experience of the users and try to empathize with the needs of the targeted audience. 

Next, the findings from the empathy work are processed and synthesized in the Define phase to form 
a user point of view and explain the problem in a human-centered manner. In the Ideate phase, 

designers brainstorm and explore a range of possible solutions. The design process is followed by 
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Prototyping phase where ideas are transformed into a more tangible form for users to experience and 
interact. Last, the Testing phase uses observations and feedback to refine prototypes and original 

point of view. It is important to note that design thinking is an iterative process of construction and 

reflection, and in many cases, the previous stages are not sequential.  
The burgeoning interest in design thinking is reflected in the higher education domain, 

where a growing number of universities teach the design thinking methodology in order to equip 

tertiary students with the skills they need to handle innovative design tasks. Particularly, it has been 
increasingly adopted in management and engineering curriculums (Dunne & Martin, 2006; Dym, 

Agogino, Eris, Frey, & Leifer, 2005). The introduction of design thinking into the curriculum has 

mostly followed the pedagogical approach adopted by the Institute of Design at the Stanford 
University (d.school) and the currently most-favored pedagogical model for teaching design 

thinking is the project-based learning approach. 

Although design thinking is increasingly been taught in many academic institutions around 
the world, it is still unclear how successful are these teaching programs and how can students learn 

design thinking more effectively (Dym et al., 2005)? Moreover, among the many emerging Web 

technologies, which are the ones that can be used to facilitate the teaching of design thinking? In this 
research, we attempt to address the aforementioned questions by proposing that online 

whiteboarding (OWB) system can be an effective tool to teach students design thinking skills. 

Unlike a physical whiteboard that designers use to sketch and scribble, OWB enables users to write, 
sketch, and add multimedia contents to a virtual board that can be accessed and shared anywhere 

from any device connected to the Internet. We use a graduate-level digital innovation course at a 

large Asian university as a research context to: 

 examine the effectiveness of OWB in teaching design thinking skills; 

 explore the relationships between the learners’ creative mindset and their perceptions of using 

the online whiteboarding environment in their design thinking project. 

 

1.1 Design Thinking in Education 

 
The pedagogical value of design thinking in the learning context is seen as an ongoing cycle of 

generating ideas (abduction), predicting consequences (deduction), testing, and generalizing 
(induction) (Johansson-Sköldberg & Woodilla, 2013). This design process has both analytic and 

synthetic elements, and it operates in both the theoretical and practical realms. In the analytic phases 

of design, learner focuses on finding and understanding, while in the synthetic phases of design, 
learner focuses on invention and making (Beckman & Barry, 2007). 

In fact, it is apparent that by going through all five stages of the design thinking process, 

learners can potentially hone and sharpen their competencies in all four critical skills that have been 
identified as the most important skills required for 21st-century education, also known as the Four Cs 

(National Education Association, 2014), namely:  

 Critical thinking,  

 Communication,  

 Collaboration, and  

 Creativity 

In other words, preparing students who can adopt design thinking may help in creating 21st- 
-century-ready students who are able to identify problems and analyze situations, devise innovative 

ways to solve problems, effectively convey ideas and information to others, and work well in a team. 

Additionally, adopting design thinking in the learning process may serve different types of goals. It 
can consolidate goals related to emotional and motivational abilities that students should develop, it 

can also help in explicit knowledge transfer and it can strengthen various competencies and skills of 

the students, including soft and hard skills (Rauth, Köppen, Jobst, & Meinel, 2010).  
According to Rauth et al. (2010), the basic principles of design thinking education include 

focusing on people as a source of inspiration for solving design challenges by experiencing the 

feelings, thoughts, and attitudes of others. This process tries to discover individuals’ explicit and 
implicit needs while keeping a critical mindset. A design thinking education also tries to inculcate a 

prototyping and experimental culture where ideas grow and are communicated using visualization, 

sketching, prototyping, digital communication, and storytelling. Students should master these skills 
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while working with diverse team members where confronting team dynamics may lead to greater 
innovation. In fact, some researchers have also situated gamification as one design thinking process 

into the context of creativity and shared understanding of innovation challenges in organizations 

(Roth, Schneckenberg, & Tsai, 2015; Schulz, Geithner, Woelfel, & Krzywinski, 2015).  

 

1.2 Design Thinking and Online Whiteboarding (OWB) 

 
It is important to distinguish between online whiteboards and electronic physical whiteboards, 
usually called interactive whiteboards (IWBs). IWBs appeared a long time ago and were examined 

in many prior studies. Some of these studies have shown positive learning outcomes in classrooms 

(Smith, Higgins, Wall, & Miller, 2005). On the other hand, to the best of our knowledge, the topic of 
online whiteboarding in learning received limited attention in the education literature.  

An IWB is a big computer touchscreen or a board with sensors that is used as a mega 

touchpad to control computers while graphics from the computer are shown on the screen or 
projected on the board using a projector. These interactive whiteboards are already used widely in 

offices and schools. On the other hand, OWB is a Web 2.0 learning technology that runs directly in 

the Web browser, without the need to install any software, and it uses line, shape, and text tools to 
structure illustrative processes (Bower, 2016). Many OWB platforms also offer various 

collaboration capabilities among users.  

According to the VARK model, learners can be classified as visual, auditory, read/write or 
kinesthetic learners (Fleming & Mills, 1992). When considering these various styles of learners, we 

may anticipate that the rich, visual environment offered by an OWB can be very effective especially 

for visual learners since they prefer information to be depicted in diagrams, charts, patterns, and 
shapes instead of in words. More specifically, when it comes to people with visual thinking 

capabilities, some earlier studies showed that IWBs can be used as effective tools to think and 

communicate ideas visually (Walny, Carpendale, Riche, Venolia, and Fawcett, 2011). We expect 
this to also apply to OWB.  

Furthermore, based on the constructivist learning theory, learning is essentially a process of 

constructing meaning by the learners. The theory looks at learning as an active and contextualized 
process involving mental and social activities. We contend that OWBs are powerful platforms to 

construct knowledge while collaborating with other learners or designers. In fact, earlier studies 

showed that IWB enables learners to learn by jointly constructing meaning (Twiner, 2010). Hence, 
we consider OWB to be similar or even more effective than IWB in this sense.  

 

 

2. Research Method 

 

2.1 Research Context 

 
In using OWB to teach design thinking, we expect that learners’ creativity can be augmented when 
they work on their designs in a gamified, visual OWB environment. We chose RealtimeBoard®, 

which is one of the most popular online whiteboarding solutions available in the market. We decided 

to use RealtimeBoard in our class because it offers a design-centric workflow and many templates 
that fit with the design thinking stages.  

RealtimeBoard allows team members to ideate, innovate, share ideas and work together 

online. It offers one visual space for geographically distributed team members to work together. 
Users can build diagrams, create flowcharts, draw mind maps and embed files and multimedia 

contents. Users can also vote on ideas and exchange feedback using the system. They can show 

presentations right from the website, share their screen, handle text/video chats and track the activity 
of other members. The platform provides users with the ability to engage in visual storytelling and to 

create interactive prototypes of their proposed designs. 

Figure 1 shows some of the many RealtimeBoard templates that can serve different design 
purposes, including user story mapping, Kanban boards, mood boards, empathy maps, value chains 

and mind maps among many others.  

575



 
Figure 1. RealtimeBoard offers many templates that fit the design thinking stages 

 

2.2 Data Collection 
 

In this study, we analyzed data collected from a graduate Master-level digital innovation course for 

two semesters in a large Asian university. In the course, students were taught design thinking 
principles and they were required to adopt the design thinking approach to work on a team project 

using an OWB platform. The students worked in teams of three to six to redesign the service system 

for a service organization of their choice. 
The project was about redesigning a service system for a service organization of their choice. 

Students were required to apply design thinking stages they learned during the course in order to 

design service innovations for the organization. Students used the empathy map and personas 
templates in the RealtimeBoard to address the empathy stage in design thinking. The customer 

journey map template was used for the define stage. For the ideation stage, students’ teams used 

mind maps to brainstorm and generate new ideas. Finally, for the prototyping stage, students used 
wireframing templates to design the user interface of their Website/mobile app. Because of time 

constraints in the 13-week course, we did not require students to develop a functioning system or to 

test their proposed solutions. Some examples of students’ submissions are shown below in Figures 2, 
3, 4, and 5. 

 

 
Figure 2. Empathy map 
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Figure 3. Customer journey 

 

 
Figure 4. Mind map 

 

 
Figure 5. Wireframing of mobile app interface 
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 Students completed two online surveys at the start and end of the course. For the first 
survey, we received 59 responses and for the second survey, we received 56 responses. The first 

survey was administered to assess the creative mindsets of the students. The creative mindset can be 

defined as beliefs about the stable-versus-malleable character and the nature of creativity 
(Karwowski, 2014). In order to study creative mindsets we have to distinguish between inborn 

(fixed) versus learnable (growth) creative mindsets. Another two variables of interest in this study 

are creative self-efficacy (CSE) and creative personal identity (CPI). Earlier studies showed that a 
fixed creative mindset is negatively correlated with the growth creative mindset and that people with 

a fixed mindset usually employ more helpless strategies (Hass, Katz-Buonincontro, & 

Reiter-Palmon, 2016).  
The first survey used a 5-point Likert scale that ranges from “Definitely Not” to “Definitely 

Yes”. It included the 10-item scale to measure the creative mindsets (fixed vs growth mindset) 

(Karwowski, 2014), in addition to the 11 items from the Short Scale of Creative Self (SSCS) which 
is used to measure CSE and CPI (Karwowski, 2014). The items in this survey are shown in Table 1.  

 

Table 1. Items of the First Survey 

Factor Item Item Description 

C
re

a
ti

v
e 

S
el

f-
ef

fi
ca

cy
 

CSE1 I know I can efficiently solve even complicated problems 

CSE2 I trust my creative abilities 

CSE3 Compared with my friends, I am distinguished by my imagination and 
ingenuity 

CSE4 I have proved many times that I can cope with difficult situations 

CSE5 I am sure I can deal with problems requiring creative thinking 

CSE6 I am good at proposing original solutions to problems 

C
re

a
ti

v
e 

P
er

so
n

a
l 

Id
en

ti
ty

 CPI1 I think I am a creative person 

CPI2 My creativity is important for who I am 

CPI3 Being a creative person is important to me 

CPI4 Creativity is an important part of me 

CPI5 Ingenuity is a characteristic which is important to me 

G
ro

w
th

 M
in

d
se

t 

GROWTH1 Everyone can create something great at some point if he or she is given 

appropriate conditions 

GROWTH2 Anyone can develop his or her creative abilities up to a certain level  

GROWTH3 Practice makes perfect—perseverance and trying hard are the best ways to 

develop and expand one’s capabilities 

GROWTH4 Rome wasn’t built in a day—each creativity requires effort and work, and 
these two are more important than talent 

GROWTH5 It doesn’t matter what creativity level one reveals—you can always 

increase it 

F
ix

ed
 M

in
d

se
t 

FIXED1 You either are creative or you are not—even trying very hard you cannot 

change much 

FIXED2 You have to be born a creator—without innate talent you can only be a 
scribbler 

FIXED3 Creativity can be developed, but one either is or is not a truly creative 

person 

FIXED4 Some people are creative, others aren’t—and no practice can change it 

FIXED5 A truly creative talent is innate and constant throughout one’s entire life 

 

The second survey, administered at the end of the course, assessed whether OWB 

(RealtimeBoard in our case) is effective in enhancing students thinking and creativity in general, and 
whether it facilitates the adoption of the design thinking approach in terms of empathizing with 

customers, defining the problem, ideating new solutions and prototyping the proposed solution. This 

survey also explored the students’ perceptions regarding using RealtimeBoard to collaborate and 
communicate ideas. The survey comprised of 11 self-developed items anchored on a 7-point Likert 

scale that ranges from “Strongly Disagree” to “Strongly Agree”.  
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We performed Fisher’s Exact test and Chi-Square test to ensure that there are no significant 
differences in the sample between the two semesters. After combining the responses of students who 

completed both surveys, we were left with 54 matched responses for the final pooled sample. Details 

of the data collected are shown in Table 2 below.  

 
Table 2. Descriptive Statistics of the Sample 

Course 

Semester 

Total no. 

of 

students 

in class 

No. of 

teams 

(projects) 

No. of responses 

for Survey 1 

(response rate) 

No. of 

responses for 

Survey 2 

(response rate) 

Matched responses 

for the two surveys 

(response rate) 

2016/2017

Semester 2 
24 8 24 

 

59 (95.2%)  

 

23 
56 

(90.3%) 

23  

54 (87.1%)* 

 
2017/2018

Semester 2 
38 8 35 33 31 

*χ2 =2.659, df =1, p-value = .103 

 

 

3. Data Analysis and Results 
 

Results from the first survey (students’ creative mindsets and self-concept) suggest that the students 
reported higher scores on the growth creative mindset, CPI, and CSE in comparison to fixed creative 

mindset. Based on this, we see that our student sample possesses a stronger growth mindset 
relatively to a fixed mindset. Descriptive results are shown in Table 3 below.  

 

Table 3. Results of the First Survey of CSE, CPI, Growth and Fixed Mindsets 

 Factor Item Item Average* Factor Average S.D. 

CSE 

CSE1 3.95 

3.99 0.78 

CSE2 4.08 

CSE3 3.63 

CSE4 4.27 

CSE5 4.03 

CSE6 3.95 

CPI 

CPI1 3.97 

4.07 0.87 
CPI2 4.00 

CPI3 4.32 

CPI4 4.08 

CPI5 4.00 

GROWTH 

GROWTH1 4.08 

4.10 0.89 
GROWTH2 4.10 

GROWTH3 4.31 

GROWTH4 4.02 

GROWTH5 4.00 

FIXED 

FIXED1 2.24 

2.52 1.21 
FIXED2 2.12 

FIXED3 3.24 

FIXED4 2.03 

FIXED5 2.95 

* Scores are out of a maximum of 5 
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By analyzing the data from the second survey (students’ feedback about using 

RealtimeBoard), we find that students believe OWB to be very effective in enhancing their abilities 

to collaborate and communicate their ideas within innovative design projects and it provided a 
structured way to facilitate their adoption of the design thinking approach. Results of the analysis are 

shown in Table 4 below. 

 

Table 4. Results of the Second Survey 

Design Thinking 

Stage/Competence 
Empathize Define Ideate Prototype Collaborate Communicate 

Average* 6.02 6.04 5.92 6.01 6.21 6.18 

S.D. 1.46 1.50 1.45 1.46 1.46 1.45 

* Scores are out of a maximum of 7 

 

Finally, we tried to investigate the relationships between different creative mindsets among 

our students and their perceptions towards the usefulness of online whiteboarding as a tool for 

design thinking. Correlational results showed that students with growth creative mindset reported 
higher scores on the usefulness of online whiteboarding in terms of empathizing, defining and 

ideating stages of the design thinking methodology. Results are shown in Table 5 below. 

 

Table 5. Correlation Matrix Showing the Relationship Between Different Creative Mindsets Factors 

and the Stages of Design Thinking 

  CSE-AVG CPI-AVG GROWTH-AVG FIXED-AVG 

Empathy 

Avg 

Pearson Correlation .043 .114 .336
*
 -.102 

Sig.  .756 .412 .013 .462 

N 54 54 54 54 

Define Avg Pearson Correlation .061 .126 .269
*
 -.045 

Sig.  .661 .362 .049 .745 

N 54 54 54 54 

Ideate Avg Pearson Correlation .055 .079 .295
*
 -.007 

Sig. .694 .572 .030 .960 

N 54 54 54 54 

Prototype 

Avg 

Pearson Correlation .032 .163 .203 -.039 

Sig.  .816 .238 .141 .777 

N 54 54 54 54 

* Correlation is significant at the 0.05 level 

 

 

4. Discussion and Future Research 

 
In this study, we explored the use of the relatively new technology of online whiteboarding in the 
learning of design thinking skills. Our findings show that online whiteboarding is a promising 

technology that has positive impacts on students’ learning of design thinking.  

 Results suggest that OWB is very effective in enabling students to collaborate and 
communicate their ideas and to follow through the various stages of the design thinking framework. 

Broadly speaking, we have some evidence that OWB can be a very effective educational tool to 

attain the four 21st-century C-skills (critical thinking, communication, collaboration, and creativity). 
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From a practical perspective, our findings provide some empirical support for the wider deployment 
of OWB at the tertiary education level, especially for innovation-related courses that involve the 

teaching of design thinking. We believe that adopting such technology is not difficult and is 

inexpensive because OWB does not require special devices and some of OWB systems are available 
cost-free. In addition, OWB can potentially offer an interesting, motivating, and fun learning 

experience for learners that is often lacking in higher education.  

The other important finding in our study is that students with growth creative mindset are 
more likely to perceive the usefulness of OWB during at least the first three stages of design thinking 

(empathizing, defining and ideation). When it comes to the fourth stage, prototyping, the correlation 

was not significant. One possible explanation is that the wireframing template we used may be too 
simple and not that efficient to perform the prototyping stage. Another plausible explanation is that 

OWB seems to be more effective in supporting the initial stages like defining the problem or 

generating innovative solutions than in supporting the latter stage of developing a prototype. 
Nevertheless, these results suggest that course instructors may investigate and gain some 

preliminary understanding of the different creative mindsets of their students before customizing 

their course contents and assignments. For example, if the students have a fixed creative mindset, 
this may suggest the instructor should avoid using the OWB.   

Overall, the results presented in this study can be used as a cornerstone in the future to 

develop a general model for employing OWB as a tool to teach design thinking. Further studies can 
collect qualitative feedback from students. Such qualitative feedback may enable us to explore team 

dynamics within creative design projects and students’ perceptions regarding their experiences 

using OWB in comparison to working on other team projects they had in other courses. Next, the 
students’ project submissions can also be analyzed for more objective measures of learning 

outcomes. This should give us further insights into the usefulness of OWB systems and may enable 

us to evaluate the outcomes of using OWB in comparison to other educational tools. Furthermore, 
we believe that the activity tracking capabilities offered by some OWBs are worth studying. We 

expect that the existence of a timeline or a log for all activities not only enable the instructor to track 

students’ performance but may also encourage students to collaborate more actively. This granular 
tracking feature could be one of the important advantages offered by some online learning systems 

and may be a strong deterrence for free-riders, who represent a big problem in any collaborative 

working environment. 
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Abstract: With the educational value of games being more and more recognized, 

educational games are stepping into a new stage of rapid development. However, although 

the amount of educational games is rising fast, only a few can integrate well with both 

learning and gaming. Therefore, how to design educational games is becoming an important 

subject. This paper attempts to introduce an emotional approach to educational games 

design. First, the paper has a brief review of emotional design. Then the paper points out its 

values for educational games. Lastly, the paper puts forward a strategy framework which is 

composed of four parts: aesthetic design, flow design, social design and content design. 

Keywords: Educational Games, Emotional Design, Design Strategy 

1. Introduction

Educational game is computer game software which is instructive in cultivating users’ knowledge, 

skill, intelligence, emotion, attitude and values (Lv, 2004). Researches have shown that educational 

games are of great value in creating learning environment, stimulating learning motivation and 

improving learning effect (Prensky, 2003).  

In recent years, a great number of educational games have been developed, however, only a 

few has really incorporated in the classroom teaching, and many of them are not that fun either 

(Kirriemuir, & McFarlane, 2004). So how to design educational games well-integrated with learning 

and gaming is becoming an important issue.  

In this study, we introduce an emotional approach to the design of educational games. The 

paper first addresses what is emotional design and why it is valuable for educational games. Then 

based on researches in psychology, neuroscience and design, the paper presents a framework of 

emotional design in educational games. 

2. An Overview of Emotional Design

2.1 What is Emotional Design 

Emotional design is a concept of product design originally proposed by Donald Norman (2005). It 

means incorporating emotions into products and creating positive experiences for users. To do so, a 

good design should address three levels: (a) The visceral level concerns with the aesthetic or 

attractiveness of an object; (b) The behavioral level considers the function and usability of a product; 

(c) The reflective level is about ones’ thoughts afterwards, such as feelings, memories, reflections.

Based on that, Jordan (2002) identifies four kinds of pleasures that emotional design may 

evoke: (a) Physio-pleasure deals with the pleasure derived from the sensory organs, including taste, 

touch, and smell; (b) Socio-pleasure is the enjoyment derived from the company of others; (c) 

Psycho-pleasure is defined as pleasure obtained from a feeling of accomplishment. It is related to the 

extent to which a product can help in task fulfillment and make the process satisfying and effective; 

(d) Ideo-pleasure refers to pleasure derived from theoretical entities such as books, music, and art. It

may relate to the aesthetics of a product and the values it embodies.
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In education, emotional design has also been studied and applied. Some researchers have 

showed that emotional design of multimedia learning, such as using emotional design principles in 

redesigning graphics, can induce positive emotions in learners and in turn facilitate comprehension 

and transfer (Um, Plass, Hayward, & Homer,2012; Mayer, & Estrella, 2014). Besides, based on 

Norman's theory, Yang, Wang, & Liu (2016) and Zheng (2014) put forward their models and 

strategies of micro-lecture emotional design. The results of their experiment and teaching practice 

also show that emotional design can obviously stimulate learners’ positive emotions and improve 

learning outcomes.    

 

2.2 Definition and Value of Emotional Design in Educational Games 
 

As to educational games, emotional design is still at an early stage. Li (2010) described emotional 

design in educational games as considering people's emotional experience when playing games 

during developing games. Some researchers conducted experiments on emotional design and found 

that using interface agents with emotional expressions and feedbacks can significantly increase 

students’ motivation, enjoyment and learning performance (Guo, & Goh, 2016; Chen, Chou, Tseng, 

& Su, 2018). Besides, Dormann and Biddle (2008) analyzed several educational games and 

discovered that well-emotionally-designed games could effectively support students’ affective 

learning. 

Based on that, this paper defines the emotional design in educational games as a process of 

incorporating human emotions into educational games. And its value mainly has three aspects: 

(a) Emotion is a critical measure of a game’s attractiveness. Since game is an art of emotion 

transmission between designers and players, which means if players cannot acquire emotion 

experience (e.g. happiness, excitement, belongingness), they will soon abandon the game.  

(b) Emotion is an important influencing factor and cognitive basis of learning. Researches 

have shown that positive emotion can facilitate learner’s engagement and promote learning 

performance. Studies of cognitive processing also found that positive emotions can support 

information and communication processing, memory processing, negotiation, decision-making, 

creative problem solving, and sorting performance (Erez & Isen, 2002; Konradt, Filip, & Hoffman, 

2003). Besides, negative emotions such as confusion, resulting from contradictions experienced 

during learning, can also result in deep learning (D’Mello, Lehman, Pekrun, & Graesser, 2013).  

(c) Emotion itself is one of the most important instructional dimensions in education. 

However, today’s educational games focus more on developing learners’ knowledge, skill and 

ability, lack of attention and experience on cultivation of their emotions, attitudes and values.  

 

 

3. Strategies of Emotional Design in Educational Games 
 

This paper defines emotional design in educational games as three levels: visceral level, behavioral 

level and reflective levels. (a) the visceral level mainly concerns with the sensory and physical 

stimulation; (b)behavioral design focuses on the psychological and social pleasure brought by the 

interaction with others during the gaming process; (c) The reflective level considers about the depth 

of the content in order to stimulate the higher order thinking and ideological pleasure. Furthermore, 

this paper also presented some specific strategies and build a framework as follows:  

Figure 1. The Framework of Emotional Design in Educational Games 
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3.1 Aesthetic Design 
 

With improvement of computer technology and hardware, educational games start to concentrate 

more on the expression of aesthetic elements. Some educational games have already equipped with 

beautiful pictures, moving music, even VR and somatosensory technology. As many aesthetics 

theories emphasized, art plays an important role in evoking, shaping, and modifying human feelings 

(Silvia,2005). Aesthetic design is one of the most crucial part of visceral level design. Here we 

discuss two aspects, Audi-visual design and action design.   

 

3.1.1 Audio-visual Design 
 

Audio-visual design involves all the elements of vision and hearing in games, including scenes, 

soundtracks, interfaces, images, animations and so on. Designers should keep all the elements with 

aesthetic standards, such as beautiful pictures, comprehensible interfaces, moving music. Besides, 

designers also need to create specific artistic designs to express expected emotional experiences.  

For example, a famous game named Journey sought to develop an unusual game that can 

evoke feelings of smallness and awe. So they made the player control a robed avatar in a vast desert, 

traveling towards a mountain in the distance. On the path, the player would encounter deep snow, 

high winds, hostile giant creatures and many wonderful sights. The music is also unique and 

moving. Musicians composed and recorded different songs with different themes for each character 

and environment. These efforts ultimately enable players experience impressive and abundant 

emotions. 

 

3.1.2 Action Design 
 

Many researches of embodied cognition have pointed out that people’s emotive, motivational and 

cognitive processes are deeply influenced by body’s actions (Riskind, & Gotay,1982; Havas et al., 

2010). In addition, psychologists also found that emotions are not only influenced by body actions, 

but also influenced by seeing others’ body actions. When we simply observe other people's 

movements, the same brain neurons will be activated, just as we really performance actions with our 

own body (Price, Peterson, & Harmon-Jones, 2012).  

These findings inspire educational games could affect players’ emotional responses through 

action design. For example, Dance Central 2 is a music rhythm somatosensory game. In the early 

version, developers used Kinect to capture players' dance movements and project them as real as 

possible to the screen. However, they soon realized that players did not like to see themselves on the 

screen, because their appearances and awkward dances might greatly affect their confidence. So 

developers decided to design an ideal avatar replacing players themselves which finally led to a great 

success. The avatar with graceful dances and lovely appearance not only deeply attracted players, 

but also made them more confident and dance better (Dean, & Matt, 2011). 

 

3.2 Flow Design 
 

Flow is the mental state of operation in which a person is totally absorbed in an activity with deep 

enjoyment, unawareness of irrelevant thoughts, and an altered sense of time 

(Csikszentmihalyi,1992). Generally, to achieve flow, three conditions need to be met: (a) clear goals 

and progress; (b) immediate feedback; (c) a balance between challenges and skills. In view of this, 

the paper proposes three design strategies. 

 

3.2.1 Clear Rules 
 

Many learners don’t achieve good performances at school, not because they are not smart enough, 

but because the reality is full of distraction and uncertainty. Learners are hard to find a clear criterion 

and line to follow, which makes the process of learning difficult and unpleasant.      

So clear rules mean educational games must set up a series of clear goals, clues, standards, 

feedbacks, so that players can know what to do, how to do, where to go, and how well they are doing. 
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All of these settings can help remove unnecessary noise information and make players concentrate 

on the core messages, which is crucial to improve learning motivations and performances.   

 

3.2.2 Challenging Tasks 
 

Researchers and game designers have emphasized that games must reflect the right balance of 

challenge and ability in order to maintain flow experience (Csikszentmihalyi, 1992; Chen, 2007). If 

the challenge is beyond players’ ability, the activity will become so overwhelming that generating 

anxiety. If the challenge fails to engage players, players will quickly lose interest and tend to quit. 

Vygotsky’s theory of the zone of proximal development also points out that teachers should 

provide an environment that enables students to do tasks slightly beyond their ability (Wass, & 

Golding, 2014). When students cannot do on their own, teachers can offer just enough assistance to 

gradually develop their ability to do certain tasks.  

Therefore, emotional design should note that assigning players with challenging tasks to 

arouse their curiosity and potentials. When players have made their efforts but still cannot overcome 

tasks, appropriate hints or guidance should be offered at the appropriate time. 

 

3.2.3 Interactive Storytelling 
 

Interactive storytelling means players are able to participate in the story, make choices 

independently and affect where the story goes (Crawford, Mine, & Lambert, 2012). 

Psychologists have found that emotions arise from people's interpretations of their 

circumstances even in the absence of physiological arousal. In games, players have to encounter 

difference situations and make a lot of choices. At every situation, people will undergo a rapid and 

automated assessment about how each thing will impact on their goals and plans. During this 

process, emotions will be deeply aroused (Ellsworth, & Scherer, 2003). 

Accordingly, designers should provide players with as many choices and corresponding 

feedbacks as possible. That will create more emotional stimulations for players. Through 

exploration, players’ understanding of the right options and knowledge behind will also be greatly 

improved.    

 

3.3 Social Design  
 

Social interaction plays a very important role in the game. Many people play games not because how 

interesting games are, but because they enjoy the feelings of being with others. Mandryk and Inkpen 

(2004) also found evidence through experiment that people prefer playing against friends to playing 

against computers. When they play against friends, their physiological responses reflect more 

excitement and enjoyment. So it is important for educational games to create abundant and attractive 

social environment for players’ interactions. 

 

3.3.1 Communication and Cooperation 
 

Many interpersonal social psychological researches have mentioned that cooperating with each 

other helps to build a sense of connection and affection (Marsh, Richardson, & Schmidt, 2009). 

Cooperative learning theory also holds that cooperation can promote students’ academic 

achievements, self-confidence and learning satisfaction. Therefore, it is important for educational 

games to provide opportunities of interaction and communication, such as team system and chat 

functions. Encouraging cooperative actions among players by providing compliments for those 

active in team performance will enhance game’s attractiveness and players’ team spirits. 

 

3.3.2 Benign Competition 
 

Compared to excessive competition which may lead to anxiety, benign competition can bring people 

moderate pressure, thus motivate their potentials and raise learning efficiency. Meanwhile, students 

can learn from the comparison with others and achieve a sense of accomplishment by improving 

their shortages. 
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For example, Moreno (2012) implemented a score comparing mechanism in his computer 

programming game in order to encourage students to analyze their solutions and look for better ones. 

And research demonstrates that this comparing mechanism not only strengthens students’ interest 

but also improves their educational effectiveness.  

Therefore, some competitive elements like rankings and achievement badges should be 

taken in to consideration in educational games. 

 

3.4 Content Design   
 

Game content includes characters, dialogues, plots, world views etc. The design of content is a 

process of empowering all of the game elements with meaning and connections. Just as aesthetic 

design is games’ skin and behavior design is games’ skeleton, the content design is games’ flesh and 

blood. 

When people are reading a book, they may form a strong emotional attachment to the book 

characters, seeing what they see and feeling what they feel. Through proper content design, 

educational games can also immerse players on the characters and plots. 

 

3.4.1 Character Design 
 

Character design is composed of Player-Controlled Character (PCC) and Non-Player Character 

(NPC). PCC is the avatar that players directly control. It provides players with the opportunity to 

embrace the world as another individual, thus achieving completely different social practices, 

feelings and thoughts. Whether the PCC is real, logical and vivid largely influences players’ sense of 

identification. NPCs are other characters not controlled by players. If PCC is the narrative's 

protagonist, NPCs can be thought of as the supporting cast. Similar to interactions among players, 

the interactions between players and NPCs is equally important.  

It is essential for educational games to express the spirits and knowledge through game 

characters. Thus players could develop a sense of empathy and reflection out of the features, 

personalities and stories of characters. 

 

3.4.2 Text Design 
 

Game text includes any content related to words like dialogues, plots and world views, even pictures 

and animations which embedded with messages. For instance, Hush is a moral game based on a real 

historical event Rwandan Genocide. Players play a Rwandan Tutsi mother trying to calm her crying 

infant with a lullaby. If players didn’t play well, the infant crying would alert the passing Hutu patrol 

which will lead mother and her child to a bloody end. Such unique plots design could greatly invoke 

people’s reflection on wars and cultivating their sense of empathy. 

Therefore, text design in educational games should integrate knowledge vividly with game 

rules and story backgrounds, in order to making them both interesting and meaningful, instead of 

simply moving schoolbooks into the game.  

 

 

4. Conclusion 
 

Emotional design is a design concept of integrating emotions into educational games. Based on 

researches in psychology, neuroscience and design, this paper proposes a strategy framework of 

emotional design in educational games which may be helpful for researchers developing their 

games.  

As a relatively new area, emotional design is becoming increasingly important with the 

development of educational games. More and more researches should be initiated and discussed. 
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Abstract: We present Igpaw: Loyola, a new location-based mobile AR (augmented reality) 

adventure game designed to be played within the campus grounds of the Ateneo de Manila 

University. Igpaw: Loyola improves upon its predecessor, Igpaw: Intramuros, by upgrading 

gameplay mechanics to accommodate lengthier learning modules, improving the usability 

of both interactive (AR) and navigation (non-AR) portions of the game, and enhancing the 

game authoring process with the help of an improved version of the MAGIS (Mobile 

Augmented-Reality Game-Engine for Instructional Support) framework. A preliminary user 

evaluation is also presented. 

Keywords: Augmented Reality, Educational Game Design, Usability 

1. Introduction

Augmented Reality refers to the real-time superimposition of virtual objects (or content) in a view of 

the real world (Azuma, 1997). Location-based AR expands on this concept by using the user’s real 

location to provide content specific to the user’s area (Reitmayr & Schmalstieg, 2003). 

Location-based AR opens many potential applications in education. One such application is in 

teaching and learning history while physically visiting historical sites such as prehistoric caves (e.g., 

Choudary, Charvillat, Grigoras, & Gurdjos, 2009), outdoor museums (e.g., Spierling, Winzer, & 

Massarczyk, 2017), and entire historical city districts (e.g., Rodrigo, Caluya, Diy, & Vidal, 2015). 

Several reviews discuss how AR can boost the educational experience: AR increases student 

motivation (Billinghurst & Duenser, 2012; Bower, Howe, McCredie, Robinson, & Grover, 2014; 

Nincarean, Alia, Halim, & Rahman, 2013) and achievement (Bower et al., 2014; Jerry & Aaron, 

2010), and positive attitudes towards education (Bower et al., 2014; Jerry & Aaron, 2010).  It also 

creates a rich ecosystem for student-centered approaches such as constructivist learning, situated 

learning, inquiry based learning, and game-based learning (Bower et al., 2014). 

Developing an educational AR game requires finding the middle ground between content, 

pedagogy, and usability.  Poor design compromises the game’s effectiveness as an educational 

medium, its usability, and its overall enjoyability (Rodrigo, Vidal, Caluya, Agapito, & Diy, 2016). 

Studies have shown that players of educational AR games experience cognitive overload (Yuen, 

Yaoyuneyong, & Johnson, 2011), fatigue (Rodrigo et al., 2016), exposure to adverse weather 

conditions (Rodrigo et al., 2016), and risks to personal safety (Rodrigo et al., 2016; Yuen et al., 

2011). Classroom management and adherence to a lesson plan can also be a challenge (Yuen et al., 

2011). 

Faced with the challenge of developing content-rich historical games, this paper discusses 

the design of a new location-based AR game, entitled Igpaw: Loyola. In this paper, we present game 

design decisions that address or mitigate the above-mentioned encumbrances while aspiring to hold 

the attention of the user in terms of gameplay length, breadth of content, and enjoyability. Igpaw: 

Loyola is the spiritual sequel to a previously-released game, Igpaw: Intramuros (Rodrigo et al., 

2015); thus, the improvements that we have built into Igpaw: Loyola (henceforth abbreviated as 

Loyola) will be presented in comparison with the earlier game (henceforth abbreviated as 
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Intramuros). These are categorized into two sections, Gameplay Design and Game Authoring 

Improvements. A section on the game’s usability testing is also presented, followed by some 

concluding remarks. 

 

 

2. Gameplay Design 
 

Igpaw: Loyola is a “serious game”, a computer game that is not limited to providing entertainment 

but is also meant to be used for learning and education (Anderson et al., 2010). Loyola is the 

successor of Igpaw: Intramuros (Rodrigo et al., 2015). While Intramuros is played within the 

historical walled city of Intramuros in Manila, Philippines, Loyola is played within the campus 

grounds of the Ateneo de Manila University, located in Quezon City, Philippines. 

The choice of location serves several conscious design decisions. Intramuros focused on 

Philippine history and was therefore set in a well-known tourist location in the Philippines. This has 

the advantage of accessibility, but safety is compromised due to the high incidence of petty crimes 

and accidents. Also, casual tourists usually visit Intramuros only once, which forced the game to be 

short enough to be completed by a tourist in one visit (1-2 hours). Tourists usually cannot visit the 

same points of interest (POIs) multiple times, resulting in the game having a very linear progression. 

Some nonlinearity is introduced by dividing the game into three non-overlapping parts (called 

“modules”), but this is more to accommodate players entering the city using different entrances, and 

the story had to be simplified so that story events in one module do not interfere with the events in 

another module. 

On the other hand, Loyola is essentially a virtual tour guide for visitors and prospective or 

current local and international students of Ateneo de Manila University, a school founded by the 

Society of Jesus. While this audience is significantly smaller compared to Intramuros, the game can 

readily receive an influx of new users every school year due to student admissions. The game’s 

subject matter includes some elements of Philippine history and mythology, as in the previous game, 

but Loyola’s main focus is to provide information on Ateneo’s culture, values and tradition, as well 

as introducing players to various personages of Ateneo, such as Fr. Horacio de la Costa (the first 

Provincial Superior of the Society of Jesus in the Philippines), and St. Ignatius of Loyola (the 

founder of the Society of Jesus). Safety risks are minimized because entry to the campus is regulated 

(although visitors may obtain permission to tour the campus with no fee). Also, the campus is replete 

with covered walkways and benches, increasing players’ personal comfort compared to Intramuros. 

The game’s tighter play area also enables Loyola to feature a handful of non-linear story branches 

and to significantly increase play time from Intramuros’s 1-2 hours to around 3-5 hours (non-stop), 

with more content and places to visit. The one-visit-per-POI restriction has also been lifted—players 

may revisit several locations to accomplish new game objectives, which adds gameplay variety. 

 

2.1 AR Scene Design 
 

The basic Augmented Reality (AR) scene design of Loyola follows closely that of Intramuros. The 

player is accompanied by a virtual guide or avatar (Carmen Juan & Beatrice, 2011) that orients the 

player about gameplay basics and subsequently direct the player to visit the Points of Interest (POIs) 

within the Ateneo campus. The very first AR scene, as in the previous game, serves as a tutorial and 

does not require a fiducial marker to start, while each subsequent AR scene happens in a POI that the 

player must travel to, and contains a fiducial marker that the player must scan using their device. 

 Unfortunately, unlike in Intramuros where most interesting POIs are marked with official 

plaques and signages from the National Historical Commission and/or the Intramuros 

Administration, the POIs within the Ateneo campus do not offer the same fiducial marker 

consistency. Some markers that were initially thought to be permanent were taken down during the 

game’s development. New markers needed to be commissioned to replace older or missing markers. 

Finally, some markers are too reflective (or the lighting significantly changes throughout the day), 

so some photo processing was done to allow recognition by ordinary mobile cameras (see Figure 1 

for examples). 

 

. 
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Figure 1. Problematic markers, before and after processing to remove unnecessary feature points. 
 

  While new mobile AR technology offers initialization of AR scenes completely without 

fiducial markers, such as the planar-surface recognition offered in ARCore (Google, 2017) and 

ARKit (Apple, 2017), these technologies are mismatched with the Igpaw series’ gameplay style, 

which requires 360-degree viewing around the player’s vantage point and may not always have 

visible horizontal planar surfaces. However, feature tracking provided by Vuforia (PTC, 2016) 

provides moderately stable AR views while being upward-compatible with ARCore and ARKit, and 

MAGIS’s inertial-measurement-unit (IMU)-based tracking algorithms (Vidal, Ty, Caluya, & 

Rodrigo, 2018) are used as a downward-compatible fallback for lower-end hardware. 

 

2.2 Narrative Design and User Interface  
 

Intramuros previously relied on a time-traveling plot to explain why historical characters from 

different points in time appear in the game at the same time—a malevolent force displaced the 

characters from their respective time points. Loyola uses a different plot to bring about the same 

intention; players use their mobile devices to enter an alternate dimension where personages from 

the past now thrive. This alternate dimension is also home to Philippine mythological creatures, 

some friendly and some non-friendly, and references to Ateneo campus lore. (See Figure 2.) 

 

             
Figure 2. Characters and creatures in Igpaw: Loyola, from left to right: Fr. William Schmitt (in agent 

uniform), a balatiti, a garuda, and Rondo (the resident cat of Faura building). 

 
 As with Intramuros, the gameplay of Loyola uses an adventure game format, a popular and 

well-studied form of narrative exposition in games (Neitzel, 2005). Players can interact with virtual 

objects by focusing their camera on a virtual object, then tapping on a verb icon. Selecting the 

correct chain of verbs moves the story forward, changing the environment and/or the characters. For 

example, a player can engage in combat using verbs like “shoot” and “swing” (see Figure 3). 

 

     

Figure 3. Inflicting damage to in-game enemies with the anomaly gun and the Sword of Loyola. 
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2.3 Location Sequencing and Navigation 
 

Since Loyola now allows players to travel back and forth between POIs and select between POIs for 

different story branches (unlike in Intramuros), the map guidance system is redesigned for Loyola to 

show only the active POIs on the map to reduce confusion, automatically zooming in or out to 

visualize walking distances to each POI (see Figure 4). The shortest path between the player’s 

current location and his/her selected destination are now automatically computed, using information 

on the walkable areas of the campus collected during design-time (discussed in a later subsection). 

 

 
Figure 4. Map guidance showing three POI choices (story branches) from the player’s position. 

 

 

3. Game Authoring Improvements 
 

Igpaw: Loyola, like its predecessor, is developed using MAGIS, the Mobile Augmented-Reality 

Game Engine for Instructional Support framework (Vidal et al., 2018). MAGIS’s AR and mapping 

subsystems were significantly upgraded for the development of Loyola, as discussed below. 

 

3.1 AR Game Logic Subsystem and Script Authoring Tool 
 

MAGIS uses its own scripting language to define the interactive functionality of AR scene objects 

(“game logic”). For Loyola, this scripting language is upgraded to support integer flags. Flags are 

variables that control the overall state of the game and determines which game objects and actions 

are available for the user to perform interactions with. These flags are strictly Boolean true/false 

values in Intramuros, but support for incrementing and decrementing integer-valued flags, as well as 

evaluation using comparison operators (such as less-than <, greater-than >, equal ==, etc.) is added 

due to the increased complexity of Loyola’s game scripts. 

 A more significant change is the construction of a dedicated authoring tool (AT), intended to 

simplify scripting and consolidate further modifications to the scripting language. Figure 5 depicts 

the AT’s user interface. The AT follows a hierarchy of elements to keep the script organized. The 

highest elements in the hierarchy are the Objects found in each scene (e.g. Anomaly Gun, Little 

Pepe, etc.). Each Object has at least one Interaction element (or verb). The most commonly used 

Interactions are readily available on the dropdowns, which are: Auto, Examine, Talk to, Use, Pick 

up, Activate, Use, Give, and Show. Authors can also name their own custom Interactions. Each 

Interaction has at least one Condition Set element. These Condition Set elements hold the 

Conditions, either bool or int, required to trigger interactions, as well as the list of commands that 

will be executed when the entire Condition Set holds true (with support for AND and OR operators). 

 

 
Figure 5. The MAGIS Authoring Tool (AT). 
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3.2 Mapping Subsystem and Offline Mapping Tool 
 

Intramuros implemented its mapping functionality via the MapZen vector tile service (Mapzen, 

2016), which unfortunately was shut down during the development of Loyola. Also, the raw 

OpenStreetMap data (Openstreetmap Contributors, 2012) for the Ateneo de Manila University area 

was inaccurate with regards to the placement of pedestrian paths. Thus, an offline mapping tool was 

created that automatically downloads the map tiles from OpenStreetMap for the entire playing area, 

then uses these tiles as a guide to lay out the pedestrian paths as sequences of segments defined by 

waypoints (with some waypoints marking the positions of POIs/fiducial markers). This tool is 

deployed to a mobile device and is used to accumulate raw GPS positions while a developer 

navigates their way within the campus, with real-time path editing. The paths may also be manually 

edited on a PC for refinement. The downloaded map tile data can be further stylized by an artist and 

bundled in the game (so players do not need an internet connection), and the final, accurate walkable 

paths are overlaid on top (see Figure 4). 

 

 

4. Usability Evaluation 
 

Igpaw: Loyola’s usability evaluation is divided into two phases. The first phase, described here, 

involved more than 15 participants and is used for soliciting suggestions for improvement and to 

uncover bugs in an early version of the game. The second phase is detailed in a subsequent paper. 

 For this first testing phase, each tester is accompanied by a facilitator who briefly introduces 

the game then asks him/her to figure the game out by themselves, while observing their every action 

and reaction. The tester is asked to provide feedback and suggestions in an open-ended manner at the 

end of the test, with each response substantiated by affective feedback observed by the facilitator. 

In summary, most testers described their experience as fun and enjoyable, that the 

interactable objects were interesting to observe through augmented reality, that the story progression 

was smooth, and that their interactions trigger events that were satisfying to watch. On the other 

hand, testers also found the game tiring (as was expected due to the walking involved), and that their 

concentration is broken when bugs appear. They disliked some aspects of the user interface 

(particularly, choosing items from the inventory), and they feel frustrated whenever they are unable 

to scan the marker correctly. Notably, some testers remarked that the POIs seem to be irrelevant to 

what is happening in the AR scene. This is later resolved by updating the game dialogue to make the 

connection to the POIs more direct (e.g., “Did you know that Dela Costa Hall is named after...”). 

Some testers liked the combat aspect of the game, but critiqued that there were few combat 

options available, and that simply pressing a button to attack does not feel engaging enough. Other 

testers felt that the game needed to have mechanics for when the player is walking from one POI to 

another outside of AR mode, such as item/weapon collection or random battles. While these 

suggestions were noted, the game was too far into development to change the current mechanics. 

 Out of the 12 marker locations tested, 3 markers failed to consistently register, and were 

subsequently fixed via the preprocessing that was earlier described in section 2.1. Other minor bugs 

were also found (such as the virtual guide not appearing after scanning), but most issues were due to 

user confusion (e.g., visiting the wrong POI). All found bugs were fixed before the final release. 

 

 

5. Conclusion 
 

This paper describes the design of a new location-based AR game, Igpaw: Loyola. The design 

knowledge accumulated from developing its predecessor, Igpaw: Intramuros (Rodrigo et al., 2015, 

2016; Vidal et al., 2018) allowed the development team to fashion a more streamlined AR game 

experience, avoiding design pitfalls related to cognitive overload, weather conditions, and player 

safety, which impede on the game’s usability (Rodrigo et al., 2016; Yuen et al., 2011). The 

additional challenge of targeting a longer overall playing time prompted the development of 

enhanced game mechanics and authoring tools. While not all factors have been completely 

addressed with this design (e.g., player fatigue due to walking, insufficient game mechanics to hold 
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player engagement), the resulting game promises to be an enjoyable learning experience, according 

to user feedback. The game is available on the Google Play Store and the Apple App Store. 
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Abstract: First aid skills are highly essential and a must-learn basic ability by everyone. 

Accidents can happen anytime in anywhere, that's why first aid is needed. But, due to lack 

of knowledge, practice, courage to do basic first aid techniques, every year there could be 

150,000 deaths. This study aims to develop a game-based learning focusing and 

incorporating application and practices of first aid for information dissemination of proper 

emergency first aid and proper instructions on how to handle a situation and act on the 

situation when they encounter minor accidents. The system also apply game based 

learning approach with Gale Shapley Algorithm which use to the corresponding for taking 

input as a preference outline and outputs a matching of different objects needed in the 

accident. The application will educate and instruct the users on how to perform proper first 

aid where it has an interaction between the user and application, while the users experience 

to acts like in a real world. The proposed system can apply Agile Model for the 

development of the system in which have a consistent user review or comments, non-stop 

development and the capacity to adapt incorporate changes are emphasized to significantly 

reducing project risk. After the developmental stage, the researchers will evaluate using 

experimental design to measure the effectiveness of the system to assess if the students 

learn from the system. This study can be possesses significant potential for increasing 

students learning in term of some accident occurrence and enhancing their learning 

effectiveness using game based learning. It can be develop and implemented as teaching 

material in education especially in health related units or courses. 

Keywords: First Aid, Health, Mobile Application, Game-based Learning, Experimental 

Study, Gale Shapley Algorithm  

1. Introduction

Health is important in everyone’s life. It is the state in which a person is not suffering from any 

illness and also the condition of his body to resist illness (WHO, 1946). Health problem occur at 

any place and at any time, it is best for a person to have some basic knowledge on what to do, 

whether he himself is the person who needs treatment or somebody else that may be able to assist 

the victim (Lingard, 2002). First aid education and ability or practice is a personal must for in 

some point of everyone’s life, the knowledge may be needed.  It teaches a person who suffers with 

an illness or injury as well as other persons near or with the victim what to do to avoid the 

situations from getting worse until medical help arrives (IFRC, 2011).   

About 20 million and 50 million individuals are injured or endured non-fatal injuries due 

to road accidents (WHO). The Philippine Statistics Authority report that in the year 2015 the 

Philippines occurs 10,012 deaths due to road traffic injuries. (WHO, 2006). 

According to Guardian (2010) approximately 150,000 people per year died because first 

aid was not widely known. On this, Joseph (2014), asserted that the level of knowledge of first aid 

among majority of the students are lacking. Furthermore, hundreds of thousands of children die 

each year due to injuries from violence, while millions of others suffer the consequences of less or 

non-fatal injuries. Afar from the deaths, tens of millions of children require hospitalization for non-

fatal injuries, (Branche et al., 2008). 

It is better to create a First Aid Application that gives some instructions for preliminary 

taking care of people in Android Smartphone (Surachat, et al, 2013). Mobile Application is one of 

the fastest and most interesting growing fields in this modern information and communication age. 
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According to Semertzidis (2013) one good features of mobile application is a large accessibility of 

mobile devices and this trend continues to grow worldwide. Mobile Application also improves 

higher education lectures and gives alternatives traditional educational method. 

According to Kapp (2012) games bring a digital environment and recreate a realistic 

situation that makes the Game-based learning enhance the motivation of every learner. These 

methods the students (users) learn to function in a secure environment, but with interactivity, 

comments and rules. 

As stated in some studies, game-based learning is essential and effective especially in our 

generation. Instead of restraining the student from computer or mobile gaming, they must 

encourage them to play knowledgeable games that may help them in the real world (Van Eck, 

2006). Alteration or a combination of traditional method and Game Based Learning will make the 

learning effective and more enjoyable (Charlier, & De Fraine, 2013). Although there are many 

existing application related to first aid there are some limitation and application of GBL is not 

applied. 

This study aims to develop a "Game-Based Learning" Mobile Application for First Aid 

Awareness Tool to educate a user’s on how to apply first aid appropriately. The application of 

GBL in the system is a technique in one form or another to improve the social skills of students as 

well as their skills to solve and to understand a problem. The system will give of the basic 

knowledge of first aid to the students which contain the proper instructions on how to handle a 

situation when they encounter minor accidents and understand a way to act unexpected scenario 

with the help of Game Based learning. Using the system, the user acts like that they are in the real 

situation where they cannot expect what kind of injury they may encounter that needs a first aid 

treatment. 

 

 

2. Review of Related Literature 

 
"First Aid" as for the meaning they depict, "is the initial and immediate care to a victim with an 

injury of illness", usually given by someone on the spot until professional help arrives (Alomari, 

2011). According to Department of Health (2014) stated that knowledge in first aid is important 

for everyday life, work, home and community; the more people with basic knowledge of first aid 

the more lives will be saved. 

Accident is unexpected, unplanned occurrences which involve injury. It can occur at any 

time, at any place with any section of the population. According to Ozkan (2013), children are 

exposed most to accidents all the time no matter how old they are especially those with disabilities.  

According to Oscar Palabyab, Philippine Red Cross (PRC) secretary general in the World 

First Aid Day, that most of the deaths involving kids were due to accidents such as drowning, 

animal bites, falls, burns, suffocation and bleeding in which they were not given a first aid. Due to 

lack of knowledge and initial practice of first aid, 150,000 people could die every year (Guardian, 

2010). Therefore, it is highly essential that everyone learn the simply essential skills to stop 

potential dangers and to response properly as soon as unsafe or adverse situations happen. 

Moreover, Toprac (2011), explained that Game-Based Learning improves students’ self-

efficacy while Serrano (2004) stated that it strengthens students’ knowledge, skills, and attitudes 

towards the topic taught. According to Felicia (2010), GBL could be an alternative to traditional 

teaching methods. Additionally, settings that incorporate video games are often more appealing or 

engaging and educationally effective than settings that are do not.  

Some studies in other country like Aydin (2015), video records, case studies, cartoons, 

games, animation and models were use in teaching. The use of video clips in lectures enhances the 

motivation and attention span students, provide better understanding, and help remember key 

points of lectures, and improve learning process. 

Using experimental approach, other studies showed that lecture was significantly more 

effective in increasing knowledge in comparison to board games. Results show that traditional 

lectures are more helpful in expanding student knowledge, whereas educational games on the other 

hand, are more functional as an enjoyment. Thus, from this case study, alteration or combination 

of these teaching methods would make learning more successful and enjoyable (Charlier, & De 

Fraine, 2013). 
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Furthermore, the use of game-based learning in the creating application in teaching would 

promote efficient education as well as enjoyment. Woo (2014), added that this method of learning 

and teaching possess significant potential for greater learning motivation and enjoyment in 

children. Also, GBL enhances problem solving and social skills (Liu and Chen, 2013).  

 

Table 1  

Comparison of First Aid Existing Application  

 
 

Nowadays, there are different existing applications for first aid. The Philippine Red Cross 

(PRC) released an application “First Aid PH”. This application allows the user to know the 

information about common injuries by just reading on it. It shows only some pictures then the step 

by step procedure in the text form. And also it does not show the image of the first aid tool that the 

user must use. There’s an assessment but by choosing on the different set of procedures then by 

putting a check mark. 

Additionally, the American Heart Association (AHA) created an application “Pocket First 

Aid & CPR”. The navigation of this mobile application is simple, there’s a search function 

provided that allows the user to know information on a certain incidents such as chocking, burns, 

CPR, bleeding and etc., then it will display the steps on how to handle the injury. Moreover, the 

First Aid Treatment for Burning Application is released to give some information about first aid 

but it focuses on immediate response and there is no training or tutorial given before the game.  

Then, First Aid Game is also an application for first aid but it is more on advising and the 

first aid tools are not given. Furthermore, the American Red Cross (ARC) make an application 

“First Aid-American Red Cross” that gives instruction but without actual representation, more in 

assessing the user. Among these applications, there is a need for improvement because most of 

them does not interact between the user and the application it focus on video, textual description of 

accidents. These limitations of the existing application can be answer in the development of the 

proposed system.  

AIDEMANIA is game-based learning application that train student about first aid. It was 

an interactive game that facilitates the learning in educational setting.  It provides the first aid tool 

that can be used for first aid treatment but the user makes a decision on what is the proper tool. 

User can also see the results of those decisions right away and use that information to inform their 

next decision. However, before the mission, there will be a tutorial for them to learn and identify 

proper objected needed in first aid. The user also gain point to get badges in order to acquire object 

needed in his/her mission and be in the rank of best first aider. 
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3. Methodology 
 

All the information needed for this study will be from different studies and literatures for game 

development, Health related documents, First Aid, and Game Based Learning. The collected 

information will be analyze and evaluate to come up with the developing and design of the 

application. 

The study can be employing Agile Model to deliver increment esteem, continuous 

visibility and incorporate changes prior to the existence life cycle to reduce system trouble. The 

Agile model emphasized the teamwork, consistent user review or comments, non-stop 

development and capacity to adapt changes. This model consists of several phases. 

Phase1: The researchers will gather data by reading related literature and articles about 

some application on first aid. The researchers will test some existing application to compare each 

feature and know its differences. Phase2: All gathered data will be finalized to come up with the 

plans, objectives, target clients/users and the concept of the application. It is also important to seek 

advice of the expert regarding first aid, interview and demonstration must be considered in data 

collection. Phase3: After assessing all the data, it is now being identified all necessary 

requirements needed in the study. The researchers will use some hardware such android phones 

and laptop software such as Game Maker Studio, Chibi Maker, Adobe Photoshop and RPG maker 

for the development of the system and application of game based learning. Phase4: The 

researchers will analyses the flow of the application and design for its layout. Determining the 

appropriate contents and module of the application, and integrate best features for interaction of 

users and application. Phase5: After the developmental stage, the application will go through the 

testing stage to determine the possible errors or bugs, modification, and feedbacks from the users. 

Phase6: The researchers will conduct an experimental method for the evaluation of the 

performance and effectiveness of the system and assess its acceptability in terms of functionality, 

reliability, maintainability and efficiently of the application. Phase7: After the evaluation, the 

researchers will plan again to improve the maintenance of the application according to the 

evaluation and implementation of the users. 

 

 

4. Proposed System 
 

4.1 System Architecture 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The System Architecture depicts in figure 1 in which the different interactions between the user 

and the mobile application is shown. In starting the game, the user can go to the tutorial session to 

know how the game works along with the instructions for each category that the user will play. 

The different categories contain lists of first aid awareness and guidelines and their application. 

After the tutorial session the user can go to mission phase, this is where the user performs the 

Figure 1: System Architecture 
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instructions from the tutorial session and the Gale Shapley Algorithm does the work to check. The 

user has to clear and accomplish missions and receive rewards such as star and badges. 

 

4.2 System Features 
 

AIDEMANIA game-based mobile application in Android platform allows the user to understand 

the proper first aid awareness and guidelines through playing the game. The application consists of 

three major modules: 1) Tutorial, 2) Mission, and 3) Achievements.  

In the Tutorial Module, the proposed system has different categories or scenario regarding 

on how to apply the proper first aid such as burns, suffocation, cuts, sprain, fracture, strain, 

bleeding and dog bites Each category shows the step by step and proper guidelines on how to be 

aware in a current scenario and the right time to apply first aid. 

In the mission module, this is where the user performs the instructions from the tutorial 

session. A random quest will appear based on different categories need to find in the community in 

a certain time. After the user found the victim, the user needs to find the appropriate first aid kit or 

tools in the environment to apply the first aid on the victim. The user will perform the proper first 

aid awareness in a different scenario without guidelines to the test effectiveness of having the first 

aid game in mobile application. Each quest has a different rewards star based on the difficulty on 

how to aid the victim. 

In AIDEMANIA, Gale-Shapley use to get the most preferred first aid item among all the 

choices matched. There will be a three different items per procedure of first aid, through Gale-

Shapley Algorithm it can easily identify if the users choose the correct first aid item. Every step to 

treat injuries have different preference list.  

Gale Shapley Algorithm will used in the system to match the preferences of the users 

selected item into the preferences of the first aid items of the specific steps. This algorithm will 

serve as the scoring or pointing system of the game. Each steps have their set of preferences and 

when the user apply the item the he wants to used base on his preferences, the algorithm works by 

matching or checking it if the preferences of the steps is much more prefer. Much more prefer in 

its preferences have a higher score and vice versa. 

 

 

5. Conclusion and Future Works 
 

Accidents will continually happen in spite of any degree of precautionary procedure and care. Due 

to this, people who are well trained and knowledgeable about proper first aid tool to be use are 

massive help in making sure higher safety for anyone. A simple injury could end up excessive and 

in a few cases fatalities can arise because of lack of immediate clinical remedy. It doesn't simply 

promote quicker recovery, it assist to save lives which worthwhile for both individual and 

community. 

AIDEMANIA app offers the ability to help users know steps to take in an emergency 

situation through first aid utilizes game based learning method that gives users to remember proper 

responses to situations. It allows you to help persons who emerge as injured in the location of the 

accident until emergency response arrives. The application gives you knowledge and tools to 

prevent the situation from becoming worse. AIDEMANIA, it gives you the step-by-step procedure 

about the different injury. The application will help the user to broadening their knowledge and to 

train them in lifesaving techniques which can be perform with minimal equipment. It triggers the 

awareness of the user and giving the right information. Information is supplemented with 

animations in order to give a clear understanding of what to do as quickly as possible if emergency 

happens. But the application only provides information about the common injuries such as burns, 

cuts, suffocation, sprain, fracture, strain and bleeding. It can be able to run only on smartphone and 

one player can play at a time.  It must be develop as a tool to educate children, students, and 

community. It can serve as teaching material in some related courses, which can engage for 

student to learn and motivate. Adding for special effects, 3D characters or objects, engaging 

sounds, and flexibility in different mobile devices gives additional performance of the system. Any 

emergency can be handled easily with adequate preparation, including the medical one. Knowing 
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the various aspects of basic and proper first aid can mitigate the severe effects of the certain 

accidents.  
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Abstract: A digital puzzle game, named Govern Formosa, was developed in this research 

for the history course in the 5th grade primary school in Taiwan which is about the Taiwan 

history in late Qing dynasty. The game was used in conjunction to formal education history 

class. One randomly selected class in a primary school in Taiwan participated in the 

instructional experiment. The influence of the game to students’ learning achievement was 

examined in this research. Pretest and posttest were conducted. The result show students’ 

learning achievements have positive improvements and all have reached significant 

differences. Also, they can all increase students’ learning motivations and immerse in the 

game. 

Keywords: Digital game-based learning, learning effectiveness, formal education. 

1. Introduction

History and geography course content, unlike science course content that can be learned through 

logistics and reasoning, relies heavily on memories. Social science course content contain names, 

events, time, location, and objects that are complexly interrelated and the memory was purely done 

through texts. When students were facing periodic evaluations, they have to memorize all the 

content with little comprehension in short-period of time, and gradually dislike the subjects. Song, 

He, & Hu (2012) thought that history educational games that combine digital stories into them are 

helpful to students on history learning. Learning history and geography through digital games can 

make the learning process more interesting via visualization, students can see the historical scenes, 

and relate to the learning content in a more experiential ways.  

There are many different educational types and styles of game-based learning; all intend to 

reach high interactions and motivations (Qian & Clark 2016; Tsai, Huang, Hou, Hsu, & Chiou 

2016). Students can actively explore, observe, participate, and manipulate things in the digital 

games, and learn through texts, graphics, and multimedia to retrieve relevant knowledge content. 

However, which kind of learning content and presentation modes would be more effective to 

students’ memory, short-term and long-term, to learning content? 

A digital game of Taiwan history in late Qing dynasty was developed in this research for the 

5th grade history course in the primary school in Taiwan. Students who participate in this research 

can experience the simulation, entertainment, and challenge the game brings about. They learn 

history content in the digital game. Research questions include how the students’ effectiveness after 

the game-based learning; and what the students’ game satisfactory levels are. 

2. Literature Review

2.1 Game integrated courses 
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Digital game has become a part of the regular lives to most students. In the educational realm, the 

application of digital games is getting more prevalent. Digital games are regarded as one of the best 

substitutions to the traditional courses in the classrooms, and are supplementary activities with high 

effectiveness and high quality (Dobrescu, Greiner, Motta, 2015). Many teachers think digital games 

are one of the teaching tools that can be successfully used in the classrooms (Proctor & Marks 2013). 

Tüzün, Yılmaz-Soylu, Karakus, Inaland & Kızılkaya (2009) pointed out that students’ grades are 

improved when computer games are used in their geography course in the primary schools. 

Teachers’ roles have changed from lecturer to advisor and manager in the game-based learning 

courses. 

Lester et al. (2014) used narrative-centered learning and problem-solving as the base to 

develop a digital game called “Crystal Island: UnchartedD Discovery.” It was used in the natural 

science education courses in the primary school. Their research showed that students’ science 

learning and problem-solving ability are enhanced, and the gaming environment had highly 

improved students’ participation and their learning motivation. All, Castellar, and Looy (2016), as 

well as Ucus (2015) both used qualitative methods to investigate digital game mediated school 

courses in formal education and offered some suggestions. School teachers generally think that 

game-based learning is a good instructional method, and can enhance students’ learning motivation. 

The teachers also think that games are appropriate to sociology courses. However, to effectively 

enhance students’ learning effectiveness, game play hours have to be adjusted to the proper ratio to 

lecture classes, and the game content has to be appropriately corresponded to course content. 

 

2.2 Historical games 
 

More and more digital games have integrated cultural and historical contents in them, such as the 

series of <Record of the Three Kingdoms>, <Europa Universalis>, and <Assassin's Creed>. Such 

games were very popular and have been widely marketed in various forms as commercial products. 

Sar (2012) pointed out that as teachers use these commercial games that were not originally designed 

with educational goals, their history and geography content were still relevant to history and 

geography learning. Students can experience the historical scenes and backgrounds in the virtual 

world of the 3D games.  

As the learning of history and geography include interwoven people, time, locations, and 

events, the retention of the knowledge depends heavily on memory. Akkerman, Admiraal, and 

Huizenga (2009) invited students in the age between 12 and 16 to participate their mobile game 

learning research. The students worked in groups to explore in the city of Amsterdam using mobile 

devices. The learning effectiveness had reached significant differences. However, learning 

motivation was not enhanced since long time use of technology would influence students’ attention 

span to learning content. Fang, Tan, Subramaniam and Loi (2013) used Singapore history as the 

main learning content, and designed a 3D virtual world allowing students to interact with historical 

people in the virtual world. They used animations and mini-games to assess the students’ learning 

effectiveness. It is found that the students’ learning motivation and effectiveness were all improved. 

The multimedia presentation and 3D environment were especially appropriate for historical learning. 

In these studies, learning of history and geography that mainly requires memory had become much 

more interesting, thus the learning improvement were a natural consequences (Watson, Mong, & 

Harris 2011). To have effective game-based learning, appropriate game stages and difficulties, as 

well as content presentation modes are important. 

 

 

3. Game Development 
 

The game developed in this research used the history of Taiwan in late Qing dynasty as the story 

background. The learning content is based on the primary schools history curriculum defined by 

Ministry of Education in Taiwan. Three stages were developed for the game. Stage one: Treaty 

Ports, in the period after 1860. Stage two: SHEN Bao-Zhen, in the period between 1874 and 1875. 

Stage three: LIU Ming-Chuan, in the period between 1885 and 1891. Students play the role of 

Taiwan governor, and collect resources required in the tasks as the goal. The game events are 

ordered in the real historical sequence, and the students complete the game tasks in order. Do not 
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assemble illustrations at the back of your article, but incorporate them in the text, as close as possible 

to the first reference. 

The game in this research was developed by the game engine Unity. The game was 

presented in the mixture of 2D and 3D forms. The main interface of Govern Formosa is done with 

2D map of Taiwan. The administrative regions are presented in different colors and are in 

correspondence to the three historical eras. In the meantime, students learn about the district changes 

through time. 

Each of the three game stages present three cities and three ports. When the students enter 

the game, they choose one of the four actions, namely trade, and raise funds, reclamation, and 

exploration.  They would be led into the 3D game scenes and gather resources such as money, labor, 

and crops (tea, sugar, camphor, and rice). Students can go to the cities to hire labors, plant crops, and 

explore the scenes; or go to the ports to choose exporting country and doing trades. Different crops 

have their corresponding countries in which they worth higher values. On a global map, crop 

symbols are tagged on the corresponding countries, such as America, Europe, China, Japan, and 

Southeast Asia. 

In the game, the students have to understand and learn the best strategies to gain most profits 

to carry on the game. By repeating these game actions such as collecting resources and completing 

the tasks, students learn about the historical content and events, economic conditions, and trading 

goods and ports. When the students decide to explore the 3D scenes, four locations can they choose 

from, namely Tamsui, Kaohsiung, Keelung, and the mountain area. These scenes are built based on 

history, documentary books and location reference of Google map. The students have to interact 

with the non-player character (NPC) and objects in the scenes to complete the game tasks. By doing 

this, the students would have better memories to the historical events. 

 

4. Research Design 

 
The goal of this research is to investigate how the digital game-Govern Formosa would influence 

primary school students’ learning effectiveness to history content. The content in the tests include 

historical content about Treaty port, SHEN Bao-Zhen, and LIU Ming-Chuan which are normally 

taught in 5th grade history classes about Taiwan in late Qing dynasty. Students’ reactions to learning 

motivations and game satisfactions are collected by questionnaire. Twenty-seven 5th grade students, 

13 boys and 14 girls, in a primary school in southern part of Taiwan were invited as the research 

participants. The experiment was conducted before the students having lessons of the corresponding 

history content. The instructional experiment was conducted in a computer classroom for two 

sessions of 40-minutes class. Students had the pretest for 15 minutes, game time for 45 minutes, 

posttest for 15 minutes, and 5 minutes class reflection. 

The history learning assessment in pretest and posttest were all about the history learning 

content about Taiwan in late Qing dynasty which were adopted from history textbook, learning 

sheets, and the students’ mid-term evaluation. All questions were reviewed and validated by history 

teachers in the primary school. All tests have 20 questions with a total score of 100. Question 1 to 

Question 8 are related to game stage 1, which are about Taiwan Treaty Ports, relocation of the 

economic center, and the influence of the western missionaries. Question 9 to Question 14 is related 

to game stage 2, which are about the time of SHEN Bao-Zhen. Questions include Botan tribe 

incident, and city constructions done by SHEN Bao-Zhen, such as the prohibited immigration to 

Taiwan, accept native people to be citizens, and build military defense. Question 15 to Question 20 

is related to game stage 3, which are about the time of LIU Ming-Chuan. Questions include 

Sino-French War, and the city constructions done by LIU Ming-Chuan, such as establishing post 

offices, setting up railways, installing telegraph lines, and imposing tax breaks. Questions in all tests 

are different but in the same style and difficulty level. 

Questionnaire about learning motivations and game satisfactions is designed in 6-point 

Likert scale including motivation, system, content and memory, four aspects. There are 24 questions 

in the questionnaire. The motivation part contains 5 questions. It is to understand whether digital 

game integrated history learning can positively enhance students’ learning motivation, and whether 

the resources are attractive for the students to continue playing. The system part contains 5 

questions. It is to understand how difficult the game is to students. The content part contains 5 

questions. It is to understand whether students would follow the instructions to go through the game, 
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and whether they can effectively learn history content from the game. The memory part contains 9 

questions. It is to understand which kind of presentation mode would increase students’ impressions 

more to the learning content, and whether the students would relate the content presented in the 

game to the content taught in the history class. Although it is a self-reported questionnaire, it is to the 

students’ impressions about whether each presentation modes would help them memorize the 

historical facts better. Pretest (Cronbach’s α=0.843) and posttest (Cronbach’s α=0.963) both have 

high credibility. 

 

 

5. Results 
 

5.1  Results of learning effectiveness  

 

A Paired Sample t-test of learning effectiveness regarding to Taiwan’s historical content in late Qing 

dynasty were shown in Table 1. After the game, the scores were raised from pretest (m=26.48) to 

posttest (m=60.00) and learning effectiveness aspect had reached significant differences 

(t=8.196***, p<.000) between pre- and post-tests. The results indicated that the participants could 

learn the historical knowledge after playing Govern Formosa. 

 

Table 1 

Pretest and posttest results of learning effectiveness 

Topic  N Mean SD t p 

Learning 

effectiveness 

Posttest 27 60.00 16.350 
8.196*** .000 

Pretest 27 26.48 17.640 

***p<.001 
 

5.2 Results of questionnaire  

 

To compare the participants’ feeling between commercial digital games and Govern Formosa, 

Paired Samples t-test was used to analyze the pre-experiment and post-experiment questionnaire 

scores from four aspects, namely motivation, system, content, and memory. 

 

Table 2 

Pretest and posttest of game questionnaire -motivation 

Topic  N Mean SD t p 

game 

questionnaire 

-motivation 

Posttest 27 27.52 3.130 

5.064*** .000 
Pretest 27 23.07 4.739 

***p<.001 

 

In the aspect of motivation, it mainly explored whether the students’ of playing and learning 

motivation could be improved after this game and if their exceptions stay the same. The analysis 

result in Table 2 has shown significant difference (t=5.064***, p<.05). Govern Formosa could make 

students feel interesting which means it has high sustainability. As the results of learning 

effectiveness, it is proved that the historical content in late Qing dynasty could be learned through 

the game. 

In the aspect of system, it mainly investigated whether the students’ feeling including game 

design, interface, operation, and game mechanism were the same as their exceptions before. The 

analysis result in Table 3 has shown significant difference (t=3.314*, p<.05). For game system, the 

game experiences of Govern Formosa were higher than the students’ exceptions before they play. 

 

Table 3 

Pretest and posttest of game questionnaire -system 
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Topic  N Mean SD t p 

game 

questionnaire 

-system 

Posttest 27 26.81 4.161 

3.314* .003 
Pretest 27 24.41 3.703 

*p<0.5 

 

In the aspect of content, it mainly investigated whether the students notice and learn the 

learning contents which were inserted into game stories and mechanism. The analysis result in Table 

4 has shown significant difference (t=3.635**, p<.05). For the aspect of content, the game 

presentations including game stories and mechanism were satisfying. 

 

Table 4 

Pretest and posttest of game questionnaire -content 

Topic  N Mean SD t p 

game 

questionnaire 

-content 

Posttest 27 27.37 3.564 

3.635** .001 
Pretest 27 24.63 3.477 

**p<0.05 

 

In the aspect of memory, it aimed to investigate whether the participants could increase their 

impressions through game presentations and remember the learning content one month after the 

game experiment. The analysis result shown in Table 5 has reached significant difference 

(t=4.786***, p<.000). It shows that students think the game created in this research can help them to 

increase their impressions to the history knowledge. 

 

Table 5 

Pretest and posttest of game questionnaire -memory 

Topic  N Mean SD t p 

game 

questionnaire 

- memory 

Posttest 27 49.15 5.953 

4.786*** .000 
Pretest 27 43.33 6.127 

***p<.001 

 

 

6. Results 
 

This study aimed to integrate game-based learning and history learning in the primary school formal 

education using a Taiwan History Digital Game – Govern Formosa. The research questions include: 

1. how the students’ effectiveness after the game-based learning; and 2. what the students’ game 

satisfactory levels are. 

About question 1, each of the three game stages takes ten to fifteen to play. In the 

experiment, all students could find the right strategies and finish the game in time. According to the 

results of learning effectiveness, their learning effectiveness has significantly improved. Therefore, 

it is feasible and effective to use game-based learning in history course.  

About question 2, from the results of questionnaire, the participants feel satisfied about 

Govern Formosa. The game is intriguing and attracts them to continue self-learning after school 

course. The students were also willing to play again. The results of the motivation aspect also 

correspond to their scores in the postponed test. In the system aspect, the students suggest that the 

game needs more hints to give more information so to proceed the game, and the game can 

implement more presentation modes. In the content aspect, the game can be design to require the 

students to do more complicated thinking and reflections, and to be more immersed in the game. In 

the memory aspect, they think Govern Formosa can help them to memorize history content and 

connect to the questions in the history learning assessment. 
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From the research results and discussions, there are some recommendations to the game 

design, experiment design, and integration to future primary school courses. Students also 

recommended in the interviews to increase hints in the game. A more careful and detailed 

descriptions and clues can be added as an option for the students to use while needed. A play-again 

button can be added to allow students to go back to the game. It would also be easier for the 

researchers to check the playability of the game.  

In summary, this research successfully integrates game-based learning in history formal 

course, and positively increases students’ learning effectiveness and motivation, even after a long 

time. In this research, it is evident from the results of postponed test that students’ history knowledge 

memory was retained. In the future, the three game stages can be integrated into formal education 

courses respectively to check the sustainability of the instructional design. More qualitative analysis 

can be conducted to see the relationship between students’ long-term memory and short-term 

memory. More in-depth issues can be investigated in a more comprehensive manner. 
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Abstract: A game-based intelligent learning environment (GILE) is a system that combines 

intelligent tutoring system elements with game elements to provide an adaptive as well as 

engaging learning experience. A suitable application of GILEs is in promoting number 

sense, which is the ability to interact with numbers flexibly and conceptually. By having 

number sense, students come to understand that numbers are meaningful and outcomes are 

sensible and expected. In this study, the level of engagement of Grade 5 students with a 

GILE for fraction numbers sense was investigated with the use of a modified GameFlow 

model. The results can be used to improve the GILE to better promote conceptual 

understanding of fractions. 

Keywords: Game-based intelligent learning environment, game-based learning, 

educational games for fractions 

1. Introduction

A game-based intelligent learning environment (GILE) is a system that combines intelligent tutoring 

system elements with game elements to provide an adaptive as well as engaging learning experience. 

Like intelligent interactive tutors (Woolf, 2008), a GILE has a learner modeling component and a 

pedagogical component. The former transforms values of game variables such as player score into 

indicators of a player’s knowledge of concepts or procedures. The latter adjusts game difficulty 

levels based on the learner model.  A GILE’s game component can be viewed as the system’s 

communication component in which the learner and the system interact.  

A suitable application of GILEs is mathematics, being one of those subjects with an 

essential need for multiple pathways and individualized learning (Devlin, 2011, p. 29). One of the 

best stages to build a solid mathematical conceptual understanding is in Grade 4. This is because 

Grade 4 is the stage when children start to build the foundation for more complex math. At this stage, 

children start to apply topics that were taught in Grades 1-3 (such as addition, subtraction, 

multiplication, and division). They start to multiply and divide larger numbers, add and subtract 

fractions, and express fractions in reduced forms. 

In the rest of this paper, we describe a GILE for fraction number sense, in the process 

discussing related game mechanics, after which we present some preliminary results.  

2. Game Design

Discord is a GILE that aims to promote conceptual understanding of Grade 4-level fraction number 

sense. The GILE was developed following an outcome-based methodology (Sison, et al., 2018), in 

which special game mechanics are designed for each learning outcome. The GILE covers the 

following learning outcomes: (1) Add and subtract similar fractions, (2) add and subtract equivalent 

fractions, and (3) add and subtract dissimilar fractions. 

The system is composed of a pedagogical component that applies a problem-based learning 

approach, a game component that utilizes game mechanics based on sound pedagogies, and a learner 

modeling component that interprets user actions and updates the learner model accordingly. The 

learner model is represented as a Bayesian network.  The system is able to accept multiple ways to 
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solve a given problem, record the player’s progress and learning state, present challenges within the 

range of the player’s skills, and engage the player to continue playing. 

 

 
 

Figure 1. Relationship of GILE Components 

 

Figure 1 shows the overall architectural design. The game component is what users directly 

interact with. Certain actions in the game component are tallied to get the user’s score. These scores 

are used by the learner modeling component to generate or update the user’s learner model. The 

challenges encountered in the game component are adjusted by the pedagogical component which 

uses the learner model as a basis on how difficult the challenges should be. 

 

2.1 Game Component 
 

Discord is a 2D puzzle platformer. It provides a series of locked rooms that the player needs to 

stabilize in order to progress in the game. A room’s current (Figure 2, A) and target stability (Figure 

2, B) values are shown on a number line on top of the screen. To stabilize a room, the player must 

move the current stability pointer to the target stability pointer. This is done by fixing the right 

amount of ghost blocks (Figure 2, C) in the room. Ghost blocks are semi-transparent, intangible 

blocks of various fractional sizes (e.g. 1/2, 1/4, 1/3). A ghost block remains intangible until sky 

fragments (Figure 2, E) equal to its fractional size are attached to it. The yellow circle above a ghost 

block indicates its current value, while the fraction at its center indicates its target value.  

 

 
 

Figure 2. Game Elements 

  

Sky fragments come from slicing sky blocks (Figure 2, D) using the needle weapon. Sky 

blocks are blue blocks that are used to represent one whole. The number of slices made to a sky block 

is determined by the value of a charm (Figure 2, F, G) attached to the needle. Charms have integer 

values (ranging from 2 to 9) and are used to represent denominators, since one sky fragment that a 

sky block produces is of the size 1/charm. A room may have multiple charms, allowing the player to 

choose which of the charm values they see fit. 
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The player can then carry a sky fragment and drop it near a ghost block to attach it. If the 

player makes a mistake in attaching a fragment, it can be removed using the hammer weapon. 

Hitting an attached sky fragment will release it from the ghost block, while hitting a detached sky 

fragment will return it to the sky block it came from and will also allow the player to slice it further. 

The ghost block will immediately be fixed once the fractional value of the sky fragments attached to 

it equate to its fractional value. Once fixed, it becomes a tangible filled block (Figure 2, H) and its 

fractional value is added to the room’s current stability. Fixing the right number of objects in a room 

will stabilize it and allow the player to proceed to the next room. The goal of the game is to fix 

enough rooms to encounter and defeat the Ringleader, which is the boss character of the game. 

 

2.1.1 Fraction Pedagogy in Game Elements and Mechanics 
 

Sky fragments are used to visualize fractions as part of a whole where a sky fragment represents a 

unit piece of the sky block it came from. Through visualizing fractions this way, the player gets a 

grasp of how much a unit fraction, a fraction whose numerator is 1, is in reference to one whole 

(Lamon, 2012). This also shows how slicing a whole with a higher number (denominator) produces 

pieces of a smaller size and allows students to grasp the concept of unit fractions (e.g. 1/3 is larger 

than 1/6). The presence of multiple charms (denominators) allows for estimation since players can 

visually compare the sizes of sky fragments (unit fractions) produced by different charms and 

estimate which pieces can be used to fill a ghost block. This follows Fazio & Siegler (2011)’s 

suggestion of answering through estimation before using a formal algorithm. 
The ability to subdivide a sky fragment by returning it to the sky block using the hammer and 

slicing it again using the needle follows the concept of fractions as measures (Lamon, 2012). This 

concept focuses on the use of successive partitioning to show that a unit can be further divided into 

smaller parts with smaller values. For example, slicing a sky block with a 2 charm will produce two 

1/2 pieces, which can’t be used to fill a 3/4 ghost block. However, dividing one of the 1/2 pieces with 

a 2 charm will produce a 1/4 piece. One 1/2 piece and one 1/4 piece can then be used to fill the 3/4 

ghost block. 
The addition and subtraction of fractions are mainly expressed using the room’s stability 

number line. This occurs when the player decides which ghost block values need to be combined in 

order to move the current stability to the target stability. Blocks may need to be filled (addition) or 

broken (subtraction) to reach the target stability. Through this, players can see how some fractions, 

despite being expressed with different denominators (i.e. 1/2 and 2/4), have the same underlying 

value when placed in the number line. This follows the principle of fractions as numbers with 

magnitude (Lamon, 2012). 

 

2.1.2 Comparison of Mechanics to Successful Learning Games 
 

The slicing, filling, and breaking of blocks can be likened to Slice Fractions’ (Cyr, Riopel, & 

Charland, 2015) mechanic, in which players clear the path from obstacles by slicing an object 

accordingly so that its sliced fractional parts hit the appropriate obstacle of the same fractional size. 

In Discord’s case, the blocks are not destroyed but, rather, their collective states (filled or ghost) 

contribute to a room’s stability.  
The stability number line is similar to Motion Math: Fractions’ (Riconscente, 2013) 

mechanic, in which players guide a ball towards a specified point on the number line. The ball is 

labeled with a fraction and players must tilt the device in order for it to land on the value’s proper 

place on the number line. The difference is in the controls; players tilt their device in Motion Math: 

Fractions to control the falling ball, while in Discord players use the ghost blocks and filled blocks to 

manipulate the pointer’s position. Number line segments only appear when players make a mistake 

in Motion Math: Fractions while they are already present on the number line in Discord. Beyond 

that, the two mechanics are similar with respect to mechanic goals. 

 

2.2 Learner Modeling Component 
 

The learner modeling component is responsible for updating the learner model to keep track of the 

student’s performance. Block fixing and breaking is observed by the learner modeling component’s 
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agent in the game component (called the data recorder). These actions are tallied and their scores 

(calculated by the pedagogical component) passed to the learner modeling component to update the 

learner model.  

 

 
 

Figure 3. Learner Model as a Bayesian Network. 

   

A simplified Bayesian network is used to model the student’s learning. It is composed of 3 

unobserved nodes, each representing a topic in fractions, namely (1) operations on similar fractions, 

(2) operations on equivalent fractions, and (3) operations on dissimilar fractions. The observed 

nodes are the addition and subtraction of these topics and are directly associated with the player’s 

actions in the game component (i.e. filling a ghost block is addition, and breaking a filled block is 

subtraction). Observed node probabilities use the scores given by the pedagogical component. 

Probability calculation and propagation is done using Chong (2018)’s monadic probabilistic 

programming framework. 
Apart from actions, the learner modeling component also makes use of the denominators 

involved in solving the rooms. A set of 6 numbers (4, 2, 3, 6, 8, 9) are predetermined to be given to 

the player. These were decided so fractions produced can result into equivalent fractions and to limit 

the number of the denominators to keep track. Each denominator has a corresponding mastery score 

represented as a rate from 0% to 100%. An arbitrary threshold score of 70% is used to determine if 

the player is fit to encounter the next denominator, which is the same threshold probability for the 

topic mastery. The denominators are presented sequentially but more than one denominator may be 

encountered in rooms on equivalent and dissimilar fraction operations. Once it has been inferred that 

the current topic’s mastery probability and current denominator mastery has broken the threshold, 

the player is deemed fit to proceed to the next topic. 

 

2.3 Pedagogical Component 
 

The pedagogical component sets the values of a room’s ghost blocks and number line according to 

the learner model and generates valid numerators and denominators to be given to the game 

component. It applies a problem-based learning approach by allowing the player to explore and 

solve newly generated rooms on their own using the knowledge acquired from the previous rooms 

and the tutorial stages. Before the room’s block and number line values are generated, denominator 

mastery and topic probability mastery are checked in the learner modeling component and then sent 

to the pedagogical component’s agent in the game component. After this, the room values are set up 

accordingly. 
The topic is referenced to know if the problem is to be addition or subtraction and if the 

ghost blocks/filled blocks are to be similar, equivalent, or dissimilar. It should be noted that the 

pedagogical component adjusts the difficulty through the fraction values encountered by the player 

and the operation to perform (i.e. to break or fill blocks) only. The pedagogical component 

calculates the player performance score by taking the number of correct attempts (an attempt is 

either filling or breaking blocks) and dividing it by the total number of attempts. To determine if an 

attempt is right or wrong, the current values of the ghost and filled blocks are checked against the 

subset sum. The subset sum contains all combinations of block values in the room that can equate to 

the target stability. If the values match an entry, the attempt is marked as correct. 
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3. Preliminary Results 
 

The GILE was playtested by twenty Grade 5 De La Salle University Integrated School students. 

Playtesting was done within 45 minutes for 2 days. Playtesters were then asked to answer a modified 

GameFlow model to evaluate the GILE in terms of engagement. The said model is based on 

Sweetser et al. (2017)’s model, with the addition of Fu et al. (2009)’s knowledge improvement 

element, which was added because the GILE aims to promote conceptual understanding in fractions. 
The GILE received an overall rating of ~4.33 (~87%) which can be classified as above 

average. Clear goals had the highest average score of ~4.59, which may be due to the clarity of the 

tutorials. On the other hand, immersion had the lowest score, with a score of ~4.04. This may have 

been due to the limited time, as playtesters were asked to stop playing after 45 minutes, which may 

have affected their immersion. The negative correlation between the highest score (clear goals) as 

compared to the lowest score (immersion) may also be due to the specificity of the instructions. As 

some instructions explicitly state fractional values, it may have been viewed as unnatural, hence 

breaking immersion. 

 

Table 1 

Playtesting results from Grade 5 students  

GameFlow Element Section A Section B Section C Section D Average 

Concentration 4 4.0938 4.0357 4.7 4.2074 

Challenge 4.20 4.4 4.5714 4.32 4.3729 

Player Skills 3.40 4.25 4.1714 4.6 4.1054 

Control 4.25 4.4063 4.4286 4.7 4.4462 

Clear Goals 5 4.4375 4.4643 4.45 4.5879 

Feedback 5 4.1563 4.2857 4.55 4.4980 

Immersion 3 3.9688 4.2857 4.9 4.0386 

Knowledge Improvement 4 4.2571 4.3429 4.8 4.37 

Overall Score 4.1063 4.2462 4.3232 4.6375 4.3283 

 

 

4. Conclusion 
 

A modified GameFlow model (Fu et al., 2009) was used to identify strengths and weaknesses of the 

GILE especially in its game component. Preliminary results show that the GILE has potential for 

engagement but has yet to be assessed with regards to its ability to promote conceptual 

understanding. The GILE is being improved based on the given feedback and the mechanics are 

undergoing continuous improvement and revision to better promote conceptual understanding.  
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Abstract: The growing number of resources that offer advice on the development of 

effective game-based learning environments indicate a growing interest in effective 

methodologies. This paper describes a methodology for educational game design that 

begins with, and is based on, intended learning outcomes (LOs), with the game serving 

as a set of interlinked mechanics and other elements that support, directly as well as 

indirectly, the attainment of the LOs. Preliminary results suggest that due to the 

centrality of the LOs and LO mechanics in the methodology, the quality of the LO 

mechanics and the degree of their integration with the other game elements would 

determine the level of users’ engagement. 

Keywords: Game-based learning, educational game design methodology, learning 

outcomes 

1. Introduction

Meta-analytic reviews of educational game studies seem to confirm the potential of video games to 

support learning and teaching processes (e.g., Wouters, et al., 2013). Meanwhile, the growing 

number of books that offer advice on the development of educational games indicate a growing 

interest in effective methodologies. 

This paper describes a methodology for educational game design that begins with, and is 

based on, intended learning outcomes (LOs), with the game serving as a set of interlinked 

activities that support, directly as well as indirectly, the attainment of the LOs. In the next section, 

we list and discuss the steps of an outcome-based methodology for educational game development. 

In the third section, we then describe the use of the methodology in the design of two game-based 

learning environments (GBLEs) for elementary mathematics.   

2. Outcome-Based Educational Game Design

Learning outcomes have become a major element of transnational education and qualification 

frameworks (e.g., Bologna Process, Washington Accord) and of entire national education 

frameworks (e.g., Malaysia, Hong Kong). There are several approaches to outcome-based teaching 

and learning (OBTL), one of which is Biggs’ constructive alignment, which requires that 

teaching/learning activities (TLAs) and assessment tasks (ATs) be aligned with intended learning 

outcomes (LOs). It has four stages (Biggs and Tang, 2011, p. 100):  

 Describe the intended LOs in the form of a verb (learning activity) and its object (the content);

 Determine TLAs that address the verb and therefore are likely to bring about the LOs;

 Use ATs that also contain the verb, thus enabling judgment, with the help of rubrics, if and

how well students’ performances meet the criteria; and

 Transform these judgments into standard grading criteria.
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Based on these steps, and on incremental and iterative models of software engineering 

(e.g., Scrum), we propose the methodology in Figure 1 for developing a Game-based Learning 

Environment (GBLE). We define a GBLE as a digital game that facilitates the achievement of 

specified learning outcomes. 

 

Build GLE Incrementally

Determine 
LOs

Determine 
Genre

Write 
Premise

Design LO 
Mechanic

Design 
Related 

Elements

[Integrate 
Previous 

Mechanics]

Playtest and 
Evaluate

Integrate All  
Elements

Playtest and 
Evaluate

 
 

Figure 1. Outcome-Based Methodology for Game-Based Learning Environment Development  

 

We now discuss the steps in Figure 1. 

1. Determine the Learning Outcomes (LOs). 

An LO is usually expressed as a verb phrase (e.g., add fractions). Typically, the objects of 

these verb phrases denote concepts (e.g., fractions), while the verbs denote processes (e.g., 

the addition procedure). The source of LOs could be national, state, or institutional 

standards. The choice of which LOs to cover in a GBLE is determined by stakeholders 

(e.g., Grade-4 mathematics teachers, a funding agency). 

2. Determine the Game Genre. 

The genre of a GBLE—whether action (e.g., Grand Theft Auto), adventure (e.g., Tomb 

Raider), role-playing (e.g., Final Fantasy), strategy (e.g., Civilization), or simulation (e.g., 

The Sims)—will depend on several factors. First would be the LOs, since a GBLE is 

supposed to lead to the achievement of the LOs. Second would be the genre that the target 

players might prefer. This could be determined through a survey or focus group discussion 

(FGD) of target players (e.g., Grade 4 students), or of stakeholders who understand the 

target players (e.g., Grade 4 mathematics teachers). The third factor would be the 

familiarity of the game designers with the genre. 

3. Write the Game Premise. 

The premise of a game is what it is about. A good premise provides high-level answers to 

three questions (Mayer, 2016): What is the player’s primary goal? How will the player 

achieve that goal? What is the environment/world within which the goal will be achieved? 

Premises provide a way of tying together what Fullerton (2014) calls a game’s “formal” 

elements (goals, procedures, rules, resources, and boundaries) and “dramatic” elements 

(challenge, play, character, story, and world building), with what we call a GBLE’s 

“learning” elements, embodied in the LO mechanics. 

The next four steps (4-7) are implemented iteratively. Each cycle involves one LO mechanic. 

4. Design LO Mechanic. 

An LO mechanic is a game mechanic that helps the learner-player: (1) achieve an LO, and 

(2) determine whether and to what extent the LO has been achieved. There are, therefore, 
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two types of LO mechanics: teaching/learning (TL) mechanics and assessment task (AT) 

mechanics.  

A TL mechanic helps the learner-player achieve an LO without necessarily being 

aware of it. Specifically, it helps the learner-player understand an LO’s content by getting 

him/her to perform the LO’s verb. For example, a mechanic for “draw angle” could 

involve hitting an enemy character with a power blast by swiping one’s finger left then 

right at an angle. There should be at least one LO mechanic per LO. 

An AT mechanic, on the other hand, helps the GBLE determine whether and to 

what extent the learner-player has achieved an LO. An AT mechanic can involve several 

TL mechanics.  

To be effective, LO mechanics and the other formal and dramatic elements of a 

GBLE must be designed with the help of established guidelines (e.g., Sweetser et al., 

2017) as well as what the domain’s literature suggests to be effective ways to teach the 

domain’s contents (e.g., in mathematics education, it is now clear that conceptual 

understanding, and not just procedural skill, is important to develop in learners, and this 

can be done through visualization and the design of TL activities with multiple pathways). 

5. Design Other Elements Related to the LO Mechanic. 

Other non-LO mechanics will, of course, have to be designed. For example, movement 

mechanics have to be designed for a player’s character to be able to traverse the game 

space. There are also other game elements aside from mechanics that have to be designed, 

such as non-player characters (e.g., enemies), game objects (e.g., a sword), and the world 

within which the premise and LO mechanic are set. 

6. Implement the LO Mechanic and Other Related Elements, and Integrate Previous 

Mechanics. 

7. Playtest and Evaluate. 

One may integrate the newly implemented LO mechanic with all previously designed, 

implemented, and playtested LO mechanics (and associated game elements), and then 

playtest and evaluate the integrated mechanics together. Alternatively, one may playtest 

and evaluate one LO mechanic (and associated game elements) at a time. 

The loop in Figure 1 from “Playtest and Evaluate” (in “Build GBLE Incrementally”) back to 

“Design LO Mechanic” could involve either redesigning an LO mechanic based on the results 

of playtesting and evaluation, or the design of another LO mechanic, whether TL or AT 

mechanic. 

8. Integrate All Elements. 

9. Playtest and Evaluate. 

These last two steps would involve integrating all other game elements or components, such as 

tutorials, that are not directly related or crucial to the LO mechanics, and playtesting and 

evaluating the game-based learning environment as a whole. 

 

The methodology in Figure 1 is incremental in that it builds the GBLE one LO mechanic at a time. 

It is also iterative in that building the GBLE involves several cycles of LO mechanic design, other-

elements design, implementation, integration, playtesting, and evaluation.  

 

 

3. Using the Outcome-Based Methodology in the Design of Game-Based Learning 

Environments for Elementary Mathematics 
 

We used the outcome-based methodology described in Figure 1 in the design of two GBLEs for 

elementary mathematics, which we will describe in a short while. These GBLEs are actually game-

based intelligent learning environments (GILEs), which use artificial intelligence (AI) techniques 

for learning modeling and pedagogically adaptive interaction, but this paper will not discuss their 

AI components. Interested readers are referred instead to (Espulgar et al., 2018) and (Madrigal et 

al., 2018). Both games were developed using Unity for use on PCs as well as Android devices.  
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3.1 A GBLE for Fractions 
 

Discord is a GILE that aims to promote conceptual understanding of Grade 4-level fraction 

number sense. Specifically it aims to help its players achieve the following learning outcomes:  

 Add and subtract similar fractions (also known as fractions with like denominators) 

 Change dissimilar fractions to similar fractions (using LCD) 

 Add and subtract dissimilar fractions (also known as fractions with unlike denominators) 

These correspond to the fraction LOs in the textbook used by the Grade 4 students of the De La 

Salle University Integrated School. They also correspond to LOs 30-36 of the Department of 

Education’s Curriculum Guide for K-12 Mathematics. 

Discord revolves around Yuni, a discarded theater puppet that gained awareness when the 

sky broke, and resolves to return the world to its proper state by attempting to fix the fractured sky.  

 

3.1.1 LO Mechanic 1: Needle 
 

Throughout the game, the player encounters partitionable objects, which are semi-transparent, 

rectangular objects of different sizes. These are incomplete objects that remain intangible to the 

player character until they become whole. Once whole and tangible, these objects can be used by 

the player character to navigate the world. The player can make these objects whole through the 

needle mechanic. Once hit by the needle, a partitionable object’s segments will be shown to the 

player (see the bottom rectangular object in Figure 2a) and a second box of the same size then 

appears above the partitionable object. The player must then get segments from the second box to 

make the partitionable object whole. This mechanic follows the part-whole concept of fractions, 

and partitionable objects are used to visualize fractions as parts of a whole.  

 

 

3.1.2 LO Mechanic 2: Hammer  
 

The player character can also encounter hostile characters, each of which has a number line as life 

gauge. Each such number line has: (1) an initial pointer (the small pointer seen on the upper edge 

of the number line in Figure 2b), which tells where the enemy’s life is currently at; (2) the target 

value (indicated by the star above the number line), which tells the player what value to set the 

initial pointer to; and (3) the numerical fraction labels of these pointers. To pacify these hostile 

characters, Yuni must use a hammer to bring the pointer of the number line to the target value. 

 

3.1.3 LO Mechanic 3: Yarnball  
 

Appearing throughout each stage of the game are yarnballs, which a player can either pick up or 

hit with the hammer. Picking up the yarnball changes the denominator of the player’s needle and 

hammer. Hitting the yarnball propels it in a specified direction. Once it hits an enemy with a 

  
 

Figure 2. Needle and Hammer Mechanics 
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number line, a mini game begins, in which the player solves the LCD of the number line’s target 

value and the yarnball’s value. This is done by aligning the bars corresponding to the two values.  

 

3.2 A GBLE for Elementary Geometry 
 

A Samurai’s Fable is a GILE that aims to promote conceptual understanding of Grade 4-level 

geometry, particularly angles and triangles. Specifically it aims to help its players achieve the 

following learning outcomes:  

 Draw different angles  

 Measure triangle sides and angles 

 Identify triangles according to sides and angles 

These correspond to the angle and triangle-related LOs in the textbook used by the Grade 4 

students of the De La Salle University Integrated School. They also correspond to LOs 47-49 of 

the Department of Education’s Curriculum Guide for K-12 Mathematics. 

A Samurai’s Fable revolves around a red panda samurai, who is tasked to save what was 

once a prosperous land overtaken by the evil Yōkai—monsters that bring sorrow to the lives of the 

peaceful animals in the land. 

 

3.2.1 LO Mechanic 1: Bow and Arrow 

 

The bow-and-arrow mechanic is used when the player has to draw an angle (to hit a flying beetle 

spirit in Figure 3a) or measure the angles of a triangle (to destroy the flying drums of the Raijin 

thunder god in Figure 3b). When the player clicks on a red flame or drum, a semicircular aura with 

markings (a protractor actually) appears. To draw or measure an angle, the player drags the red 

flame toward the center of the aura, forming a base ray, and then drags his/her finger in a particular 

direction (toward a beetle spirit, or toward a drum of the thunder god), thereby forming an angle. 

When the player releases his/her finger, an arrow is fired at the angle specified, hitting (or missing) 

the target.  

 

 

3.2.2 LO Mechanic 2: Sword  

 

The sword mechanic is used to measure length (e.g., the height of the Oni land monster in Figure 

4a, or the length of the sides of a triangle of chains that protect the Wanyūdō in Figure 4b). The 

player quickly slashes at an Oni or a protective chain to lengthen the sword. The sword must be of 

the right length for it to break an Oni or chain.  

 

3.2.3 LO Mechanic 3: Ritual  

 

Once all of a Raijin’s drums or Wanyūdō’s protective chains have been destroyed, the player can 

finally defeat the Raijin or Wanyūdō itself by selecting the correct card corresponding to the type 

of triangle (e.g., acute, scalene) that used to protect the enemy. 

  
 

Figure 3. Bow-and-Arrow Mechanic 
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4. Preliminary Results 
 

The GBLEs were evaluated using a variant of Sweetser et al.’s (2017) GameFlow model, which 

identifies eight elements of player enjoyment. The averages of the GameFlow-based evaluation 

scores of three educational game designers were 4.38 for Discord and 4.04 for A Samurai’s Fable, 

which denote “well done” in the model. The highest scoring element or criterion for both GBLEs 

was Player Concentration, which could be due to the tight integration of the game elements with 

the LO mechanics. The lowest scoring criterion for Discord was Control, mainly because users 

could not pause the game. The lowest scoring criterion for Samurai was Clear Goals, because the 

introduction apparently did not provide enough background and motivation, and there were no in-

game cutscenes that furthered the story.  

 

 

5. Concluding Remarks 
 

In this paper, we have described an outcome-based methodology for the design of game-based 

learning environments. The methodology begins with, and is based on, intended learning 

outcomes. We have also described the use of the methodology in the design of two GBLEs for 

elementary mathematics. Preliminary results suggest that due to the centrality of the LOs and LO 

mechanics in the methodology, the quality of the LO mechanics and their integration with the rest 

of the game elements would determine, more than any other game element, the level of users’ 

engagement.  
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Abstract: Gamification is defined as the use of game design elements in non-game contexts 

to encourage certain behaviors. It is becoming a popular intervention used in computer 

science learning environments, including CS1. However, prior works have mostly 

implemented reward-based game elements which have resulted in varying behaviors among 

students. Meaningful gamification, described as the use of game design elements to 

encourage intrinsic motivation, is said to be a more student-centric approach. It is based on 

the concept of the Self-Determination Theory which states that there are three components 

associated with intrinsic motivation: mastery, autonomy, and relatedness. In this paper, we 

explore what gamification elements were beneficial to novice programmers. It looked into 

students’ use of elements implemented into a system that allow them to take assessment 

activities typical of CS1. The elements are: feedback cycles, freedom to fail, and progress to 
support mastery; control to enable autonomy; and collaboration for relatedness. Control, 

freedom to fail, and feedback were the elements students used to their advantage since these 

allowed them to work towards improving their scores in the activities. 

Keywords: gamification, novice programmers, CS1 

1. Introduction

Gamification is defined as adding game-like elements and mechanics to a learning process 

(Deterding et al., 2011). It intends to provide users with a more gameful experience and to encourage 

certain desired behaviors (Deterding et al., 2013) by adding motivational affordances in an 
environment. In the academic setting, an area of interest for learning instructors and professionals is 

the search for more engaging designs of classroom instruction. Among the models which have been 

utilized in providing learning frameworks is that of games (Kapp, 2012). Hence, gamification has 

been evident in education and classroom design. Student retention and attrition has been a concern 
of computer science educators and researchers (Hoda & Andreae, 2014). The application of 

gamification in computer science instruction, particularly in programming courses, has been 

recognized as a prospective method that could lead towards a positive influence on learning. 

1.1 Gamification in Education 

Gamification has become evident in education and classroom design. Computer Science subjects, 

including CS1, have been the focus of several studies on gamification (Gibbons, 2013; Ibáñez et al., 
2014; Neve et al., 2014; Pirker et al., 2014). They experiment with incorporating game design 

elements such as reward systems (Harrington, 2016; Sprint & Cook, 2015), leaderboards (Neve et 

al., 2014; Pirker et al., 2014;), point systems and leveling (Ibáñez et al., 2014), and microworlds 
(Neve et al., 2014) into aspects of the learning environment. Their results show how students express 

preference of a gamified strategy over the traditional because it is able to address their need for fun. 

Learning environments are commonly gamified by using badges, levels/leaderboards, 
achievements, and points because they are relatively easy to implement. This is referred to as 

reward-based gamification (Nicholson, 2015). However, this technique has been shown to be 

effective in contexts that can supply the rewards continually. In the classroom, studies report on 

disparate responses from students. Some took the method enthusiastically and performed well; 
others felt demotivated and disengaged.  
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1.2 Meaningful Gamification 

 
Nicholson defines gamification as the use of game design elements to help a user build intrinsic 

motivation to encourage engagement in a specific context (Nicholson, 2015). This is referred to as 

meaningful gamification. The theory behind is the Self-Determination Theory (SDT) (Deci & Ryan, 
2002) which states that there are three components associated with intrinsic motivation: mastery, 

autonomy, and relatedness. Mastery is when one learns to the point of competence; autonomy means 

having a choice; and relatedness is about one’s social engagement. This paper presents the results of 
an exploration on what gamification elements may be beneficial to students. It looked into how 

students used five game design elements implemented into an activity management system that 

allows them to take activities, such as quizzes and programming exercises, typical of CS1. The 

results describe which of the elements they have used to their advantage. 

 

2. Research Objective 

 
The main objective of the research was to experiment on the use of gamification in an introductory 
programming class. It sought to explore how the learning experience may be influenced by the 

presence of certain game design elements in the learning environment. This paper particularly 

focuses on the goal to determine which game design elements were beneficial to students when they 

accomplish assessment activities such as quizzes and programming exercises typically given in CS1. 
 

3. Methods 

 
This paper is part of a bigger study on the exploration of the impact of gamification on novice 
programmers’ achievement and learning experience. A web-based platform that allows teachers to 

manage assessment activities typical of CS1 was developed. Detailed discussions regarding the 

system and how the game design elements were implemented are discussed in an earlier paper 

(Agapito & Rodrigo, 2017). A summary of the game design elements implemented is found in Table 
1. They were purposely mapped to the components of SDT. 

 

Table 1 

Game Design Elements Implemented into the System 

Component Element Description 

Autonomy Control Students can choose from a set of questions to answer  

Mastery 

Feedback Cycles Scores/ marks per item may be displayed 

Freedom to Fail Students can re-attempt an activity. 

Progress Progress for various skills represented as a radar chart. 

Relatedness Collaboration Facility to award tutor points to other students. 

 

This section presents details regarding the user testing conducted with CS1 students. Two 
(2) iterations of testing were conducted on different sets of students. The methods were the same for 

both iterations. Prior to the second round, the gamified system was modified based on how the first 

group interacted with the game design elements. 

 

3.1 Participants 

 
The first iteration was conducted on students enrolled in a CS1 class at a private university (School 

A) in the Philippines. They were using Python. Two sections (A and B) of students aged between 16 
and 23 participated. Section A had 35 students while section B had 33. However, there were only 16 

students from each class who completed all the exercises given to them during the experiment. The 

second round was done in a state university (School B), also in the Philippines. They were taught 
computing fundamentals using C++. Two sections (1A and 1B) of students aged 18–33 participated. 
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Section 1A had 35 students while section 1B had 25. Thirty-two (32) students from 1A completed all 
the exercises given during the experiment. However, only seven (7) from 1B were able to 

completely finish. 

 

3.2 Testing Methods 

 
Each of the two classes per iteration was randomly assigned as either the control (A – School A, 1A 

– School B) or experimental (B – School A, 1B – School B) group. The control group used a 

non-gamified version of the system, that is, the game design elements described previously were not 
available in their version. On the other hand, the experimental group had the features listed in Table 

2. As mentioned, the features of the gamified version were modified based on the interactions in the 

first round. The number of extra items was increased to better provide data on the order in which the 

items are answered. When a student skips items, it is taken as an indication that he/she picked items 
he/she is comfortable answering rather than just going through the activity sequentially. 

 
Table 2 

Features of the System Used by the Experimental Group 

Element Iteration 1 Iteration 2 

Control 
extra question in quiz; extra problem 
in programming exercise 

5 extra questions in quiz; 3 extra 
questions in programming exercise 

Feedback Cycles 

score displayed after submitting an 

activity; marks if items are 

correct/incorrect can be shown by 
clicking the “Show Item Feedback” 

button 

score may be displayed by clicking on 
“Display Score”; marks if items are 

correct/incorrect can be shown by 

clicking “Show Item Feedback”  

Freedom to Fail unlimited attempts for an activity 3 attempts for an activity 

Progress profile which shows radar chart 

profile which shows radar chart; a 
“Display Skill” option in the profile 

which makes their chosen skill visible 

to their classmates 

Collaboration facility to commend a classmate 
facility to commend a classmate; a 

message emphasizing the feature 

 

A “Display Score” button was added to track if students like to see their scores. The number 
of attempts was decreased from “unlimited” to three. This was based on the average number of 

attempts in the first round which was two (2). An extra allowable attempt was just added. As an 

added metric for progress, a “Display Skill” option was included in their profiles. It allows them to 
select one of the five skills tracked, that will be visible to their classmates. As for collaboration, 

feedback from the first experiment suggested the participants did not know there was such a feature. 

To make it more visible, a message that would emphasize it was added. The experiment went on for 

three sessions; each ran for two hours. Students were given 2 short quizzes, 2 programming 
exercises, and a long quiz. 

 

3.2.1 Variables for Analysis 

 
Control was characterized by students’ unequal question chains and question sequences. A question 

chain is a string representation of the sequence of items in an activity answered by a student. On the 

other hand, the question sequence represents the order in which the items were shown. If a question 

chain is different from the question sequence, it suggests the student’s tendency to answer items in 
the order he/she chooses to. Clicks on the “Show Item Feedback” and “Display Score” buttons allow 

us to capture their use of the feedback mechanisms. The number of times they re-attempt an activity 

depicts one’s exercise of freedom to fail. Progress is measured by the number of times students view 
their profiles. A metric added during the second round was the mechanism to select a skill they 

would want to “share” to their peers. The use of this feature and their profile views can be telling 
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they value the information tracked by the radar chart. Finally, for collaboration, the number of tutor 
points awarded and received was considered to see whether the feature was utilized. 

 

4. Results and Discussion 

 
The focus of this paper is on the exploration of which of the five elements were beneficial to the 
students. To address this, students from the experimental groups were grouped into strong and weak 

students based on their long quiz scores. Students who got at least 60% were grouped as strong 

students; otherwise, they were grouped among the weak students. Then, their use of the different 
game design elements was examined. The results are discussed below. 

 

4.1 School A - Experimental 

 
All sixteen students from the experimental group who completed the exercises got passing scores in 
the long quiz. Since this was the case, we closely looked into the interactions with the game elements 

of those who got the lowest and highest scores. Student 89 had the lowest score – 15 out of 25–the 

passing mark. On the other hand, Student 114 was the only student who got a perfect score. 
Students 89 and 114 both showed behaviors of choosing items to answer in their activities 

(control). This can be seen in their number of unequal question chains and sequences in their 

attempts. Looking into Student 89’s question chains, we observed he would sequentially answer 

items up to the number required. Then, when he sees the last item and decides he would want to 
answer it, he’d clear out one those previously answered so he could submit an answer for the last 

one. Student 114, on the other hand, skips not just the last items in an activity, but also those in 

between. He also has the inclination to go back to a previously skipped item. Nonetheless, it can be 
seen from their data how they used their abilities to choose items to submit answers for. 

Both students clicked on the “Show Item Feedback” button in 4 out of the 6 activities. 

Student 114 did not click the button for SQ2 and LQpt2–activities in which he got perfect scores. 
Since he already got all items correctly, this form of feedback was not anymore necessary. 

As for freedom to fail, Student 89 did not re-attempt any of the activities, regardless of 

getting a zero in the programming activities. By contrast, Student 114 seemed to re-attempt until he 

got a perfect score. This shows how the re-attempt mechanism helped him improve his scores.  
Thirteen (13) students viewed their profiles at least once. Both Students 89 and 114 had 

logged two profile views – the average number recorded for this group. The commend facility was 

the least utilized. Among the 16 students, only 2 used it and it seemed as though they “exchanged” 
points because they awarded respective points to one another. Students 89 and 114 did not use this 

feature. 

 

4.2 School B - Experimental 

 
Unlike School A, only 2 of the seven 7 students who completed the activities in School B got passing 

marks in the long quiz. In the succeeding discussions, the students who passed will be referred to as 

the strong students; otherwise, the weak students. 
To further substantiate the skipping behaviors exhibited by School A, the number of extra 

items in the second experiment was increased to provide students more choices. The high 

percentages of attempts of the strong and weak students with unequal question chains suggests they 
exercised their ability to choose items if it were permitted. 

In this experiment, the score was intentionally hidden. But, a “Display Score” button was 

available if they want to know how they fared. The “Show Item Feedback” was still in place in their 

version. All 7 students clicked “Display Score” for all activities signifying that the score is 
significant to them. The strong students did not click on “Show Item Feedback” for the 

programming activities. Two of the weak students did not display per item marks for all activities. 

Both the strong and weak students utilized the re-attempt feature of the system. They appear 
to re-attempt to get passing marks or to get better scores. However, two scenarios may be observed 

regarding the weak students’ attempts and scores: (1) scores did not change; and (2) the scores 

fluctuate. Some students re-attempted the activities but ended up not getting better or worse scores. 
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Others had attempts with lower scores than their previous takes. The way the strong and weak 
students used the re-attempt facility of the system shows it works to both their advantage. Consistent 

with School A’s data, it allows strong students to improve their performance. At the same time, 

weaker students who are not able to receive favorable scores the first round are provided with 

opportunities to recover. 
As for progress, all 7 students from School B viewed their profiles at least once. The strong 

students viewed their profiles 12 times–the maximum number of views recorded. This may indicate 

that the students found the information depicted in their radar charts and summaries to be helpful. 
The radar chart represented what areas they are good at and those that they can improve in terms of 

the “skills” defined in the system. Self-monitoring as a way to better understand one’s strengths and 

weaknesses has been shown as a characteristic of high-performing students (Wagster et al., 2007). 
An additional metric for progress was a feature to display one’s skill so it is viewable by their 

classmates. Three students utilized this feature–one of them was one of the strong students. 

Allowing them to “share” their chosen skill, ideally their strongest, may have further encouraged 

him to view his profile. 
The commend system turned out to be the least used. O the 7 students, 4 awarded commends 

to their peers. One of the strong students awarded all his available commends and received one. 

 

4.3 Summary 

 
The preceding sections discuss how the strong and weak students used the game design elements to 

help us gain insights which are beneficial to them. The results imply how freedom to fail coupled 

with feedback worked to the advantage of the students. Allowing students to re-attempt, 
immediately giving scores, and allowing them to see which items they correctly/incorrectly 

answered encouraged them to improve their scores. This was especially favorable to students who 

do not pass the first time. Control, through providing them with extra items to choose from, was 
utilized by the students. In both experiments, the number of unequal question chains and sequences 

showed students’ tendency to decide which items to answer or the order in which to answer them. 

Progress and collaboration turned out to be the least used. However, strong students from School B 
had the maximum number of profile views among all students. This leads us to presume they were 

monitoring their “skills” and such behavior may have helped them in performing better. 

Unfortunately, collaboration through peer mentoring was a feature not very visible to the students. 

Even when it was highlighted, the number of students who used it in the second experiment could 
not be deemed significant. 

 

5. Conclusion and Future Works 

 
Majority of prior works in gamification implemented reward-based techniques that encourage 

extrinsic motivation. Scott Nicholson introduced meaningful gamification, the use of game design 

elements to encourage desired behaviors by tapping into students’ internal motivation. It leverages 

on the Self-Determination Theory which states that there are three components associated with 
intrinsic motivation–autonomy, mastery, and relatedness. 

 This paper focused on the exploration of the effects of meaningful gamification on novice 

programmers’ learning experience. It sought to identify which of the elements implemented were 
beneficial. Generally, students used control, feedback, and freedom to fail to their advantage. They 

answered items non-sequentially. This implies they make decisions relative to items they answer or 

the order in which to answer them. The score was found to be vital as evidenced by all students from 

School B clicking on the “Display Score” button for all activities. The per item marks kept them 
apprised of mistakes they can correct in next attempts. The re-attempt mechanism gave students the 

chance to fail and recover. Strong students re-attempted to get perfect scores; the weaker ones aim 

for the passing. Regardless of the goal, it gave them the opportunity to improve. The radar chart 
appeared to be significant to School B’s strong students who had the most number of views 

recorded. They may have regarded it as a way of self-monitoring to aid them in assessing areas they 

can improve. 
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 These results are promising. However, due to the sample size and duration of the 
experiments, these may not be deemed generalizable. Nonetheless, the study contributes 

observations of behaviors that may be valuable to consider in continuing gamification research in 

the educational setting. In terms of moving the project forward, further testing with more students in 

a longer period of deployment may be valuable in collecting more data. More data collected may 
better provide behavioral patterns that can help validate the results of the research. Further analyses 

such as looking into time students spend on an attempt and type of questions frequently skipped may 

provide other characterizations not covered in this study. 
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Abstract: Instructors worldwide have taken a different quest in their teaching journey in 

order to suit the needs of the alpha generation. The developments of Information and 

Communication Technologies have made this possible by offering new pedagogies, 

increasing its presence at every aspect of teaching methodologies. XploreRAFE+, a module 

that blends Gamification approach with Augmented Reality through the use of mobile 

devices, was developed by the researcher as one of the means to untraditionalize her 

teaching approach. This study presents descriptive qualitative analysis of how 

XploreRAFE+, when integrated in teaching courses at a tertiary level, was able to intrigue 

excitement and motivation, and enhance collaborative learning among learners. 

XploreRAFE+ was developed and employed to a group of 66 undergraduate, pre-service 

teachers currently enrolled in Educational Technology course in the Spring 2018 semester at 

Universiti Putra Malaysia. Through qualitative survey, the analysis of the findings suggest 
that the blending of gamification and augmented reality through XploreRAFE+ module was 

appealing to the students as it intrigued excitement and motivation. Moreover, collaborative 

learning was also evident through instilled team work and discussions made when students 

played the XploreRAFE+ game. 

Keywords: Gamification, Augmented Reality, mobile devices, learning strategies, 

scholarship of teaching and learning 

1. Introduction

Augmented Reality has increased its presence in an array of approaches in education. Its’ 
main feature – which is the ability to enhance the real world elements by overlaying computer 

generated content (Krämer, 2017) such as audio, video, texts and 3D graphics to them, has allowed 

users to use it in a multitude of forms. Used with mobile technologies such as smartphones or tablets, 

Augmented Reality has opened up several possibilities and ways to be integrated into teaching, 
especially now that ICT has become a permanent demand in the education sector.Teaching in higher 

education has become increasingly challenging now that the alpha generations have stepped into 

colleges and universities. As 21st Century learners, they are digital citizens growing up with 
technologies surrounding them in their ordinary lives – constantly interacting with ICTs and 

infographics (Martín-Gutiérrez, Fabiani, Benesova, Meneses & Mora, 2015). Their nature has 

evolved. These learners are more dynamic, adaptive to new things, and most importantly, like 

challenges and want to be challenged. Because of this, teaching methodologies have taken a 
different quest from what it used to be not so long ago, where new visualization methods are 

increased and new pedagogies are developed.  

Ubiquitous learning through Augmented Reality and mobile devices are one of the new 
pedagogies emerged in the digital era. One of the characteristics of Augmented Reality, namely 

location-based procedure, allows situated scaffolding which gives learners the right support or 
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guidance just at the right time (Bower, Howe, McCredie & Robinson, 2014). These scaffolding 
prompts help to enhance the learning experience and reduce learners’ cognitive load (Yuen, 

Yaoyuneyong & Johnson, 2011; Krämer, 2017). When applied with relevant learning strategies, it is 

believed that Augmented Reality can bring teaching and learning to greater heights. 

The challenges in getting learners to be engaged, participative, and motivated in lessons 
have increased. The Malaysian Education Ministry, in the Malaysian Education Blueprint 

2015-2025 (Higher Education), has charted waves of transformation to accelerate improvements in 

Higher Education instructions so as to create new generation of Malaysian students to excel globally 
in a competitive environment (Ministry of Education Malaysia, 2015). With such aspiration, a 

change of mode of instruction at the higher education institution level is of a crucial need. 

 

 

2. Study Background 

 
Of late, gamification has become an emerging learning strategy in the field of education. 

Gamification in classroom instruction is defined as an approach whereby an instructor uses game 
mechanics in non-game context (Deterding, Khaled, Nacke & Dixon, 2011), namely in teaching, to 

create a fun and engaging learning atmosphere (Amir & Ralph, 2014). Basically, gamification in 

instruction uses the motivational power of games but in the context of education to enhance and 
diversify the teaching approach and foster self-driving behavior. In the past, scholars had discussed 

on the gamification’s effect on students’ motivation. It is seen as an innovative approach to foster 

motivation (Sailer, Hense, & Mandl et al., 2013) as it allows the freedom for trial-and-error and 

encourages “exploration, collaboration, and the exchange of ideas while removing unwanted 
pressures that can interfere with students’ abilities” (Cohen, 2011, p. 17). When gamification is 

employed, users or students who played the game, should feel that the activity is important to them 

and thereby will be self-motivated to perform it.  
In the context of this study, the research is focused on the module used by the researcher in 

conducting a lesson through the use Augmented Reality and mobile technologies, and blend with the 

gamification approach as a learning strategy. The module, which is named as XploreRAFE+, 
simulates the mechanics of “The Amazing Race” episodes from the American reality TV show, 

where participants work with partners to perform specific tasks within specific timeframe. 

XploreRAFE+ stands for eXploring (i) Real world not bounded by the classroom walls, (ii) Active 

participation in teaching and learning activities, (iii) Fun learning culture, and (iv) Engaging 
students throughout the learning process, while [ 

+
 ] depicts the Augmented Reality feature 

embedded in the module.  

The design of XploreRAFE+ applies game mechanics that triggers exploration and finding 
clues with competition elements.  As such, learners are required to solve problems with their group 

members at ten stations that are located at several buildings within the faculty area. These stations 

are installed with hidden clues, which are primarily in the form of trigger images or smart objects for 

Augmented Reality. These printed clues have similar design templates that enable learners to 
quickly identify them when seen. Each trigger image, when scanned with an Augmented Reality app 

on mobile phones, will reveal overlay images in the form of texts or audio-visuals that prompt 

learners to perform specific tasks or answer questions. The answers must be written in a booklet that 
each group gets. These tasks from ten stations need to be solved within a 60-minute time frame. The 

first three groups to reach the finishing line with all correct answers will win the game.  

 
 

3. Research Questions 

 

This study aims to explore learners’ perceptions on how the gamification approach for learning 
together with the use of augmented reality can intrigue excitement and promote collaborative 

learning among pre-service teachers who were undergoing their undergraduate studies at the Faculty 

of Educational Studies, Universiti Putra Malaysia. Thus, the research question that drives this study 
is: “In what ways does the blending of gamification and augmented reality intrigue learners’ 

excitement for learning and enhance collaboration among them?” 
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4. Methodology 
 

The XploreRAFE+ module was employed to a group of 66 undergraduate students, who were 

pre-service teachers, currently enrolled in the FCE3401 Educational Technology course at the 

Faculty of Educational Studies, Universiti Putra Malaysia. Fourty-one of them were First Year 
Guidance and Counselling pre-service teachers and 25 were Third Year Malay Language pre-service 

teachers. Before the game commenced, the researcher briefed the participants about the rules. Every 

participant has a prior experience in using an Augmented Reality app, which they have learned from 
a workshop that the researcher had conducted earlier in the semester. They were then divided into 

groups of four members which were randomly selected using a simple ice-breaking activity.  

After a 60-minute play, the researcher debriefed all the students and asked them to 
participate in a qualitative online survey for their feedback. Their feedbacks were gathered using an 

online form platform that was accessible via a QR code provided by the researcher. The survey 

asked open-ended questions related to their experience on the XploreRAFE+ module and students 

were encouraged to share their experience and perceptions without character limitation for the form. 
A qualitative online survey research is deemed useful for this study as it allows the researcher to 

draw individual responses descriptively from a large group of students to get their individual 

perspectives (Merriam & Tisdell, 2016). 
 

 

5. Data Analysis & Findings 
 

A systematic grounded theory analysis was carried out; utilizing open coding method (Strauss & 

Corbin, 2008; Charmaz, 2006) and categorizing them according to themes. This had allowed the 

researcher to look for patterns and trends in the data, and ensured that important information is not 
left behind or overlooked (Yin, 2014). Through the process of data analysis, the survey responses are 

compiled according to the questions, read and re-read several times, so as to identify the emerging 

patterns and trends. The analysis of the findings reveals that the implementation of gamification and 
Augmented Reality through XploreRAFE+ module has (i) intrigued students’ excitement for 

learning and (ii) promoted collaborative learning. These are discussed in the following sections. As a 

measure for human safe-guarding, only pseudonyms are used in this study in order to protect the 

participant-students’ identities. 
 

5.1 Intrigues Excitement and Motivation 

 
The findings of this study have echoed previous scholars’ work that emphasize the benefits of 

Augmented Reality, among others, foster learners’ motivation (Sailer et al., 2013) through 

phenomenal experiences they had never observed in the real world (Yuen et al., 2011; Wu, Lee, 
Chang & Liang, 2013; Krämer, 2017). This is evident from the below excerpts: 

 

I think XploreRAFE+ is an appealing game. Not only I get a lot of input today, 

but I also have a deeper understanding of the topics in this course. The way it 
is conducted, which is scanning the trigger images to reveal the Augmented 

Reality clues, makes it more interesting. 

-Cassandra 
 

This game is interesting as it instills excitement and motivation to learn. I 

hope this game can be done more frequently so that learning can be done 
outside the classroom and students can explore the space around them.  

-Noah 

 

I am excited to read the questions that appeared after we revealed them using 
the Augmented Reality apps. I learned extra knowledge today and I also get to 

refresh my memory on the previous topics that we have learned in lectures.  

-Nora 
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Participants also found themselves become active learners as they participate in the game. In the 

survey excerpts below, participants explain how the Augmented Reality element intrigues their 

excitement to find clues and perform their tasks. 

 
I am a bit exhausted by running but happy because I cannot wait to find the 

clues and scan the Augmented Reality images to look up for answers. 

-Yuni 
 

 

XploreRAFE+ helped me in my learning journey. I am also not bored because 
I learn something new and I am excited to play this game. I cannot sit still, I 

have to work hard to find the clues and answer the questions. 

-Lim 

 
We have to think fast to solve all the ten questions within a limited time. It is 

challenging but fun!  

-Ayda 
 

As pre-service teachers, the participants viewed XploreRAFE+ module as a creative approach that 

they can implement when they get into schools to encourage students to learn. The participants also 
mentioned the importance of integrating new technologies and innovative pedagogies to meet the 

demands of future generations. 

 

I am elated, it is a creative approach in teaching and learning. Most of my 
colleagues are involved in the game. I plan to integrate this into my teaching 

when I become a teacher one day. 

-Adam 
 

There’s a lot of excitement that sparked from this game. It’s timely and 

definitely can motivate students to learn. 

-Sofea 
 

When I get into service, I want to use a variety of teaching techniques. This 

[XploreRAFE+] is going to be one of the approaches that I want to implement 
in my teaching.  

-Leez 

 
I feel that this game is imperative and [it] will have an impact on the 21st 

Century generations. They for sure need technologies in their learning and this 

[XploreRAFE+] can trigger their creativity and enhance their interest and 

motivation to learn. 
-Adrian 

 

It is evident from the findings that XploreRAFE+ module was able to intrigue excitement and 
motivation among learners. This learning approach that uses game mechanics in non-game context, 

which is implemented in XploreRAFE+, is able to create a fun and engaging learning atmosphere 

(Amir & Ralph, 2014). Especially through joined learning task that is featured in XploreRAFE+, 
students get to explore the concepts of a certain topic with minimum pressure (Cohen, 2011) as each 

tasks or question were performed jointly with their group members. This is discussed in the 

forthcoming section. 

 
 

 

5.2 Promotes Collaborative Learning 
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The findings of this section are in congruent with scholars who emphasized that when Augmented 
Reality are used to perform joined learning tasks among group members, cognitive load are reduced 

(Yuen et al., 2011; Kramer, 2017) and in fact, interaction and collaboration among learners are 

fostered. These are evident from participant’s responses which highlighted on team spirit and team 

work as follows: 
 

This game instills team spirit among us as we helped each other to find 

answers to the questions revealed. 
-Raef 

 

XploreRAFE+ is an exciting game to play as it challenges our ability as a team 
to give our full commitment to solve problems. 

-Ayden 

 

I am truly intrigued by this game. It is very interesting and in time with the 
current developments in education. The approach has helped us to contribute 

to each other’s learning and enhanced the team spirit among us. 

-Irdina 
 

Although the aim of XploreRAFE+ game are to get all correct answers and/or perform all required 

tasks correctly, the participants have quoted that they value collaboration more than just winning the 
game. They also emphasized that the increased participation and contribution among group 

members are among the valuable experience they gained from the game. These are exemplified in 

the following survey excerpts: 

 
We can learn collaboratively, which were not usually can be achieved in a 

traditional classroom setting. Although we did not win, we were satisfied with 

our team work that was displayed throughout the race. 
-Maria 

 

We have to be active in this race. Each team member has to play their role so 

that we can solve all the questions correctly and systematically. We discussed 
a lot and managed to solve the questions within the time limit. We did great as 

a team. 

-Joanna 
 

Everyone worked together to find the clues. We were running to beat the time, 

but we strategized our game so that we can find the clues within the time 
frame and perform the tasks accordingly. 

-Rysha 

 

It [XploreRAFE+] reinforces collaboration among my team members. We 
have never worked closely before. We exchanged ideas and strategies to 

answer the questions given. 

-Razin 
 

The aforementioned data analysis echoed Cohen’s (2011) study that found gamification elements 

will cause the learners to have an emotional attachment to the activity and thereby will be 
self-motivated to perform it. From the Augmented Reality stance, Kloper and Squire (2005) have 

also vouched that the characteristics of Augmented Reality fosters collaboration which further 

enhances in-depth learning through authentic investigations. 

 
 

 

6. Conclusion 
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In the age of digital technologies, the nature of education transformation is charted towards fulfilling 
the demands of digital natives in order to make learning a meaningful experience for them. Several 

innovative pedagogies have to be charted and employed as emerging technologies surge 

exponentially. XploreRAFE+ is one of the learning approaches developed by the researcher as a 

means to tap in the current demands in the education sector. Through its implementation, the 
analyses and findings of this study suggest that the blending of gamification and Augmented Reality 

enables learners to be more active participant as the module’s design was able to intrigue learners’ 

excitement and motivation to learn. Moreover, learners have become an active contributor among 
their group members as the XploreRAFE+ module’s characteristics supported collaborative 

activities which led to esteemed team work among them. It is hope that this module could, in a way 

or another, contribute to the waves of transformation charted by the Malaysian Education Ministry 
to fulfil the inspiration to engage learners in their own learning and instill soft skills, which can be 

achieved through collaborative learning. This study could also contribute to the scholarship of 

teaching and learning to the researcher herself and educators worldwide. 

 

 

References 

 
Amir, B. & Ralph, P. (2014). Proposing a theory of gamification effectiveness. ICSE’14. Hyderabad, India. 

Bower, M., Howe, C., McCredie, N., Robinson, A., & Grover, D. (2014). Augmented reality in 

education—cases, places and potentials. Educational Media International, 51(1), 1–15.  

Charmaz, K. (2006). Constructing Grounded Theory: A practical guide through qualitative analysis. London: 

Sage. 

Cohen, A. M. (2011). The gamification of education. The Futurist, 45(5), 16–17.  

Deterding, S., Khaled, R., Nacke, L., & Dixon, D. (2011). Gamification: Towards a definition. Proceedings Of 

The 2011 Annual Conference Extended Abstracts On Human Factors In Computing Systems, ACM.  

Krämer, N. C. (2017). The Immersive Power of Social Interaction: Using New Media and Technology to 

Foster Learning by Means of Social Immersion. In Liu, D., Dede, C., Huang, R. & Richards, J. (Eds.). 

Virtual, Augmented, and Mixed Realities in Education. Springer Nature: Singapore. 

Martín-Gutiérrez, J., Fabiani, P., Benesova, W., Meneses, M. D. & Mora, C. E. (2015). Augmented reality to 

promote collaborative and autonomous learning in higher education. Computers in Human Behavior 

51(2015) 752–761.  

Merriam, S. B. & Tisdell, E. J. (2016). Qualitative research : a guide to design and implementation. John 

Wiley & Sons: San Francisco. 

Ministry of Education Malaysia (2015). Executive Summary Malaysia Education Blueprint 2015-2025 

(Higher Education). Retrieved from www.moe.gov.my. 

Robert K. Yin. (2014). Case Study Research Design and Methods (5th ed.). Thousand Oaks, CA: Sage. 

Sailer, M., Hense, J., Mandl, H., & Klevers, M. (2013). Psychological Perspectives on Motivation through 

Gamification. IxD&A, 19, 28–37 

Strauss, A. L. & Corbin, J. M. (2008). Basics of qualitative research: Techniques and procedures for 

developing grounded theory (3rd Ed.). California: Sage. 

Wu, H.K., Lee, S. W.Y., Chang, H.Y., & Liang, J.C. (2013). Current status, opportunities and challenges of 

augmented reality in education. Computers & Education, 62, 41–49.  

Yuen, S. C.Y., Yaoyuneyong, G., & Johnson, E. (2011). Augmented reality: An overview and five directions 

for AR in education. Journal of Educational Technology Development and Exchange, 4(1), 119–140. 

630

http://www.moe.gov.my/


Tocky Talk: A Mobile Phone Application to 

Help Address Communicative Problems of 

Engineering and Technical Graduates in the 

Philippine Context 

Samantha Jade SADURALa, Kathleen Gay FIGUEROAa, Noel Nicanor II SISONa, Francis 

Miguel QUILABa, Alain Andrew BOQUIRENa, Kiel GONZALESa, Janelle TANa,  

Mario CARREONa, Celine SUGAYb 
aUniversity of the Philippines, Diliman 

bAteneo de Manila University, Philippines 

*mtcarreon@dcs.upd.edu.ph

Abstract: Communication problems in English, particularly among Engineering and 

Technical graduates, are causing unemployment in a field that has a surplus of unfilled 

positions in the Philippines. Initial surveys and focus group discussions show that 

respondents from the targeted group seem to share similar communication problems in the 

following areas: being in interviews and conducting presentations. To address these issues, 

we developed Tocky Talk, an Android mobile phone application. Tocky Talk contains 

lessons and activities that would help the user improve their performance in job interviews 

and presentations as well as improve their English grammar and comprehension. A 

gamification strategy was also implemented to help motivate users to continue to use the 

application. Effectiveness testing showed that Tocky Talk significantly improved the 

presentation and interview skills of its users, with the motivational elements of gamification 

particularly effective. The Tocky Talk application is now available for download on the 

Google Play Store.  

Keywords: English education, Mobile Application Development 

1. Introduction

Engineering and Technical graduates' lack in English communication skills makes it difficult for 

them to be hired in today's job market. In a 2010 study by the People Management Association of the 

Philippines, up to 40% of fresh graduates do not immediately get hired because they lacked effective 

communication skills, along with two other key qualities (critical thinking and initiative) that 

employers look for in their job seekers (Rosero, 2012). This gap in the desired skill set is causing 

positions to remain unfilled, particularly in Engineering and Accountancy (Angara, 2014).  

Tocky Talk is an Android mobile application that aims to address this deficiency by 

developing an engaging, interactive, and easy-to-use system that can teach such skills for various 

real-world communication contexts. A community-based participatory research approach was used 

during the implementation of the application to provide an application relevant to the target 

community of students (Hacker, 2013). In this paper, we provide a short background on the 

development of the application and provide the results of our effectiveness testing.  

2. Methodology and Results

2.1 Initial Survey Results and Focus Group Discussions 

Participants of the study were students, graduates, and Human Resource managers from the 

University of the Philippines, Diliman, MFI Polytechnic Institute, and the Philippine Council for 
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Industry, Energy, and Emerging Technology Research and Development of the Department of 

Science and Technology (DOST-PCIEERD).  

Students have indicated that they mostly speak in Tagalog or Taglish (a code-switching mix 

of English and Tagalog). Straight English is rarely spoken. This lack of practice seems to be the 

cause for other communication problems, such as stuttering and slow responses to difficult questions 

in conversations and presentations. The graduates share similar concerns with the students, but 

provide a context based on their own experiences in looking for a job and working in a company. 

Talks with the HR Managers showed that while companies do offer self-improvement seminars for 

their employees, attendance for them tend to decline when the seminar is not compulsory.  

All in all, our preliminary work identified focus areas that the respondents seem to share 

similar communication problems: being in interviews and conducting presentations, with an 

additional need to motivate users to continue the lessons.  

 

2.2 Tocky Talk 
 

Tocky Talk is an Android mobile phone application designed to address the communicative issues 

stated by the shareholders. It consists of three learning modules: Interview, Presentation, and 

Comprehension. Lessons are primarily delivered through short three-minute learning videos.  

After each video, users complete activities to test if the learning outcome was achieved. 

Some activities use unique testing strategies that leverage the features of mobile phones. These 

include listening comprehension tests, voice and video recordings for later self-evaluation, and a job 

interview over a simulated video conference. 

Tocky Talk also explores gamification strategies. Finishing an activity provides a reward of 

coins which can be exchanged for items in the app's item shop. Figure 1 provides a few screenshots. 

 

 
 

Figure 1. Screenshots of the Main Menu, Learning Video, Item Shop, and Simulated Job Interview  

 

2.3 Effectiveness Testing 
 

To test the effectiveness of Tocky Talk, an experiment with a 2x3 mixed factorial design was 

conducted with 24 students. Participants took a pre-test consisting of a mock job interview, a 

presentation on a pre-selected topic, and an English comprehension exam. Rubrics were used by a 

three-person panel to evaluate their interview and presentation on a scale of one to eight. The 

comprehension exam consisted of a 50-item paper-and-pen test which also included listening 

activities.  

All students were randomly assigned to three groups; the Gamified Group (G), 

Non-gamified Group (NG), and Control group (C). Members of the Non-gamified group were given 

a version of the application with all gamification features disabled. This is to test its ability to 

motivate students to use the application. Except for the control group, all testers were asked to use 

the application regularly for over a two-week period. A post-test following the same format was 

performed at the end of this period. Table 1 lists down the results.  
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Table 1 

Pre- and post-test scores mean and standard deviation (in parenthesis)  

Group n Interview Presentation Comprehension 

  Pre-test Post-test Pre-test Post-test Pre-test Post-test 

G 8 5.21 (0.78) 6.07 (0.56) 5.35 (1.33) 5.76 (0.89) 28.35 (8.39) 29.75 (8.51) 

NG 10 4.09 (0.63) 5.12 (0.78) 3.79 (1.07) 4.61 (1.06) 23.10 (7.43) 25.60 (7.36) 

C 6 4.90 (0.81) 5.48 (0.71) 4.90 (1.17) 5.11 (1.10) 30.01 (3.01) 30.33 (3.44) 

 

The results show that there is a significant increase in interview scores during post-test [F 

(1.00, 21.000) = 29.963, p = .000]. This is particularly true for those who used the Gamified version 

of the app (M = 5.21, SD = 0.78). Those who used the Non-Gamified version of the app improved 

the least (M = 5.48, SD = 0.71). 

For the presentation module, a significant difference [F (1.00, 21.000) = 13.56, p = .001] 

among the three groups was observed for pre-test scores (M=4.58, SD=1.33) and post-test scores 

(M=5.12, SD=1.09). All in all, participants’ scores improved during the post-test phase, with the 

Gamified group and Non-Gamified group showing the most and least improvements respectively.  

There was no observed improvement in participants' scores for the comprehension module 

[F (1.000, 2.000) = 0.607, p = 0.205]. Several factors may have contributed to this. First, the 

two-week timeframe may not have been enough to learn additional skills in comprehension. Another 

factor may be that comprehension assumes a strong foundation in the language being used. This 

includes sufficient knowledge in grammar and vocabulary.  

In the short group discussion after the post-test activities, the gamified group reported using 

the application more than their peers as they particularly found the implemented gamification 

features motivating. Shopping for items was an often remarked upon feature.  

 

 

3. Concluding Remarks 
 

Tocky Talk is a mobile phone application created to address the communication problems of 

engineering and technical students and graduates. Using a community-based participatory research 

approach, the researchers were able to create an application that is usable by target community.  

Although improvements in English comprehension were inconclusive, Tocky Talk was 

shown to increase the performance of students in the interview and presentation aspects, with the 

gamified group having the most improvement.  

Tocky Talk is now available for download at the Google Play Store. With promising initial 

results, we hope that this application can indeed be used to improve the communicative aspects of 

not only engineering and technical students, but also of the public.  
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Abstract: To enhance students’ interest and motivation in learning Confucian analects, in 

this paper, we describe a participatory storytelling framework to guide the development of a 

virtual reality-based game environment, in which students might have an engaging learning 

experience and a macro perspective on the holistic learning context through sequencing the 

significant events in the life of Confucius. According to this framework, a digital game 

system is implemented and described. In the near future, the influence of the system on 
student performance, perception, and attitude would be examined. 

Keywords: Virtual reality, Confucius, Digital Game, Storytelling 

1. Introduction

Chinese philosopher Confucius has great impacts on Asian cultures, and is regarded as a significant 

role model for teachers in numerous Asian countries. Because of his significance and the pervasive 

influences, how to understand the Confucianism has also become a critical issue. Among related 

books and materials, Confucian analects are a valuable resource to understand the ways how 
Confucius thinks, behave, and interact with his students. In other words, if students could 

comprehend the text of Confucian analects, they would have a deep understanding on Confucius 

himself and Confucianism, a system of social and ethical philosophy in traditional Chinese society. 
However, it seems that nowadays most students have no sufficient interest in learning Confucian 

analects or related materials. The reasons might be due to two dimensions: text and pedagogy.  

On the one hand, Confucian analects are a collection of sayings and ideas attributed to the 
Chinese philosopher Confucius and his contemporaries. Thus, it is written by classical Chinese, 

which is somehow different from the normal usage today, and more explanations or articulations are 

required. In addition, Confucian analects is not organized by time, resulting in the difficulty of 

understanding the whole context, especial the relationships between what the Confucius and 
students discuss, and its background and context in the Zhou Dynasty. On the other hand, the 

pedagogy adopted by most students focuses on the micro perspective (i.e., comprehension of each 

article) rather than the macro perspective (i.e., the holistic description and linkage among articles). 
Therefore, student learning and understanding is fragmented into a piece of facts or events, instead 

of deep understanding. These difficulties might confuse students why they should cram up these 

materials, which further decrease the interest in learning and understanding Confucian analects. 

Digital games with virtual reality could offer students immersive and participatory learning 
experience, which is different from the traditional teacher-centered approach. Teaching methods. 

When students play the role of Confucius to travel around the world, they might not only have 

enhanced motivation and deeper understanding on the text of Confucian analects, their self-identity 
on Chinese culture and Confucianism might be also shaped. Thus, this study aims to develop a 

virtual reality-based digital game to facilitate student learning in Confucian analects. 

2. System Development

To guide the development of virtual reality-based games, a participatory storytelling framework is 

proposed in this paper, as shown in Figure 1. The framework emphasizes interactive storytelling 

which organizes learning content as storylines and present to students through interactive designs. 
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This is because stories are one of the major motivators for game-based learning (Ke, 2016; Qian & 
Clark, 2016; Novak, 2015), and the purpose of storyline design is to engage students in the virtual 

context based on a well-designed structure. More specifically, the learning content in this study is 

the articles of the Confucian analects and the articles are designed as a set of learning tasks that help 

students comprehend the meanings. The aim of the storyline is to offer an engaging experience in 
understanding learning content. To this end, the storyline focuses on a sustained structure through 

sequencing significant events in the life of Confucius. In this way, the storyline could not only play 

as a hook to engage students, but also as a bridge to link the significant events with learning tasks. 
For example, it is a significant event that Confucius leaves his country (i.e., Lu) and goes to another 

country (i.e., Wei) for his aspiration. This event is linked to the learning content in the Confucian 

analects, which denotes that Confucius replies to these students: “Enrich them, educate them” when 
Confucius is asked: “what more should be done when a country has numerous people?” Finally, for 

each event, the learning content is presented to students by interactive characters and dialogues. 

 

 
Figure 1. The participatory storytelling framework 

 

 According to the framework, a virtual reality-based system is implemented, in which a 

student plays as the role of Confucius who travel around the countries with his students to realize his 
aspiration. The student is offered by a map and a list of the learning tasks so that the students could 

experience the journey with guidelines. For instance, the screenshot of the implemented system 

illustrates the students is leaving the country of Lu, and is approaching the country of Wei (see 
Figure 2). When the student goes to the destination, his student (i.e., a computer-simulated virtual 

character) will ask his opinion on “what more should be done when a country has numerous 

people?” In this way, the student could have a deep experience in the text of the Confucian analects. 

 

 
Figure 2. A screenshot of the implemented system 
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Abstract: Literacy learning is an inherently social activity, best learned within a supportive 

community network of parents, teachers, and peers who can encourage, model, and coach 

the child through the learning process. However, most digital literacy tools for beginning 

readers fail to include this social dimension. In response, we propose the design of a 

computer-supported community network for children’s early literacy learning. This 

network, centered around children’s play on open-ended literacy apps, engages three 

stakeholders—child, parent, and family learning coach—in the experience. This new 

coaching role supports the parent-child dyad, using digital tools to provide parents with 

updates on their child’s on-screen learning process, ideas for contextualized parent-child 

activities, and encouragement in a timely and efficient manner. Initial findings from our 

exploratory pilot indicate that parents positively perceived the coaches, while coaches’ 

updates increased parent visibility into and informed the content of children’s play sessions. 

This work has implications for both the potential of digitally mediated community networks 

to facilitate family engagement in children’s learning, and the development of a new, 

supportive role of a family learning coach in the child’s learning community. 

Keywords: Family engagement, early literacy learning, computer-supported collaborative 

learning  

1. Introduction

Learning technologies are increasingly prevalent in children’s homes. When well-designed to 

encourage open-ended exploration, provide scaffolding, and promote co-creation, these learning 

technologies can have unique affordances for learning (Hirsh-Pasek et al., 2015; Vaala et al., 2015). 

However, technology alone is not enough, and can lead to a larger achievement gap unless app 

creators acknowledge the critical role that parents and other adults play as guides and role models 

(Guernsey & Levine, 2015). Educational apps designed specifically for parent-child collaborative 

play can encourage parents to co-engage in their child’s on-screen learning process (Takeuchi & 

Stevens, 2011). 

Though the importance of family involvement is well documented, most learning 

technologies fail to design with the child’s parent and family in mind. Many learning apps are 

opaque, providing no way to share the child’s learning process with their parents, while others are 

solo experiences for the child, ignoring opportunities to engage the parent in the child’s learning 

process (Vaala et al., 2015). For open-ended learning apps in particular, the nature of virtually 

unrestricted exploration and the personalization of child-directed learning goals make it hard to 

automate feedback for parents about their children’s in-app play. In this way, fully automated 

solutions are neither feasible nor desirable. Instead, a human element must be incorporated into the 

system.  

Therefore, we propose a computer-supported learning network that engages three 

stakeholders in the experience: child, parent, and a new adult collaborator whom we call a family 

learning coach (Nazare et al., 2018). This coach uses their background in education and 
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custom-made data analysis tools to help support the child’s learning in a time-efficient manner. The 

coach analyzes children’s play on open-ended apps in order to: (1) track progress the child 

demonstrates through play, (2) send parents brief, individualized updates about the child’s play, and 

(3) suggest short, contextualized activities for family co-engagement based on the child’s play 

patterns. Please note that we use the term “parent” throughout this paper to mean any caregiver in a 

child’s life who plays a parenting role. 

In order to develop this family learning network, we followed a design-based research 

(DBR) approach: designing, building, and iteratively testing our learning network (Easterday et al., 

2014). In the testing phase of our research, we ran a 10-week exploratory pilot with 9 families with 

children ages 4 to 10. These families were given mobile devices with SpeechBlocks (SB), an 

open-ended literacy app (Sysoev et al., 2017), and received between one and three updates weekly 

from coaches about their children’s SB play. This pilot is our first effort to create a family learning 

network that brings together children, parents, and coaches.  

The goal of this pilot was to explore how to design a digitally mediated, collaborative 

system—a family learning network—that could engage both children and parents in literacy-related 

play, and lead to new knowledge, skills, and attitudes about literacy and playful learning.  

The purpose of this paper is to introduce this new family learning network and identify the 

need for and feasibility of the role of a coach. We do this by presenting the design decisions of our 

system and sharing the methodology of our exploratory pilot. We then use our pilot results to discuss 

and define the role of a coach, hypothesize on the skills and digital tools a coach needs, and reflect 

upon how we could scale up this network to serve more families. 

 

 

2. Background 
 

Children are spending an increasing amount of time learning from technology-powered experiences, 

such as learning apps (Donohue, 2016). Families play an integral part in their children’s learning 

process, taking on varied roles such as teachers, collaborators, learning brokers, resource providers, 

and learners (Barron et al., 2009). Regarding children’s literacy specifically, parent-child activities 

are directly linked to better literacy skills (Fantuzzo et al., 2004; Sénéchal & Young, 2008) and often 

require minimal time investment and no specific expertise (Pisa in Focus, 2011). These activities can 

also benefit the parent, as a parent’s sense of self-efficacy increases when they believe that their 

actions have helped their child learn (Hoover-Dempsey et al., 2005). Parents can further be 

motivated to engage in their child’s learning by others (e.g. the child’s teacher), who invite parents 

into the process and actively encourage their involvement (Hoover-Dempsey & Sandler, 1997). To 

help parents navigate their child’s literacy learning process, Sénéchal and Young (2008) suggest 

coaching parents on how to teach specific literacy skills. Not only does coaching improve a child’s 

literacy acquisition, but the availability of a knowledgeable support for parents can also bolster 

parents’ confidence that their involvement is important and valued (Hoover-Dempsey et al., 2005). 

There is a need for programs that coach parents on navigating the manifold educational 

media available to their children (Donohue, 2016; Guernsey & Levine, 2015). However, few 

programs help parents understand their child’s experience within a given media environment such as 

a learning app. Of the parent-facing programs that do exist, most are analytic dashboards (e.g. 

LeapFrog Academy1, PBS Kids Supervision2, and Amazon FreeTime3) that provide parents with 

quantifiable metrics (e.g. activities or game levels that their child completed) and suggestions for 

automated generic parent-child activities that build off these topics.  

Asynchronous communication with parents (e.g. SMS messages, emails) regarding their 

children’s learning can help spur parent-child activities (York & Loeb, 2014; Mayer et al., 2015). 

One interesting example of this is the PACT program, which found that using app usage data (i.e. 

how long a parent used the app) to create SMS messages encouraging parent-child activities 

prompted parents to read with their children more frequently (Mayer et al., 2015). 

There are trade-offs to human-written versus automated communication with parents. 

                                                 
1 LeapFrog Academy: https://www.leapfrog.com/en-us/app-center/academy/landing.jsp 
2 PBS Kids Supervision: http://pbskids.org/supervision 
3 Amazon FreeTime: http://tcrn.ch/2ooCgHL 
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Suffoletto (2016) explains that when seeing an SMS, whether computer-automated or 

human-written, the user likely assumes that the text was written by a human. Although 

human-written messages have been shown to foster more sustained engagement over longer periods 

of time than automated messages (Tate et al., 2006), automated messages are less time- and 

resource-intensive to produce (Castleman & Page, 2015). However, for many open-ended learning 

apps, automation alone is not enough. Since the learning goals are customizable for open-ended 

literacy apps, children’s in-app actions may not be predictable by a machine (Berland et al., 2014), 

making them difficult to respond to in an automated fashion. Open-ended apps that follow a 

constructionist approach to learning provide an open space for learners to actively construct their 

knowledge through activities that are personally engaging and intellectually interesting rather than 

instructor-directed (Papert, 1980). Research shows that these experiences are immensely powerful 

for children’s learning (Resnick, 2014) but can be tough for a parent to understand on their own. 

Thus, some human interpretation is required in the learning loop. In light of this research, we built a 

family learning network, with the aim of defining this human role for interpreting and 

communicating play on open-ended literacy apps to support family engagement in their child’s 

learning process. 

 

 

3. Design 
 

Our family learning network engages three stakeholders in the experience: child, parent, and coach. 

The child plays with SpeechBlocks (SB), a constructionist literacy learning app focused on helping 

young children (4-8 years-old) understand letter to sound correspondence in English (Sysoev et al., 

2017) (Figure 1A). In SB, children tinker with letters and sounds, make nonsense words, and create 

and save words that are personally meaningful to them. A speech synthesizer pronounces the letter 

sequence using rules of English pronunciation when letters are pulled apart, put together, or tapped. 

All in-app play is captured, time-stamped, and streamed in real-time to a coach. 

 

 
Figure 1. (A) Interactions in SpeechBlocks (SB). As children (1) pull apart and (2) put together letter 

blocks to make real and nonsense words, a speech synthesizer pronounces the letter sequence 

using rules of English pronunciation. (3) The word drawer, where children can pull out 

fully-constructed app-generated words and (4) the letter drawer, where children can pull out 

letters of the alphabet to play with. (B) Parent SMS update about their child’s SB play. Updates 

(5) contain examples of what their child created in SB and (6), once a week, an idea for a 

parent-child activity based on the child’s in-app SB play. 

 

After a child plays with SB, their coach analyzes the play data and translates key insights 

into short updates that are sent to the child’s parent via SMS or email (per parent preference). These 

updates contain a few sentences about words (real or invented) that the child created (Figure 1B-5) 

and, once a week, a short (less than 5 minute) activity based off the child’s in-app play that the parent 

and child can do together (Figure 1B-6).  

We built a custom coaching console that digitally extends coach-parent interactions (Figure 

2). This console augments the coaches’ ability to find and share meaningful learning moments with 

parents. Within the console, coaches do three things: analyze SB play, compose updates, and 

review/send updates to parents. 

The first step a coach takes for each child they coach is to analyze their new SB play (i.e. all 

of the child’s play since the last parent update was sent). To enable this analysis, the console shows 

coaches a “snapshot view” of the words the child created and a “construction view” where they can 

delve into the process of how the child constructed these words. In the snapshot view, words are 

algorithmically annotated to show how they were created (i.e. if the child constructed them 
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letter-by-letter or by combining fully-constructed app-generated words) and their linguistic 

attributes (e.g. an English word, a complete reversal of a word, or a nonsense word pronounceable in 

English) (Figure 2A-1). In the construction view, we use a data visualization called PlayTrees to 

show the process of how words are created and the auditory feedback heard during play 

(Soltangheis, 2017). This helps coaches understand children’s intentionality and expertise level in 

forming words. For example, Figure 2B shows a child splitting the word PURPLE into PUR and 

PLE and merging the words PURR and PULL into PURRPULL.  

 

 
Figure 2. Coaching console. (A) Console screen for individual child. (1) Snapshot view of words 

created during child’s SB play. (2) Dropdown list of update topics that coaches choose from and an 

area to compose a parent update using example sentences for each topic. (3) Way to track goals 

accomplished in play session. (4) History of coach’s past parent updates. (B) Construction view, 

with a PlayTree visualization of child’s SB play. When a child hears auditory feedback from SB, (5) 

a new blue line appears showing what the child heard. When a child (6) drags blocks onto the screen, 

(7) puts blocks together, (8) or splits blocks apart, new nodes appear on the PlayTree. 

 

The next step in the coaching process is to compose a parent update. To do this, a coach 

chooses and categorizes the word(s) to write a parent update about. These categories (Figure 2A-2), 

created based on examples of past SB play, are: favorite words, repeated words, backwards spelling, 

sentence formation, plural words, common sounds, names, characters, rearranged words, invented 

spelling, and “other” (for play that does not fit a category). As the coach selects a category, an 

example sentence appears, which the coach can swap and customize to avoid repetition. The console 

also prompts a coach to send a “lack of activity” update if the child has not played with SB in over 

one week and to include a short (less than 5-minute) activity the parent and child could do together 

based off the child’s past play once a week. When composing updates, coaches have access to a 

historical view of the child’s play and parent updates so they can note trends and view their 

communication with the parent (Figure 2A-4). 

Lastly, the coach reviews and sends parent updates. To ensure the same level of quality 

across parent updates, a different coach reviews and sends the update. The reviewing coach uses the 

console’s review function to validate the first coach’s interpretation of the child’s play and check for 

typos, mistakes, and brevity before sending. The reviewing coach then sends the update via SMS or 

email (per parent preference) and is responsible for the resulting correspondence with the parent. 

As SB is a constructionist learning app that promotes open-ended play, the design of the 

coaching console emphasizes the process of a child’s play. This allows coaches to focus on what and 

how the child is trying to create, as opposed to reporting on whether the child’s creations are correct 

or not. Similarly, through categorization and example sentences containing process-based language, 

the console scaffolds coaches to create updates that encourage parents to support their children’s 

process, instead of correct it. 

 

 

4. Methodology 
 

Following our DBR approach, we ran a 10-week exploratory pilot to test and iterate upon our 

learning network. The goal of this pilot was to understand if parents found the coaches’ 

640



communications useful. To explore this, we asked: did the coaches’ updates (a) increase parent 

visibility into their children’s SB play, (b) help them understand what their children learned through 

playing with SB, and (c) prompt them to engage in the coach-suggested parent-child activities? 

 

4.1 Setting and Participants 
 

Nine families with children ages 4 to 10 in the Greater Boston Area (12 female and 4 male) 

participated in our exploratory pilot study. All of these families were recruited through a partnership 

with a free after-school tutoring program for public- and home-schooled children: 6 families had 

children enrolled in the program, and 3 families were relatives of children in the program. All 

children attended school in English, but all knew other languages as well: Spanish (69%), Somali 

(13%), Arabic (13%), Chinese (13%), and Greek (6%). Seven families opted to receive 

communication in English and 2 families in Spanish. All families were given Android mobile 

phones with data-only plans. The phones were equipped with parental-control software and only the 

SB app was accessible on the device. At least one parent in each family received between 1 and 3 

updates weekly (depending on the frequency of their child’s SB play) from coaches. Although SB is 

designed for 4-8 years olds, we extended the pilot age-range to 10 years old to include siblings. 

 

4.2 Procedure 
 

Families were required to attend a pre-workshop where they learned about the coaching system, 

borrowed phones with SB, filled out a survey to capture technology usage in their homes and their 

communication preference for parent updates (SMS message or email), and met coaches to start 

forming a relationship. During this time, children took the Reading Skills Inventory4, so coaches 

could have an idea of their literacy level. It is important to note that, at this workshop, families were 

told that there was no specified amount of time their children were expected to play with SB, nor 

were they required to read or follow the parent updates. In order to see if this network could be 

sustainable without monetary incentive, families received no compensation for participation. 

For this exploratory pilot, three of the researchers, each with backgrounds in education, 

played the coach role. Each coach spent about 4 hours a week and served approximately 5 

parent-child dyads. One coach, a native Spanish speaker, served the families who received parent 

updates in Spanish. Coaches were responsible for checking children’s play on the console thrice a 

week (Tuesdays, Thursdays, Sundays) and composing updates when there was new play or when the 

console prompted them to send a “lack of activity” update. Given consistent play, this took coaches 

approximately 30 minutes per child per week. Coaches were also responsible for reviewing and 

sending another coach’s updates between 5 and 7 p.m. on these three days. This took approximately 

10 minutes per child per week. Coaches spent approximately 40 minutes per week corresponding via 

SMS/email with the parents to whom they sent updates, doing miscellaneous tasks (e.g. further 

documenting wordplay that was categorized as “other”), and conducting 15-minute phone calls 

midway through the pilot with the families for whom they were writing updates. During this call, 

coaches followed a script with questions about how parents felt about SB, the parent updates and 

activities, and how parents perceived their children felt about SB. 

At the end of the pilot, families attended a post-workshop. At the workshop, parents 

completed a survey about their experience with SB and the coach’s updates. Children were 

interviewed following a script that asked them about their experience playing with SB. 

 

4.3 Iterative Design 
 

Taking a DBR approach, modifications were made to the tool and process during the pilot, based on 

parent and coach feedback. These modifications were communicated to the parents during the 

midway check-in, and implemented 5 weeks into the pilot. One major change came as a result of the 

coaches noting that it was difficult to create meaningful updates and monitor progress without a 

                                                 
4 The Reading Skills Inventory was developed by Reading Specialist Joyce Goldweitz, who 

adapted this inventory for assessing reading skills for preschool-aged children. 
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learning goal in mind. Therefore, we created a set of open-ended learning goals for each literacy 

level (defined by RSI scores) that coaches could identify within SB play and use to inform progress 

updates and activities for parents to expand their child’s sphere of learning through exploration. A 

new section of the console was added where coaches could track these goals (Figure 2A-3). 

 

 

5. Results 
 

To evaluate our family learning network, we strived to understand if parents found the coaches’ 

communication useful. In this section, we examine (a) parent perceptions of the updates they 

received from the coach and (b) observe if there is evidence of coach-suggested activities in 

children’s SB play. To answer these questions, we assessed parents’ subjective experience with the 

coach and logged all interactions made by the child with SB. 

To contextualize what parents were receiving updates on, we provide an overview of how 

often children played SB during the pilot. On average, children played for 8.36 minutes per day on 

the days they played (stdev=3.63, min=3.51, max=15.69, median=7.36) and played for 15.06 days 

(stdev=10.29, min=4, max=41, median=12.5). In total, the 16 children in the 10-week pilot played 

with SB for a total of 34.13 hours. As a result, there was a large amount of play for coaches to review 

when composing their parent updates. 

 

5.1 Parent perceptions of coaching updates 
 

We aimed to evaluate how parents perceived the coaches’ communication. In particular, we wanted 

to know if the updates from the coach were enjoyable, in that they were perceived by the parent to be 

useful and engaging. To address this question initially at a high level, in the post-workshop survey 

we asked parents to report (a) whether they found the coach to be helpful, using a 5-point Likert 

scale (1 = “not at all”; 5 = “yes, definitely”); and (b) their overall, qualitative evaluation of the 

activities (i.e., parents could select any combination of options, including the following: 

“Interesting,” “Annoying,” “Boring,” “Helpful/Informative,” “Not frequent enough,” and “I didn't 

read them”). One parent from each family filled out the survey, yielding 9 unique responses per 

question. Parents from all but 2 families (77%) indicated that they found the coach to be “definitely” 

or “most likely” helpful (i.e., the two highest response options on the scale). Likewise, parents from 

all families indicated that they found the activities either “Interesting” or “Helpful/Informative,” and 

parents from one family even wished they occurred more frequently. Beyond these close-ended 

questions, parents were asked to give examples of ways they found these activities helpful. For 

example, one parent commented that they allowed her to “[learn] how to pronounce and work 

together with [her] kids.” Other parents commented on how the updates that “suggest games” and 

“focus on playing” were “helpful” and “fun.”  

These findings together suggest that the coach provided useful and engaging information that 

helped the parents connect with their children’s learning. Some parents did, however, suggest that 

the coach should be even more integrated into the lives of the families. One parent mentioned “home 

visits or local library visits for check-ins to help inspire kids.” While we were encouraged that the 

parents rated the coaches so highly, it will be important for future iterations of the coach role to take 

into account the importance of coaches having more than a digital presence. 

To delve further into how parents felt specifically about the coaches’ updates, we used 

qualitative analysis methods to identify emergent themes in parents’ free-response answers in both 

the post-workshop survey and midway check-in interviews. Two of the researchers, one who had 

served as a coach and one who had not, participated in the qualitative analysis, working together to 

define themes through clustering parent quotes. A third researcher who was not involved in the 

analysis then verified these themes. There were two emergent themes. First, parents expressed that 

the updates helped increase their visibility into their children’s SB play. Second, the updates seemed 

to help parents understand what their children had learned through their SB play. 

 

5.1.1 Increasing visibility of children’s in-app play 
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Multiple parents reported that they liked the updates because they increased visibility of what their 

child was doing when they played with the SB app. For example, one parent said, “I wasn’t always 

watching what they were doing…. I liked getting the text messages [so] I know what they were 

doing.” In fact, a couple of parents reported not knowing where the device with SB was at the time of 

the midway check-in because it was in the child’s possession, and therefore this increased visibility 

was helpful to them. 

Parents also highlighted that they liked learning what words their children felt were important. 

For example, one mother said she did not realize that her kids knew—or were interested in—the 

word “Ramadan” until they spelled it in SB: “They made RAMADAN, which I didn’t know that 

they had done. And because…we talk about it at home a little bit, but I don’t think I realized the 

extent to which it impacted them. I’m trying to work out where they actually saw the word 

RAMADAN, because I don’t know where it is written in any of my [stuff].” 

 

5.1.2 Helping understand that their children learned through in-app play 
 

Parents reported feeling that the coach updates helped them learn more about their child’s literacy 

learning process. One mother stated that she liked when the coaches explained “why we [coaches] 

think Jason5 [her son] did something” while another said the updates “help [her] understand what 

Anna [her daughter] needs.” Another mother enjoyed when the coaches sent an update about how 

her daughter tried to construct the word TOASTER by spelling TOAST and adding the letter R to 

make TOASTR. The mother explained, “what I found interesting was Ella trying to make 

TOASTER… [it shows] that she’s trying to think on her own.” Yet another mother commented that 

she found particularly interesting a coach update that showed how her daughter was spelling her 

friends’ names in SB. Upon reflecting on the coach updates, one parent explained that her child 

“always refused to read or learn to read” but being able to see her child’s progress through this 

process, she felt “it really helped her [the child] become more confident.” 

 

5.2 Do families engage in coach-suggested activities? 
 

Thus far we have shown that, subjectively, parents find value in the coaches’ communication. But 

objectively, did this actually impact how the families interacted with the SB app? Several of the 

updates sent by coaches contained a suggested activity for children to complete (Figure 1B-6). We 

wanted to examine if, when an update with a suggested activity was sent, children tended to follow 

the activity suggestion. This would provide evidence that the activity suggestions were conveyed to 

children by their parents, given that only parents (not children) received direct communication from 

the coach.  

Of the 180 parent updates sent across the 10 weeks, 75 contained an activity suggestion. To 

determine whether children followed the suggested activities, we examined all play on SB by the 

child in the 2 weeks following a suggested activity. We allowed for 2 weeks to elapse between 

activity suggestion and potential play to give the parents time to discuss the activity with their child. 

To investigate if the children were following the suggested activities, we manually examined the 

PlayTree visualizations to see the words each child created on SB. For example, when considering 

the suggested activity, “for a fun activity, you and your child could try coming up with words that 

start with the ‘sc’ sound,” we looked for creation of words that start with the letters “sc” in the 

child’s PlayTrees. One limitation of this analysis is that we are unable to detect if a parent and child 

engaged in the activity together, or if the parent had communicated to the child that they should do 

the activity on their own. 

We found that 8 of the 16 children (50%) followed at least one activity suggestion. Two 

children followed 2 specific activity suggestions, and 6 children followed one specific activity 

suggestion. Many parents reported in both the midway check-in and the post-workshop survey that 

they often found it hard to find time to sit down with their child to work together through an activity. 

Thus, we are encouraged that for half of the children, the parents were able to receive an activity 

update and find the time to work on the activity together. Aggregating across our sample, we found 

                                                 
5 The names of study participants have been changed to protect the identity of the individuals. 
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that children followed the suggested activities 10 times out of 75 prompts (13.3%); the 95% 

confidence interval around this rate of activity engagement, as generated from the standard error of a 

proportion, ranged from .056 to .210. The fact that this confidence interval does not cross 0 suggests 

that the coach was effective in prompting a significant amount of activity engagement among 

children. For an activity to be completed, communication must flow through the entirety of the 

child-coach-parent network. Given this, we are encouraged that 13.3% of the activities were 

followed as it indicates that the information flowed from the coach to the parent to the child. 

Additionally, as not all suggested activities were required to take place on the screen, some families 

may have done activities off screen, rendering their activity completion undetectable and making 

13.3% the conservative, lower-bound estimate of suggested activities completed. 

 

 

6. Discussion 
 

The results of our pilot demonstrate that this family learning network was both feasible and well 

received by the families. From analyzing the feedback from the families and reflecting on the actions 

of the coaches, we can better understand and refine the role of the coach. We define the role of the 

coach to be supporting the family in understanding and contextualizing their children’s learning 

process on open-ended learning apps, such as SB, in order to help parents co-engage with their 

children in literacy learning experiences. We then identify the responsibilities of a coach that 

comprise this emerging role, as well as the tools needed to support a coach, and who might be best 

suited to play this coach role.  

There is an important social component to being a coach, in which a core coach 

responsibility is to form personal connections with the families and build a positive 

relationship. During our pilot, coaches were introduced to families during the in-person pre- and 

post-workshops, and communication between coaches and families was sustained through 

SMS/email updates and one midway phone check-in. This blended in-person and digital method of 

connecting coaches and families may have helped the families feel more invested in the system. We 

noticed that parents were more responsive when they knew their coaches. For example, when a 

coach made a mistake in sending an update, she immediately apologized, and the parent then was 

more responsive to future updates, possibly because she was reminded that the coach was not an 

automated system. Similarly, having a strong relationship helps give more insight and context for 

the coach when analyzing children’s play. For example, only after talking with the mother and 

learning she was pregnant, could the coach recognize that PREGRET was the child’s invented 

spelling of PREGNANT. Without a strong relationship, families may not feel as invested in 

communicating with the coaches, which is key to a successful learning network.  

We plan to foster relationship-building opportunities for coaches and families through more 

intentional bonding time during the workshops, and more in-person check-ins throughout the 

program. This may help coaches resolve issues sooner. For example, one parent took the SB phone 

away from her children because they were fighting over it, and did not tell the coach. The coach 

continued to send “lack of activity” updates for 4 weeks, until the midway check-in when the parent 

told the coach that she had confiscated the phone. Similarly, one coach was composing updates in 

Spanish about the child’s English-language play, which made coming up with spelling activities for 

English play difficult. After communicating with the parent about who works with the child at home, 

the coach was able to send activities that engaged older siblings to work together with the parent and 

child. More in-person check-ins would not only give coaches a better insight into the child’s 

environment, but would also benefit the coach-child relationship. One parent highlighted this in her 

post-workshop survey, suggesting that the updates/activities could be improved by conducting 

in-person check-ins (e.g. at home or local libraries) to “inspire kids.” It is important to remember that 

the family-coach relationship extends beyond the digital space, and communicating about personal 

experiences and home environments in order to contextualize the play and the updates requires a 

level of intimacy that can only grow from taking great care in building a trusting relationship. Thus, 

we believe that supporting this social component through in-person family check-ins is a crucial part 

of a coach’s role. 

The coach’s other responsibilities are to use the coaching console to analyze, compose, and 

review/send updates. The amount of time a coach spent composing, reviewing, and sending updates 
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(approximately 40 minutes per week per child) is enough to sustain a high frequency of 

communication with the family, yet is a relatively low time commitment in comparison to what is 

required for in-person literacy coaching. This is especially promising for highly-active SB users, 

whose playtime exceeded coaching time. However, for infrequent users, children’s playtime 

sometimes equaled coaching time, similar to in-person literacy coaching. We plan to iterate upon the 

console’s design. For example, while we found it helpful to have the review process in place for this 

exploratory pilot in order to ensure similar quality updates from all the coaches, we plan to remove 

this review process and instead allow coaches to communicate directly with the families they create 

updates for. The review process will be replaced with a coach discussion channel for coaches to 

communicate asynchronously, and a bi-weekly meeting for coaches to seek advice or discuss ideas. 

We also plan to introduce the role of a coach coordinator who will provide support to coaches. 

This exploratory pilot also helped us understand the type of skills required in a coach, and 

who might be best suited for this role. An ideal coach is someone who: (a) has empirical skills and 

knowledge of literacy processes to identify emerging patterns related to literacy development, and 

(b) is relationship-focused and interested in family and community engagement. Two potential 

groups that may be well-suited to be coaches are librarians and speech language pathologists (SLPs). 

Our next steps are to design workshops with librarians—who are often expert community 

organizers—in which we will use a participatory design approach to develop ways this system might 

operate in a library setting. We are also in the process of designing a comparison study in which 

coaches will be trained SLP students, and separate researchers will conduct a study to compare a SB 

program with and without coaches, in order to better examine the effectiveness of the coaching 

system. For this upcoming study, we will be scaling up the number of coaches, along with improving 

upon the coaching console’s design to better assist new coaches who are not yet familiar with the 

coach role and digital tools. We anticipate that, while there may be an initial learning curve to using 

the coaching console, as coaches become accustomed to the digital tools, they will be able to use 

them more efficiently. 

As this was an exploratory study conducted as part of our DBR approach, one of its major 

limitations was that the researchers were also the coaches. Furthermore, as researchers, we had been 

volunteering at the afterschool program where we met once a week with many of the children who 

ended up participating in this study. Although we did not talk about SB during the afterschool 

program, these interactions may have influenced the children’s and families’ perceptions. Families 

may also have been uncomfortable giving negative feedback, given their familiarity with the 

researchers. Anonymous surveys may help with this in the future. Although we believe that the 

relationship between the coach and family is important, it is also important for the researchers to be 

a step removed from the coach-family interactions. It was sometimes confusing to separate our role 

as researchers with our role as coaches, and in the future, we plan to address this by playing only the 

role of researcher and training coaches who interact with the families. Thus, we will be able to 

conduct research that better examines the role of a coach from an objective research perspective. 

This will also allow us to run a comparison study between coach and no-coach conditions to 

understand the effectiveness of a family learning network. 
 

 

7. Conclusion 
 

In response to the lack of contextualized feedback and co-engagement opportunities for parents in 

children’s open-ended learning apps, we identify the potential new role of a family learning coach 

who supports a family in understanding, contextualizing, and engaging in their children’s learning 

process on open-ended learning apps. We designed the role of the coach, built a custom coaching 

console, and ran an exploratory pilot study of the child-coach-parent family learning network. 

Overall, our family learning network shows promise. Many parents perceived that the coach’s 

updates increased not only their visibility into their children’s SB play, but also their understanding 

of the learning process. There was evidence of children doing the activities suggested in coaches’ 

updates to parents, and parents reported finding the presence of the coach to be helpful. As new 

open-ended learning apps are developed, and new coaches mold the role of a family learning coach 

to fit the context of their communities, we hope that this work serves as the first of many 

examinations of the role of a learning coach within a digitally mediated family learning network. 
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Abstract: Due to the challenges pertaining to online professional development (OPD), 

there has been a recent shift in OPD from the one-shot online workshops, trainings and 

webinars grounded in traditional professional development models (Prestridge & Tondeur, 

2015) to the online professional learning communities designed through constructivist 

pedagogies (Whitehouse, McCloskey, & Ketelhut, 2010). Addressing this change in the 

OPD paradigm, this qualitative study set out to investigate the impact of online lesson 

study as an unexplored type of OPD on a group of Turkish EFL teachers’ development. In 

the 2017-2018 fall term, 4 EFL teachers from different schools volunteered to engage in an 

online lesson study procedure for 13 weeks. For online lesson study procedure, Dudley’s 

(2015) version of Lesson Study (LS) was adapted to the online medium with the inclusion 

of some synchronous and asynchronous tools. Within that procedure, teachers worked 

online collaboratively to set goals for student learning and co-planned research lessons that 

target these goals. One of the teachers taught the lesson in his/her own classroom and other 

teachers watched the video recording of the taught lesson. In an online post-lesson 

meeting, they reflected on the data to improve the lesson and taught the revised lesson in 

the same or a different teacher’s classroom (Lewis, 2009). Within the scope of this study, 

the participating teachers completed this process three times which constituted three LS 

procedures in total. In addition, the teachers also participated in six webinars related to 

English language teaching as part of a Marie Curie Project. The video-recordings of pre-

lesson and post-lesson discussion meetings, video-recordings of the taught lessons, lesson 

plans, teacher posts in online platforms and teacher interviews composed the data 

collection tools. But for the sake of this study, interview data from the first LS cycle are 

reported here. The results of the preliminary analysis show that an online professional 

development program that included a combination of webinars and online lesson study 

procedure led to perceived cognitive changes in a group of Turkish EFL teachers. These 

changes were concerned with increased technological knowledge, increased self-appraisal 

and self-reflection, development of language proficiency and increased knowledge of 

instructional strategies. 

Keywords: Online lesson study, EFL teachers, webinar, online professional development 

1. Introduction

Approaches to professional development (PD) have transformed in time due to ‘paradigm shifts in 

teacher learning’ (Hung & Yeh, 2013). ‘Earlier conceptions of teacher change’, which was built on 

a ‘training paradigm’ implied that teachers have deficits in their knowledge and skills and these 

deficits can be compensated through one-shot workshops or trainings (Clarke & Hollingsworth, 

2002). However, these ‘one-day workshops’ or ‘short-term courses’ (van Es, 2012) mostly made 

few contributions to ‘teachers’ knowledge base or identity’ (Flint, Zisook, & Fisher, 2011) due to 

the short duration of the courses, lack of ongoing support (Cimer, Çakır, & Cimer, 2010) and lack 

of relationships with colleagues for exchange of ideas and practices (Wood, 2007). Compatible 

with the more recent paradigms of teacher PD, lesson study originated in Japan early in the 1900s 
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and became popular before the mid-1960s as a commonly used form of professional development 

throughout the country (Fernandez & Yoshida, 2004). In 1999, LS started to receive worldwide 

attention with the writings of US scholars Stigler and Hiebert who pointed at Japanese students’ 

superiority in international tests compared to American students and their counterparts in other 

countries (Pang & Ling, 2012). In lesson study, groups of four to six teachers come together to 

identify an overarching learning goal for their students (e.g. such as being able to speak English 

fluently for language learners). These teachers collaboratively produce a series of research lessons 

that address these goals and also particular difficulty areas for their students. Planning the research 

lesson, teachers benefit from various sources of knowledge including curriculum materials, 

relevant research literature provided by outside experts and any other resources. Once the lesson is 

collaboratively designed, it is taught by one of the teachers whereas other teachers act as 

observers. During the observation, teachers focus on student learning and collect relevant data 

(Dudley, 2015). Later, teachers meet for a post-lesson discussion evaluating and critiquing the 

lesson and revise the lesson based on the joint efforts of the teachers (Hiebert & Stigler, 2000). 

The revised lesson is taught by another teacher while the lesson is again observed by the remaining 

teachers. During the second post-lesson discussion, teachers once more reflect on the lesson 

evaluating whether how students learnt. They also provide suggestions related to the improvement 

of the lesson. In the final stage of LS, the whole lesson study procedure is shared with colleagues 

in the same or other schools ‘through a seminar or published materials’ (Pang & Ling, 2012).  

Review of LS literature shows that research into LS has been conducted in numerous 

countries including US (e.g. Lewis, 2006), UK (e.g. Cajkler, Wood, Norton, & Pedder, 2014), 

Australia (e.g. Hollingsworth & Oliver, 2005), China (e.g. Yang, 2009), Indonesia and Malaysia 

(e.g. White & Lim, 2008) amongst many other countries (Doig & Groves, 2011). Despite a huge 

world-wide interest in LS, this stream of research has not paid particular attention to an online 

version of lesson study so far. Online lesson study was only mentioned in Yursa and Silverman’s 

(2011) and Sharma and Pang’s (2015) studies. Yursa and Silverman (2011) implemented an online 

lesson study with teachers enrolled in a graduate program in mathematics education. Similarly, 

Sharma and Pang (2015) implemented an online lesson study with elementary classroom teachers 

enrolled in a graduate course.  

Similar to the advantages of online PD over face-to-face PD, online lesson study holds 

great potential for teachers’ professional development compared to original LS. Overcoming 

‘logistically challenging’ aspects of lesson study is one of the key affordances (Yursa & 

Silverman, 2011). Getting teachers from the same or different schools to gather at particular times 

for research lesson planning, live observation of lessons and discussion meetings can be quite 

challenging. With the use of various synchronous and asynchronous communication tools, online 

LS can serve to provide teachers with higher degrees of communication and interaction and with 

increased time for reflection and dialogue (Sprague, 2006). Through online LS, teachers can also 

get easier access to teachers from different schools and field experts (Blitz, 2013). Accessing a 

large body of knowledge and resources with few ‘time, space and pace’ limitations is also a bonus. 

On top of these, online LS can help the development of online PLCs (Lewis & Perry, 2015) as a 

relatively recent concept in online education (Wideman, 2010). Despite several affordances of 

online lesson study, the literature is mute on its impact on teachers’ knowledge base and 

development. This study, therefore, investigates the reported cognitive changes of Turkish EFL 

teachers as they participate in online lesson study procedure and webinars. 

 

 

2. Literature Review 
 

2.1 Lesson Study 

 

A review of literature shows that LS presents a wealth of benefits for teachers’ PD. These include 

the development of teacher collaboration and a professional learning community, deepened focus 

on student learning among teachers, the development of teacher knowledge and practice and 

consequently the improvement of teaching and learning (Cajkler, Wood, Norton, Pedder, & Xu, 

2015; Xu & Pedder, 2015). In regards to teacher collaboration, lesson study is reported as a 

professional development activity that allow teachers to engage in joint work during the planning, 
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teaching, observing and critiquing of research lessons (Lewis, Perry, & Hurd, 2009), in free 

discussion and challenging of ideas and assumptions related to teaching and student learning (Lee, 

2008) and to build collective knowledge as an outcome of these activities (Lewis, Perry, Hurd, & 

O’Connell, 2006). 

The development of teacher knowledge and practice (Cajkler & Wood, 2016) is apparent 

in studies that show improvements in teachers’ subject content knowledge, pedagogic knowledge, 

pedagogic content knowledge and knowledge about pupils (Xu and Pedder, 2015). For example, 

Clivaz and Ni Shuilleabhain (2017) analyzes the types and levels of mathematical knowledge for 

teaching developed as a result of LS activity. Lewis and Perry (2015) report improved outcomes 

related to mathematics teachers’ subject content knowledge (of fractions). In addition to these, 

teachers’ improved knowledge of subject content, pedagogy, pedagogical content and student 

thinking/learning were also reported in other studies (e.g. Cajkler & Wood, 2016; Lee, 2008), 

which substantiate the role of LS in improving teachers’ knowledge and practice in different 

domains. 

It arises from the synthesis of all studies reported so far that all LS studies were conducted 

through a face-to-face medium only except for two (Sharma and Pang, 2015; Yursa and Silverman, 

2011). Yursa and Silverman (2011) implemented an online lesson study with teachers enrolled in a 

graduate program in mathematics education. For collaboration purposes, they used only 

synchronous tools and instead of live observation, they used video-recording. In their study, they 

concluded that although online LS served effective for the professional development of these 

teachers, it was not appropriate to directly transfer LS into an online environment (as cited in 

Sharma & Pang, 2015). Similarly, Sharma and Pang (2015) implemented an online lesson study 

with elementary classroom teachers enrolled in a graduate course. Unlike the original LS 

procedure, they asked each participating teacher to implement and video-record the collaboratively 

designed lesson in their own classes and post three video-segment that showed striking ‘aha’ 

moments. In their analysis of teachers’ ‘pedagogical movements’ during the LS process, they 

found that teachers experienced ‘growth in their knowledge of assessment and diagnosis’ and 

gained instructional skills.  

 

2.2 Online Professional Learning Communities (OPLCs) 

 

The advent of internet and mobile technologies has opened up new venues for the development of 

online PLCs. The advantages of online professional communities are numerous especially in 

handling time and space limitations associated with face-to-face professional communities. For 

instance, teachers in an OPC find the opportunity to access teachers with similar interests and 

professional development goals from different schools or even districts which may not be possible 

otherwise (Lock, 2006). It is also through the use of online tools that the interaction and 

communication of these teachers can be promoted and sustained over time.  In addition, among a 

panoply of other advantages, teachers can get prompt, even daily feedback and guidance from 

other teachers and experts in their application of new pedagogies through OPLC (Nistor, Baltes, & 

Schustek, 2012). Despite these advantages, literature also identifies particular challenges related to 

OPLCs and puts forward a set of design considerations for creating well-functioning OPLCs.   

Research shows that one of the keystones of successful OPLCs is developing clear and 

relevant community purposes and goals shared by teachers (Keown, 2009). Without a clear 

purpose and relevance to teachers’ immediate needs and teaching contexts, teachers are very likely 

to leave OPLCs (Baek & Barab, 2005).  In a large OPLC called the Inquiry Learning Forum (ILF), 

for example, designers built smaller groups within the large community where teachers with an 

interest in similar topics, or those teachers with similar teaching experience or work contexts, 

could work together to meet their common needs. The findings of their study showed that these 

small teacher groups were able to engage in meaningful and extended dialogue related to 

improving their practice (Moore & Barab, 2002). Another challenge is concerned with the building 

of mutual trust among the community members so that they feel comfortable with engaging in 

critical dialog with their peers (Lock, 2006). With the absence of face-to-face contact in OPLCs, 

teachers become more reluctant to share their ideas or practices with the online peers and thus 

critical dialog remains only at a superficial level (Barab, 2006). ‘Strong leadership and facilitation’ 

strategies (Keown, 2009) are needed here to help teachers feel welcomed by the group and get 
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started with the group activities. ‘Providing a rich resource base’ is another strategy recommended 

by Wideman (2010, p.14), which included the provision of research summaries, ‘pedagogical and 

technical guides’, tutorials, ‘classroom videos’,  teaching artefacts (e.g. lesson plans, multimedia 

materials), ‘external experts’ and reference to other external sources. Teachers should be able to 

share documents, co-edit these documents and co-develop new materials. Classroom videos can 

also be shared to foster discussion and reflection amongst the teachers (Moore & Barab, 2002). 

Wideman (2010) also suggested providing a blend of synchronous and asynchronous tools in 

OPLCs in order to benefit from their different affordances. Research shows that there should be 

‘experienced facilitators’ to ‘moderate group activities’ for creating a truly ‘knowledge-sharing 

environment’ (Blitz, 2013, p.11). This study is grounded in the assumption that online lesson 

study, when designed in light of the critical features of effective OPLCs, can serve as a promising 

model for teachers’ professional development.  

 

 

3. Methodology 
 

3.1. Research Design 

  

In this study, case study is adopted as a qualitative design method. Case study allows for the 

exploration of ‘a bounded system’ (a case) over time through ‘detailed, in-depth data collection’ 

including multiple data sources (e.g. interviews, observations, documents, etc.) (Creswell, 2007). 

The unit of analysis in the study consists of the online lesson study group which included four 

teachers. To delve into teachers’ development, the cognitive changes through online lesson study 

procedure and webinar participation is examined with the following research question: 

-What are the reported changes in a group of Turkish EFL teachers’ cognition as a result of 

webinar and online lesson study participation? 

 

3.1 Participants 

 

The participants of the study included four Turkish EFL teachers from different high schools in 

Zonguldak city, Turkey who volunteered to take part in the study. Researcher visited various high 

schools, introduced the study to EFL teachers in these schools and only those teachers who 

accepted to do all of the assigned activities were included in the study. Therefore, convenience 

sampling was used as the sampling method. Background information about the teachers is 

presented in Table 1 below: 

 

Table 1 

Background Information about Teachers 

 Gender Year of Experience  

Mary Female 8  

Jane Female 7  

Sally Female 14  

Kathy Female 15  

 
3.2 Overview of the Online Professional Development Program 

 

During a timeframe from November 2017 to January 2018, the participating teachers engaged in 

two activities for their professional development by attending (1) webinars and (2) online lesson 

study procedure. Webinars were organized as part of a Marie Curie Project that aims for language 

teachers’ professional development in Europe and the topics were identified based on a nationwide 

needs analysis study conducted across Turkey (Özkose-Biyik & Uslu, 2014). The actual webinars, 

which were to be delivered to EFL teachers in Turkey in the 2017- 2018 spring semester, were 

piloted with the participants of this study in the fall semester. The webinar topics were not only 
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limited to innovative methods in language teaching but also web 2 tools and mobile technologies 

related to language teaching and learning. 

As the other component of the online PD program, the participants engaged in online 

lesson study procedure for a period of 13 weeks. Dudley’s (2015) version of lesson study was 

chosen among different versions of LS as a baseline for designing LS group activities and this 

version was adapted to the format of online lesson study. One adaptation was that instead of three 

research lesson cycles, two cycles were used as a common practice in various LS studies since two 

cycles are considered as enough for testing out the revised lesson and evaluating how it works 

(Cerbin & Kopp, 2006).As another adjustment, teachers did not have real-time observation due to 

time and space hindrances; rather they watched video recordings of classroom implementations. 

Finally, owing to the use of online medium for teachers’ PD activities, some synchronous and 

asynchronous tools were incorporated into the design of the online lesson study procedure. The 

live meetings were held in WizIQ, which allowed participants to use camera, audio, chat and 

whiteboard for peer interaction and collaboration. Google Docs was used to co-create the lesson 

plan and the recordings of the taught lessons were shared with the teachers via Google Drive. In 

the live sessions, teachers exchanged ideas while doing joint-lesson planning, held post-lesson 

discussions and revised the taught lesson based on student outcomes for the second 

implementation. Later, the revised lesson was taught in a different class of the same or different 

teacher. Finally, teachers evaluated the revised version of the lesson in the post-lesson meeting. 

This process was completed 3 times throughout the study. Edmodo was used for ascynchronous 

discussion so that teachers would leave comments to the posts sent by the researcher about the 

lesson planning and classroom implementations. 

 

3.3. Data collection 

 

Although the original study included a wide variety of data sources (e.g. the video-recordings of 

pre-lesson and post-lesson discussion meetings, lesson plans, teacher posts in Edmodo, etc.), the 

findings of only interview data were presented here due to the space limitations. Teachers were 

interviewed at the end of each LS procedure- at the end of the second post-lesson discussions. In 

the interviews, ‘Informant style’ of interview strategy was used while the interview questions were 

taken from Cjakler et al.’s (2015) study. Interviews were made in the participants’ native language 

to create a stress-free atmosphere.  

 

3.4 Data analysis 

 

As the first step of data analysis, all interview data were transcribed verbatim. To look for 

statements of teacher change in the data, the indicators of teacher change proposed by Justi and 

Van Driel (2006) were used to code the data (See Table 2). Following the coding process, to 

identify recurrent themes, the researcher worked across the data set from the interviews and 

grouped the recurrent instances into categories (Wilkinson, 2004).  

 

Table 2 

Statement Samples  

Statements indicating changes in cognition I have learnt that, I know how to, I understood 

why, etc.  

Statements indicating changes in attitude or 

beliefs 

Now I can, I believe now that,etc. 

Statements indicating changes in perceived or 

intentional behavior 

Now I am doing things differently, I used to do 

but now I am doing…, I tend to do more…. 
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4. Findings 
 

The findings of the study showed that there were changes in teachers’ cognition, in their attitudes 

and beliefs and also in their perceived or intentional behavior following their participation in 

webinar and online lesson study procedure. These changes were presented under the common 

themes derived from the initial coding process. 

 

 Increased technological knowledge 
 

All four of the teachers indicated that they increased their technological knowledge thanks to the 

new technologies introduced in the webinars. The changes were not only in cognitive level but 

some teachers had immediate use of these technological tools in their classes. 

 

I gained new ideas related to new methods in language teaching especially related to 

the use of technology in education. For example, in the webinars, I learnt about 

kahoot, qr codes, etc., for the first time. These gave me an awareness of my classroom 

implementations. I thought like ‘Can I use these in my classes? If yes, how does it 

happen? I developed the idea of using them in my classes. (Sally) 

 

The webinarian in the fourth webinar covered QR codes and talked about treasure 

hunt game as a classroom activity. I really wondered about it and I wanted to see how 

it works. Therefore, I prepared 5 questions on likes/dislikes. I told the children to 

download QR code reader and that I would post some QR codes on the walls in the 

corridor the following day. In this way, it would be both fun for the students and a 

novelty in my classroom teaching. (Kathy) 

 

One of the teachers even developed an awareness of the pedagogical constraints of a 

technological tool as seen below:  

 

Kahoot is a very nice website if it is used appropriately. However, I don’t think that 

the use of Kahoot ends in learning on part of the students. Yes, it is fun but I am not 

sure if it helps them to learn. I don’t understand if it is instant learning or 

memorization that takes place when they work with Kahoot. But it is really the case 

that it takes their attention since it is technological. (Jane) 

 

Development of language proficiency 
 

Some of the teachers indicated that the webinars helped them to develop their language proficiency 

and motivated them to take more action to this end.   

 

We speak English in webinars. I realized that I forgot to speak in English. We use 

very simple English at schools. We simply give instructions in English but not more. 

However, I remembered speaking English in the webinars. Really, we don’t have 

anyone to speak English with. You know our students’ levels so we can speak only 

limited English. Therefore, we don’t have any opportunities for improving ourselves. 

Thanks to these webinars, I improved myself a lot. I internalized the process a lot. 

Even my husband is surprised by this since I also started to speak English at home. 

(Mary) 

 

I have been working for eight years and of course this has led to some kind of 

psychological fatigue on part of me. This experience has been so great. I feel myself 

so happy. Believe me, I look into the websites you’ve suggested to improve my 

language skills. I do it for my development and I do reading and listening in English. I 

have never done anything before to improve myself. With your help and that of our 

friends, we learnt lots of new things. (Jane) 
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Increased self-appraisal and self-reflection 
 

Common to four of the teachers, it was seen that teachers developed increased self-appraisal and 

self-reflection in lesson implementations and the following post-lesson discussions as given below:  

 

I have realized that there are many overlaps between our lesson planning and 

implementations and my own teaching. Sometimes during my teaching I used to think 

if I lagged behind my colleagues since I started to teach after nine years of interval. I 

wondered if I had some deficiencies. However, as far as I see from the other teachers, 

I feel that this is not the case. This made me really happy. (Kathy) 

 

In online lesson study procedure, we watched ourselves as we taught. We had the 

opportunity to look at our teaching with a critical eye. Is it better to do this on your 

own or together with other people? This process helped us to better assess ourselves. 

(Sally) 

 

Watching the video recordings of the taught lessons, I have seen that teachers used L2 

in their teaching nearly at all times. They also told me in the online meetings to 

continue speaking in English since I already prepared my students for that regardless 

of their proficiency levels. This motivated me a lot and I started to think of using 

English more in class. (Jane) 

 

Increased knowledge of instructional strategies 
 

All four of the teachers stated that joint-lesson planning and the following lesson implementations 

helped them to develop new knowledge of instructional strategies related to teaching language 

skills as reported below: 

 

In our lesson study implementation, I realized how well it works to teach vocabulary 

with the use of visuals. If we had not cocreated the lesson plan, I would not have 

thought of preparing visuals for that lesson. I would have just given the words to the 

students and that’s it. (Kathy) 

 

During lesson planning meetings, I have seen how we can integrate language skills 

and use many different activities in a lesson. In our books, such things are limited 

since grammar is given more space. In lesson implementations, we have added 

speaking activities to grammar lessons. In the books, there is a plan and when you 

follow that plan, the lesson becomes very boring and you mostly focus on grammar. 

But today one of the teachers implemented a reading lesson and we also touched on 

grammar a little bit and went on with a speaking activity. That was very nice. (Mary) 

 

The same teacher also mentioned the insights she gained from another teacher regarding teaching 

reading while watching the recording of a co-designed lesson as presented below: 

 

I learnt something about teaching reading from one of the teachers in my group. I 

realized that the teacher simplified the comprehension questions when the students 

had difficulty with answering. In this way, she helped the students answer the 

questions by leading them. This drew my attention and I decided to ask questions 

through simplification. (Mary) 

 

One of the teachers stated that lesson implementations got her to reaffirm her belief regarding 

teacher role in language classes: 

 

Now, I see that nothing is impossible. Motivation is very important. Yes, since it is a 

language class, we need to act like an animator in the class and as far as I see from 

teachers’ classroom implementations, the teachers are very eager in this respect. They 
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also talked about in the online meeting yesterday. Also, when I was a student, I did 

not have any teacher who was different from an ordinary teacher. I have always been 

taught in the traditional way, therefore I take the easy way in my classes. But I 

realized that being active motivates the students a lot. In my lessons, I started to be 

more active so that my students would also be active. (Jane) 

 

 

5. Discussion and Conclusion 
 

The preliminary results of the study showed that an online professional development program that 

included a combination of webinars and online lesson study procedure led to perceived cognitive 

changes in a group of Turkish EFL teachers. These changes were concerned with increased 

technological knowledge, increased self-appraisal and self-reflection, development of language 

proficiency and increased knowledge of instructional strategies.  

Teacher reports indicated that webinars helped teachers to develop their technological 

know-how and learn about the recent Web 2.00 tools that can be integrated into language 

classroom. Some of the teachers even reported to use these tools in their classes in an immediate 

fashion. Earlier research also substantiates this finding by showing that webinar participation by 

EFL teachers enables them to try out new techniques in their classrooms (e.g. Mai & Ocriciano, 

2017).  

Due to the constructivist design of the OPD program (Whitehouse et al., 2010), the 

participating teachers found the opportunity to share their ‘expertise’ and ‘ideas’ (Gray & Smyth, 

2012), engage in collaborative work by trying out new practices (Yang & Liu, 2004) and gain 

sustainable support in their implementations (Dede, Ketelhut, Whitehouse, Breit & McCloskey, 

2009). Additionally, it was evident in interview data that peer-to-peer learning came about as a 

result of joint lesson planning, lesson implementations and post-lesson discussions. This finding 

also resonates with the previous work showing that peer observation and feedback in lesson study 

(Nami, Marandi & Sotoudehnama, 2016) enables the creation of a ‘culture of peer learning’ (Lee, 

2008), promotes collaborative inquiry and helps teachers to build collective knowledge (Lewis, 

2006). Teachers were also able to display increased self-appraisal and self-reflection since they 

had the opportunity to reanalyze their teaching and evaluate its effect in the classroom (Lewis & 

Perry, 2015). Increased levels of self-reflection were also seen in Robinson and Leikin’s (2012) 

and Rick’s (2011) study showing that processes of reflection acted as a catalyst for teacher change 

during LS process. It can be said that with the integration of synchronous and asynchronous tools 

into the design of OPD, teachers were able to exchange ideas, co-create lesson plans and reflect on 

the efficacy of the co-designed lessons as in traditional lesson study procedure (Blitz, 2013). 

The finding pertaining to the development of increased knowledge of instructional 

strategies during online lesson study procedure is also in line with previous research which shows 

the development of teacher knowledge and practice through LS (Cajkler & Wood, 2016). Many 

studies show improvements in teachers’ subject content knowledge, pedagogic knowledge, 

pedagogic content knowledge and knowledge about pupils as a result of LS procedure (Xu and 

Pedder, 2015). For example, Clivaz and Ni Shuilleabhain (2017), analyzes the types and levels of 

mathematical knowledge for teaching developed as a result of LS activity. Lewis and Perry (2015) 

report improved outcomes related to mathematics teachers’ subject content knowledge (of 

fractions). In addition to these, teachers’ improved knowledge of subject content, pedagogy, 

pedagogical content and student thinking/learning’ were also reported in other studies (e.g. Cajkler 

& Wood, 2016; Lee, 2008; Lewis, 2006; Lewis, 2009). Although the development of technological 

pedagogical content knowledge (TPACK) is not evident in its full form in the existent data, the 

increase in ‘teachers’ knowledge of technology’ and  ‘technological pedagogical knowledge’ 

appears as in Nami et al.’s (2016) study in which lesson study was used to foster teachers’ learning 

about CALL (p.658).  

In this study, only the preliminary findings of a broader study is presented, therefore, the 

study has many limitations. Firstly, although a variety of data collection tools were used in the 

original study, only interview data were analyzed in this manuscript due to reasons of space. 

Secondly, this study only includes teacher self-reports and does not look into how and in what 

degrees teacher change occurred. In the original study, this will be examined with the use of 

654



Interconnected Model of Teacher Professional Growth to investigate the processes of teacher 

learning through online lesson study and webinar participation. Further research can address how 

and to what extent the proposed changes in teacher cognition is reflected in teachers’ classroom 

teaching subsequent to the completion of the online PD program with the use of observation data. 
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Abstract: In this paper, we discuss some of the results of a participatory design workshop 

used to elicit design guidelines for an education game for phonemic awareness intended for 

use by disadvantaged students. Using a grounded theory approach, we analyze facilitators’ 

observations from the workshop and related findings to well-established game design 

guidelines.  We were able to align facilitators’ observations with these guidelines in order to 

prescribe ways to support student participation, mitigate student disengagement, support 

various team roles and dynamics, and accommodate a variety of game play strategies.  

Keywords: Game design guidelines, participatory design phonemic awareness, Philippines, 

rhymes  

1. Introduction

A digital educational game is supposed to provide users with instructional content in an interactive, 

playful learning environment (Law, Kickmeier-Rust, Albert, & Holzinger, 2008). However, 

designing an educational game that balances fun and learning can be a challenge. It is possible to 

design an engaging and motivational game without addressing curriculum (Gros,  2007). It is also 

possible to design educational experiences that follow course content but are not engaging or fun 

(Royle, 2008).  

In this paper, we explore the results of a participatory design activity intended to arrive at 

design guidelines for a computer-based English language learning system tentatively named 

JOLLY.  PD is defined as 

A process of investigating, understanding, reflecting upon, establishing, developing, 

and supporting mutual learning between multiple participants in collective 

“reflection-in-action.” The participants typically undertake the two principal roles of 

users and designers where the designers strive to learn the realities of the users’ 

situation while the users strive to articulate their desired aims and learning appropriate 

technological means to obtain them (Simonsen & Robertson, 2012). 

This paper limits its scope to findings related to phonemic awareness and attempts to answer the 

following research questions: 

1. What are the game play experiences of the participants in a paper-based game (PBG)?

2. What themes can be derived from the game play experiences in the PBG?

3. What game design guidelines can be drawn from the themes?

We refer to Gee (2014) and Lim, Comings, Lee, Yuen, Hilmy, Chua, and Song (2018) for 

educational game design guidelines against which to cross reference our findings.  Gee (2014) 
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discusses 36 principles for designing instruction, drawn from design principles for video games. The 

work limits its scope to narrative-based games in which “a fantasy character [moves] through an 

elaborate world, solving various problems”.  Other than the game genre, Gee does not limit his 

prescriptions to a specific audience or domain, hence his prescriptions, are broad and applicable to 

learners and subject areas of all kinds.  

In contrast, the work of Lim et al. (2018), is an aggregation of educational game design 

guidelines that refer specifically to literacy as taught to children in developing countries.  While Lim 

et al (2018) discuss content-related guidelines, e.g. setting appropriate levels of difficulty, they also 

discusses process-related guidelines such as visiting target communities and creating rough 

prototypes as early as possible in order to test these with the stakeholders. 

 

 

2. Methods 
 

Students in this study were enrolled in two state elementary schools (Schools A and B) in Quezon 

City in the Philippines. These schools had comparable student populations (7,419 students in School 

A, 6,377 in School B), with most students coming from a low socio-economic bracket, with parents 

employed in blue-collar jobs.  

We asked the schools to invite 36 students per school—12 each from Grades 4, 5, and 6—to 

participate in our Saturday Participatory Design Sessions. We requested the school to select four 

students from a high achievement, mid-achievement, and low-achievement sections. The students 

who were selected may or may not have been among the survey respondents. 

A total of 73 students participated in the participatory design sessions. However, some students 

were not able to attend both sessions. Students with incomplete data were excluded from the 

analysis, leaving only 57 students in all. Of the 57, 27 were from School A and 30 were from School 

B.  

Each school was scheduled for two Saturday morning sessions during which the PD activities 

took place. Students were grouped in teams of six, two per grade level. Each group had a facilitator. 

Team assignments were permanent. The first session consisted of a pre-test (to be described in 2.3) 

and the first learning activity while the second session consisted of three additional learning 

activities (to be described in 2.4) and a post-test. The pre- and post-tests were accomplished 

individually but the activities were accomplished by group.  

The pre- and post-tests used an identical format but asked students to identify rhymes in different 

songs.  They were then asked to listen to each song and to write down groups of perfect and 

imperfect rhymes (e.g. guess and mess vs. like and life). The pretest asked them to identify rhymes in 

Katy Perry’s Roar, Jessie J’s Flashlight and Price Tag. Students were provided with copies of the 

song lyrics. The post-test, repeated this procedure with 3 different songs: Bruno Mars’s Uptown 

Funk, Lukas Graham’s Seven Years, and Lin-Manuel Miranda’s Hamilton.  

Facilitators supported 4 different group learning activities that tested the engagement of tasks 

designed to help students better learn to identify English rhymes, each of which built on the rules in 

the preceding activity.  

In Activity 1, students were given cards with letters (see Figure 1) and were asked to form pairs 

of perfect or imperfect rhyming words with the cards. In Activity 2, the same cards were used. 

Students were once again asked to form rhymes, but once a rhyming pair was formed, they then had 

to change one letter in one word so that the pair would no longer rhyme.  

Activity 3 built on the modification rules of Activity 2, asking students to choose a song from 

the pre-test and to substitute rhymes for the original lyrics (i.e. “Rice Bag” could substitute for the 

title of the song  “Price Tag”). The students then performed the song.  Finally, in Activity 4, students 

were asked to create their own rules for forming rhymes, (e.g., nouns only, verbs only, must have a 

minimum of 4 letters, and so on). 

Seven of facilitators (one per team and one overall coordinator) kept students on task and 

provided occasional support during the learning activities. At the end of each activity, the facilitators 

queried their groups: Did you have any difficulties? How did you overcome them? What is your 

understanding of a perfect/imperfect rhymes? What made the game fun/not fun? The facilitators 

noted the students’ answers and any other observations and submitted them to the authors for 

analysis. 
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Figure 1. Rhyming Activity Materials. 

 

 

3. Grounded Theory Approach 
 

To determine the emerging themes among the facilitators’ reports, we used the grounded theory 

approach. Grounded theory refers to “a set of inductive strategies for analyzing data.” (Charmaz & 

Belgrave, 2007)  Researchers begin by examining individual cases or experiences and then develop 

more and more abstract conceptual categories in order to synthesize, explain, or understand the data 

and its patterns. 

The grounded theory approach has four general steps: open coding, axial coding, selective 

coding, and the constant comparative method (Corbin & Strauss, 1990). A code represents a reality 

or phenomenon reflected through words, phrases, events, or actions (Price, 2010). Open coding is 

the process of putting labels or names to the interview responses of the participants and the 

observation notes of the facilitators. The labels themselves are called open codes.  

Axial coding is a process of clustering the related codes forming a larger concept of category. A 

central phenomenon (the axis) is a label that it unifies open codes that have causal relationships, 

similar outcomes, or related concepts (Wicks, 2010). The unifying labels that emerge from this step 

are called axial codes.  

Upon completing the open and axial coding phases, the first author presented the coded texts to 

the facilitators, who either validated the codes or suggested revisions.   

During the selective coding phase, the axial codes are again grouped together and labelled, 

based on concepts from existing, relevant literature (Price, 2010). The categories formed in this 

coding stage are the themes of the study. We selected the themes from educational game design 

guidelines discussed in (Lim, Comings, Lee, Yuen, Hilmy, Chua, & Song, 2018). A theme was 

retained if it was consistent with an axial code. If it was not, then an alternative theme was proposed.  

In the last stage, the constant comparison method, previously uncategorized texts from the 

second game session were fitted against the generated themes. If no good fit was found, the whole 

process starting from open coding was repeated. For this paper, the second and third authors 

reviewed the codes again and derived the final coding system.    

 

 

4. Validated Open and Axial Codes 
 

We found 6 validated axial codes denoting phenomena that occurred during the PD sessions. The 

axial codes, the open codes that fall within them, and samples of facilitator observations that were 

classified within each open code are as follows: 

 

1. Internal Factors that Increased Participation – These refer to cognitive or affective states that the 

students exhibited that boosted to their involvement in the game.  

a. Engagement – Students were excited about the game. They thought hard and focused in 

order to find rhyming words, especially during the third activity. They persevered 
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throughout the tasks that they found challenging.  Some said that the game would be fun 

even if there were no prizes involved. 

b. Competence – Students knew what a rhyme was and what distinguished a perfect from an 

imperfect rhyme. They were proud of their work and were confident of their answers.  

2. Internal Factors that Decreased Participation – These refer to cognitive or affective states that 

discouraged student involvement from the activities. 

a. Boredom – Some students were disengaged. They did not seem interested in the activity 

b. Confusion about rules of the game – Some students exhibited confusion about what it was 

they were supposed to do.  

c. Limited competence or cognitive-based difficulties – Despite the research team’s verbal 

introduction about what rhymes were, some students did not have a clear understanding of 

rhymes and how to identify them. This sometimes resulted into a reluctance to participate. 

3. External Factors that Increased Participation – There were some circumstances outside of the 

student that fostered greater involvement 

a. Easy aspects of the game – Some students found the game easy because they were able to 

word templates that would enable them to generate many rhymes in a short period of time. 

b. Challenge – The students found the game and its rules challenging, but this was considered 

to be positive rather than discouraging. 

c. Funny rules –Activity 3 required students to alter the lyrics of one of the songs.  In doing so, 

the resulting song did not make sense.  Students found this game mechanic funny. Since 

they were also required to sing the song in front of the group, they laughed as they practiced. 

d. Cooperative learning – Working in a group was a large part of what made the game fun. 

They were able to help each other and they were able to make new friends. 

e. Game-based learning – The game format was both novel and engaging. It allowed them to 

learn in a way that was enjoyable. 

f. Scaffolding  – The facilitators occasionally provided clues, hints, or encouragement in order 

to move the team along or else to bring in a team member that was otherwise staying at the 

peripheries. 

g. Prizes – The availability of prizes pushed students to earn more points.   

4. External Factors that Decreased Participation – This refers to factors outside of the student that 

impeded participation in the game. 

a. Difficulties with the manipulatives – The number and variety of cards available to the 

students made it difficult to find specific cards needed to form a word. 

5. Team Dynamics – Students took on different roles in the group. The roles led to different 

patterns of interaction that changed over time.  

a. Leaders – Some students—either the older students or the students who were already 

friends—tended to take the lead in the forming of words.   

b. Supporters – Other students took on the supporting roles of finding the letters that the 

leaders needed. 

c. Lurkers -  A few students chose to remain along the sidelines. They neither led nor 

supported.   

d. Changes over time – The team dynamics evolved.  If students were strangers in the 

beginning, they established a rapport and learned to work together as the hours passed.  If 

the group began slowly, they tended to work more quickly later on. 

6. Game Play Strategies – Students adopted a variety of strategies in order to form words and earn 

points. 

a. Low-Hanging Fruit – Students found easy ways to form pairs of rhymes. They sometimes 

chose to form only perfect rhymes because the concept of an imperfect rhyme was harder to 

grasp.  They formed words with only three to four letters and formed plural forms of words. 

b. Breaking rules/Guessing/Inventing words – Students also tried to bypass rules by creating 

nonsense words. 

c. Delegation – There were instances in which teams divided-and-conquered. They assigned 

specific tasks to specific members. 

d. Choice of manipulatives – There were some cards that had combinations of letters, e.g. 

“EER” or “OAR”.  Students found these difficult to use and tended to avoid them.  
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5. Game Design Guidelines 
 

As mentioned in the Introduction, the publications of Gee (2014) and Lim et al. (2018) were 

intended to serve as guides to educational game designers and educators in the construction of 

learning games. Gee’s (2014) book provides general guidelines intended mostly for learning games 

that follow fantasy adventure formats, while Lim et al (2018) gives checklists for design of early 

literacy games for children in developing countries.   

While it is not possible to manipulate students’ cognitive or affective states directly, a good 

game is an environment that can promote states that support learning. JOLLY should provide a game 

environment that requires active participation (Gee, 2014; Lim, et al., 2018) and an investment of 

effort to practice their literary skills (Gee, 2014; Lim, et al., 2018). The symbols, instruments, and 

artefacts of the game must have some meaning that is connected to the game’s learning objectives 

(Gee, 2014). Similarly, the game’s activities, rules, and mechanics should be connected to the 

learning goals (Lim, et al., 2018).   

Because students have varying levels of competence, JOLLY should try to match difficulty 

levels with the students’ individual cognitive levels (Gee, 2014; Lim, 2018).  This may mean 

dividing the domain into smaller subsets (Gee, 2014) and then adding to the scope in increments 

(Lim, et al., 2018).  

JOLLY needs to be able to intervene when students are disengaged by addressing the cause of 

the disengagement.  Facilitators provided hints and clues as well as words of encouragement in order 

to draw in students who tended to stay along the peripherals.  JOLLY may have to adapt these 

strategies by provide just-in-time or on-demand knowledge (Gee, 2014) or scaffolding.  

The students found Activity 3 particularly entertaining as it required them to create a version of 

the song that was nonsensical and then sing the new lyrics before the rest of the group.  The success 

of this activity points to several of Lim et al.’s (2018) game design guidelines—engaging students in 

an activity that requires them to build something and share the creation with an out-of-game 

audience.   

Finally, a major factor that increased participation was the cooperative nature of the activity. 

Some students liked working in teams because it enabled them to score more points and to make 

friends. JOLLY should therefore look into collaborative or cooperative learning as a game format 

(Lim, et al., 2018). For the benefit of those who were shy or scared, the game should also have a 

single-player mode. 

The cards used in the PBG introduced additional difficulty to the game that led students to prefer 

single letter cards or blank cards on which they could write the letters they needed. The use of cards 

or their equivalent in the design of JOLLY therefore requires some critical examination and 

rationalization.  Because it is preferable for the artefacts within the game to be related to the game’s 

content (Gee, 2014; Lim, et al., 2018), we, JOLLY’s designers, should therefore ask ourselves 

whether this format of using cards caries content related to the game’s learning goals. If the cards 

introduce difficulty for difficulty’s sake, then the format should be replaced with closer to the 

content and goals of the game. If, on the other hand, the format itself has an instructional message, 

that message needs to be articulated clearly so that both learners and teachers can process it. 

Gee’s (2014) identity principle refers to games’ ability to allow students to create and play with 

different identities, and reflect on them and the ways in which they interact with each other and with 

the virtual world. When combined with the need to support cooperative learning, found both in Gee 

(2014) and Lim et al. (2018), JOLLY may consider creating varying roles per group member.  The 

existence of leaders and supporters implies that JOLLY might assign different group members 

different tasks, each one of which contributes to the team’s overall success. 

JOLLY needs to provide students with several paths to success.  There should be easy ways to 

form rhyming word pairs—by using homonyms, plural forms, and so on.  At the same time, the 

game needs to guard against guessing and the formation of nonsense words.  These observations are 

aligned with several of our sources’ principles already mentioned previously, e.g. matching skill 

levels of students with levels of difficulty, providing varying levels of assistance, and so on.  An 

underlying principle from Gee (2014) is that games should provide a safe environment for learners 

to take risks—the psychosocial moratorium principle. Within games, real-world consequences 

should be mitigated.   
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6. Conclusion and Future work 
 

The purpose of this paper was to arrive at game design guidelines for JOLLY, a game for teaching 

phonemic awareness to children from disadvantaged backgrounds. To this end, we analyzed 

facilitators’ observations using the grounded theory approach in order to identify the various game 

play experiences of the participants. We labeled these experiences using open codes. We then 

grouped related open codes that were related to arrive at larger categories labeled with axial codes.  

Game design guidelines for early literacy were then examined in the context of the findings, to arrive 

at the guidelines that seem most salient to the overall project objective.  Finally, by supplementing 

the grounded theory approach with educational game design principles we have been able to arrive 

at some design prescriptions for JOLLY.  

Ongoing work delves deeper into several related and supporting topics. These include but are not 

limited to the use of popular songs as motivation to develop phonemic awareness; the use of popular 

songs as inventories of phonemes against which we can check student mastery; and the intelligent 

prescription of songs with varying sets of phonemes in order to cultivate unmastered skills; the 

specific needs of students with varying skill levels; and developing world contextual information  

such as curriculum, availability of Internet connectivity, school resources, teacher readiness, and 

other factors will have an impact on if and how the game is used. 
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Abstract: This study examines patterns of rhyme identification among English Language 

Learners (ELLs) towards the development of an educational game, JOLLY, intended to 

improve phonemic awareness among school-aged children in the Philippines. Leveraging 

on students’ intrinsic interest in Western popular music, we ask students to identify rhyming 

words from among the song lyrics. We find that the extent to which an English phoneme is 

similar to a Tagalog phoneme determines how likely it is to be identified. From these 

findings, we draw implications on how JOLLY’s underlying domain model can be 

structured with each song as a learning object and each learning object consisting of an 

inventory of phonemes to be mastered. We also recommend the use of open, possibly social, 

student models to help learners track their progress and that of their peers. 

Keywords: English comprehension, Philippines, rhyme, participatory design, JOLLY 

1. Introduction

Phonemic awareness is a metalinguistic skill that has been operationalized in a number of different 

ways (Yopp, 1988) but refers generally to a speaker’s ability to isolate and manipulate meaningful 

sounds in their language. These skills underlie basic literacy achievement in all languages that use a 

phonemic writing system (Lundberg, Olofsson, & Wall, 2015), but English presents a case where 

these skills can be especially important for a variety of socio-historical reasons.  

Specifically, written English is an example of a semi-phonological writing system, where the 

vowel sounds outnumber vowel symbols nearly three times over and historical lexical borrowings 

sometimes generate word-specific spelling practices. For example, the words bough, through and 

trough all end –ough but each contain a different vowel sound. The complicated relationship 

between graphemes (the letters that represent a sound) and phonemes (the sounds) is sometimes 

challenging even for native speakers, and can present particular challenges to young L2 (i.e. second 

language) learners trying to master English spelling conventions.  

Using rhyme successfully requires phonemic awareness. In fact, some research operationalizes 

the measurement of phonemic awareness with rhyming tasks (cf., Yopp, 1988), and it is known to 

predict later development in reading. Therefore, activities designed to help students practice these 

skills are important to fostering literacy more broadly. For example, if the same activity can also 

encourage spelling practice while providing students with the motivation to persist through the 

amount of repetition required for mastery, students’ reading fluency is likely to improve. 

In this paper, we explore the design of a computer-based English language learning system in 

development, tentatively entitled JOLLY. JOLLY is intended to teach English-language phonemic 

awareness using popular songs. This study and others like are important in the context of education 

in the developing world because English skills can open doors to economic opportunities (see 

Errighi, Bodwell, & Khatiwada, 2016; Viscondi, 2012). Despite the status of English as one of two 
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official languages in the Philippines, up to 40% of 6th grade Filipino students have average to poor 

mastery of English. Primary school children with poor access to educational resources are at a 

particular disadvantage, and are frequently unable to develop their English language skills under 

these circumstances. The development of technology-enhanced learning environments like JOLLY 

offers additional opportunities for the children to master English language skills through motivating 

activities that their interest in and knowledge of popular music as the vehicle for learning. 

This paper describes results of paper-based participatory design (PD) activities with economically 

disadvantaged students in the greater Manila area of the Philippines. The activities’ broader goal 

was to arrive at specifications for JOLLY’S design and implementation. This paper limits its scope 

to findings related to phonemic awareness and attempts to answer questions about the phonological 

learning objects (i.e. Wiley, 2002), that may be more or less difficult to master during these tasks, 

allowing us to explore the implications for instructional design in this domain. 

 

 

2. Methods 

 

Students from two state elementary schools (Schools A and B) from Quezon City in the Philippines 

participated in the study. These schools had comparable student populations (7,419 students in 

School A, 6,377 in School B), with most students coming from a low socio-economic bracket, with 

parents employed in blue-collar jobs.  

Each school was scheduled for two Saturday PD workshops. We hosted 73 students in all, who 

may or may not have been among the survey respondents. Students were invited by the schools, who 

were asked to select 12 students from each grade level (4th-6th), distributed across high, mid, and low 

achievement sections). After students with incomplete data were excluded, 57 students remained (27 

from School A and 30 from School B). The distribution was well balanced for gender (m=38, f=22) 

and grade level, although there were slightly more students in the 5th and 6th grade (n= 24, 22) than 

there were in 4th grade (n=13), due primarily to a lack of availability of 4th grade students in the mid-

level classes. This also resulted in slightly lower numbers for mid-level students (n=14) compared 

to high and low-level students (n=23, 22).  

Participatory design is a co-creation method in which various stakeholders take on the roles of 

both users and designers.  Essential to participatory design is coming to a nuanced understanding of 

the users’ situation in order to develop a technological artifact that fits user needs (Simonsen & 

Robertson, 2012).  During the PD activities, students were grouped in teams of six, two per grade 

level. Each group had a facilitator. Team assignments were permanent. The first session consisted 

of a pre-test and activity 1 while the second session consisted of activities 2-4 and a post-test. The 

pre- and post-tests were accomplished individually but the activities were accomplished by group.  

The pre- and post-tests were identical in form, but used different songs. In the pre-test, three 

songs were selected based on their popularity according to feedback from the students, their 

suitability to the rhyming tasks, and the age-appropriateness of their content: Katy Perry’s Roar, 

Jessie J’s Flashlight and Price Tag. Students were provided with copies of the song lyrics. They 

were then asked to listen to each song and to write down groups of perfect and imperfect rhymes 

(e.g., guess and mess vs. like and life). In this study, only perfect rhymes are considered. In the post-

test, the same procedure was repeated with three different songs: Bruno Mars’s Uptown Funk, Lukas 

Graham’s Seven Years, and Lin-Manuel Miranda’s Hamilton.  

Four group activities were used to help students better learn to identify rhymes, each of which 

built on the rules in the preceding activity. In Activity 1, students were given cards with letters (see 

Figure 1) and were asked to form pairs of perfect or imperfect rhyming words with the cards. In 

Activity 2, the same cards were used. Students were once again asked to form rhymes, but once a 

rhyming pair was formed, they then had to change one letter in one word so that the pair would no 

longer rhyme. Activity 3 built on the modification rules of Activity 2. Students were asked to choose 

one of the songs from the pre-test and to modify the lyrics by substituting rhymes for the original 

lyrics. For example, the song “Price Tag” would turn in to “Rice Bag.” The students then performed 

the song. Finally, in Activity 4, students were asked to create their own rules for forming rhymes, 

(e.g., nouns only, verbs only, must have a minimum of 4 letters, and so on).  
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Figure 1. Rhyming Activity Materials. 

 

3. Analysis 

 

This study considers the identification of perfect rhymes, which were defined phonemically based 

on the structure of the final syllable of the word. For this study, we consider perfect rhymes to be 

two words that have identical phonemes in the syllable nucleus and coda (also known as the syllable 

rime). That is, a perfect rhyme would be a word pair like hand and band, which have the identical 

phonemes in the syllable rime (/ænd/), but not hand and bands, since the latter has a slightly different 

rime structure (/ændz/). 

All words in the songs in this study were automatically transcribed into the International 

Phonetic Alphabet (International Phonetic Association, 1999) and checked by a trained phonetician 

(the 1st author). Rhyme Groups (words that share the same phonemic pattern in the syllable rime) 

were then identified in each song. In total, 81 unique Rhyme Groups (RGs) were found across all 6 

songs (15 in Roar, 13 in Flashlight, 29 in Price Tag, 26 in Uptown Funk, 23 in Seven Years, and 48 

in Hamilton). More than half of these (n=51) occur only in one song. As Table 1 shows, the post-

test songs were more difficult in that they had more perfect rhyme groups (RGs), more words in total 

(AW), more unique words (UW), more rhyming words total (RW), and more words per rhyme group 

(RW/RG). 

Two sets of scores were generated for the pre- and post-test answers in this study to determine 

the effect of phonological effects. First, we calculated the percent student population score, a value 

that is measured only at the song level, and then we calculated the average score, a value that 

measures at both the song level and at the student level. The percent student population score is the 

percentage of students who ever correctly identified any rhyming pair from a given RG in a particular 

song. This score provides us with an overview of which RGs were most difficult to identify in each 

song. The average score calculation required two steps. First, for every student, we divided the 

number of rhyming words correctly matched in that song by the total number of words in that Rhyme 

Group (RG) for that song. Next, we averaged this value across all students. We calculated this value 

separately for each song, so that the same RG could potentially have a range of values. For example 

/aɪt/ had an average score of 66% in Flashlight, 2% in Uptown Funk, and 37% in Price Tag. This 

score helps to normalize how well students were identifying the entire Rhyme Group. 

 Rhyming words in each song were further coded for both study external (phonetic) and study 

internal (position and frequency across songs) effects. Internal conditions included word position 

within each song, the number of times that the word occurred in each song, the number of times the 

RG occurred across songs, and the frequency of occurrences for each RG in the pre-Test songs.  

 

 

4. Results  
 

We examine how well students are able to identify rhyming words in a song and factors that might 

have an impact on the extent to which a rhyme is recognized. These factors include word position, 

word incidence, and phonemic effects. 
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Table 1.  

Rhyming characteristics by song. The number of Rhyming Groups (RGs), All Words in the song 

(AW), Unique Words in the song (UW), and Rhyming Words (RW) is given alongside values that 

normalize the number of RGs by other values. Examples of RGs are also given. 

 

Song 

 

R

G 

n 

AW 

n 

UW 

n 

RW 

n 

RG/

AW 

RW

/RG  

RW/

UW RG Examples 

Pre-test            

Roar 15 443 94 48 3% 3.2 51% Died, 

pride  

Drain, 

insane 

hands, 

stands  

Flashlight 13 386 79 31 3% 2.4 39% Life, wife  Daddy, 

happy  

Come, 

some 

Price Tag 29 424 161 81 7% 2.8 50% He, me  Quick, sick  Do, to, 

you 

Post-test            

Uptown 

Funk 

26 584 137 74 4% 2.8 54% Sat, that  Mess, 

guess  

for, roar 

Seven Years 23 437 161 93 5% 4.0 58% Hey, say  Down, 

uptown  

Tell, well 

Hamilton 48 538 256 18

3 

9% 3.8 71% Fly, I, sky  Light, night  Heart, 

start 

 

 

4.1 Pre-Test vs. Post Test 
 

Students’ pre-and post-test scores were compared. T-tests suggest that students perform better on 

the pre-test than the post test (t = 9.89, df = 56, p < .001), but the reader should recall that the post-

test songs were more difficult in terms of the number of words (total) and the number of RGs per 

song. Tests controlling for these factors show that the total number of words per song significantly 

affects both the percent student score (r=-.24, t=-2.76, df=122, p=.006) and the average score (r=-

.26, t=-3.06, df=122, p=.002). The effect is stronger for the number of RGs per song, where the t-

values are of even larger magnitude for both percent student score (r=-.31, t=-3.64, df=122, p < .001) 

and average score (r=-.37, t=-4.37, df=122, p < .001). Finally, we show evidence that if a given RG 

showed up in one of the pre-test songs, the percentage of students who could identify that RG in the 

post-test was significantly higher (r=0.45, t=4.39, df=77, p < .001), although this effect was not 

shown in the average scores (r=.13, t=1.14, df=77, p=0.26) . 

 

4.2 Word position and incidence in the song 
 

We hypothesized that a word’s position or incidence (i.e. number of instances) within a song may 

increase the likelihood of students citing it. To investigate, we first computed for the percentage of 

students who cited the word and correlated that percentage with the song’s position and incidence.  

Note that position and incidence were all relative to the number of words in the song: The 10th word 

in a song with 100 words would be at position 0.10 whereas the 10th word in a song with 200 words 

would be at position 0.05.   

We find only weak evidence for the effects of either position or incidence in a song. An early 

appearance in a song appears to decrease the chances that students will identify the rhyme. This is 

seen in both a pre-test song (Price Tag) and a post-test song (Seven Years), at levels that are robust 

enough to hold for the aggregated data (r=-0.19, p<.002). Recency effects (i.e. last occurrence) were 

not significant, and incidence (the number of times a word appears in the song) was only significant 

for one song (Seven Years, r = 0.31, p <.02). 
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4.3 Phonetic Effects 
 

Of the phonetic factors considered, vowel characteristics had the strongest effects. Vowels that were 

coded as being close to the 5-vowel Tagalog system in the perceptual space (recall Figure 3, above) 

were more likely to be identified. This effect was significant for the percent student score (r=.23, 

t=2.03, df=77,p=.047), if not the average score (r=.14, t=1.53, df=122,p=.13). When only the vowels 

that are phonemically identical to Tagalog (e.g., the vowel in beat [i] vs. the vowel in bit [bIt]), the 

effect was even stronger, though again only for percent student score (r=.25, t=2.24, df=77,p=.03), 

and not for the average score (r=.13, t=1.48, df=122,p=.14). 

A wide range of consonant effects (based on the manner of articulation) were not significant 

for either outcome measure. This finding carries over into the examination of syllable weight, which 

was did not effect the percent student score, but did effect the average score. Analyses show that the 

more phonemes per syllable rime, the higher the average score (r=.20, t=2.29, df=122,p=.02). This 

effect appears to be driven by the weight of the syllable nucleus (r=.22, t=2.51, df=122,p=.01), as 

the weight of the syllable coda, which exclusively considers how many consonants are present, did 

not significantly affect the average score (r=.07, t=.80, df=122,p=.42). 

 

 

5. Conclusion 
 

We use a PD approach to arrive at design guidelines for JOLLY, a new game to improve English 

language learning.  In the process we make several contributions to what is known about 

considerations for language learning, we articulate implications on JOLLY’s design, this paper’s 

contribution, and discuss ways forward. 

 

5.1 Contributions 
 

We mention in section 2 that language learning involves increasing a learner’s phonological 

inventory.  One of this study’s contributions is the identification of the phonological features that 

are most likely to pose the most difficulty.  We provide evidence that, perhaps unsurprisingly, 

English phonemes that are closest if not identical to Tagalog phonemes are easiest for Filipino 

learners to find. There is an opportunity, therefore, for JOLLY’s to provide learners with more 

practice with less familiar phonemes. 

A second contribution is the innovative approach of anchoring the rhyming tasks on popular 

songs. Because the learners already indicated a fondness for music, providing exercises that make 

use of media that they already enjoy may provide an intrinsically motivating context in which to 

improve their English skills. 

 

5.2 Implications on Software Design 
 

From the analysis, we can draw implications that may guide JOLLY’s underlying domain and 

student models. A domain model is a representation of expert knowledge within an area of study 

(Woolf, 2010).  It represents facts, procedures, or any other kind of knowledge that students need to 

complete a learning task. The domain of JOLLY consists of the 44 phonemes in the English 

language. Each song represents a subset of these phonemes and therefore presents students with an 

opportunity to demonstrate knowledge of these phonemes by forming rhyming pairs of words from 

the song.  Returning to the concept of a phonological inventory, each phoneme can constitute an 

inventory item or a unit knowledge that students need to master.  Each song is an aggregation of 

these knowledge units. 

The songs can then be represented as learning objects (e.g, Wiley, 2002), small instructional units 

that can be reused as needed.  These learning objects will need metadata that indicates, among other 

things, the song’s phonological inventory and overall level of difficulty. This information can then 

help to control the sequence of learning tasks being presented to the student. 
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5.3 Future Work 
 

Future work will consider other domain and student factors that may have an impact on JOLLY’s 

design. Domain factors include the effects of orthographic similarity (e.g., Yarkoni, Balota, & Yap, 

2008), morphological complexity, phonotactic probability, age of acquisition scores (e.g., 

Kuperman, Stadthagen-Gonzalez, & Brysbaert, 2012), and near-rhymes.. 

Student factors include ability levels, media preferences, and socio-economic circumstances that 

have an impact on the relative difficulty of the material, student motivation, and access to 

technology, respectively.  
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Abstract: This paper aims to develop an image recommendation system to support informal 

vocabulary learning for a context-aware learning environment called SCROLL (System for 

Capturing and Reminding of Learning Log). The idea is based on ubiquitous learning logs 

analysis, image (contextual and non-contextual) feature analysis, and information 

visualization techniques. We designed a model based on which the proposed Feature-based 

Context-specific Appropriate Image (FCAI) recommendation system will be developed. 

The purpose of recommending FCAI images is to assist language learners in informal 

learning of foreign vocabulary. Those images are recommended by analyzing 25350 

ubiquitous learning logs (i.e. a learner’s ethnographic information, learning location, 

learning time, learning context, image information etc.) at the right time, right place and in 

the right learning context-basis. This paper also articulates the approaches for ubiquitous 

learning logs analysis, word-bank formation, image analysis methods, and algorithm 

development.  

Keywords: Informal Learning, Image Recommendation, Image-based Vocabulary 

Learning, Image Analytics, Ubiquitous Learning Analytics.  

1. Introduction

EFL (English as a Foreign Language) learners’ reported vocabulary learning in formal educational 

settings to be difficult and stressful (Turgut et al., 2009) and boring learning activity (Chen et al., 

2008). These perceptions often affect the vocabulary learning interest and learning goal of learners 

(Wu et al., 2017). As a result, research attention is noticeably given to developing informal 

vocabulary learning systems. Language learning applications such as duolingo, rosetta stones, 

rakuten lingvist and iKnow etc. already drawn great attention to the motivated learners for informal 

learning of foreign vocabulary. Another inevitable problem with newly memorized words is quick 

forgetting because it is said that what is hard to memorize is often easy to forget. One solution to this 

problem is using visuals particularly still images along with texts. Because the power of visuals in 

vocabulary learning cannot be ignored. Pedagogical studies such as imagery techniques (Kellogg, 

1971), the pictorial superiority effect and the dual coding theory (Paivio A. R., 1968; Paivio A., 

1973) have already stated the cognitive benefits of images in the human brain while memorizing a 

new word or recalling a memorized word. However, the problem remained is determining an 

appropriate image at a right time, in a right place, and in a right learning context. Generally speaking, 

this task (determination of an appropriate image to represent a word) is exceedingly challenging for 

both human and computers. Now that we stepped into data-centered Society 5.0, this problem can be 

solved by leveraging the power of educational big data, image analytics, and information 

visualization. 
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This paper introduces the idea of Feature-based Context-specific Appropriate Images 

(FCAI) to support the informal vocabulary learning in SCROLL system (Ogata et al., 2011). The 

proposed system would be able to recommend context-specific appropriate images for a word to be 

learned at the right time, right place and under the right learning context.  

 

2. Literature Review 
 

Contextual image recommendation in the context of informal vocabulary learning is considered to 

be a young subdomain of context-aware learning environments. A contextual image search scheme 

is proposed by Lu et al. (2011) for textual context re-ranking and visual context re-ranking. This is 

claimed to be the first model that used both contextual data and visual context together to build a 

contextual image search scheme. This contextual image search scheme is based on the context 

capturing, contextual query augmentation, image search by text, and contextual re-ranking. 

However, the efficacy of this system is not tested for vocabulary learning. Therefore, we could not 

determine the learning effect of their system-suggested contextual images. Ubiquitous English 

Vocabulary Learning (UEVL) is a framework that assists learners in experiencing systematic 

vocabulary learning process (Huang et al., 2012). However, the system has no functionality to 

recommend contextual images or ubiquitous images. WordNet (Miller et al., 1990), a popular image 

database, contains a large number of images. However, it is unable to provide automatic 

recommendation of the contextual images by analyzing right time, right place and right context. 

Besides the above-mentioned research systems, commercial software like duolingo, rosetta stones, 

rakuten lingvist and iKnow can be found in the marketplace. However, these systems are also unable 

to recommend contextual images to represent a word. For informal vocabulary learning, we 

developed AIVAS (Appropriate Image-based Vocabulary Acquisition System) system that allows 

the on-demand creation of learning materials utilizing appropriate image (Hasnine et., al., 2017). 

AIVAS is supported by an Image Reranking Algorithm called AIVAS-IRA that is able to determine 

the most appropriate image to represent a concrete word to be memorized. Our previous study 

revealed a significant role of AIVAS-IRA suggested appropriate images for concrete noun 

acquisition. Additionally, for abstract nouns, our study revealed that AIVAS-IRA recommended 

appropriate images are more liked by foreign language learners over to the Yahoo suggested images 

(Hasnine, M. N., 2016). However, our studies were carried out with non-contextual images (i.e. the 

images found in widely used commercial image search engines).  

This paper presents the idea of Feature-based Context-specific Appropriate Images (FCAI) for 

informal vocabulary learning. In order to implement the system, we leverage the power of 

ubiquitous learning logs, image analytics, and information visualization techniques. A model for 

precise analysis of data collected from different educational environments is designed to support this 

research.  

 

3. The Framework 
 

At present, in Kyoto University, we are developing a learning analytics framework for seamless 

learning. The LA framework offers the opportunity to learn in various environments regardless of 

the learning context, location or time (Flanagan et al., 2017). The framework is designed in the way 

that it provides an interface between integrated production and research systems to allow user 

authentication, information, and learning analytics results to be seamlessly transferred between 

systems (Flanagan et al., 2018). SCROLL system is a key component of this framework. Because, 

the system collects multi-dimensional ubiquitous learning logs as educational big data (Mouri et al., 

2014).  

 

3.1 SCROLL: A Context-aware Learning Environment  
 

SCROLL, a multi-linguistic language learning tool that offers informal learning of foreign 

vocabulary. This client-server tool runs on different platforms including Android mobile phones, PC 

and general mobile phones (Mouri et al., 2014). A foreign language learner can create (as shown in 

Figure 1(a)) his/her own vocabulary learning materials using this system. A learning material (as 

shown in Figure 1(b)) in SCROLL system consists of a contextual image, the translation data, and 
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the pronunciation.  Moreover, the system is capable of recording a learner’s vocabulary learning 

experience (such as the geolocation information, vocabulary knowledge, quiz, learning context, 

contextual image information etc.) as Ubiquitous Learning Logs (hereafter, ULLs) into its server. In 

SCROLL, a learning context is determined based on a learner’s learning location and the textual 

description provided by the learner him/herself. A contextual image is the one that a learner uploads 

to create a vocabulary learning material. The role of a contextual image is that it helps a learner to 

recall his/her memory when taking part in quiz session. SCROLL1 system is currently available for 

public use. A learner is able to create an account for free.  

 

  

(a) Learning Material Creation Interface (b) Sample of a Learning Material 

Figure 1: SCROLL System  

 

  3.2 ULLs Analysis & Problem Identification 
 

Our recent analysis indicates that, at present, SCROLL server contains 25350 vocabulary learning 

logs from 1684 learners. Most of the logs are created for either Japanese or English language’s 

vocabulary learning. SCROLL ULLs are generated to record learners’ learning experiences with 

images, audios, videos, location information, QR-code, RFID tag and sensor data etc. (Ogata et al., 

2011, Mouri et al., 2014). Our recent analysis indicates that those ULLs are created for different 

parts of speech (such as nouns, verbs, adjectives etc.), sentences, phrases, numbers etc. Another 

analysis indicates that only 4720 contextual images are uploaded for 25350 logs. Which mean, only 

18.6% vocabulary learning logs are created with contextual images and rest 81.4% learning 

materials are created without uploading any contextual images. This, in future, may lead SCROLL 

to an un-interactive vocabulary learning environment. We consider this as a problem for our learning 

analytics framework which needs to be solute. Additionally, the current system it is unable to 

recognize different ways of looking and categorizing learning objects (such as words, images etc.) 

based on the nationalities of the learners. Besides, at present, SCROLL only creates vocabulary 

learning materials with the contextual images that are uploaded by learners themselves. At present, 

there is no mechanism, except for using ‘search’ option, to recommend or lookup to others’ 

uploaded images while creating a learning material. In order to provide a solution to this problem, 

we proposed a model for FCAI image recommendation system to support vocabulary learning using 

SCROLL system. By implementing this model, we plan to overcome the current limitations that the 

learners of foreign languages are experiencing while using SCROLL system.  

 

3.3 The Proposed Solution: Feature-based Context-Specific Image Recommendation 

System 
  

Learning analytics is not a genuine new research field rather it actually borrows from different 

related fields and synthesizes several existing techniques (Chatti et al., 2012). Learning analytics 

gives researchers the freedom to analyze and utilize big data collected from different educational 

environments. In this study, we designed a method by merging three techniques, namely ULLs 

analysis, image feature analysis, and information visualization. Based on this method, we propose 

Feature-based Contextual Appropriate Images (FCAI) for informal vocabulary learning. FCAI 

                                                 
1 https://scroll.let.media.kyoto-u.ac.jp/ 
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images are those that describe unique image features and the learning context based on the current 

learning location. Figure 2 displays the overview of the model that is designed and proposed to 

support this study.  

 

 
Figure 2: The Proposed Model 

 

3.3.1 Model for Ubiquitous Learning Logs Analysis  
 

In the central database, learning activities from various learning environments are storing on a 

regular basis. In this study, we extract and analyze the following logs from the central database:  

 Vocabulary Information: Vocabulary that a learner wishes to learn in a specific context.  

 Learner Information: Profile information of learners (i.e. name, age, gender, education 

etc.). 

 Cultural Information: Information about nationality, social interaction etc.  

 Study Place, Time & Location: Geo-locational information, place-details, and study time 

etc.   

 Past Knowledge: Vocabulary that learners have previously acquired (i.e. learning history).  

 Contextual Image Information: Unique image features (color, shape, object etc.) that may 

describe the learning context and/or the word itself. 

 

Based on the above mentioned information, the model finds the learning patterns 

(synonymously, learners’ learning behaviors) from the ULLs. By employing machine learning 

algorithms, the patterns between the unique image feature(s) will be determined.   

 

3.3.2 Word-bank Formation 
 

This study plans to form a new word-bank from the previous vocabulary information of SCROLL 

system. Because, SCROLL server not only contains words but also contains sentences, phrases, 

random number etc. For association analysis using text mining algorithms, the raw vocabularies 

need to be pre-processed utilizing text preprocessing techniques. Also for image recommendation, a 

word’s multidimensionality and homonomy are challenges in any learning context, hence raw 

vocabularies need to be preprocessed and defined properly. In preliminary text analysis, we used 

Mecab, an open-source Natural Language Processing (NLP) tool that segments Japanese sentences 

into its Parts of Speech (POS). For English sentences, we used another NLP-based tool for 

annotating text with part-of-speech called TreeTagger. The abstractness-concreteness of an English 

word is determined based on two previous studies (Paivio et al., 1968, Brysbaert et al., 2014). It can 

be added that, abstractness-concreteness of a word refers to- whether a word is a noun 

(abstract/concrete etc.), verb, adjective or anything else.   

 

3.3.3 Contextual and Non-Contextual Image Feature Analysis Techniques 
 

In order to extract and analyze the unique contextual information, we plan to employ both 

hand-crafted and deep CNN-based unsupervised learning feature extraction methods. For the first 

prototype of the system, we plan to employ FFT-based feature extraction method in power spectrum 

and/or pre-trained AlextNet as the feature extractor to analyze image features. To begin with, we 

plan to analyze the contextual images that are stored in SCROLL server. In this study, a contextual 

image is the one that describes a learners learning context and location (Figure 2(a)). When taking 
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part into quiz session, the contextual images help learners in recalling their memories. However, 

SCROLL server contains roughly 4720 contextual images. The number is not sufficient for a 

machine learning algorithm to predict on the most appropriate FCAI image. Therefore, we plan to 

accumulate more contextual images using crowdsourcing tools. Crowd4u2, a micro-volunteering 

and crowdsourcing platform is going to be used for our crowdsourcing task. With this tool, we plan 

to accumulate contextual data from different sub-continents of the world.  

Together with contextual images, we also plan to accumulate non-contextual images. 

Non-contextual images are those that found in widely used commercial image search engines. We 

plan to accumulate non-contextual data from Google image search engine by using Fatkun batch 

image downloader. Additionally, we plan to use AIVAS image sets (Hasnine et al., 2016, 2017). 

With the help of contextual and non-contextual images, we plan to establish a benchmark dataset for 

our algorithm.  

 

  
(a) Contextual Image (extracted from 

SCROLL) 

(b) Non-contextual Image (taken from AIVAS) 

Figure 3: Example Contextual Image and Non-Contextual Image 

 

3.3.4 Algorithmic Steps  
 

The key algorithmic steps are shown in Figure 2. 

 
Figure 2: Algorithmic Steps of FCAI Recommendation System 

For implementation of the algorithm, extracted features will be analyzed. Then, the optimal 

numbers of clusters have been determined from the dataset using clustering algorithm. After that, 

centroid of each cluster will be determined. The centroid of each cluster is the scale of 

appropriateness for that particular cluster. Next, based on the scales of appropriateness, FCAI 

images will be re-ranked. Finally, FCAI images will recommend in multiple categories and the most 

appropriate images in each category will be ranked. 

 

4. Discussion and Future Directions 
 

This paper presents the idea of recommending FCAI images for informal vocabulary learning. Our 

recent analysis (refer to 3.2) on over 25000 ubiquitous learning logs led us to propose this study. An 

FCAI image contains unique visual features that describe the word most appropriately in a specific 

learning context and location-wise. In order to build an environment for next-generation ubiquitous 

vocabulary learning, we plan to integrate SCROLL with AIVAS (Hasnine et al., 2017) system that is 

already capable of recommending ‘appropriate images’ for concrete and abstract nouns. By doing 

this, we would be able to interpret images and analyze their features to identify unique attributes that 

common among learners bearing similar cultural background. In the context of vocabulary learning, 

word-learning mechanisms may be different for nouns and verbs. Different types of visual aids have 

different effects on our cognitive processes. It is said that verbs are generally harder to learn than 

nouns and that moving objects have more impact on human cognitive processes compared to still 

                                                 
2 https://crowd4u.org/en/ 
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images. Moreover, many adjectives, adverbs, prepositions, and conjugations are very difficult to 

express with contextual/non-contextual images. Therefore, initially, the proposed FCAI system will 

be for English nouns. The development of the first prototype of the FCAI recommendation system is 

underway. In future, we plan to evaluate the output by analyzing learners’ interaction with FCAI 

images and measuring short/mid/long-term memory retention rates. Moreover, we plan for 

interaction and cultural association analysis using information visualization technique. 
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Abstract: This paper discusses the future possibilities of employing SVM and Significant 

Word Detection for automatic essay writing for Japanese English-as-a-Foreign-Language 

(EFL) Learners. After reviewing the limitations of traditional frequency-based scoring using 

indices related to commonly assumed constructs for learners’ productive performances; that 
is, Complexity, Accuracy, and Fluency (CAF), this paper suggests the possibility to utilize 

the SVM model on Significant Word Detection instead of “frequency-based” scoring of the 

proposed indices on the basis of the essay data of 212 Japanese EFL learners on the Criterion 

Test. Specifically, the data (F-measure value) shows that the proposed model distinguish 

more clearly the difference in proficiency between Scores 1 and 2 on the Criterion Test in 

terms of indices and selected words rankings. 

Keywords: SVM; Significant Word Detection; Automated Essay Scoring; CAF 

1. Introduction

This paper deals with the issue about automatic scoring of L2 writing ability and proposes a 

possibility to employ a SVM model approach to solve this issue. Needless to say, it is an essential 

task for every language instructor to correctly score and evaluate learners’ performance and 
proficiency. Since 1990, a great many studies have been published to investigate the relationship 

between linguistic features of the produced texts and learners’ proficiency level and the most 

common framework has been “Complexity, Accuracy and Fluency (CAF)” (Ellis & Barkhuizen, 
2005; Housen, Kuiken, & Vedder, 2012). The definition of each construct is summarized in the 

following table (Housen, Kuiken, & Vedder, 2012, p.2)  

Table 1 

Definition of CAF and Their Indices 

Constructs Definition Indices (Example) 

Complexity The ability to use a wide and varied range of 
sophisticated structures and vocabulary in 

the L2 

Mean length of Sentence, Dependent 
clauses per clause, Type-Token Ratio 

(TTR), Sophisticated word ratio, … 

Accuracy The ability to produce target-like and 

error-free language 

Errors of mechanics, Error free 

linguistic unit ratio, … 

Fluency The ability to produce the L2 with 

native-like rapidly, pausing, hesitation, or 

reformulation 

Frequency of linguistic units per unit 

time, … 

Although its convenience in the actual teaching environment has been agreed by many 

researchers, the problems and challenges about the issue of CAF have been also raised by a lot of 
studies. The problems are around the issue of the adequacy and consistency of the constructs on the 

basis of CAF to predict the proficiency level (Housen & Kuiken, 2009; Pallotti, 2009). Almost all of 

the previous studies crucially depend on the calculation of frequency of the relevant linguistic 
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indices, which we will call the “Frequency-based” approach. Since indices of Complexity and 
Fluency are both based on “frequency”, it is not clear which one they are measuring. Moreover, with 

this frequency-based approach, there is no consideration about the “significance” of each word’s 

appearance on the text; in other words, one appearance is counted as one frequency equally whether 
or not the word is significant to the proficiency prediction. These are the motivations to start a 

text-mining analysis on the basis of SVM mechanism. 

In the following chapter, we review the result of the frequency-based approach to the 
proposed indices to ask whether or not they will produce distinctive constructs which are relevant to 

CAF. Then, we attempt a “significance” approach to by employing a SVM model (Flanagan & 

Hirokawa, 2016) to prove a potential usefulness to predict proficiency. 
        

 

2. Insufficiencies of Frequency-Based Approach Based on CAF Constructs 

 

2.1 Introduction 

 
This chapter discusses whether or not the distinctive factor structure behind Complexity and Fluency 

indices on the basis of 212 essays written by Japanese university students. In addition, we would like 

to consider what is the relationship between Complexity index values and writing ability. 

 

2.2 Procedures 

 
The participants wrote a persuasive essay (40 minutes, around 200 words) on the Criterion®. This is 
a feedback support tool for writing instruction provided by Educational Testing Service (ETS). The 

engine of this automated scoring engine is “e-rater” (Attali & Burstein, 2005). This is one of the 

most popular automated essay writing tools in Japan. In this study, the dependent variable is a score 
of Criterion (1-6 points). The topic was chosen from Criterion® topic list. We employed a total of 54 

indices which were proposed in previous studies with two published computer programs; L2 

Syntactic Complexity Analyzer (L2SCA; Lu, 2010) and Lexical Complexity Analyzer (LCA; Lu, 
2012). The descriptive statistics is given below in Table 2. 

 
Table 2 

Descriptive Statistics of the Essay 

   Score N   Token   Type 

1 56 7852 4285 

2 77 14375 7688 

3 74 19195 9454 

4 48 15424 7095 

5  6 2749 1142 

    Total 261 59595 29664 

 

The procedures of the analysis are (i) Calculation of 54 indices from essays with L2SCA and 

LCA; (ii) Analysis of correlation coefficients among 54 indices; (iii) Verification of the factor 
structure by conducting factor analysis; and (iv) Identification of the relationship between 

Complexity index values and essay scores provided by Criterion. 

 

2.3 Results 

 
The correlation networks among all indices are given in Figure 2 and that after factor analysis was 

described in Figure 3. (Maximum likelihood method with Promax Rotation; Cumulative % of 
Variance = 60%; 31 indices with factor loadings less than .400 or more than 1.00 were excluded.) 

The result showed that three factor structures were extracted. Factor 1 is related with the construct 

“Fluency”. Factors 2 and 3 are related to two of the construct Complexity (“Lexical Complexity” 
and “Lexical Variation”). This is consistent with the posit of two subcategories within Complexity 
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(Bulté & Housen, 2012). However, the correlation analysis showed that, while there are some 
indices belonging to Factor 1: “Fluency” showed “strong or medium” correlation, most other indices 

belonging to Factor 2: “Syntactic Complexity” and Factor 3: “Lexical Variation” showed some 

“weak or no” correlation. This is shown in the Table 3 below. This crucially demonstrates that the 
indices referring to “Complexity” does not correlate with the score of the writing proficiency test.  

 

 

3. Our Proposal: SVM and Significant Word Detection 

 

3.1 Introduction 

 
In this chapter, we examine the prediction of the score of the test from learners’ written essays on the 

basis of the extraction of the significant words that are calculated from learners’ sentences of 
different scores. The system is an application and extension of the tool proposed by Flanagan and 

Hirokawa (2016), which analyzes the edit distance between original and corrected learner writing 

sentences to automatically identify errors and extract L2 criterial lexicogrammatical features from 
learner corpora. In the current study, two types of corpora containing two different groups like 

grades 1 and 2 and grades 4 and 5 are used to determine significant words determining the scores and 

both positive and negative words are listed up. We need to deal with a large amount of data in an 
automated essay writing system, we train and evaluate the prediction performance of a Support 

Vector Machine (SVM) classifier by analyzing a corpus constructed using the proposed method. As 

to the mechanism or condition to determine significance between learners of different scores, please 
make reference to Flanagan and Hirokawa (2016). 

 

3.2 Results 

 
An SVM model trained on all features was evaluated as the baseline of prediction performance. The 
baseline prediction performance results are shown in Table 3 for SVM models trained by analyzing 

all of the features in sub-feature set. Table 3 shows the result of prediction performance for SVM 

model trained by analyzing all of the features of the corpus. The F-measure value of D2 vs D3 is 
large, accounting for higher prediction. On the contrary, that of D4 vs D5 is small, indicating that the 

prediction is very difficult as to Scores 4-5. 

 
Table 3 

Prediction Performance for Each Data Set 

Data Set Accuracy    F-measure Recall Precision 

D1 vs D2 0.5736 0.4448 0.9600 0.3004 

D2 vs D3 0.8532 0.8367 0.7057 0.6374 

D3 vs D4 0.5367 0.6327 1.0000 0.4639 

D4 vs D5 0.5786 0.3600 0.7000 0.2567 

 

The top 10 positive/negative features are listed in Table 4 below for each pair of groups, 

illustrating that the indices among groups are different, containing indices belonging to Syntactic 
Variation and Lexical Variation as characterizing features predicting the score. The above table 

showed that the pair of D2 vs D3 showed a higher level of predictability. In this pair, seven indices 

are regarded as promising predictor of D3 or D2 scores as shown in Table 5 below.  
This is an important implication for future possible approach to automatic evaluation. The 

simple correlation analysis on the basis frequency of selected indices shows only weak or no 

relationship with the scores. However, this does not mean that the indices are useless for indices to 
be employed into any kind of automatic essay evaluation system. Given an adequate process to 

assign a proper weight to each index might lead to a solution to more reliable predictors to learners’ 

proficiency. 
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Table 4 

Top 10 Positive and Negative Indices in Each Pair 
 D1 vs D2 D2 vs D3 

 weight index weight index 

Positive 
(Upper Score’s 

Characteristic) 

0.3022032 Trait Level for Word 
Choice 

0.1615484 Trait Level for Fluency/ 
Organization 

0.1569837 Trait Level for 

Fluency/Organization 

0.1594281 LEXTOKENS* 

0.1442293 ADVV*** 0.1478984 LEXTYPES* 

 0.1150402 RTTR*** 0.1458424 WORDTYPES* 

 0.1149089 CTTR*** 0.1407393 VV1*** 

 0.1144013 SWORDTOKENS* 0.1357381 CN* 

 0.1128879 WORDTYPES* 0.1353157 W* 

 0.1067614 SLEXTOKENS* 0.1350678 Trait Level for Word 

Choice 

 0.0993168 LEXTYPES* 0.1231915 CN/T** 

 ……. …….  …….  

 -0.0566083 ADJV*** -0.0900191 T/S** 

 -0.0596087 Number of Mechanic 
Errors 

-0.0908619 Number of Mechanic 
Errors 

 -0.0689778 Number of Style Errors -0.0957847 VS1*** 

 -0.0714113 LD*** -0.1064915 TTR*** 

 -0.0737294 CN/C** -0.1125287 VS2*** 

 -0.0944243 TTR*** -0.1255377 NV*** 

 -0.0969490 NDWZ*** -0.1356627 LS1*** 

Negative 
(Lower Score’s 

Characteristic) 

-0.1005187 NV*** -0.3045206 Number of Usage Errors 

-0.1939303 Number of Usage Errors -0.3090309 Number of Grammar 
Errors 

-0.2164886 Number of Grammar 

Errors 

-0.0900191 T/S** 

 

 D3 vs D4 D4 vs D5 

 weight index weight index 

Positive 

(Upper Score’s 

Characteristic) 

0.2620786 Trait Level for Word 

Choice 

0.1045946 CN* 

0.1514993 WORDTYPES* 0.0920999 W* 

 0.1507284 LEXTOKENS* 0.0866174 CN/C** 

 0.1498145 LEXTYPES* 0.0775572 LEXTYPES* 

 0.1404499 CN* 0.0765693 VV1*** 

 0.1310414 DC* 0.0744725 WORDTYPES* 

 0.1296169 W* 0.0725367 LEXTOKENS* 

 0.1183451 VV1*** 0.0714663 CN/T** 

 0.1088334 CP* 0.0678793 Trait Level for Word 

Choice 

 ……. …….  …….  

 -0.0703645 CVV1*** -0.0187571 NV*** 

 -0.0904621 TTR*** -0.0265480 LOGTTR*** 
 -0.0943306 ADJV*** -0.0277811 Number of Mechanic 

Errors 

 -0.105863 NV*** -0.0283895 ADVV*** 

 -0.1198715 LS1*** -0.0295199 TTR*** 

 -0.1396667 Number of Mechanic 

Errors 

-0.0311966 LS1*** 

 -0.1445832 VV2*** -0.0434477 LD*** 

Negative 
(Lower Score’s 

Characteristic) 

-0.1763751 Number of Style Errors -0.0534850 Number of Style Errors 

-0.2397661 Number of Grammar 

Errors 

-0.0555333 Number of Grammar 

Errors 

-0.3041103 Number of Usage Errors -0.0903508 Number of Usage Errors 
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Note. *: Index belonging to Fluency; **: Index belonging to Syntactic Complexity; ***: Index belonging to  

     Lexical Variation. 
As to the text feature, Table 5 below shows the optimal word selection performance. The 

optimal N shows that a set of 1000 top positive and negative words produces optimal prediction 

performance. If we look at the value of F-measure value, the pair of D1 and D2 shows the highest 
predictability with a comparatively small number of selections of words, while that of D4 vs D5 

shows the lowest predictability. The reason may be because the number of sentences that belongs to 

D5 is small, as shown in Table 1 above, which probably makes it difficult to produce a prediction. 
 

Table 5 

Optimal Word Selection Prediction Performance 

Data Set N Accuracy    F-measure 

D1 vs D2 1000 0.7027 0.7811 

D2 vs D3  500 0.6258 0.6691 

D3 vs D4  200 0.6145 0.5078 

D4 vs D5 3000 0.8835 0.0995 
 

As to the pair of D1 vs D2 with the highest predictability, Table 6 shows the top 20 positive 
and negative words affecting the scores. As the values of Frequency and Wight shows, there is no 

linear correspondence between the two, suggesting that the frequency-based indices do not capture 

the weight features to predict the proficiency scores. 
 

Table 6 

Top 20 Positive and Negative Words for D1 vs D2 

Top 10 Negative Words 

(Score 1 Characteristics) 

Top 10 Positive Words 

(Score 2 Characteristics) 

Weight Frequency Word Weight Frequency Word 

-0.4736550 150 human 0.2764717 116 sns 

-0.3860630 309 many 0.2692637 146 1:the_internet 

-0.3492269 44 car 0.2642158 45 computers 

-0.3141937 96 smart 0.2490998 156 technologies 

-0.2978925 14 iphone 0.2486749 787 a 

-0.2899323 133 life 0.2450126 15 learning 

-0.2617538 35 1:to_do 0.2359601 11 1:machine_learning 

-0.2395420 61 nuclear 0.2112899 318 be 

-0.2390680 8 baseball 0.2078097 330 they 

-0.2252266 27 check 0.1964445 30 health 

-0.2238245 22 2:to_solve_this 0.1913442 190 them 

-0.2230636 27 write 0.1907495 31 2:i_think_we 

-0.2184093 373 our 0.1907495 32 1:think_we 

-0.2179564 12 oil 0.1866921 184 invention 

-0.2094453 13 drive 0.1853568 235 you 

-0.1957845 58 say 0.184624 22 changed 

-0.1942128 42 accident 0.1841243 37 those 

-0.1901981 11 1:the_car 0.1839005 82 easily 

-0.1870048 110 may 0.1825917 360 this 

-0.1868908 17 1:have_many 0.1742301 81 much 
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4. Conclusion 

 
This paper showed that the observable indices on the essay do not constitute the traditional CAF 
constructs. Moreover, it was demonstrated that the indices relating with Complexity do not have a 

correlation with proficiency scores. On the other hand, our proposed application of Flanagan and 

Hirokawa’s (2016) SVM model produced a prediction to a certain degree especially toward the 
distinction between scores 1 and 2. As was suggested, we need to collect more data especially of 

Score 5, highly proficient essays, since we totally lack data of this group, which crucially makes it 

difficult to produce a high F-measure value of this group.  
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Abstract In recent years there has seen a wealth of literature on mobile assisted language 

learning, especially mobile learning in informal learning settings. In this paper, we 

reported findings from a mobile learning project integrated into a college English 

classroom in China. One hundred and twenty-four students from two intact classes took 

part in a mobile-assisted language learning project. Data were collected from the survey 

questionnaire administered at the end of semester. Students logging data were also 

collected to analyze students’ level of participation. Results show students responded 

positively to using smartphones in classroom. Smartphones can promote students’ 

participation and interaction in the English class. 

Key words: mobile assisted language learning, mobile learning, smart phones, engagement 

1. Introduction

The portability and connectivity of mobile phones promise great potentials for mobile learning. 

Students’ mobile learning, however, was found to be still limited due to such factors as small 

screen size (Stockwell, 2008) , high connectivity cost and hardware prices (Dashtestani, 2015). 

Recent development of mobile technology is likely to deliver better results. For example, in the 

latest report released by China Internet Network Information Center, by the end of June 2016, the 

number of mobile internet users reached 656 million in China and mobile access has become the 

dominant means of Internet access for Chinese Internet users. Prices of smartphones and 

connectivity cost in China also drop in a way that most users can afford with free WIFI widely 

available, especially on school campuses. Smartphones hold great promises for pedagogical use in 

educational settings. 

2. Previous works

In recent years there has been a wealth of literature published on mobile learning. These studies 

have addressed various issues regarding language learning. Overall, there’s a great deal of interest 

in mobile-assisted vocabulary learning (Stockwell, 2007; Burston, 2014b). For example, Thornton 

& Houser (2005)、Lu (2008) compared the effect of mobile vocabulary learning with learning 

vocabulary by traditional approach, and found mobile learning has greater vocabulary gains. There 

are also quite a few studies on the effect of mobile learning on listening (Nah, White, & Sussex, 
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2008) and writing (Hwang, Chen & Chen, 2011). However, most previous works on mobile 

assisted language learning seem to use mobile phones mainly to deliver contents and 

pedagogically more or less followed behaviorist teaching practices (Burston, 2014a). To our 

knowledge, studies exploring the interactivity and collaboration afforded by mobile learning are 

still scant. The current pilot study aims to examine how smartphones can be used to promote 

students’ classroom interaction and participation. Specifically three questions were formulated: 

 

(1) How do students perceive the use of smartphones to facilitate classroom discussion and 

interaction in EFL classes? 

(2) How actively do the students participate in the MALL project? 

(3) What’s the quality of the students’ online discussion? 

 

3.  Methodology 

  

3.1 Participants 

 

One hundred and twenty-four second-year college students from two intact classes enrolled in an 

EFL general English course took part in the study. The first class comprised of 61 engineering 

students and the second class of 63 students was from business management department. The 

students’ English level was mixed with most of them being average based on the national College 

English Test Band-4 scores. According to the survey done at the beginning of the project, all the 

students owned their own smartphones and over 90% of the participants expressed positive 

opinions on using mobile phones for language learning purposes. 

 

3.2 Procedure 

 

The current project lasted for 6 weeks, covering three learning modules with varying topics. The 

topics were selected from a required textbook. In each learning module, a free commercial mobile 

platform CloudClass was employed to facilitate class interaction. CloudClass is a mobile teaching 

platform developed by a Chinese Internet company which can realize many online pedagogical 

functions, such as synchronous chatting, quizzes, voting, resource uploading and homework 

submission and so forth. The software can be downloaded for free from App stores and installed 

on smartphones for easy access on any mobile operating systems. 

After group or pair communicative tasks in traditional format were finished in class, the 

students were asked to voluntarily post their opinions on the mobile discussion board for 

class-wide discussion. Cloudclass was also used as a classroom response system to poll students’ 

opinions, invite questions, and provide instant feedback to students. The mobile-assisted learning 

session took about 15 minutes during each class meeting. For students who were not willing to use 

their mobile phones to participate, they can either submit paper-based quizzes or participated in 

class discussion orally. 

 

3.3 Data collection 

 

Data were collected from a survey questionnaire administered at the end of the project. Eight 

Likert scale questions were designed to examine students’ perceptions of using smartphones to 
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promote class interaction and participation. Students’ log data on the mobile platform was also 

collected to analyze their online learning activity. A focused group interview was also conducted to 

provide in-depth analysis of students’ opinions of the MALL project. To further examine the 

quality of students’ participation, textual features of the posted discussion was also presented and 

analyzed.  

 

4. Results and discussion 

 

4.1 How do students perceive the use of smartphones to facilitate classroom discussion 

and interaction in EFL classes? 

 

As is shown in Table 1, most students believe mobile learning promoted their class participation, 

improved their willingness to communicate, and reduced their anxiety. Only about 24.7% students 

felt it losing-face to make mistakes in the messages posted online, which suggests mobile learning 

could provide a less threatening environment for the students, thus increasing their willingness to 

communicate.   

Results of the interviews also proved the survey findings. Students’ comments are as 

follows: 

“When answering questions on mobile phones, you don’t have to stand up and be put in the 

spotlight. I like to post my opinions on mobile phones. Even if you make mistakes, since there 

are so many posts going so fast, it doesn’t matter at all. ” 

“I like to have discussions on mobile phones because there is a lot more interaction than in 

traditional class.” 

 

Table 1  

Questionnaire results on students’ perceptions of using smartphones in classroom learning (n=97) 

Item Agree Disagree Undecided 

Q1: In mobile-learning assisted English class, I’m 

willing to participate in class-wide discussions. 

80.4% 6.2% 13.4% 

Q2: In mobile-learning assisted English class, I will ask 

the teacher directly if I have questions. 

44.3% 15.5% 40.2% 

Q3: In mobile-learning assisted English class, I’m 

willing to express my opinions in English. 

72.2% 6.2% 21.6% 

Q4: In mobile-learning assisted English class, I’m 

willing to answer my teacher’s questions. 

57.7% 8.3% 34.0% 

Q5: I feel nervous in mobile learning class. 17.5% 51.6% 30.9% 

Q6: I feel losing face when making some mistakes in 

my posts on CloudClass discussion board. 

19.6% 55.7% 24.7% 

Q7: The class atmosphere is generally good. 80.4% 19.6% 0 

Q8: I’m satisfied with this English learning experience. 75.3% 6.2% 18.6% 

 

4.2 Students’log activity on the mobile platform  

 

During the project, three discussion activities (including two text-based and one audio-based 
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discussion), one voting activity, three quizzing activities based on the mobile platform were 

integrated into classroom teaching. From table 2, we can see students generally maintained strong 

interest in participating in the mobile learning activities, and several activities reached about 90% 

participation rate. One interesting interaction feature of the CloudClass discussion board is it 

allows the users to give thumbs up to a post. In the current project the instructor asked the students 

to give a thumb up to a post they find well written. The students were extremely active in giving 

thumbs up. For example, in one discussion, class 1 gave 75 thumbs up and class 2 gave 105 

thumbs up, building a highly interactive environment. However, it should be noted it’s not clear 

whether students’ gave thumbs up because they really read and liked the posts or simple for fun. 

Despite this, the fact that this interactivity feature increased students’ motivation to participate 

should not be neglected. 

 

Table 2 

Students’ log data on the mobile platform 

 

 

4.3 Textual analysis of the students’ online discussion 

 

The second discussion activity was chosen for detailed analysis to illustrate the quality of the 

students’ online discussion. In this activity, the instructor asked the students to discuss the module 

topic “whether our world is getting meaner” and posted their discussion on the mobile discussion 

board. Altogether 101 posts were collected, and a small corpus of 2191 words was built 

accordingly. Descriptive statistics of the online posts (Table 3) show the students posted an average 

of 19.67 words for the discussion activity. The longest post had 67 words in total whereas the 

shortest post had only one word. It should be noted, however, the frequency of the short word 

posts was quite low, with only four students posted either “No”, “maybe”, or “I don’t think so”. 

The rest of the students all provided explanation of various depths in their discussion. Key word 

analysis also showed students’ discussions were highly relevant to the topic under discussion 

(Fig.1).  

 

Table 3.  

Descriptive statistics for the discussion posted in Activity 2 

 Min. Max. Mean SD 

Activity Number of mobile participants 

Class1 (engineering) 

n=61 

Class 2 (business 

management) n=63 

Discussion 

activity 

Activity 1 (text-based) 31 32 

Activity 2 (text-based) 44 57 

Activity 3 (audio-based) 48 54 

Voting activity 47 39 

Quizzing 

activity 

Quiz 1 50 53 

Quiz 2 38 44 

Quiz 3 50 54 
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Word count of Activity 2 1 67 19.67 11.595 

 

Examples of the students’ comments are shown below: 

“I don't think so. For my own part, there are still many people who are willing to help others, 

but those who thought they have seen too much about the society are accelerating the world 

getting meaner. ” 

  “it's not because people get meaner, but more mean people are reported than before. “ 

In traditional classes, confined by language proficiency, anxiety and cultural constraints, 

many Chinese students would rather express their views in as few words as possible, thus making  

communicative teaching approach rather difficult to implement in class. From the 

above-mentioned analysis we can see students were more willing to express their opinions and 

share their views with others online. Moreover, the contents of the posts indicated a high level of 

cognitive engagement on the parts of the students.  

 

 

Fig. 1 Key word analysis of Discussion Activity 2 based on frequency 

5. Conclusion  

We implemented a mobile-learning project integrated into an EFL class. Students exhibited a high 

level of participation in the mobile learning activities. Benefits of the mobile-learning integration 

project are identified as promoting interaction among students, providing a highly interactive and 

less threatening environment and enhancing class participation. Given the short duration of this 

pilot study, the study is not without limitations. However, this study might shed some light on how 

mobile learning can be employed to promote class participation for students, especially for Asian 

students who are often considered as reticent in class interaction.  
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Abstract: This study looks at how digital storytelling can be integrated to teach EFL 

English majors from a university in southern Taiwan. Drawing on the notions of multimodal 

literacies, activities and tasks were designed to guide students to accomplish a digital 

storytelling project. The purpose was to provide a context which offers students an 

opportunity to experience English learning and literacies through the use of multimodal 

resources such as texts, images, and sounds. Analyses of students’ brainstorming notes, free 

writing drafts, narratives, videos, and written reflections revealed that such pedagogy helped 

to improve not only students’ speaking and writing skills but also other abilities such as 

researching, critical thinking, and digital skills. These results indicate that digital 

storytelling can be a creative and insightful venue for understanding how multiliteracies can 

be developed in EFL university classrooms.  

Keywords: Multiliteracies, EFL, university students, multimodal instruction 

1. Introduction

With the advancement of technology, numerous communication channels and modes have been 

invented and used increasingly. In foreign language classrooms, in particular, printed textbooks are 

not the only dominant materials nowadays. To some extent, they have been replaced by multimodal 

displays such as YouTube videos, iPads, and Power Point slides. These changes are forcing 

language teacher educators to re-evaluate their course design and re-think how to incorporate these 

technologies for a more meaningful process of learning. Since the concepts of multiliteracies or 

multimodal literacies were introduced by the New London Group (NLG) in 1996, researchers have 

been interested in examining how L2/EFL students develop literacy skills through their engagement 

in tasks such as digital storytelling (Angay-Crowder, Choi, & Yi, 2013). To put theories into practice, 

I designed a digital storytelling course project to raise EFL university students’ awareness and 

engage them in multiliteracies activities.  

2. Literature Review

2.1 Multiliteracies 

Ever since the New London Group (NLG) (1996) published a seminal article entitled, “A Pedagogy 

of Multiliteracies: Designing Social Future,” the notion of multiliteracies has aroused a widespread 

academic interest. Such concept merged language education agendas in L2/EFL teaching, involving 

language arts, media literacy, and cultural studies that can be applied to all classrooms and all 

learners (Lotherington & Jenson, 2011). The coined term, multiliteracies, (also called multimodal 

literacies) refers to “the multiplicity of communications channels and media, and the increasing 

saliency of cultural and linguistic diversity” (p. 63). The NLG scholars believe that communication 

channels and media resources provide opportunities for meaning-making and these can be combined 

with cultural and linguistic diversity. Multimodal literacies have been considered important skills in 

the 21st century. Such skills offer learners to experience language and culture through different 

687

Yang, J. C. et al. (Eds.) (2018). Proceedings of the 26th International Conference on Computers
in Education. Philippines: Asia-Pacific Society for Computers in Education 



dimensions of communication. In a recent review written by Lotherington and Jenson (2011), 

several innovative multiliteracies pedagogies were introduced such as fan fiction community (Black, 

2005) and digital storytelling (Vinogradova, Linville, & Bickel, 2011). These studies offer the 

potentials and values of integrating multiliteracies in L2 and EFL language education.  

 

2.2 Digital Storytelling 
 

I followed Lambert’s (2009) approach to guide EFL university students to explore how multimodal 

tools can be used to tell stories that involve self-reflections on personal living experiences. Ten steps 

were included in Lambert’s approach: 1) Imagining a story to tell in fewer than 5 minutes using 

words, pictures, and music; 2) Participating in the story circle in which everyone tells a story and 

receives feedback; 3) Writing a verbal narrative (150 to 250 words); 4) Reviewing each other’s 

narratives; 5) Collecting still images and thinking about music; 6) Storyboarding in PowerPoint; 7) 

Recording the narrative; 8) Selecting music and sound effects; 9) Producing the digital story using 

video editing software; 10) Presenting digital stories in class. In order to apply such approach into a 

nine-week teaching practice, the ten steps were later adapted into a three-stage procedure.  

 

 

3. Methods 
 

3.1 Setting and Participants  
 

This study was conducted in an English Microfilm Design and Production course offered in the 

English Department at a university in southern Taiwan. An intact class of 17 students were invited to 

participate in this study. Almost all the participants were English majors; only two majored in other 

fields (i.e., Communication, Political Science, respectively). Among the 17 students, three were 

males while the majority was females. When the participants were recruited, they were in different 

years of their studies: sophomores (N=8), juniors (N=8), and seniors (N=1). Most had experience in 

producing Chinese videos. However, few had experience in producing short films in English.  

 

3.2 Data Sets and Procedure 
 

Data sets included the following: 1) A post-production written reflection; 2) students’ midterm 

homework assignments, Power Point slides, and final videos; 3) Field notes based on observation of 

class sessions. Adapted from Lambert’s (2009) ten-step approach, the three-stage teaching design 

was used to guide students to create their digital stories.   

 

 

4. Findings and Discussions  
 

4.1 How can multiliteracies pedagogy be integrated effectively in EFL university 

classrooms?  
 

The answer to this question can be explained with the three instructional phases: pre-, during-, and 

post-production. In the pre-production stage, the students were guided to understand the concept of 

“digital storytelling” through browsing related websites such as the Center for Digital Storytelling. 

Questions like “What happened to the storyteller?” “Why is the video close to what you want to 

create?” were used to prompt students to think and discuss in class. From the observation of 

students’ topics, some explored topics such as sports (N=2) or overseas travelling experiences (N=6). 

Others explored personal realization and awareness-raising (N=9). Topics such as bullying, losing 

the beloved pet, being homesick, frustration in life, and near-death experience were included. These 

students developed interests in exploring the selves that were once ignored, confused, or not well 

treated in the past and thus used storytelling as a healing process or as a way to inspire others. In 

spite of those challenges, the students were delighted to present their work in class and at the same 
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time saw their classmates’ products. The following screenshots (Figure 1 below) were from five of 

the students’ PowerPoint slides and videos:  

 

    

Trip as a Volunteer 

to Cambodia 

Joining an English 

Conversation Club 

Study and Travel in London Bullying 

Figure 1. Pictures, drawings, and images from students’ PowerPoint slides and videos 
 

4.2 What are the students’ learning experiences in the digital storytelling project informed 

by the multiliteracies pedagogy?  
 

The analyses of students’ written reflections revealed that the majority felt positive about this 

learning experience and gained a sense of achievement when the project was completed. Although 

some stated that they encountered difficulties in script writing, many of them indicated that they 

were satisfied with their final products and felt inspired to produce storytelling videos in the future. 

In their written reflections, students also commented on how such project improved their language 

skills. A female student, Cindy stated: “It is a nice project indeed. We can learn the way producing 

digital story! Moreover, it sharpens our writing ability as well as pronunciation. In addition, Photo 

Story is a convenient software to create a video; as long as we know the way to use, it won’t be too 

hard for beginners” (Written Reflection). Cindy noted that her writing and pronunciation improved 

through creating a digital story. Both Maddie and Cindy’s statements aligned with previous findings 

(e.g., Alcantud-Díaz, Ricart Vayá, & Gregori-Signes, 2014) in terms of how digital storytelling can 

develop students’ language skills, and also foster their digital skills.  

 

 

5. Conclusion and Implications  
 

Drawing on the concept of multiliteracies, the findings showed that EFL college students held 

positive views on the idea of digital storytelling and considered such course design informative and 

useful. Through telling their stories, students felt empowered and regarded storytelling as a mean to 

heal their wounded hearts and raise awareness of social issues such as bullying. To conclude, this 

study provides some suggestions for future research. First, the current study was considered small in 

scale (N=17). Future studies can expand the notion of multiliteracies in larger classroom settings. 

Second, this study focused on college English majors. However, it can be extended to courses such 

as General English or English as a Specific Purposes (ESP). The combination of multiliteracies 

pedagogy and digital storytelling can be implemented to motivate students in these classes.  
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Abstract: This work-in-progress study explored students’ motivation and  usability in 
cloud-based collaborative learning from the Intercultural Communication course, 

investigating whether students enjoy synchronous collaborative learning. It also 

investigated the differences in perceptions of students engaged in collaborative learning 

using the Google Slides for generating the team project report and presentation and Padlet 

tools for peer review. English as a Foreign Language (EFL) students were recruited into 

pairs or groups of three to work on the group project. The study aligned with those of 

previous studies in that the collaborators performed better than the individuals in the oral 

presentation as well as the depth of learning. Besides that, small group learners were more 

likely to feel motivated, and to perceive the learning process and experience positively. The 

results of this study reveal that by facilitating knowledge construction and peer scaffolding, 

Google Slides can play a significant role in enhancing students’ motivation and willingness 
to communicate with peers; the Padlet tool provides the space for all groups to share their 

thoughts for improvement in learning a foreign language. To conclude, students provided 

positive feedback with peers at the same time, especially regarding the fact that they could 

see instant annotations using the Google Slides. The interesting thing was that technology 

could be embedded into the English class, making students feel more confident in learning 

from each other. Furthermore, pedagogical implications for future studies are proposed for 

English instructors using technology as a supplementary tool to assist students learning. 

Keywords: English as a foreign language, collaborative learning, technology-enhanced 

language learning  

1. Introduction

English oral training with the focus on cultural communication plays an important role in the 

technological college English curricula. Through such courses, technological college students can 
acquire not only basic communication skills, but also discipline-specific English vocabulary and 

genres in order to prepare for their future careers. However, the English-speaking ability of students 

at technical colleges need support to develop their English skills since their English proficiency level 
is relatively low. The contribution of this study is to embed cloud-based collaborative learning into 

English oral training courses, creating cultural scenarios relating to students’ hometowns, as well as 

cultivating their ability to use simple English to introduce Taiwan’s local culture in comparison with 

other foreign cultures. This study investigated the use of Google Slides software by Taiwanese EFL 
learners to edit group assignments. Based on Liu & Huang (2015), the research sought to explore 

whether an online collaborative activity would have a significant impact on both students’ 

perceptions and intention to apply ICT literacy in the process of learning English. 

2. Literature Review

The definition of collaborative learning follows the constructivist theory (Pavlenko & Lantolf, 2000; 

Papert, 1996), which proposes that active learners must build up knowledge through interactions 

with individuals and their surroundings (Schunk, 1996). In addition, the English oral training related 
to intercultural dimension helps students acquire linguistic and intercultural communicative 

competence. Byram’s (2012) model makes a connection between EFL teaching and intercultural 
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communication; teachers have efficient teaching strategies for the contexts. In addition, language 
learning is composed of recognizing one’s culture while respecting others.  

Learning strategies are clear steps developed to solve educational problems. Strategies for 

learning English are applied to assist students with absorbing English knowledge according to skills 

and steps. They have a positive impact, guiding students to gain and organize knowledge, making 
language learning more joyful, and efficient eventually (Oxford, 1990). In addition, embedding 

technology into English learning, teachers can guide students to cultivate their language skills 

through real-life scenarios and meaningful learning experiences (Angelova & Zhao, 2016; Wu, Yen, 
& Marek, 2011). Overall, teachers explain from familiar to unfamiliar contents step by step. We can 

summarize that learners rely on their established schematic knowledge and the scaffolding of new 

systemic knowledge in English learning.    The research question is as follows: Will a synchronous 
design via Google Slides and Padlet be more effective in enhancing students’ learning motivation in 

oral training than an asynchronous design?   

 

3. Methodology 

 
Two intact Intercultural Communication classes at a technological college, including 52 students, 

participated in this experiment. They were formed groups of two or three. The control group with 24 

participants utilized Google Slides individually on their assignment while the experimental group 
with 28 students worked as multiusers, employing Google Slides for cloud-based collaborative 

learning. Padlet was used as the peer review tool similar to a smart board, whose functions include 

ability to: (a) view other team’s presentation videos; (b) write constructive comments; (c) read peers’ 

comments; and (d) write their own team’s reflection of the learning activity. Each group’s Google 
Slides contained descriptions of their own culture. Both classes spent 45 minutes per time working 

together for 6 weeks. While they were working on the group project, the control group discussed 

issues face to face and worked on their own PowerPoint individually. On the other hand, the 
experimental group discussed the group PowerPoint and edited the file simultaneously via online 

annotations in Google Slides. Both groups spoke orally with one another. After 6 weeks, participants 

uploaded their projects with images to the online platform called Padlet, and then made an oral 
presentation for their final project. Students’ group projects were evaluated by three teachers, 

including two native English speakers and one non-native English speaker.  

Data collection consisted of pre- and post-tests, a learning motivation questionnaire, 

evaluations of group project presentations, and focus group interviews. The learning motivation 
questionnaire was modified from the instructional materials motivation scale (IMMS) established by 

Keller (2009). The original IMMS consists of four subscales, including attention, relevance, 

confidence, and satisfaction (ARCS). In this study, the researcher modified and deleted some items, 
producing a modified IMMS with 25 items. It is hoped that the functions explored in this study can 

support English language learning and make learning more interesting for the participants. Results 

of the study may have broader implications for the use of cloud-based collaborative learning tool and 

Padlet as a peer review mechanism for enhancing learning experiences.  

 

4. Results & Conclusion 

 
Most of the 52 participants made satisfactory progress with a significant difference (t= 6.69, p<.001). 
The questionnaire items reached .802 of Cronbach's Alpha value. This preliminary work applied 

Google Slides to assist students in revising a group project in single-user mode and multiuser mode. 

It sought to explore the individual learning via Google Slides in the asynchronous design in 

comparison to the synchronous design, with the support of Padlet for peer review. This pilot study 
showed the effectiveness and intention to use multiuser mode compared to the control group 

employing the single-user mode.  

Regarding the open-ended questions on a questionnaire, students reported enjoyed using 
Google Slides to work on their group project and Padlet to interact with other groups, especially the 

experimental group, who edited the same PPT file simultaneously and applied Padlet as the peer 

review platform. Through the focus group interview, students expressed positive feelings about 
editing the group project with peers at the same time, especially because they could give feedback 
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and see instant messages using the free software Google Slides. They thought it was interactive and 
interesting to work on the group project. In addition to that, they appreciated having two foreign 

guest speakers to evaluate their group oral presentations so that they could be sure that the foreign 

teachers understood their content and shared the ideas with them. The result was that technology 

could be integrated into the oral training with an emphasis on language and culture, allowing 
students to learn with each other from their own perspectives compared with other foreign cultures. 

In summary, we have discussed the role of collaborative learning in English. It is significant 

that each person respects different perspectives on his/her own culture. Content should be practical 
and interesting, so students could reflect on their own culture relevant to others, and engage in 

meaningful cross-cultural communication. Furthermore, we encounter cultural barrier, but should 

respect other cultures. Therefore, culture and English learning are closely associated with each other, 
and using online collaborative tools for oral training in English and is helpful for learners of English 

as a foreign language.  
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Abstract: In order to choose appropriate words, especially in foreign language, we need to 

understand the usage situation for each word precisely. Usage situation of words can be 

inferred by co-existing words in the example sentences with the target words. Co-existing 

words in example sentences are not always the same, so in order to understand usage 

situation from co-existing words, it is necessary to generalize them. This research proposes 

the learning method of usage situation of words by the generalization of co-existing words 

(keywords) in the example sentences. The system for managing the keywords and 

generalized words should be delveloped in order to promote this learning method. This 

system also has a generalization support mechanism to provide concepts of words acquired 

through WordNet as hints.  

Keywords: English word learning, usage situation, generalization, WordNet, example 

sentence 

1. Introduction

When we learn second language, it is sometimes difficult to understand the usage situation of words, 

especially if there are more than one words of the similar meaning. For example, English words 

create, make, build, and design are all translated into the same Japanese word tsukuru, but their 

meanings are slightly different. If we only understand the meanings of these English words by 

corresponding Japanese words, we cannot tell their differences and hence, are not able to use these 

words at the correct situation. This research aims to propose a learning method for understanding the 

usage situation of the English words and develop its learning support system. 

Various multimedia contents were introduced to facilitate remembering words, such as 

pictures and animation (Sun et al., 2004). These contents might promote the memorization of the 

meaning of English words, but did not support deep understanding of the meaning of words 

including their usage situations. Nation suggested to introduce example sentences so as to master 

words through reading (Nation, 2001). In example sentences, words that we want to learn and words 

by which we can understand usage situation of the target words are included together, so learning 

using example sentences leads to understanding of the usage situation.  

Benson et al. proposed learning steps to understand the words, including their usage 

situation (Benson et al., 1999). They insisted that to generalize the meaning of English words is 

important for deep understanding of the word. Matsubara et al. suggested that to observe several 

example sentences promote understanding of the usage situation of the words and proposed the 

retrieval system of example sentences (Matsubara et al., 2008). This system implicitly expected us to 

generalize situation of the example sentences given by the system, but did not explicitly support the 

generalization. In this research, we propose a learning method to understand usage situation of 

English words by generalizing words in example sentences.  

Since this learning method is not trained in the school, it is difficult for us to put in the habit 

of generalizing words every time we learn with example sentences. In order to acquire this learning 

method, we need to consciously executing this learning method. This research proposes the system 

through which we can externalize our generalization process. In the system, we can manage the 
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generalized words as a graph structure. Externalizing our own generalization process through the 

system makes us easier to derive the generalized words and consider the importance of the 

generalization. However, we are not always able to derive the generalized words easily, so the 

support method for generalizing words may be needed. In order to cope with this problem, our 

system provides conceptual knowledge of words acquired from concept dictionary as hints to derive 

generalized words. 

 

2. Learning Steps for Usage Situation of English Words based on Generalization  
 

In order to learn the usage situation of English words from its example sentences, it is necessary to: 

step1) extract words expressing the situation from the example sentences as keywords and step2) 

generalize them as our own words as generalized words. 

In step 1, keywords are determined according to the part of speech of the learning words. For 

example, if the part of speech of the learning word is verb, object of the verb becomes the keyword. 

In step 2, generalized words should include all keywords of the learning word, but do not include 

keywords of other words of the similar translation. In order to derive such generalized words, we 

sometimes need to generalize the generalized words as well, to include generalized words of all 

keywords.  

Figure 1 shows example of practicing these learning steps. In this example, the learning words 

are bake and generate, both representing tsukuru (making) in Japanese. The encountered example 

sentences are; “I bake cake”, “I bake bread in the 

oven.”, and “I generate an electricity.” In step 1, the 

objects of these verbs are selected as keywords from 

the example sentences, such as cake, bread, and 

electricity. In step 2, generalized words are 

generated from the specified keywords. For 

example, food is generated from cake and bread. If 

solid matter is derived from keywords of bake, and 

intangible is derived from generate, we can take 

bake when creating a sentence whose object is 

potato. 

In this research, the correctness and 

appropriateness of the generalized words are not 

considered. As we learn many examples sentences, 

generalized words may reach to the usage situation. 

3. System for Supporting Generalization of Keywords 

We have developed the system, which provides an interface through which learning words, 

keywords, and generalized words can be organized by graph structure, which is called a 

classification graph. By expressing relationships among learning words, keywords, and generalized 

words using a classification graph, the generalization may be promoted and the comparison between 

words becomes easier. The system is implemented with programming language C#.  

 Figure 2 shows the interface. The interface is composed of a classification graph display 

section, a keyword input section, and a concept search section. In the classification graph display 

section, the classification graph created by the user is displayed. The “learning word” node is 

depicted as yellow, the “keyword” node is blue, and the “generalized word” node is green. A 

keyword input section is for inputting a learning word, a translation of a learning word, an example 

sentence, and keywords extracted from the example sentence. When the user inputs the learned 

example sentences and the keywords extracted from them into the keyword input section and pushes 

the add button, the nodes representing the learning words and keywords are displayed in the 

classification graph display section, and the links are added between them. ID of node is assigned 

automatically by the system and is shown in the node.  

 When the generalization button of the keyword input section is pushed, a generalization 

interface for creating generalized words is emerged. By specifying IDs of keywords or generalized 

Figure 1 Example of generalization 
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words to be generalized, entering a generalized word for it and pushing the decision button, a node 

representing generalized word is generated in the classification graph.  

 A concept search section is used for getting the hints for the generalization. In order to 

derive generalized words, we need to know the meanings of words to be generalized. However, 

depending on the vocabulary skills, sometimes we do not understand the meaning of words and we 

cannot produce generalized words. In order to cope with the situation, this system introduces a 

concept dictionary, Japanese WordNet (Bond, 2018), and gives concepts of the inputting words as 

hints for understanding their meanings. Let’s assume that we try to generalize the meaning of “cake” 

and “bread.” The concept of the bread is “food made from dough of flour or meal and usually raised 

with yeast or baking powder and then baked” and that of the cake is “baked goods made from or 

based on a mixture of flour, sugar, eggs, and fat.” In these concepts, “bake” and “flour” are 

commonly used. If we can notice of these 

commonly used words, we can produce 

generalized words by using these words, such 

as “something made from flour” or “baked 

good.” 

 In a concept search section, when the 

search button is pushed, the window for 

searching the concept knowledge is displayed. 

By inputting the type of word and node IDs, the 

concepts of the selected words are acquired 

from Japanese WordNet and are shown at the 

concept search section. 

 

 

4. Conclusion 
 

This research proposed the learning method for understanding usage situation of English words by 

the generalization of keywords in the example sentences. The learning system has been developed in 

which generalized words are managed as a classification graph. In addition, for users who have 

difficulties in generalizing words, the generalization support mechanism that provides concept 

knowledge of words acquired by Japanese WordNet have been developed. We need experiments to 

evaluate the effectiveness of our system and the learning method.  

The authors assumed that as we keep learning using huge number of example sentences, the 

generalized words become similar to the usage situation. We need to evaluate this assumption 

whether we can reach to the correct usage situation if we repeatedly learn with many example 

sentences. If not, the mechanism should be developed that selects appropriate sentences as example 

sentences, so as to promote the derivation of the generalized words that are similar to the usage 

situation. 
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Abstract: Reflecting on one’s own teaching practice is a critical process for promoting 

his/her own teacher professional development. However, it is not easy for teachers to reflect 

on their teaching practice effectively without sufficient information. In past decades, many 

studies were undertaken to develop efficient methods for recording and analyzing teachers’ 

teaching behavior for helping teachers rethink their teaching practice. Those methods, 

however, were laborious or expensive. With the widespread adoption of smart classrooms, 

we are able to utilize their abilities of automatic data collection and thus develop an 

automatic teaching behavior analysis system, Sokrates Teaching Analytics System (STAS). 

STAS utilizes AI technology to analyze teachers’ teaching behavior which is automatically 

collected via HiTeach smart classroom interactive software. An integrated report of teaching 

analytics report is generated for teachers to reflect on their teaching practice right after the 

end of each class. Such a report not only helps teachers grasp their teaching practice in a 

class but also serves as a tool that experts can use to make concrete suggestions for teachers 

to promote their teacher professional development. 

Keywords: Sokrates, teaching analytics, teaching behavior, smart classroom, teacher 

professional development 

1. Introduction

“How to improve teacher professional development? and how to make students learn effectively?” 

are common questions that frequently raised in teachers’ minds. Past studies indicated that reflection 

on teaching practice plays an essential role that may help teachers find the answers to the above 

questions during the process of teacher professional development (Darling-Hammond & 

McLaughlin, 1995; Šarić, & Šteh, 2017). More specifically, reflecting on personal teaching practice 

provides opportunities for teachers to re-examine what they have performed in their classes, which, 

in turn, helps them gain deep understanding of their teaching practice, and thus improve their teacher 

professional development (Loughran, 2002; Osteman, & Kottkamp, 1993; Schön, 1983). In general, 

reflecting on teaching involves recalling and writing down critical classroom events in detail, 

thinking the issues that have been written down critically, and finally making improvements to 

future teaching practice.  

When teachers reflecting on teaching practice, the first thing that teachers have to do is 

mining important information that influences their practice from their memory. More importantly, 

the quantity and the quality of what teachers recalled may influence later process of reflection. In 

other words, the more details teachers recall, the more problems can be identified; the more 

problems are identified, the better reflection results can be obtained. Recalling critical episodes in 

detail plays such an important role in teaching reflection, yet it is difficult to achieve. It may be one 

of the reasons why many teachers cannot obtain effective results from teaching reflection. Such a 

phenomenon is usually due to the fact that teachers have no enough time to recall and record these 

issues in time in their routine teaching practice. Furthermore, the detail of critical episodes being 
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recorded would disappear gradually as time goes by. Thus, there is a need to help teachers record 

detailed information of important episodes occurred during their teaching practice. 

 In order to observe and record important episodes and interactive behavior during teachers’ 

teaching practice effectively, many studies were conducted in past decades. Those studies developed 

various methods to observe and record teachers’ teaching practice, which involves traditional 

instruments (e.g. video recorders, voice recorders, special designed sheets, and computer-aided 

event recorder) and modern instruments (e.g. eye tracker, portable EEG, gyroscope, and 

accelerometer). Compared with recalling from memory, data collected from these instruments not 

only provide researchers with more real-time and data, but also capture more details that teacher 

may not be aware of. Although these instruments present extensive details of teachers’ teaching 

practice, several issues, such as high human resource costs, and expensive equipment, make these 

approaches difficult to be comprehensively applied to routine teaching practice. Recently, the wide 

application of digital classroom software and hardware seems to shed light on resolving these issues. 

Thus, we tried to design an automatic teaching behavior analysis system, “Sokrates Teaching 

Analytics System (STAS)”, based on an on-shelf digital classroom system, HiTeach, aiming at 

facilitating teachers reflect on their teaching practice and improving their professional development 

consequently.  

 

 

2. The observation and analysis of teaching behavior 
 

The interaction behavior between teachers and students brings great impact on students’ classroom 

experience (Skinner & Belmont, 1993). Thus, quite a few researchers devoted plenty of time to 

investigating and developing effective approaches to observe and analyze teachers’ teaching 

behavior (e.g. Flanders, 1961; Gorham, 1988; Hughes, 1962; Liang, Huang, & Tsai, 2012; Pennings, 

Brekelmans, Wubbels, van der Want, Claessens, & van Tartwijk, 2014; Schempp, McCullick, 

Pierre, Woorons, You, & Clark, 2004). These studies consequently formed a research area: teaching 

analytics. More specifically, teaching analytics is an approach which records, analyzes, and 

evaluates how teachers deliver their lectures to students through various tools. The purpose of 

teaching analytics focuses on helping teachers gain deep insight into how they taught, reflect on their 

teaching practice, and improve their teaching skills (Gauthier, 2013; Prieto, Sharma, Dillenbourg, & 

Jesús, 2016; Sergis & Sampson, 2017).  

As time progresses, the tools applied to teaching analytics were advanced with new 

technologies. In 1960s to 1980s, researches mainly adopted paper-based approaches, such as 

Flanders Interaction Analysis Category System (Flanders, 1966), S-T instructional analysis (Fujita 

& Yoshimoto, 1980), and Seating Chart Observation Records (Gall & Acheson, 1980), to collect 

data. Later on, camcorder became a popular device to record classroom interaction behavior since 

the first consumer camcorder was introduced in the middle of 1980s. Owing to the capability of 

capturing almost every detail of classroom lessons, videotaping was recognized as an effective 

method to evaluate the quality of how teachers delivered their lessons (Ball, & Cohen, 1999) and 

promote professional development (Borko, Jacobs, Eiteljorg, & Pittman, 2008). 

 Almost at the same time, with the popularization of personal computers, more and more 

researchers started to use computers to analyze their experimental data thanks to the strong 

computing power. In the past decade, traditional paper-based approaches seemed to be replaced by 

newly designed computer-aided applications, such as Q-TSI (Hershkovitz, Merceron, & Shamaly, 

2015), I/O Classroom Analysis Application (Ando, Aoyagi, Davis, & Kinefuchi, 2012), and the 

Version 3.8.1 of LessonNote (2018). These applications help researchers keep more details when 

observing classroom lessons. For example, LessonNote uses seating chart as the main body to record 

classroom interactions which is similar to the idea of SCORE, however it further provides teachers 

with functions to record voice notes, add photos, and keep a timestamp for every event 

automatically. Recently, researchers attempted to apply portable sensors which measure human 

physiological activities directly to record teachers’ teaching behavior (Prieto, Sharma, Dillenbourg, 

& Jesús, 2016). Such an attempt carved a new path for studying classroom interactions. The 

approaches mentioned above were developed with their own features, which focus on different 

perspectives of classroom interaction. The following sections give a brief review these approaches. 
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2.1 Flanders Interaction Analysis Category System (FIACS) 
 

In order to analyze classroom interactions between teachers and students, Flanders (1966) developed 

FIACS, which records classroom verbal interaction with ten categories. An observer adds a new 

record into a 1010 matrix (Figure 1) every three seconds according to the content of 

communication between teacher and students. For example, a 4-8-2 interaction sequence is 

composed of “a teacher initiates a question (4)”, “a student responses to the question (8)”, “and the 

teacher praises the student (2)”. This sequence can be translated into two records: 4-8 and 8-2. These 

two records then add one to cell (4, 8) and cell (8, 2), respectively. After completing the matrix, 

researchers could calculate the value of interaction variables, such as percent teacher talk (PTT), 

percent pupil talk (PPT), teacher response ration (TRR), and discover the patterns of classroom 

interaction. Flanders divided the FIACS matrix into 11 areas; each area represents an educational 

meaning. For example, area H (shadowed area in Figure 1) represents teacher statements evoke 

students’ responses. In addition, high frequencies appeared in cell (4, 8) and (8, 4) (cells with thick 

border) might imply the teacher administer drill-and-practice in the class. 

 

 
Figure 1. The FIACS matrix. 

 

2.2 S-T Instructional Analysis 
 

 

  
Figure 2. S-T Chart. Figure 3. Rt-Ch Chart. 

 

The S-T instructional analysis, which was proposed by Fujita and Yoshimoto (1980), presents 

teacher-student interaction via binary representation. The major difference between S-T analysis and 

FIACS is the recorded content of interaction. More specifically, the S-T analysis does not categorize 

the content of interaction; it only records the subject who is carrying out a classroom activity in each 

sampling period. Student activity is recorded as S while teacher activity is recorded as T. The 

sampling period of S-T analysis is adjustable; 30 seconds is a commonly used value for a regular 

class. At the end of a class, the recorded activities would form a character string which is composed 

of S and T and may look like “TSSSTS…STS”.  
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The character string can be translated into an S-T chart (Figure 2). Furthermore, the string can 

also be calculated to obtain an Rt value and a Ch value. The Rt value represents the percentage of 

teacher activity while the Ch value represents the activity change rate. For example, the Rt value of 

“STTTS” is 0.6 (3/5).  The Ch value of “STTTS” is 0.5 (2/4) because there are two activity changes 

(S to T at the beginning and T to S at the end of the string) and two non-changed activity pairs (T to 

T). The Rt and Ch values can then be drawn on the Rt-Ch Chart (Figure 3). For example, the values 

of Rt and Ch obtained from the data in Figure 2 is shown as a diamond dot, which is located at the 

practice area in Figure 3 due to low teacher activity and low activity change. 

 

2.3 Seating Chart Observation REcords (SCORE) 
 

One of the intuitive instruments for recording teacher-students interaction is using a seating chart. 

Such an instrument is referred as Seating Chart Observation REcords or SCORE in abbreviation 

(Gall & Acheson, 1980). SCORE directly represents the classroom settings so that on the one hand 

observers can quickly draw the target behavior on the chart, on the other hand teachers can interpret 

the result with less effort. As shown in Figure 4, the star is the original place where the teacher 

stands; the teacher moves along the path connected to the star and finally stops at the cross mark. 

The question mark shown in Ann’s seat indicates Ann has asked a question. The straight marks 

indicate students respond to teacher’s statements. There is no a fixed form of SCORE recording 

sheet. This example simply demonstrates a kind of SCORE applications; a great variety of SCORE 

recording sheets and recording protocols could be found in other studies. 

 

 
Figure 4. Seating Chart Observation Records. 

 

2.4 Quantifying Teacher-Student Interactions (Q-TSI) 

 

 
Figure 5. The interface of Q-TSI. 

 

Q-TSI (Hershkovitz, Merceron, & Shamaly, 2015) is a classroom activity recording application 

(Figure 5), executed on Android tablet PCs. The design of Q-TSI is a bit similar to the combination 

of SCORE and FIACS. Q-TSI records a teacher’s locations in a classroom. In addition, the 
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interaction content between teacher and students is divided into three main categories: (1) public and 

content related events, (2) public and non-content related events, and (3) non-public events. Each 

category consists of several items. By combining the collected data, detailed classroom activities can 

be reproduced. For example, the teacher stood by Jeremy (location #8) and give him a private 

instruction. Generally speaking, Q-TSI integrates the strengths of category system from FIACS and 

the behavior of movement from SCORE. Although the items that Q-TSI records are fewer than 

FIACS and SCORE, it records time as a new dimension of data, which is not available in the two 

traditional approaches. 

 

2.5 Teaching Analytics with portable sensors 
 

Recently, Prieto, Sharma, Dillenbourg, & Jesús (2016) conducted a study, which collected teachers’ 

eye-movement data, electrical activity of teachers’ brain, video that recording teachers’ field of 

view, voice, and 3-axis accelerometer readings with mobile eye-tracker goggles, a single-electrode, 

a portable electroencephalogram (EEG), and a smartphone. This study aimed at investigating the 

potential of applying AI technologies to extract teachers’ teaching activities automatically, including 

task distribution, explanation, questioning, monitoring, and repairs, during a lesson from the 

collected data. The preliminary result of this study demonstrated 90% accuracy on discriminating 

between small group and whole class activities while the reliability of detecting the five concrete 

teaching activities remained room for improvement. 

Despite the instruments mentioned above possess their own strengths, they have some 

limitations unavoidably. For example, the facets of data collected with FIACS, S-T analysis, and 

SCORE are limited; other important features which may increase the reliability of data are missed. 

In addition, the results obtained through FIACS and SCORE are accumulated data which are not 

able to be analyzed with time dimension. Although computerized programs such as Q-TSI resolved 

this issue, they are still labor-intensive, especially for the situation when recording multiple 

independent activities which take place concurrently. Actually, the biggest challenge for either the 

classic or current approaches is they are labor-intensive on coding and analyzing (Prieto, Sharma, 

Dillenbourg, & Jesús, 2016). More importantly, the analyzed results are usually not easy to be 

understand, and thus needed to be explain by experts. The work conducted by Prieto and his 

colleagues (2016) attempted to automatically collect and analyze teachers’ teaching behavior, which 

in turn greatly reduced experts’ loads on coding and data analysis. However, such an approach 

requires teachers to wear additional devices, which may cause teacher to feel uncomfortable. In 

addition, the devices adopted in that study are mainly used research; they are still expensive and not 

widespread. In this vein, we started to think if it is possible to collect and analyze the data of 

teachers’ teaching behavior without allocating additional human resource and requiring teachers to 

wear additional devices, and meanwhile provides teachers a straightforward report letting them 

grasp how they deliver a 40-minute lesson in just one minute. 

 

 

3. Sokrates Teaching Analytic System 
 

In order to achieve our goal, we designed and developed the “Sokrates Teaching Analytic System” 

(STAS) to collect and analyzing the data of teachers’ teaching behavior automatically in regular 

smart classrooms. With the support of Sokrates AI engine, teachers’ teaching behavior is translated 

into simple charts right after teachers finishing their lecturing so that they can reflect on their 

teaching practice with vivid memories. The design of STAS follows the following three principles: 

(1) Collecting teachers’ teaching behavior in a more directly manner than traditional approaches. 

Traditional approaches require observers to observe and justify teachers’ activities, which 

involves more or less subjective points of view. Such manually collected data is not obtained 

directly from teachers’ activities and may lose its objectivity. Thus, the research team sought to 

design a method that records teachers’ teaching behavior directly. 

(2) Collecting and analyzing data automatically and reducing the cost of human resource. There is a 

great variety of teaching and learning activities took place in classrooms. The best traditional 

way to collect these data thoroughly is allocating a large number of well-trained observers. Even 

we videotaped the classroom activities, it still spends experts a lot of time on coding and 
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analyzing data. Moreover, the results of analyzed data require experts to provide a clear 

explanation. Therefore, we attempted to collect and analyze teachers’ teaching behavior 

automatically in our design to reduce the cost of human resource. 

(3) Providing concise information with data visualization techniques. As mentioned in the previous 

paragraph, the data of classroom activities possess various features, and the analyzed results of 

these data require experts to give an explanation. Experts, however, cannot stay at the same 

classroom all the time. Thus, our design uses elements that teachers are familiar with to increase 

the readability of the final reports. Teachers receive a personal report right after they finish their 

lecturing as if there is an expert sitting in their classrooms to comment their lecturing. 

 

3.1 HiTeach Interactive Teaching Software 
 

In order to collect teachers’ teaching behavior directly, STAS is built upon a smart classroom 

environment, HiTeach (Figure 7). HiTeach is an interactive teaching system with a capability to 

seamlessly integrate various hardware, such as interactive white boards, document cameras, smart 

phones, tablet computers, and an interactive response system (IRS) (Huang, Liang, & Wang, 2001; 

Liu, Liang, Wang, & Chan, 2003), which provide teachers with various interaction and lecturing 

tools to deliver their lessons. For example, Figure 7 shows a teacher is showing a multiple-choice 

quiz to students with IRS integrated. 

 

 
Figure 7. A screenshot of HiTeach. 

 

3.2 System Design 
 

All teaching activities conducted via HiTeach are recorded and served as the source of teachers’ 

teaching behavior data. As shown in Figure 8, the extracted data which contains meaningful 

teaching and interactive behavior is sent to the Sokrates cloud service after data cleansing. Teachers 

will find a teaching analytics report in their account right after they finish their lecturing. 

 

 

 
Figure 8. The Sokrates Teaching Analytics System. 

 STAS is a cloud data analytics service, which evaluates teachers’ teaching behavior through 

statistical and AI techniques and then generates an integrated report that summarizes teachers’ 

lesson deliveries. The report generated by STAS (Figure 9) consists of five charts: (1) the 

frequencies of interactive technologies, (2) the accumulated time on using interactive technologies, 

(3) technological interaction index, (4) pedagogical application index, and (5) the distribution of 

teaching behavior. 
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Figure 9. The Sokrates teaching analytics report. 

 

 Charts one and two illustrate the frequencies of and the total time on the usage of interactive 

tools with bar charts. These two charts provide teachers a summative view of tool usage so that 

teachers can get a sense of their tendency on applying the interactive tools. 

 Chart three shows the technological interaction index with an appearance of speedometer. 

The value of this index is determined by the data of tools usage. Teachers can quickly realize the 

level of technological intervention in their lessons. This value does not necessarily correlate to 

teaching quality since each lesson has its own learning objectives and requires different models of 

lecturing which may involve different levels of technological intervention.  

 Chart four reflects how teachers apply technology based pedagogical methods in their 

lessons with an appearance similar to a radar chart due to using a cyclic structure to present data. 

Unlike a radar chart, the pedagogical application index (PAI) chart does not connect all values of 

variables to form a star-like area. The PAI chart reveals the information of how a teacher applies 

pedagogical methods in a lesson. Each variable in the PAI chart represents a pedagogical method; 

the value of each variable indicates the intensity of applying the specific pedagogical method. An 

index is given at the center of the PAI chart, which represents a teachers’ mastery and flexibility on 

the application of pedagogical methods in a lesson. 

 Chart five illustrates the distribution of a teacher’s teaching behavior in a lesson. The idea of 

this chart originates from the Gantt chart and history charts. In order to illustrate the relationship and 

chronological order among different types of teaching activity, this chart uses time as the main axis 

with individual tracks for each activity. Every activity is marked on its own track at the time point or 

interval of its occurrence. The distribution of teaching behavior presents an overall picture of a 

teacher’s teaching behavior, which depicts the interaction between teacher and students via HiTeach 

completely in a chronological order. 

 

 

4. Applications 
 

Smart classrooms, like the adoption of smart phones, are becoming more and more popular. In 

contrast to traditional classrooms, smart classrooms provide more interaction channels, and generate 

much more data. If we can extract useful information from the data generated in a smart classroom, 

we may help teachers review and improve their teaching practice. That is why we design and 

develop the STAS. Besides teachers, the experts of lesson debriefing are also target users of STAS. 

The STAS serves as a new tool helping experts grasp the integrated information of a lesson when 

they are giving comments in a lesson debriefing session so that experts could spend more time on 
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observing teachers’ teaching instead of recording teachers’ behavior. The following two sections 

describe the application situations of the STAS. 

 

4.1 Smart Classroom Individual Improvement Mode  
 

It is not easy for teachers to remember all details of their teaching behavior when delivering lectures 

in smart classrooms. Even in traditional classrooms, it is still not easy for teacher to do the same 

thing. Researchers has told us our memory is not as reliable as we think. In fact, our memory is often 

interwoven with episodes created by our brains instead of what really happened (Bartlett, 1932). The 

STAS report provides teachers with a summative view of their teaching. The teaching behavior 

distribution chart help teachers recall the process of their teaching practice. Teachers can compare 

the result of their teaching practice with their lesson plans to examine whether their lesson plans 

need to be revised and to reflect on how to improve their teaching practice.  

 

4.2 Lesson Debriefing Room Mode 
 

In addition to self-reflection, assimilating experts’ knowledge and experience is an alternative way 

to improve teacher professional development. In a traditional lesson debriefing setting, experts sit at 

the observation area of a classroom to observe and record a teacher’s delivery of a lecture. After the 

teacher finish delivering his/her lecture and a short break, experts make comments to the lesson, 

such as the strengths and the shortcomings of the teacher’s teaching, the points that could be 

improved, and the actions that should be avoided. Those comments, however, may be too abstract to 

be understood for the teacher. For example, an expert makes a comment which says the teacher 

conducted too many activities of picking out students and the teacher could conduct other activities 

to interact with students while the teacher does not realize such a situation. Hence, such a comment 

may fail to bring positive effect on the teacher’s teaching practice. If the expert makes the comment 

with the support of the STAS report, the teacher may grasp the situation quickly since the teacher’s 

teaching behavior is shown on the report completely. Moreover, if the expert found the teacher 

conducted a special pattern of teaching behavior that forms a good example for other visitor 

teachers, the expert could use the teaching behavior distribution chart to address his points. In short, 

the STAS report provides a concrete image about the teacher’s teaching behavior so that experts 

could make comments with concrete data. 

 

 

5. Conclusion 
 

Reflecting on personal teaching practice plays as a critical role in improving personal teacher 

professional development. In order to analyze teachers’ teaching behavior and help teachers 

improve their teaching practice, a great number of studies were conducted to develop efficient 

methods to record the details of teachers’ teaching behavior in past decades. Those methods focus on 

different features, such as the content of dialog between teachers and students, the frequencies of 

conducting specific interactive activities, the time points and the ratio of the occurrence of specific 

activities. Although these methods have their own strengths, they have some limitations when 

putting into practice. These methods, on the one hand, require a lot of human resource. On the other 

hand, there is a great deal of classroom interaction occurring in highly interactive smart classrooms 

which is different to those occurring in traditional classrooms. Therefore, such interaction data 

might not be able to be measured with the methods developed in traditional classroom environment. 

To address this issue, we develop a system, STAS, to collect and analyze the interaction data 

generated in smart classrooms. 

 In HiTeach smart classrooms, all behavior of operating a smart classroom system could be 

translated into digital data, which makes it possible to record teachers teaching behavior in smart 

classrooms automatically. The collected data could then be used to generate a report of teaching 

analytics with the support of Sokrates AI engine. The teaching analytics report provides teachers 

with a graphical view so that they could grasp information that facilitates their teaching reflection 

with ease. In additional to teachers, the teaching analytics report provides experts with an alternative 

view of teachers’ teaching practice. It is similar to the situation when doctors diagnosing patients’ 
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syndromes. More specifically, in addition to face-to-face check-ups, the results of comprehensive 

physicals exams (e.g. chest x-rays, CT scan, and MRI exam) provide doctors with detailed 

information about patients’ status which cannot be observed via face-to-face check-ups. Thus, 

doctors can make accurate diagnosis and give correct prescriptions. In the past, experts could only 

make comments according to their observation in classrooms. With the additional information from 

the STAS report, experts can give teachers more concrete and elaborate suggestions. 

STAS provides a simple way to collect and analyze teaching behavior automatically, yet it 

has some limitations. Firstly, some classroom interactive activities are not undertaken via HiTeach 

system (e.g. pick out students orally), and thus they could not be perceived by STAS so far. 

Secondly, gestures and movements that possess educational meanings could not be perceived either. 

Lastly, the dialogue between teachers and students cannot be analyzed at present. All these issues 

need to be addressed in future studies. 
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Abstract: This paper foregrounds teacher practitioners’ implementation experiences and 

reflections of a web-based Collaborative Video Annotation and Learning Analytics 

(CoVAA) intervention aimed at enhancing video-based teaching and learning in schools, 

with a view to foster secondary students’ conceptual understanding, social knowledge 

construction, and self-regulated learning dispositions. We first briefly outline the key 

learning principles that underpin the design of CoVAA, namely social dialogic learning, 

assessment for learning, and computer-supported collaborative learning. Next, we explain 

its two key learning affordances: (i) timepoint-based collaborative video annotation 

supplemented by a live interactive chatboard, and (ii) rapid digital formative feedback in the 

form of teacher and learner dashboards. We then illustrate how teachers implement these in 

their classrooms. Teachers’ sense-making of the learning and teaching gains, challenges and 

pathways forward for leveraging on these contemporary digital social learning affordances 

to enhance video-based classroom practices are presented and discussed. 

Keywords: Video-based Learning, Learning Analytics, Learner Dashboards, Teacher 

Dashboards, Computer-Supported Collaborative Learning, Dialogic Learning, Assessment 

for Learning 

1. Introduction

Video-based learning and flipped classroom pedagogy are being increasingly appropriated in K-12 

schools and classrooms worldwide. Some of the common reasons for this growing trend include: (i) 

moving content coverage outside of class time, thereby freeing-up class time for collaborative 

knowledge construction through purposefully-designed social learning interactions with peers and 

teachers; (ii) enabling individualized and differentiated learning; (iii) shifting pedagogy from a 

largely transmissionist approach to more learner-centric inquiry; as well as (iv) allowing 

parental/guardian involvement in student learning (Abeysekera & Dawson, 2014; Bergmann & 

Sams, 2012; Tan & Koh, 2017). However, in practice, teachers often encounter a number of key 

implementation challenges. First, the quality and effectiveness of video-based learning and flipped 

classroom pedagogical enactments can vary significantly, resulting in uneven and inconclusive 

empirical evidence about the extent to which the ‘promises’ of deeper and richer student learning 

outcomes are in fact achieved. This issue is in turn exacerbated by the lack of meaningful and timely 

learning process data to monitor and inform students’ engagement, understanding and learning with 

the video learning resources used in such flipped classroom pedagogical enactments. These aspects 

are also common in Singapore and serve as the impetus for our Collaborative Video Annotation and 

Analytics (CoVAA) learning intervention. 
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2. CoVAA: Design principles, learning affordances and implementation 
 

CoVAA is a web-based collaborative video annotation and learning analytics environment that was 

developed as part of a design-based research project funded by Singapore’s National Research 

Foundation eduLab Progamme. Launched in 2016, CoVAA has undergone two field trials at the 

time of writing, involving 2 schools, 3 subjects (Social Studies, Geography and Science), 7 teachers, 

12 classes, and 346 students in Singapore. 

In brief, CoVAA blends time point-based video annotation and interactive comments 

features, with dynamic learning analytics modules that enable teachers to (i) choose/upload video 

learning resources, (ii) embed purposefully designed pedagogical scaffolds and prompting 

questions, and (iii) continuously monitor learning progress and adapt pedagogical strategies to 

stimulate students’ deep socio-cognitive engagement, rich peer interactions and social knowledge 

construction around key disciplinary concepts of interest—before, during and beyond formal class 

time. These features were adapted and augmented from a web-based, open-source educational 

software known as the Collaborative Lecture Annotation System (CLAS) that had been developed 

and trialled, refined and adopted across multiple disciplines in various higher learning institutions 

since 2012 (Risko, Foulsham, Dawson, & Kingstone, 2013). 

 

2.1 Techno-pedagogical design principles underpinning CoVAA 
 

The techno-pedagogical design of CoVAA is informed by three key learning and pedagogical 

frames: (1) dialogic teaching and learning (Alexander, 2008), reinforced by (2) an Assessment for 

Learning (AfL) framework (Black & Wiliam, 1998), and situated within (3) a computer-supported 

collaborative learning (CSCL) paradigm premised on social knowledge construction pedagogical 

approaches (Jonassen, 1995; Pena-Shaff & Nicholls, 2004; Stahl, Koschmann, & Suthers, 2006; 

Vygotsky, 1978). These principles (further elaborated in Figure 1) constitute long-established 

progressive learning theories that have a significant corpus of empirical evidence substantiating their 

effectiveness in promoting deeper learning outcomes for students. Furthermore, more recent 

research in the field of computer-supported collaborative learning (CSCL) and learning analytics 

(LA) have also provided empirical evidence on the impact of using video annotation and pertinent 

learning analytics data in promoting better academic performance, self-regulated learning and 

motivation in flipped learning environments (Risko et al., 2013; Mirriahi, Liaqat, Dawson, & 

Gašević, 2016). 

 

 
Figure 1. Learning and pedagogical principles underpinning CoVAA 
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2.2 CoVAA Learning Affordances and Use in Social Studies, Geography and Science  
 

These design principles buttress the two key affordances in COVAA, namely, (1) timepoint-based 

collaborative video annotation with a live interactive chatboard, and (2) rapid digital formative 

feedback in the form of a teaching and learning dashboard. The following sections describe the 

affordances and how they were used by the teachers in Social Studies, Geography, and Science over 

the two trials. 

 

2.2.1 Learning affordance 1: Timepoint-based collaborative video annotation and 

interactive ‘live’ chat 
 

The timepoint-based collaborative video annotation and interactive ‘live’ chat are critical features in 

guiding dialogic learning among students. The timepoint-based collaborative video annotation 

enables teachers to post/embed video resources explicating key concepts in the topic of interest for 

student viewing, annotation, learning, and discussion on one single platform. Teachers and students 

can make annotations throughout the length of the video, and students can share annotations, review 

peer annotations, and view/receive teacher feedback within the collaborative learning space. This 

timepoint-based collaborative video annotation feature is complemented by an in-built synchronous 

chatboard or discussion comments panel (Figure 2). Teachers are able to embed purposefully 

designed pedagogical scaffolds/prompting questions to engage in students’ richer dialogue and 

social knowledge construction around their understandings of key concepts being covered. The 

chatboard feature in CoVAA further allows teachers to be actively involved in productive learning 

conversations after class by posting additional questions and learning resources in support of 

developing students’ overall conceptual understanding of topics concerned. 

In Geography and Science, teachers targeted content-heavy curriculum topics that can be 

tedious to cover using direct instruction methods. These included “Causes and Impacts of Climate 

Change” (Secondary 3, Elective Geography), “Tropical Cyclones” (Secondary 3, Core Geography), 

and “Transpiration” (Secondary 1, Combined Science). Teachers uploaded video lesson materials 

on these topics and embedded specific scaffolding annotation questions at critical timepoints, to 

guide students’ engagement with critical concepts. Teachers further posted higher-order questions in 

the ‘live’ chatboard to extend students’ overall comprehension, synthesis and application. Students’ 

responses and discussions would then provide a measure of their depth of understanding of the key 

threshold concepts. In Social Studies, teachers also uploaded and used a variety of videos, but with 

the emphasis on leveraging the ‘live’ interactive chat feature for students to build on one another’s 

knowledge and develop perspective-taking around controversial social issues. Topics covered 

included “What are the experiences and effects of living in a diverse society?” and “How can we 

respond in a diverse society?” 

In all subjects, students had to choose one critical lens and thinking skill (see Figure 2) to tag 

their annotations and comments. The design of these critical lens and thinking skills were informed 

by Paul and Elder’s (2001) “wheel of critical reasoning” and our own work on dialogic indicators of 

collective creativity and criticality (Tan, Caleon, Jonathan, & Koh, 2014). These tags served as 

micro-pedagogical scaffolds, stimulating students’ metacognition to actively and critically frame 

their thinking and discussion. In this way, students develop their perspective-taking and 

meaning-making capabilities as they make annotations and comments. Moreover, collaborative 

learning will also be fostered as students review their peers’ annotations and other blended modes of 

learning (e.g. with internet search engines and conventional modes of learning such as textbooks, 

notebooks, and paper references) to verify their understanding of the concepts taught. 
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Figure 2. Collaborative timepoint-based video annotation and interactive chatboard 

 

Teachers were able to view students’ annotations on-screen during class, download and 

review students’ annotations after class, to showcase examples of exemplary comments and/or 

address misconceptions at a class-wide level during consolidation (see Figure 3). Teachers often 

took a blended teaching approach by combining CoVAA with other modes of teaching, such as 

smartboards, whiteboards, and PowerPoint slides, among others (Figure 4). 

 

 
 

Figure 3. Teacher addressing misconceptions using on-screen annotations and downloaded 

annotations in class  

 

 
 

Figure 4. Teachers combining CoVAA with other teaching modalities/tools in class 

 

2.2.2 Learning Affordance 2: Teaching and learning dashboard 
 

The teaching and learning dashboard is a learning analytics component of CoVAA. It supports 

assessment for learning principles by according teachers with the tools for providing formative 

feedback and mediating discussions at critical junctures to stimulate deeper and more critical 

reading engagement from students. As shown in figure 5, the teacher dashboard is designed to 

facilitate timely and meaningful formative feedback by displaying comprehensive data of 

student-student and student-teacher learning networks and behaviours on tasks. This enables 

709



educators to monitor and guide their students’ learning such as through prompting participation from 

disengaged students and encouraging them to deepen the quality of their annotations and comments. 

The benefits of these learning analytics are, however, not limited solely to teachers. The 

visualizations of learning networks also allows students to self-monitor and adapt their learning 

behaviour. In so doing, it cultivates self-regulated learning as a key facet of the learning process. 

This development is a work-in-progress for an upcoming trial. 

 

 
 

Figure 5. Teaching and learning dashboard 

 

 

3. Methodology 

 

The study employed a mixed-methods design-based research approach, involving the collection of 

both quantitative and qualitative data pre- and post-intervention trials. CoVAA was implemented 

over two trials, involving 7 teachers and approximately 346 students across 12 classes. Each topic 

was covered in approximately 3-5 lesson periods, using a blended learning approach. Typically, in 

the first lesson, students were introduced to CoVAA. In subsequent sessions, students spent at least 1 

lesson using CoVAA in the computer labs, complemented often by e-learning on CoVAA at home, 

although this was not mandatory. The final lesson in-class would be a consolidation of the key points 

learnt during the trial, often with the use of CoVAA by the teacher as part of a larger blended 

classroom pedagogy. 

Quantitative data included pre- and post-intervention student self-reported questionnaires 

and conceptual tests. Qualitative data was collected through (i) open-ended feedback forms asking 

students about their experience using CoVAA, (ii) focus group discussions (FGDs) with students 

after each trial, (iii) teacher interviews and/or FGDs after each trial, and (iv) lesson observations. 

While discussions in student FGDs centered on the effectiveness of key features of CoVAA in 

enhancing students’ learning behaviour, teacher interviews sought to uncover a practitioners’ 

perspective in monitoring formative assessment and some of the challenges in conducting lessons on 

CoVAA. 

For this paper, we focused on the teachers’ experiences of using CoVAA to enrich 

video-based learning and teaching in their classes. As such, this paper focuses on the qualitative data 

generated from teacher interviews and FGDs, as well as lesson observations, in order to highlight the 

benefits and challenges observed by the teachers from the two trials. Thematic content analysis, in 

which the research data was iteratively analyzed, grouped and distilled to “generate a list of common 

themes in order to give expression to the communality of voices across participants” was undertaken, 

with every reasonable attempt “made to employ names for themes from the actual words of 
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participants and to group themes in manner that directly reflects the texts as a whole” (Anderson, 

2007, p.1; Vaismoradi, Turunen, & Bondas, 2013). 

 

 

4. Teacher reflections: Benefits and challenges 
 

The thematic analysis of the data gave rise to the following observations pertaining to the benefits 

and challenges of CoVAA. 

 

4.1 Benefits of CoVAA 
 

4.1.1 Learning at one’s own pace 
 

Teachers observed that video-based learning supported by the timepoint-based video annotations 

fostered individualized learning by allowing students to pause, re-watch a video, and answer the 

questions at their own pace. As one teacher remarked, “[the students] can do a lot of independent 

learning on their own, very much left on their own. And they can go back and forth [in] the video, as 

and when they like. There’s no stress, you know, that you have to follow the pace of the teacher.” 

(Teacher 5, Geography Trial 1 Interview). Some educators found the timepoint-based video 

annotations useful for slower learners as it allows them to learn at their own pace, thereby raising 

their attentiveness and self-confidence in the content, “I find that learning at your own pace and “as 

you please” boosts the student as they feel comfortable while doing work. So they would be more 

attentive to the lesson rather than feeling uncomfortable, or struggling with fast lessons.” (1E423, 

Science, T1 Survey). 

 

4.1.2 Encouraging peer learning 
 

Teachers shared that CoVAA allows students to tap on their peers’ expertise and external sources of 

knowledge. Through discussions on the live chatboard and checking for information in the World 

Wide Web, students were able to ideate freely with their peers, thereby expanding their exposure to 

multiple viewpoints. More importantly, all students were engaged, including the quieter ones, “I like 

CoVAA because yes you get to hear the quiet ones and then the students themselves can get to see 

each other's answers compared to Google and they say… “oh, he or she has a same perspective”, 

“oh, why didn't I think of that”. That [is the] kind of different perspectives you can get as you read 

different classmates’ answers.” (Teacher 7, Social Studies, Trial 2, Teacher FGD). 

In reviewing their peers’ annotations in real time, it also provided an opportunity for 

students to clarify their misinterpretations over specific ideas and improve their own answers. Some 

teachers noted, “I thought it will be good to get them [the class] to look at their friends’ annotations. 

Because I think some of them went back to change the answers, and to add on to their answers… 

They must be reading something and they find that the answers are lacking, and then they went back 

to refine their answers. Which is good... they are learning on their own.” (Teacher 4, Geography, 

Trial 1, Teacher Interview). 

 

4.1.3 Fostering deeper learning 
 

CoVAA’s design also aided in activating the meta-cognition of its users and improved their 

engagement with big ideas. The annotations guided students by highlighting key concepts 

throughout the video which deepens their analysis of concepts taught. As one educator remarked, 

“for [one class], they even went a bit further. They went to look at the video... they think of the 

questions and then they even came out with [their own questions]. They even [did] their own 

research, and … included some of the links, the examples of, from some news articles that they found 

online.” (Teacher 1, Social Studies, Trial 1, Teacher Interview). 

As CoVAA allowed learning to take place at home as well as in school, this created more 

time and space for richer discussion and deeper learning. A teacher elaborated, “[Using CoVAA for 

Social Studies] at home as a flipped classroom... they [students] have more time to think … [and 

711



more opportunity] to discuss it with [their] family members… that's a good thing because they start 

talking about these societal issues at home as well.” (Teacher 1, Social Studies, Trial 2, Teacher 

FGD). This suggests that students were able to gain more nuanced understandings of the topic 

through discussions with a wider group of stakeholders, not only their peers. 

 

4.1.4 Efficient monitoring by teachers 
 

Many teachers remarked that CoVAA is useful for formative assessment in that it becomes easier to 

oversee students’ participation in ‘real-time’, which is not possible in a normal classroom setting. 

Through the teaching dashboard, CoVAA assisted educators to better monitor student learning by 

allowing for efficient viewing of all students’ annotations and discussion comments in real-time. 

This, in turn, allowed teachers to provide personalized feedback and timely responses and clarify 

misconceptions efficiently. As one educator remarked, “[CoVAA] is a form of formative assessment 

as well. I can see where they [students] are going … [students can] see… where they are at this 

moment, and… how to link this back to the whole issue, which is on Issue 2, on ‘Living in a diverse 

society’.” (Teacher 1, Social Studies, Trial 1 Teacher Interview). 

 

4.2 Challenges and limitations 
 

4.2.1 Pressures of time and content coverage in current schooling culture 
 

A major challenge in using CoVAA in class was the time constraint required to enact and realize 

fully the pedagogical affordances of CoVAA within the curriculum content structure. Students 

demonstrated high levels of engagement when collaboratively annotating on the videos in response 

to teachers’ scaffolding questions, sometimes to a much longer extent than what was budgeted for by 

the teacher. “[Students] can go back and forth many times... The minus point will be; it takes a long 

time. So you really cannot be too ambitious, to cover too much. The problem is you have to finish the 

syllabus.” (Teacher 5, Geography, T1 Teacher Interview). Despite this, teachers were observed to be 

highly adaptive and flexible in the curriculum enactment during the trials, especially in overcoming 

the structural time constraint barrier. 

 

4.2.2 Students’ mindset toward online learning 
 

Several teachers have noted that prevailing attitudes amongst their students toward learning might 

limit CoVAA’s objective of inculcating self-regulated and independent learners. Rather than 

proactive engagement, for instance, some students possessed a ‘completion mindset’ towards 

CoVAA where annotated tasks were completed for the sake of it. Furthermore, teachers highlighted 

that students may have a traditional view that classroom learning is ‘more important’ than online 

learning, perceiving a teacher’s role as merely to provide the ‘correct answers’. One teacher shared 

that after a CoVAA lesson, she found that her students “still had this idea of not feeling very 

secure...  they [asked], “Teacher, that’s it ah?” I said, “Yes, basically that’s what the content is 

about. I mean, it’s not only just from the video, when you go home, even if I’m teaching you, you also 

will have to look through the textbook, to read again.” But they were just very insecure.” The 

teacher continued to elaborate that students did not feel “safe” as the teacher did “not teach”, rather, 

they “watched the video” to understand “the content.” (Teacher 4, Geography, Trial 1, Teacher 

FGD). This suggests that students’ mindset of learning, where knowledge may not come from the 

teacher, is an area to be addressed in future CoVAA interventions. 

 

4.2.3 Technological and logistical issues: Copyright issues and quality of video resources 
 

In searching for educational videos, teachers often faced difficulties securing a video that balanced 

explaining complex concepts with sufficient room for questioning. Whereas videos that deal with 

elucidating fundamental concepts can be understood by a vast majority of students, it may be less 

effective in cultivating independent and collaborative learning compared to videos that cover 

contentious issues that require deeper analysis and critical thought. A teacher highlighted, “it is not 
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easy to find very good videos that can cover all the things that we want to say. So, perhaps, even in a 

particular area that I want to teach, then this video is only for this section, this video is for this 

section. So there will be a lot of videos.” (Teacher 4, Geography, Trial 1, Teacher FGD). 

Even upon finding the appropriate video, teachers also encountered obstacles owing to 

copyright and licensing. Additionally, ensuring that all students participate in CoVAA during class 

time requires one-to-one computer and Internet access. This requires coordination between the IT 

department and the respective subject departments. Some teachers mentioned that the logistics of 

moving from classrooms to computer labs could detract students from learning time. 

 

 

5. Concluding Remarks 
 

The CoVAA intervention with its techno-pedagogical design and affordances, was seen from the 

teachers’ lenses as being effective in creating a collaborative and more inclusive learning 

environment for students, and encouraging them to become more independent learners. It also 

optimizes learning time in class and at home and supports educators in monitoring student progress. 

While this suggests that CoVAA has the capacity to enhance students’ conceptual understanding and 

self-regulated learning and provide for social knowledge construction, the perennial challenges of 

time constraints, and technological and logistical issues remained. Interestingly, we realized that 

students’ learning mindset is an important aspect to address in this digital age. Could students in 

Secondary Schools already be inculcated to learn in a certain frame? How can we encourage shifts in 

learning mindsets to more connected and open ones? 

Despite the associated challenges, we believe that the learning affordances of CoVAA are 

steps towards addressing such shifts in learning mindsets and designs. Moving forward, we are 

seeking to generate micro-case studies of teachers’ pedagogical adaptations to address diverse 

learner needs. This involves evaluating the efficacy of diverse pedagogical models and identifying 

enablers and anticipating challenges to its wider adoption. To this end, we plan to conduct more 

Teacher Professional development sharing workshops and sessions. As a further follow-up to our 

analysis, we hope to examine if there are distinctions amongst teachers who teach different subjects. 

Through continued research-practice partnerships, we hope to encourage more optimal video-based 

learning practices in K-12, which in turn will develop deeper and more self-regulated learning 

amongst our students. 
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Abstract: Massive open online course (MOOC) platforms have been found to be a desirable 

mode for Teacher Professional Development (TPD) activities as it allows increased 

opportunities to connect teachers engaged in PD. This connect allows teachers to engage in 

collaboration, share knowledge, discuss concepts and techniques, suggest application and 

additional learning material. In the MOOC setting, we term this as peer-connect. Every 

MOOC designer tries to increase the peer-connect through various channels available in 

MOOC, especially discussion forums. However, discussions in the MOOC forums have 

been criticized for being scattered, tentative and engaging only few learners. Existing 

attempts in improving the method of forum design were found to have mixed results. In this 

paper, we present a pedagogy designed around the discussion forum aimed at leveraging 

peer-learning in a 6-week TPD MOOC. The pedagogy is named as ‘Learning experience 

Interaction’ (LxI) and contains a focus question driving a discussion thread followed by a 

reflection quiz on the discussion to incentivize the participation. The effect of this pedagogy 

was analyzed through a mixed-methods research, wherein we obtained quantitative and 

qualitative analyses of the peer-connect and engagement of participants in the discussion 

forum. The results show a sustained engagement of learners in the discussion forum even 

after the course duration. A total of 1691 participants were active in the discussion forum 

and they generated a total of 29355 posts across 8 weeks. Qualitative analysis of the most 

active discussion thread in a week revealed that there were five different levels of 

interactions - Opinionated elaboration, Elaboration, Superficial, Persistent interaction, and 

Asking information. Majority (73.2%) of these discussions went beyond being superficial 

comments, and none of these deviated from the focus question.   

Keywords: Teacher professional development, MOOC, Discussion forum, Engagement 

1. Introduction

The arrival of Massive Open Online Course (MOOC) platforms have revolutionized the field of 

online education, impacting higher education curriculum, community outreach, professional 

development and corporate training applications (Anders, 2015). However, MOOC pedagogy has 

been criticized for focusing on the information transmission agenda (Fischer, 2014). Discussion 

forums in MOOCs, which are meant to enhance interaction of learners with their peers and 

instructors, can address this problem. Research suggests that these interactions do not usually 

happen, as the threads in the discussion forum engage less number of participants. Moreover, the 

threads are usually scattered, not allowing the new learner to make sense and connect with their 

peers (Mak et al., 2010). This problem adversely impacts the learning from discussion forums where 

learners are expected to explore knowledge together by doing cooperative activities such as 

“requesting help, answering questions, discussing concepts and techniques, suggesting applications 

and additional learning material” (Dubosson & Emad, 2015). In this paper, we refer to the learner 

interaction in these cooperative activities as peer-connect. 

MOOCs have recently attracted interest among teacher professional development (TPD) 

community as a medium to facilitate co-learning among teachers at scale (Laurillard, 2016). 

Co-learning, which is a critical aspect of TPD MOOCs (Laurillard, 2016), can be operationalized 

through discussion forum participation. TPD MOOCs have experimented with the structure and 

format of discussion forum to mitigate the known problems and engage participants in the course 
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(Laurillard, 2016; Warriem et al., 2016). In this paper, we extend the work of Warriem et al. (2016) 

by presenting the evaluation of the pedagogical design behind discussion forum. We refer to this 

pedagogical design as Learner Experience Interactions (LxI). The LxI pedagogy includes a focus 

question, which drives the discussion in the discussion forum, and is followed by a graded reflection 

quiz (Figure 1, in section 4). The graded quiz incentivizes the forum participation. Thus, the main 

purpose of the LxI is to enhance peer-connect and leverage the opportunity of peer learning. We 

have implemented LxI in a 6-week TPD MOOC on ‘Pedagogy for effective integration of ICT for 

schoolteachers’ (ET611Tx). In this paper, we investigate the research question (RQ): “What is the 

effectiveness of LxI pedagogy in enabling peer-connect?” in the context of ET611Tx.  To answer 

this RQ, we performed quantitative and qualitative analysis of discussion forum posts in the MOOC. 

We found that the participants were engaged in sustained discussions even after the course was over, 

creating 29355 posts in 8 weeks. The qualitative analysis shows 100% adherence of the discussions 

to the focus question, with 73.2% non-superficial posts.  

 

 

2. Literature Review 
 

Discussion forums in MOOCs are major avenues for interaction among participating learners who 

may be accessing the course from physically different locations. These interactions are crucial for 

ensuring student success and satisfaction in online courses (Frey & Alman, 2003) and additionally 

ensure a stronger sense of community (Ke & Xi, 2009). The asynchronous nature of the discussion 

forums provide flexibility for the learner to communicate at any point of time and the public nature 

allows these interactions to be visible for a larger group of learners (Nandi, Chang & Balbo, 2009). 

According to the connectivist theory of learning (Siemens, 2013), learners in an open and distributed 

learning setting explore knowledge together by doing cooperative activities such as requesting help, 

answering questions, discussing concepts and techniques, suggesting applications and additional 

learning material (Dubosson & Emad, 2015). We refer to this phenomenon as peer-connect. 

However, limited participation of learners in discussion forums has been identified as a 

persistent and widespread problem within online courses (Hewitt, 2005). In MOOCs, discussion 

forums are additionally known to have challenges of being unfocused and filled with responses that 

are ‘tentative’ (Mak, Williams, & Mackness, 2010; Schweizer, 2013). Though this engagement 

contributes towards participation, the tentativeness or lack of focus means that participation alone is 

not a sufficient condition to ensure quality of discussion (Naranjo et. al., 2012). Strategies like tutor 

moderation, peer facilitation and discussion seeding have shown mixed results (Onah, Sinclair & 

Boyatt, 2014). Thus, there is a need for pedagogical strategies for discussion forum participation in 

MOOCs that would enable them to achieve quality peer-connect in the discussion forum. 

This becomes even more critical when the MOOC platforms are used for Teacher 

Professional Development (TPD) as the connection to peers and sharing of teacher experiences are a 

critical aspect of learning during PD (Laurillard, 2016). Additionally, when teachers share their 

experiences, teaching knowledge, ideas and resources during a TPD activity, they create a shared 

repertoire (Akerson, Cullan, & Hanson, 2009). This shared repertoire can be used further to engage 

the teachers in communities of practice (Wenger, 1998) that will help in leveraging and sustaining 

the PD effort. Existing literature on TPD-MOOCs, though scant, recommend a blended approach 

that involves both structured access to resources as well as engagement of participants in discussions 

(Koukis & Jimoyiannis, 2017; Laurillard, 2016; Warriem et al., 2016; Vivian et al., 2014).  

Laurillard (2016) recommends co-learning approach that solves this problem by focused 

discussion forums and external tools linked to the forums. Another approach shows that peer support 

in discussion forums, with minimum moderator interference, in solving organizational, technical 

and instructional problems promotes exchange of ideas among participants (Koukis & Jimoyiannis, 

2017). Warriem et al. (2016) extended the idea of focused discussion further by incentivizing it with 

a graded reflection quiz based on forum participation. These three approaches provided evidence of 

increased engagement in discussion forum in terms of number of posts and number of active 

participants. However, these models have not examined the quality of peer-connect in the forums to 

generate quality discussions, which is the primary focus of this paper. 
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3. The MOOC context 
 

3.1 Course Description  

 

The MOOC, studied in this paper, was a teacher professional development MOOC offered to all 

school teachers through the IITBombayX platform (https://iitbombayx.in/). This 6-week course 

(ET611Tx) ran from April 6 to May 25, 2017, in an instructor-paced format with weekly release of 

content. The broad objective of the course was to facilitate the transition from teacher-centric to 

learner-centric teaching-learning processes with ICT in school classrooms. The course content 

covered topics like active learning, constructive alignment, effective integration of ICT tools like 

dynamic visualizations (animations, videos, simulations) and Google suite of productivity tools, 

writing assessment questions at different cognitive levels and designing learner-centered lesson 

plans for teaching with the chosen ICT tool. 

 The course materials, released each week, contained instructional videos, formative 

assessment questions, discussion forum adapted using LxI pedagogy and graded activities. There 

were also additional videos provided from external sources that demonstrated real-life application of 

the teaching principles discussed in the instructional videos.  Learners were awarded an honor code 

certificate if they secured at least 25% aggregate score in the course. A focus question was posed to 

initiate peer discussion in the forum. Participation in the forum was incentivized through the weekly 

graded activity of reflection quiz. We termed this pedagogy as learner experience interaction (LxI) 

pedagogy, which is explained in section 4. 

 

3.2 Demographic profile of learners 

 

A demographic survey was administered to the 11,462 registered participants, out of which 7,022 

responded. Analysis of the responses revealed that the learners were from 30 states and 893 cities of 

India. They were mainly from urban India, mostly in age group of 26-40 with majority having 

Master degree. They were from multiple domains like English (23.35%), Computer Science 

(16.48%), Mathematics (15.27%), Bioscience, Physics, Chemistry, Economics, Hindi, History and 

other domains. What was interesting to note was that 87% of them were first-time MOOC learners. 

Thus, it is challenging for them to engage in peer discussion over a discussion forum with peers who 

are practically strangers. Further details of the demographic profile of the learners given in Table 1. 

 

Table 1 

Demographic Profile of MOOC learners (N= 2892) 

Gender Male = 27% ; Female = 73%           In-service 

teacher 

84%  

Age 

 

<18 

0% 

18 – 25 

13.4% 

26 – 40 

61.6% 

41-50 

20.3% 

51-60 

 4.2% 

> 60 

0.5% 

Educational 

Qualifications 

School 

2% 

Bachelor’s 

29.8% 

Master’s 

64.8% 

Doctorate 

2.3% 

Others 

1.1% 

 

ICT used in 

teaching 

MS-Office 

 

79% 

Animation 

 

70.9% 

Google 

drive 

34.5% 

Wikis 

 

21.9% 

  

 

 

4. Pedagogy of Leaner eXperience Interaction (LxI) 
 

The nature of MOOC pedagogy is evolving from being an instruction focused (i.e. teacher-centered) 

to a learning focused (i.e. learner centered) approach (Conole, 2014). The technology affordances of 

discussion forums in the MOOC platforms further extends the nature of the pedagogy to utilize 

connectivist principles of autonomy, diversity, connectedness and interactivity (Downes, 2010). The 

LxI pedagogy is designed as a learner-centric MOOC pedagogy to enhance peer-connect and 

leverage peer learning by anchoring and incentivizing participation in the discussion forum. LxI 

consists of three main structural elements: 
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 Focus question – Created by instructor to anchor discussions. 

 Discussion Forum – Driven by MOOC learners and facilitated by course staff as needed. 

 Reflection Quiz – Created by instructor to incentivize the discussion. 

Figure 1 shows the dynamics of LxI with the role of each MOOC actor clearly highlighted. 

The instructor creates a focus question along with rules of interaction to anchor the discussion. 

While designing the focus question, an important consideration is to permit sufficiently diverse 

views from the MOOC learners to generate a shared repertoire. The primary role of facilitators, i.e. 

course staff, in the discussion forum is to ensure that discussions do not lead to unruly confrontations. 

They are also encouraged to post their own views and engage in discussions with the MOOC 

learners.  The reflection quiz is a graded activity following the discussion. 

 

 
 

Figure 1. Dynamics of Learner eXperience Interaction  

 

 
 

Figure 2. An example of focus question from the course ET611Tx 

 

Figure 2 shows an example of the focus question and rules of interaction created in the 

ET611Tx course. The course content, corresponding to this LxI, discussed the topics of active 

learning strategies of (i) Think-Pair-Share and (ii) Peer Instruction, and had practice assignments for 

learners to design these activities. The specific LxI (in Figure 2) was aimed to expose the 

participants to the diverse challenges faced during creation of active learning strategies and 

encourage sharing of their own reflections on active learning. The structure of a discussion forum 

consists of three levels – Threads, Replies and Comments. Threads form the uppermost level and 

represent start of a discussion. The next level of discussion post is the reply and comments are the 

postings on these replies. 

 

 

5. Research Methodology 
 

5.1 Sample & Data Sources 

 

Total number of 11,462 participants registered in the ET611Tx course. Out of which the active 

number of participants was 3,933. By ‘active’ we refer to those participants, who did not just register 
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in the MOOC course but also attempted at least one of the MOOC activities, such as videos, quizzes 

etc. The data used in this research comes from the discussion forum logs. These logs included the 

discussion texts posted by the participants and its associated metadata. The metadata included: (a) 

identifier for the participant who posted a text, and (b) date-time stamp of the post. 

 

5.2 Data Analysis 

 

The collected data was analyzed to measure the main constructs of engagement and peer-connect in 

the discussion forums. To measure the peer-connect, we relied on the following sub-constructs: (i) 

Extent of peer-connect (as described by the depth of social network created through the discussion 

forum activity); (ii) Quality of peer-connect (as described by the levels of interactions and quality of 

discussions). We now detail the data analysis procedure for each of these constructs, below. 

Engagement of the learners refers to the extent of participation that learners have 

demonstrated in the discussion forum. This was measured by a quantitative analysis of the data from 

all the discussion forum threads in the ET611Tx. This included the frequency distribution of forum 

participants across different weeks and frequency distribution of the forum posts across each week. 

These two data elements provided us with an insight on engagement of the learners and their 

sustenance in the discussion forum. 

Extent of peer-connect was analyzed by computing a force-directed network graph 

(Chernobelskiy, 2011), a known social network graph, for each week using a Python program. Each 

node in the graph represents a learner who participated in the discussion forum and their closeness to 

the center relates to the extent of their participation. The edges of this graph represent connections 

between the peers. The larger the number of edges, the greater is the peer-connect. We discuss in 

detail (Section 6) the social network graph of the week that had the maximum discussion activity 

(465 posts). 

After compiling all of the discussion texts, we selected the discussion thread with maximum 

activity for the qualitative analysis. This thread was corresponding to the week of ‘Active Learning’ 

topic. The thread contained discussions pertaining to the focus question on “challenges in 

implementing a specific active learning strategy ‘Think-Pair-Share’”. We employed inductive 

thematic analysis (Braun and Clarke, 2006) to identify patterns in the discussions. We first 

performed open coding to inductively identify patterns in the data. Two researchers with expertise in 

qualitative research analyzed the data individually and then discussed their analysis to resolve the 

inter-rater conflicts completely. The researchers performed backward comparison in the dataset to 

validate and refine the open codes. After open coding, the researchers grouped the open codes 

further into focused codes (Strauss and Corbin, 1998) to get themes. These focused codes were 

further classified into two dimensions. The first dimension contained the focused codes related to 

“levels of interactions,” while the second dimension contained the codes related to the “quality of 

discussion.” By “quality of discussion”, we refer to the depth of knowledge that the participants 

explored using the discussion. After thematic analysis, we performed content analysis (Cohen et al., 

2002) on the first dimension, where we analyzed the discussion thread for extracting frequency 

distributions of each of the “levels of interactions”. The themes emerged in the two dimensions are 

detailed in section 6.2. 

 

 

6. Results  
 

The effectiveness of the LxI pedagogy was measured in terms of two constructs: learner engagement 

in the forum discussions and the peer-connect established thereof.  

 
6.1 Effectiveness of LxI : Learner Engagement 

 

Learner engagement in the discussion forum refers to the engagement of individual learners in 

discussion forum activity. When large number of learners engages in forum activity, it is expected to 

lead to richer peer-connect. The learner engagement in this MOOC was gauged through the number 

of discussion forum participants and the number of forum postings per week and the percentage of 

active learners of the course who were forum participants. The course had a total of 1,691 unique 
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learners active in the discussion forum that generated a total of 9,909 threads, 14,617 replies and 

4,829 comments (i.e. 29,355 posts).  

Figure 3 shows the week wise distribution of engagement in discussion forum. The figure 

has a stack of number of active forum users (in green), i.e. learners who have either started a thread 

or commented on an existing thread in a particular week, against the total number of forum posts per 

week. Analysis of Figure 3 shows there were, on an average, 592 forum participants per week. The 

participation was highest in the third week when the topic of active learning was introduced. Figure 

3 shows the number of forum posts per week ranged between 1,271 and 5,284. Comparison between 

the two bar graphs reveal that, though the number of forum participants remained approximately the 

same through the 6-weeks of the course, the number of forum postings i.e. the interaction between 

them was more with the introduction of core pedagogy topics from Week 3 to Week 6. These weeks 

saw more than 4,500 forum postings each week. Forum postings were comparatively lesser during 

the first two weeks that dealt with familiarizing learners with the MOOC platform and an ICT tool. 

Both graphs show engagement in forum was sustained even after the 6-week course was over.  
 

 

Figure 3. Week wise discussion forum engagement  

 

Additionally, 43% of the active learners of the course had participated in the discussion 

forum. With majority being MOOC learners, this data points to the effectiveness of LxI pedagogy to 

motivate learners to participate in discussion with peers. 

 
6.2 Effectiveness of LxI: Peer-connect 

 

The quality of the peer-connect was analyzed through (i) social network graph (Figure 4) generated 

for the crucial week of ‘Active Learning’ where learner-centered teaching-learning principles were 

introduced in the course for the first time and (ii) qualitative analysis of the discussion that occurred 

in the most active thread (465 peer interactions) of that week.  

 

6.2.1 Social network graph analysis 

 

The graph in Figure 4 shows a force-directed network graph where each node represents a learner 

who participated in the discussion forum. The structure of the Open edX discussion forum used in 

this MOOC consists of three levels – Threads, Replies (shown in blue) and Comments (shown in 

brown). Since any participant can start a thread, a reference node (or null node) was created at the 

centre, which is connected to the nodes initiating a thread (shown in green). The nodes, which reply 

to these threads, are shown in blue and the comments on these replies are shown in brown. The 

nodes in the inner parts represent learners who have more participation in that week's discussion, in 

terms of threads, replies and comments (combined under the term posts). As the radius increases, the 

nodes in outer radius represent those discussion forum participants who had lesser participation in 

that week. A total of 888 learners engaged in discussion forum posting 4,671 posts.   

 Analysis of Figure 4 reveals a dense concentration of nodes at the center. This indicates high 

degree of interactions and information interchange took place between the learners. The dominance 

of green in the graph indicates a large number of threads were initiated and a large subset of them 

received substantial number of replies (blues) from other participants i.e. peer feedback. The number 
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of cones in the graph indicates many of the participants visited the forum multiple times to follow up 

on the threads, post replies or comment to replies. These data lends credence to the effectiveness of 

the LxI pedagogy. Each focus question in the LxI required the learners to do peer-review of the 

content posted in the forum and based on that review, they were to respond to a graded quiz. The 

focus question ensured the forum discussions were always on-topic. This in turn may have fueled the 

inherent eagerness of learners to receive feedback on their postings, which led to the generation of 

large number of threads. The incentive of graded activity may have prompted learners to visit the 

threads multiple times. Thus, the LxI pedagogy propelled the MOOC learners to establish 

peer-connect and carry out on-topic discussions. 

 

 
 

Figure 4. The social network graph for the week of ‘Active learning’ 

  
6.2.2 Qualitative analysis of discussion in Discussion Forum 

 

The nature of the discussions in the discussion forum was extracted through thematic and content 

analysis of the most active thread (465 interactions) for the selected week. Thematic analysis of the 

forum discussions revealed five levels of interactions – Opinionated Elaboration, Elaboration, 

Superficial, Persistent interaction and Asking information which is listed in Table 2. The content 

analysis of the discussion thread provided the frequency distribution of these levels of interactions in 

the thread. Figure 5 shows this distribution, where Opinionated Elaboration (37.6%) and Elaboration 

(33.8%) emerged as the top two levels of interactions in this MOOC. Table 3 illustrates these two 

levels of interactions with examples. 

 

Table 2 

Definitions of qualitative codes for different ‘Levels of interaction’ 

Sr.No. Interaction Level  

 

Code Definition 

 
1 Opinionated 

Elaboration 

Referring to a previous forum posting (post/comment) and 

giving further elaboration 

2 Elaboration Not referring to any previous forum postings. But reflecting 

elaborately on the discussion topic and adding information 

3 Superficial Referring to a previous forum posting. But limited to saying 

good/agree without any further elaboration 

4 Persistent 

Interaction 

 Replying to comments on one’s own forum posting 

5 Asking Information Asking for other’s opinions on one’s doubts 
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Figure 5. Content analysis of the different ‘Levels of interaction’ 

 

Table 3  

Illustrative examples of the top two ‘Levels of interaction’ 

Interaction  

Level  

Illustrative example 

 
Opinionated 

Elaboration 

“Hello xxxx, I'm sure you must be doing a lot of circle time activities 

in pre-primary. They are also a part of active learning as the students 

think and respond to our questions. Often when we give group 

activities, we find them discussing among themselves. By planning 

and preparing the questions carefully, I believe these techniques can 

be used for pre-primary too.” 

Elaboration “TPS is a great way to involve every one in the learning process. It can 

be applied to any age group. This gives space to those children who 

are shy and don't usually share in class. At any given time, we would 

find few smart, active students, who always love to share and speak, 

some loose out chance to speak, some till the time, they grab courage 

to speak, these active kids have snatched the change and few more, 

they never try at all because they know there are others how always 

takes initiatives. They prefer to be silent and observe. This way, every 

child gets their own peer comfort environment to share their thoughts. 

Some kids don't share in large group of class or infront of teacher, TPS 

that way they feel safe and ok to share with their peers. It’s a great way 

for teachers to involve every child in sharing and discussion for 

learning, respecting each child's way of learning. Just try it with your 

kids ma'am, you will have stories to share with us here. Enjoy and 

happy learning.” 

 

The above tables show that majority (73.2%) of the forum discussions went beyond 

superficial commenting. The discussions revolved around their reflections on how the teaching 

principles introduced in the MOOC can become a solution to the challenges they face in their own 

teaching practice. This underlined the efficacy of the LxI pedagogy in prompting self-reflection 

among MOOC learners to make connect between the course content and their teaching practice. 

Additionally, 100% of the forum discussions were found to be on-topic, aligned with the focus 

question of LxI. Thematic analysis of the forum postings for the selected thread on ‘Challenges for 

active learning’ also helped in decoding the range of aspects of ‘active learning’ that the forum 

participants brought up themselves through peer discussion. The aspects i.e. themes that emerged 

were:  

a. Benefits of the active learning pedagogy in terms of the cognitive and affective domains and 

its ability to address learner diversity that they encounter in their classrooms. 

b. Challenges they expected in implementing active learning in their classrooms.  

c. Experience sharing by forum participants who have already implemented active learning in 

their classrooms. The experience sharing included advice on choice of topic suitable for 

active learning, experience about classroom management and student response when using 

active learning strategies and challenges faced while designing active learning activities. 
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The experience sharing in effect boosted the learning experience since it expanded the 

knowledge provided by the course contents.  

d. The forum discussions also provided reinforcement for positive pedagogical belief about 

active learning. 

 

 

7. Discussion & Conclusion 
 

To answer the RQ: “What is the effectiveness of LxI pedagogy in enabling peer-connect?” we 

analyzed discussion forum posts both quantitatively and qualitatively. We found that the LxI 

pedagogy enabled sustained engagement and enhanced peer-connect. 43% of active learners  were 

engaged in the discussion forum throughout the 6 weeks of course offering. The social network 

graph and qualitative analysis of the discussion thread with maximum activity revealed that the 

quantity and quality of peer-connect in the discussion forum was high. The total number of posts per 

week, the percentage of active learners involved in discussion and the sustenance of the engagement 

are higher than the engagement statistics reported in similar earlier efforts (Warriem et al., 2016; 

Laurillard, 2016).  

In addition to the broad quantitative results, the qualitative analysis of the discussions shows 

that there were five different levels of interactions - Opinionated elaboration, Elaboration, 

Superficial, Persistent interaction and Asking information. The content analysis of the forum posts 

revealed majority of them (73.2%) went beyond superficial comments. Higher frequencies of 

elaborations and opinionated elaborations in the discussion imply that LxI pedagogy has enabled 

the learners to reflect deeply on the focus question and elaborating with additional knowledge. The 

LxI was also successful in generating discussion that completely (100%) adhered to the focus 

question. Thus the LxI pedagogy was able to address the challenge of forums discussions being 

scattered and tentative (Mak et al., 2010; Schweizer, 2013). The thematic analysis has shown that the 

learners reflected on the application of course content into their practice, and also shared their 

experiences of the field implementation of the course content with their peers. This signifies depth 

and shift in ownership of professional development to participating teachers, both of which are 

crucial dimensions in the scalability of the TPD (Coburn, 2003).  

 A major limitation of this work is that we have not presented the analysis related to recurring 

participants or the most engaged community of participants within the discussion forum. Another 

limitation is that the qualitative analysis was limited only to one thread in the discussion forum and 

did not involve other threads that had lesser participation (as evident from the social network graph). 

A reason for this is that the current work is in the initial phase of research on peer-connect in TPD 

MOOCs. In future, we will expand our analysis to include various other facets of peer-connect and 

get more insights into the contributing features of LxI. 

To conclude, this paper has presented an evaluation of the LxI pedagogy and provides 

evidence that reasonable levels of peer-connect in a TPD MOOC can be achieved through this 

pedagogy. The pedagogy helped in engaging TPD participants to engage in on-topic discussion on 

their practice, even though majority of them were first time MOOC learners.  
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Abstract: Action-oriented Learning (AOL) is a pedagogic approach that defines the role of 

teachers in supporting self-directed acting and experiential learning in authentic situations 

on the part of the learners. As a result of AOL, learners are expected to have acquired not 

only skills and knowledge laid down in qualifications, unit standards and skeleton curricula, 

but also technical, individual, methodological and social competences and attitudes. 

Applying AOL to professional learning and training has to go beyond a reform of the 

professional curricula in terms of content and methods but also needs to provide advanced 

training of the pedagogical personnel in the vocational education to be able to use this 

method of teaching. To help teachers to learn and apply AOL, we developed a web-based 

learning environment with a training curriculum that addressed the situated nature and 

blended learning. In this paper, we present the development of our web-based learning 

environment and the training curriculum. Through a pilot study, the technical feasibility of 

this learning environment and the usability of the training curriculum are demonstrated. The 

results reveal that it is effective that teacher acquire action competences of AOL by adopting 

the approach of AOL. 

Keywords: Action-oriented Learning (AOL), Vocational Education and Training (VET), 

Learning Arena, Work-process-oriented Curriculum (WPOC), and Learning by Doing 

(LbD) 

1. Introduction

In Germany, a reform in 1996 introduced a work-centered and competence-based turn in the school-

based component of dual vocational education and training (Spöttl 2008). The reform removed the 

concept of subjects and replaced them with the concept of learning arena (Lernfeld in German) 

(Fischer and Bauer, 2007). Since the learning arena was introduced as a structural principle for the 

framework curricula, Germany’s tradition of discipline-based vocational school curricula is to be 

replaced by a system which prioritizes the work process characteristic of an occupation as the focus 

for curricula structured around learning arenas, called work-process-oriented curriculum (WPOC) 

(KMK, 1996). Learning arenas are didactically founded equivalents of vocational spheres of 

activities that are handled at school. Such learning arenas are made up of complex tasks, which are 

then handled pedagogically using action-oriented learning (AOL) situations (Gessler, 2017). 

Various theories and development trends were taken up in this regard, such as action-theoretical 

approaches (Aebli 1993), the process-orientation of Lean Management (Womack et al. 1994) or 

other reflections on situated knowledge and learning (Lave and Wenger 1991). 

Although it is still important to acquire technical knowledge, abilities and skills in a WPOC, 

it is even more important to acquire professional action-oriented competence (Rauner 2007). 

According to Arnold and Kraemer-Stuerzl (1996), professional action-oriented competence is 

generally understood to comprise a bundle of four elements: a) Technical competence as the ability 

to handle complex technical tasks successfully by applying technical knowledge and skills; b) 

Methodological competence as the ability to apply appropriate methods and strategies for handling 

a task or solving a problem; c) Social competence as the ability to interact with other people 

appropriately and to communicate and cooperate successfully with them; and d) Individual 
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competence as the ability to deal critically and analytically with oneself, i.e. to critically evaluate 

and question one's own knowledge, abilities and skills and to take action, where require to acquire 

better qualifications. Via WPOC, the ultimate goal of vocational education has been “competence 

to act”. This ultimate goal led to the formulation of an action-oriented education as a didactic guiding 

principle (Gessler, 2017). “Action-oriented” is a form of learning in which not only knowledge is 

“accumulated” in the head, but in which the learners “think and act”. Within the framework of AOL, 

the focus is no longer on the educationally efficient presentation of knowledge that the learner 

“consumes”, but on a complete process of work including planning, executing, and evaluating active 

and target-oriented activities while also being aware of inter-disciplinary aspects (Rauner, 2007). 

The German dual VET system has been introduced and adopted in many countries (Euler, 

2015). At the beginning of the new millennium, the concepts of WPOC and AOL were introduced 

in China (Zhao & Xu, 2008). However, the WPOC and AOL practice is still far from being 

widespread and widely adopted. One of serious impediments to WPOC and AOL diffusion in VET 

is that teachers, with few exceptions, do not have the expertise to transform a discipline-organized 

curriculum into the new form of curricula and the new pedagogic approach, because they have no 

or less knowledge about work-process-orientation and action-orientation. It is crucial to train 

teachers in acquiring knowledge about WPOC and AOL and developing competences to apply the 

new form of curricula and the new pedagogic approach for promoting the reform of the VET. 

Currently teacher training around WPOC and AOL is often done in a traditional way of face-to-face, 

lecture-based training. Viewing the development and application of AOL as new professional 

competences for the teachers in VET, we propose to train teachers to learn AOL by applying AOL. 

In this paper we present a blended training curriculum conducted in a web-based learning 

environment. Via a pilot study we could corroborate that it is effective to train teachers to learn AOL 

by adopting the approach of AOL. In the remainder of this paper, we first characterize the AOL. 

Then we present a new learning environment that supports WPOC and AOL, followed by a report 

on a pilot study and final conclusions  

 

2. Characterizing the Action-oriented Learning 
 

Nowadays, the cultural-historical school of Vygotsky (1978) as well as the research based upon 
Piaget’s cognitive constructivist theory offer a rich theoretical basis to define specific learning 

methods. In this sense, the principle of action orientation inherent in Piaget’s theory becomes is the 

basis of a specific approach to learning by problem solving. Within the framework of AOL, learners 

should act independently and autonomously as often as possible. Self-management and autonomous 

organization are important characteristics of AOL (Baethge and Baethge-Kinsky, 1995; Hortsch 

1999). An attempt is made to abandon the direct influencing of the learner through “exposition” on 

the part of the teacher. It is assumed that education and learning goals and processes can be made 

most effective if the learning environment is structured in a way as to allow the learner to interact 

independently with the learning content and the problems at hand. Teachers continue to arrange the 

learning environment, and they are still “responsible” for the learning process, but in the form of 

questions and tasks for teaching purposes, assistance and advice. This should enable the learners 

actively to obtain new knowledge and to extend their scope of professional action-oriented behavior. 
AOL is the concept of education emphasized on learning by doing (LbD). According to 

Aebli (1993), acting describes areas of action with a high grade of awareness and purposefulness. In 

this context, Aebli understands “doing” in the sense of purposeful behavior and “actions” as 

purposeful executions that produce a concrete result. Acting towards a predetermined end means 

that the learning process contains expedient objectives in the form of tasks and problems on the basis 

of which the learner can organize her or his activities increasingly independently. Activities geared 

to expectations means that the learner is given incentives and scope within theoretic knowledge and 

practical experience to develop her or his motivation on the basis of expected success. A distinction 

should thus be made depending on the mental participation between a more receptive behavior, 

which consists purely of perceiving and memorizing information and active doing which slots the 

information into place, processes it and applies it. As Hortsch (1999) stated, AOL is integral learning 

where brainwork and manual labor are in a balanced relation. Thinking accompanies the actions and 

understanding results from the experiences gained in these actions.  

726



2.1 Model of a Complete Action  
 

Within the framework of AOL, the design of the learning process is to be orientated towards the 

basic structure of human acting (complete action) that include six steps of informing, planning, 

deciding, implementing, controlling and evaluating (Lindeman, 2002). The learner who wants to 

execute an action has to begin with informing her-/himself about the precise objective of her or his 

assignment. The learner develops a working schedule and decides upon a mode of execution. Then, 

the learner implements the task according to the action plan and work decisions. As a check, it is 

important that learners are guided to develop and subsequently apply quality criteria. Control can be 

preceded by the acquisition of a control sheet. On this sheet the criteria are set up along the lines 

used to control them. By the implementation of work tasks measure tolerances can also be supplied 

here, giving the margins for the quality of the end product. Afterwards learners will evaluate together 

with the teacher if all stages of planning, decision and implementation went in the best possible way. 

Simultaneously the working routine gets inspected and all together is going to establish which 

mistakes can be evaded in the future (Lindeman, 2002).  

 

2.2 Action Orientation in the Project-based Learning and the Key-text Method 
 

The principle of action orientation is manifested in a mix of methods. Depending on learning 

progress and learning situation of the learners, methods have to be chosen that lead effectively to the 

development of professional core skills. The project-based learning and the key-text method are 

especially suited for that and are usually used to conduct AOL.  

Action knowledge would be better acquired by means of active problem solving in project-

based learning, where in addition to technical, also over-arching methodological, social and personal 

competences will be acquired. According to Lindeman (2002), AOL needs suitable tasks for the 

learner to offer chances for self-responsible and self-organized learning with processes of 

communication and cooperation between the learners and the teacher(s). With the project-based 

learning, learners are set with the task to create a product or a service. The process is supposed to 

activate as much skills, knowledge and abilities as possible in order to create new competences this 

way. Theoretical and practical contents are equally learned and correlated. The institute and the 

teacher provide a learning environment with all necessary facilities including the tools, the 

laboratory, the information corner and the curriculum. In the project, the learner has to gather the 

necessary information and to acquire the knowledge needed to fulfill the task. Usually learners work 

and learn together as a team in the project, so that they could reflect on issues faced, and to balance 

the conflict between job and academic knowledge (Stephens and Margey, 2015). The key-text 

method is directed at acquiring independently skills and knowledge. It is supposed to enable learners 

to plan, execute and control working activities autonomously. The key-texts available in written 

form are supported by key questions and assistance by the teachers. The method promotes 

anticipative and purposeful thinking and acting and offers the opportunity to use cooperative forms. 

The project-based learning and the key-text method differ in the degree of independent 

working. With the project-based learning the planning rests already as comprehensive as possible 

with learners. In this sense the learning and working task has been phrased more overtly. The 

creativity of the learners is demanded as well as developing and applying autonomously new 

methods, with errors permitted and making them subject of reflection. In the sense of the 

constructivistic paradigm the project-based learning is tempting, given that it aims at the autonomous 

practice of the learners. However, since they still have to be taught to learn autonomously, it is 

advisable to link the key-text method and the project-based learning together. The didactical creative 

potential of instructors and teachers lies in the exact phrasing of the learning and working task. A 

sharply outlined task within a complex context can be phrased here with clearly defined key-texts, 

which subsequently open narrow action spaces for the learners, within which they learn and work. 

It is suited in particular for solving complex tasks, even if, due to their previous knowledge and 

experiences, learners are only capable of comprehending the complexity to some extent. In practical 

terms, they should be guided within narrow boundaries along the learning method. Only when the 

learners can apply the principle of complete action with all its six stages of procedure and therefore 

possess their instruments for methodological action, the learning and working tasks can be defined 

more overtly.  
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3. Train teachers to Learn AOL by Using the Approach of AOL 

 
It is crucial to train teachers in acquiring knowledge about AOL and developing competences to 

apply the new form of curricula and the new pedagogic approach for promoting the reform of the 

VET. Applying the principles of AOL to train the teachers in VET, we propose to learn by taking 

the approach of AOL, in particular, through designing a unit of WPOC taught in the approach of 

AOL. This design-based process is an authentic context for learning about AOL that recognizes that 

design-based activities take on meaning and occur iteratively over time. In light of LbD approach, 

we develop a web-based, WPOC authoring and delivering environment. By taking the blended 

training curriculum in WPOC learning environment, teachers who lack of knowledge about AOL 

can be engaged in the design of a WPOC with AOL approach whereby they construct their 

understanding and meaning towards the topics of both pedagogy and technology.  

 

3.1 Development of a Web-based Learning Environment for WPOC 

 

This web-based learning environment was developed for authoring and delivering WPOC (Miao et. 

al. 2016; Miao and Hoppe 2017). The main objective of the learning environment is to help learners 

to develop competences through conducting blended WPOC. The learning environment was 

designed in the spirit of IMS Learning Design (Koper and Tattersall, 2005), an international e-

learning technical standard. Learning design has emerged as a distinct field of research, which is 

concerned with the development of methods, tools, and resources for helping learning designers in 

their design process. By adopting an approach of a pedagogy-specific learning design language 

(Miao, et. al. 2014), we developed a WPOC scripting language. Using this scripting language, a 

WPOC, representing a learning arena, can be specified by setting values of the attributes of the 

learning arena (e.g., title, typical professional task description, time schedule, learning objectives, 

prerequisite, organization of the occupation, objects of the occupation, tools, methods, requirements 

of the occupation, and assessment standard) and by defining a sequence of learning situations, from 

simple situations to complex situations. A learning situation represents a concrete work task that 

provides a learning task with learning context. A learning situation is specified by setting values of 

attributes of the learning situation (e.g., title, learning situation description, time schedule, 

prerequisite, learning objectives, work organization, work objects, tools, methods, work 

requirements, and assessment standard) and by defining a sequence of learning activities and/or 

stages that consists of a set of learning activities. All learning activities within a learning situation 

make up a complete work process to fulfill a work task or to solve a problem. As an essential work 

step, a learning activity is specified by describing generic information (e.g., title, activity description, 

time schedule, prerequisite, learning objectives), by providing task description and key-texts with 

information chuck to present associated theoretical knowledge and practical experience needed for 

performing the current learning activity. An activity is an essential unit that specifies which role act 

to handle/produce which artifact(s) with which tool(s) in which work mode (individually or 

cooperatively) towards goal.  

In order to facilitate teacher in representing a design of a learning arena, we developed a 

WPOC authoring tool. We design and implement this tool by making use of the Business Process 

Model and Notation (BPMN) standard. Based on the BPMN, this tool provides a diagram-based user 

interface and can be used to specify and integrate application tools used in workflow. By using the 

authoring tool a script can be created, stored, and retrieved. The script can then be instantiated and 

played using our delivering tool. If a learner starts to take a WPOC, she or he can open the web page 

of the curriculum with a list of learning situations, from simple to complex, according to the script. 

She or he can go through the curriculum one by one to complete it. When clicking a chosen learning 

situation, the learner can see a web page as shown in Figure 1, which has three columns: learning 

space, work space, and activity navigation space. The activity navigation space lists all learning 

activities of the learning situation according to the script. The learner is currently viewing the 

learning activity 2.3 that is highlight in the activity navigation bar. The learner can read key-texts 

with the links to learning materials in the learning space. In the work space the learner can perform 

activity using the application tool arranged according to the script. In Figure 1, a rich-text editor is 

provided for doing the assigned activity “choosing the project task” in this case. If the learner has a 

problem to complete the current activity, the prepared information chunks that link to theoretical 
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knowledge and practical experience are available. The links to the associated theoretical knowledge 

and practical knowledge can be defined in the key-texts, so that the learner can easily access context-

related information at the proper time in the learning environment, e.g. conceptual description, 

operation instruction, video clips of expert demonstration, work examples, and detailed solutions. 

The learner can also make contributions to curriculum by adding information about theoretical 

knowledge and their valuable learning experience in the current activity. Moreover, the learning 

experience acquired during the execution of the work processes could be late retrieved, deepened 

and reflected as well. It is important to note that the artifact produced in one activity can be 

transferred to another activity as an input. The learning environment is open to integrate various 

application tools used in the work-processes to support learning by doing. More technical description 

of the learning environment can be seen in (Miao & Hoppe, 2017). 
 

 
Figure 1: a screenshot of the WPOC delivering tool 

 

3.2 Development of a Training Curriculum 

 

In order to train in-service teachers in acquiring knowledge about AOL, recently we develop a 

WPOC with three learning situations. These three situations are designed and structured in 

accordance with the cognitive development process as three related projects. Each of them is 

structured as a complete action model with six stages. The objective of the first learning situation is 

to help trainees to have a perception of AOL. It is arranged for the trainee, who has no or less 

knowledge about WPOC and AOL, to experience at the first time what are the WPOC and the AOL. 

Considering the fact that our trainees are in-service teachers with various subject backgrounds (e.g. 

electro-mechanics, computer, e-commerce, and mathematics), we have to choose a commonly 

understandable task. We choose “writing a job-application letter” as the task of the first learning 

situation, because all trainees with different backgrounds are familiar with the knowledge and skills 

needed for doing such a task. They do not need to take too much time and efforts to learn and work 

on “writing a job application letter”; instead they can focus on perception of the approach of AOL. 

The trainee is assumed being a graduate who is applying for a job from a company. Detailed 

information about the graduate and the company is provided. This learning situation is structured 

exactly in six stages. In the first stage, trainees are informed the project task and are guided to 

consider and describe project ideas. They will be arranged to read two good examples of job-

application letters and will be guided to analyze the learning objectives and to decompose the project 

task. In the second stage, trainees will be guided to identify what they should learn for completing 

the decomposed tasks. They have to individually consider how much time is needed for each learning 

task and from where they can access to the learning resources (e.g., from their teachers, peer learners, 

or/and internet). Then they can exchange their ideas about their working plan and discuss the relevant 

issues in teams and make decisions about their solutions to fulfill the tasks. In the execution stage 

the trainee first create a draft version of a job-application letter with a resume that emphasizes the 

structure of the job-application letter, main ideas, and important facts/evidences according to 

guidelines. More learning materials are provided in the learning space, so that the trainees can 
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improve their draft versions through accessing to learning materials on demand. In the next stage 

the trainees are required to make quality-check according to the criteria and examples provided in 

the learning environment. Finally, the trainees submit and present their final versions of their work 

and reflect on their acquired knowledge and their learning processes.  

 The objective of the second learning situation is to help trainees to understand AOL in depth 

through shifting their roles from a learner to a teacher. The second learning situation is arranged to 

guide the trainees to develop the first learning situation “write a job-application letter” step by step. 

Because the trainees just now completed the first learning situation, they do not need to take 

additional efforts and time to understand the project task of the second learning situation: developing 

the first learning situation. In such a “reproduction” procedure, the trainees are required to describe 

the learning objectives and learning content of the first learning situation based on their memory the 

understandings. Then the trainees are guided to design learning activities within the six stages of the 

first learning situation in the key-text method. The key-texts are mostly represented as work 

guidelines and questions. During the reproduction procedure, the trainees acquire action knowledge 

about how to develop a complete learning situation taught in the approach of AOL through 

undergoing the whole procedure of developing the learning situation. While reproduction, 

reflections take place. In this sense action and reflection are taking turns. The questions and 

assessment in the pedagogical sense takes as a target to expose deficits in a participative fashion and 

make the trainees to understand them. The longer trainees are learning with the principle of the 

complete action, the more they learn as well to ascertain independently their qualification deficits. 

The learners acquire their own way of learning that is supposed to follow the objectives supplied in 

the learning situation.  

 The objective of the third learning situation is to foster trainees, who have already basic 

knowledge and experience about WPOC and AOL after taking two learning situations, to develop 

action competences to design a unit of AOL. The project task is to choose one instruction unit of 

her/his own course and change it from traditional lecture approach into AOL approach. This learning 

situation is structured still in six stages, but the topic of the task is open. As the consequence, the 

final product – a unit of instruction design has no standard or correct result. However, in the activities 

of each stage, relevant information chucks that carry certain associated knowledge or skills are 

available to help trainees to carry out their decomposed tasks and achieve their intermediate goals. 

The trainees can discover many things on their own and at the same time learn to act independently. 

They are required to do cooperation in certain activities such as setting learning goals and conduct 

peer assessment. In summary, the acquisition of action knowledge takes place by means of active 

problem solving in the complete actions, where in addition to technical, also over-arching 

methodological, social and personal competences will be acquired. The focus of interest is not 

exclusively their design results, but rather decisive is the way of getting there, given that it opens the 

space for reflection, which is a crucial contribution to the construction of new knowledge and skills.  

The whole learning process is designed as a self-managed, system-guided, and blended 

learning. The trainers just act as a coach and knowledge resource that can be used if the trainees 

cannot proceed on his own. The trainees are fostered in the processes of independent knowledge 

exploration and acquisition via performing activities. They have opportunities to reinforce the 

understanding and application of the important concepts such as the learning arena, the WPOC, the 

learning situation, the six-stage model of AOL, the learning activity, the working tool, artifacts and 

the methodology when making the instructional design. 

 

4. A Pilot Study 
 

To investigate the effectiveness of teacher training using AOL, the usability of the training 

curriculum, and the feasibility of the web-based learning environment, a pilot study has been 

conducted at Wuhan Instrument and Electronics Technical School. The pilot study occurred as part 

of a training program.  

 

4.1 Method 

 

All participants were in-service teachers with various backgrounds such as electro-mechanics, e-

commerce, and mathematics.  Most of them were newly employed and only some of them have 
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served as teachers in more than two years. The number of female trainees was slightly more than 

males. All participants were voluntary. Overall, the participants were pleased with this experience. 

Before the pilot study began, participants have taken two training modules to introduce basic 

knowledge about modern vocational education and training and instructional design, because almost 

all participants were not graduates from a normal college or school.  

The pilot study consisted of two-phases. In the first phase all trainees took the training 

curriculum described above in a classroom equipped with networked computers. In fact, the trainees 

have been trained to use and have been familiar with the web-based learning environment in the 

previous training modules. At the beginning, each trainee took a pre-training test in fifteen minutes. 

Then the trainees conducted a self-managed and autonomic learning. They took about one and a half 

hour to finish the first learning situation. Then, they took one hour to complete the second learning 

situation. In the end of the first phase, most of them just started the third learning situation in a half 

hour. However, they fully understood the project task of the third learning situation before they went 

home. The second phase lasted ten days. During this time the trainees kept working as normal 

teachers in the school in working time. They continue to do their training work mostly in their free 

time. They were guided by the system in the key-text method to make a design of AOL unit. When 

they had questions and problems, they could access to the prepared learning material available in 

the context of application setting, discuss with their peer trainees or the trainers via the learning 

environment, and search for additional learning materials in the internet. Finally all trainees finished 

the training curriculum and completed their design work. Meanwhile, all trainees took a post-training 

test (answering the same questions in the pre-training test) and submitted their responses to an 

investigation questionnaire. Thirty-six responses were collected and thirty-five responses were valid. 

The pre-training test and the post-training test are arranged to investigate to which extent 

the trainees gain knowledge about AOL. The test sheet consists of twenty multiple-response 

questions about AOL. For example, one question is stated as “Which choices belong to the stages of 

model of complete action?” and five choices were listed as: A) analyzing, B) deciding, C) 

implementing, D) controlling, and E) evaluating. The correct responses should be B, C, D, and E. If 

a trainee selects all these four choices and without selecting the choice A, she or he can gain 5 score. 

If the trainee has not selected some of these four correct choices, she or he will gain a lower score 

depending how many correct choices were missed. In particular, if one selects choice A, his or her 

score of this question will decrease one unless one’s score of this question is zero already. Thus, the 

score of a question is ranged from 0 to 5.  

The investigation questionnaire has two parts. The first part consists of eight scale items 

about the training curriculum. For example, one scale item is stated as “The learning situation 

‘writing a job-application letter’ is helpful to perceive the AOL?” The trainee can select one from 

five scales from -2, -1, 0, 1, to 2, which represents “strongly disagree”, “weakly disagree”, “neutral”, 

“weakly agree”, and “strongly agree”, respectively. Note that two reversed items are intentionally 

in case that the participant has to read items carefully before responding. For example, item 5 is 

stated reversedly as “in the activity the key-text describing what should do and how it should be 

done is not clear”. The responses for the ‘reversed’ items are then reversed before they are scored. 

The second part of questionnaire consists of eight open questions about their usability of the learning 

environment, the training curriculum and their design work. 

 

4.2 Results and Discussion 

 

This subsection presents the results from data analysis and discusses relevant issues. We used 

descriptive statistics such as means and standard deviations to analyze the data collected. Table 1 

presents the results of pre-training test, results of post-training test and the improvement between 

the two tests. The means of the scores of all twenty questions in pre-training test are around 2.5 and 

those post-training test are around 4.5. The trainees improved a lot in knowledge acquisition because 

the average difference between two tests is about 2.0. It seems that it is also effective to master the 

knowledge through AOL. It is note that the deviations of the tests and the improvement are somehow 

large because most trainees are newly employed and some of them have served as teachers for 

several years. The later had certain knowledge through taking a lecture-based training in the same 

topics.  
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Table 1: Means and standard deviation of pre-/post-training tests and of improvement 

 
Question 

No. 

Results of  
pre-training test 

Results of  
post-training test 

Improvement of  
the records 

Means Std.  
Deviation 

Means Std.  
Deviation 

Means Std.  
Deviation 

1 1.9 0.9 4.6 0.6 2.8 1.4 

2 2.1 0.8 4.2 0.6 2.1 1.1 

3 2.3 0.6 4.4 0.6 2.2 1.2 

4 3.1 0.7 4.9 0.3 1.8 1.3 

5 2.9 0.8 4.8 0.4 1.9 1.2 

6 2.9 0.5 4.9 0.3 2.0 1.2 

7 2.6 0.9 4.4 0.9 1.8 1.3 

8 2.8 0.4 4.4 0.5 1.6 1.2 

9 2.3 0.8 4.7 0.5 2.5 1.3 

10 2.1 0.7 4.1 0.5 2.0 1.2 

11 1.1 0.6 3.5 1.1 2.4 1.2 

12 1.0 1.0 2.9 1.1 1.9 1.2 

13 2.7 0.6 4.5 0.6 1.8 1.2 

14 2.5 1.6 4.6 0.7 2.1 1.3 

15 2.6 0.8 4.6 0.7 2.0 1.2 

16 2.3 0.7 4.1 0.5 1.8 1.2 

17 2.6 0.8 4.8 0.5 2.2 1.2 

18 3.0 0.8 4.5 0.6 1.6 1.2 

19 2.8 0.7 4.4 0.6 1.6 1.4 

20 3.4 0.6 4.8 0.4 1.4 1.1 

 

Table 2 indicates that the trainees in general weakly agree that the training curriculum is helpful for 

them to acquire and apply action knowledge about AOL. It also reveals that there is improvement 

space for documenting the key-texts more clearly and for organizing learning materials more 

carefully. 

 
Table 2: feedbacks to the training curriculum 

Investigation Items Means Std. Devi. 

1. The learning situation “Writing a job-application letter” is helpful to perceive the AOL. 1.1 0.9 

2. The learning situation “Designing the unit of ‘writing a job-application letter’” is helpful to 
understand in depth what AOL is and how a unit of AOL is developed. 

1.2 0.5 

3. The learning situation “Designing a unit of AOL” is helpful for you to design your own 
unit of AOL independently through self-managed learning.  

1.0 0.8 

4. After taking this training curriculum, you systematically acquire action knowledge about 
the design procedure and the design key-points regarding AOL. 

1.1 0.5 

5. In the activity the key-text describing what should do and how it should be done is not 
clear. 

0.6 0.7 

6. In the activity the linked learning materials embedded in the key-text are provided on time.  0.8 0.9 

7. In the activity the linked learning materials embedded in the key-text are enough for 
completing the activity. 

0.6 0.7 

8. In the activity the linked learning materials embedded in the key-text are easy to 
understand. 

0.5 0.7 
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The second part of the questionnaire consists of eight open questions. When answering the question 

about the structure of the training curriculum as three learning situations in a thread of perception-

understanding-application, thirty-two trainees thought that such a three-step structure abide by the 

cognitive development process. Two trainees didn’t think that such a structure is reasonable. Another 

two have no idea about it and need further exploration. As to the three-column UI, two third reported 

that such a UI design is better to foster “learning by doing” with an explicit division of the space, 

while someone complained that learning materials cannot open on the same page and someone else 

expected to navigate not only to the completed activities but also to which the trainee hasn’t yet 

started to do. In fact, the learn-flow here is not the fixed path, which activities will be performed is 

dynamically decided according to the individuals’ performance and their roles. Almost all answers 

to the questions about the learning effectiveness of such a WPOC taught in AOL approach are quite 

positive. They reported that they developed action knowledge through designing their own unit of 

AOL. Some of them have been trained before in a lecture-based workshop, but they cannot make a 

design after the lecture. When answering to the question about the learning efficiency, the trainees 

have different opinions. Nearly half of them thought positive, while the remainder did not think so. 

Many participants complained that such training took their too much time in comparison with a 

lecture. In particular, few felt difficult to proceed because they have problems in self-managed 

learning. It is important to note that a knowledge-oriented training and a competence-oriented 

training differ in their goals and definitely competence-oriented training often take more time than 

a knowledge-oriented training. Nevertheless, most trainees thought that learning driven by making 

a design is more attractive in comparison with passively receiving knowledge in lecture, and they 

reported that AOL promotes the learning motivation and enhances interests and abilities of self-

managed learning. When participants were asked whether the tasks in their design can activate the 

target learning content and achieve learning objectives, they thought it is no problem unless three 

teachers with the background in Chinese literature, mathematics, and music, respectively. Their 

answers to the question about applying the model of complete action in their design were divergent. 

Some comments were collected, for examples, “The boundary between the planning and deciding 

is blurring for me when I design.” “The execution time is not easy to schedule and control.” “The 

implementing and controlling are overlapped in my design, so that I have to merge them.” Regarding 

the evaluating stage, the participants reported that in general the objective assessment was easy to 

do, but subjective assessment was not easy to conduct. Many participants designed peer assessment 

in their unit of AOL but they felt that a lot of time and efforts were need to arrange, coordinate and 

conduct peer assessment. Some participants have problems to evaluate the individual contributions 

in team work. When answering “Are you going to apply AOL in your real-world setting according 

to the design of your own unit of AOL?” almost all participants were confident in the usability of 

their design, although some of them recognized certain difficulties in actual executions because their 

students may not get ready to accept it.  Finally they have convergent answers to the question about 

advantages and disadvantages of AOL. They thought it is challenge for both the teacher and the 

student to apply AOL. They were sure that the students in VET would get benefits in applying AOL 

in WPOC. In summary, the feedbacks on the training are quite positive and encouraging. 

 

5. Conclusions and Future Works 

 
This paper characterized the AOL firstly. To train teachers to develop a unit of AOL, traditional 

lecture-based approach with discipline-organized knowledge transference is not appropriate, 

because developing a unit of AOL needs action competences. To promote the development of such 

competences, we developed a web-based learning environment for WPOC that consists of WPOC 

authoring tool and delivering tool. Rather than a traditional discipline-organized curriculum with 

lecture-based learning, a blended WPOC with AOL approach was exploited for training teachers to 

develop a unit of AOL. Through a pilot study, the technical feasibility of the learning environment 

and the usability of the training curriculum have been demonstrated. The results reveal that it is 

effective to train in-service teachers in developing competences to design a unit of AOL by adopting 

the approach of AOL. After training, all trainees have developed their own units of AOL. Most of 

trainees plan to apply their design unit in real-world setting. 

 We plan to conduct more training on the one hand, in particular training pre-service teachers 

after modifying the training curriculum accordingly. On the other hand, we will help the trainee to 
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improve their designs and to apply them in their classes. We will investigate whether their students 

can get benefits in competence development through using the AOL in blended learning as well.  
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Abstract: In Singapore, O-Level Computing for grade 9 and 10 students was first offered as 
part of formal education in 2017. Due to a lack of computing teachers, the initial batches of 

O-Level Computing teachers were professionally developed from those who were already

teaching other subjects such as math and science via a conversion course conducted by the

Ministry of Education, Singapore. Beyond merely teaching about computer programming,

the teachers would need to be trained to teach Computational Thinking (CT), as CT has

many practical applications in real-world problem-solving. Therefore, it is imperative to

understanding more about in-service teachers’ perceptions about CT when they were

converted into computing teachers from other subjects. In the current paper, we proffer
unplugged approach that could be deployed for teachers to develop notions and confidence

about Computational Thinking, which could have implications for teacher professional

development at a larger scale.

Keywords: Computational Thinking, Unplugged, Teacher Professional Development 

1. Introduction

Computational Thinking is defined by Wing (2006) as “solving problems, designing systems, and 

understanding human behaviour, by drawing on the concepts fundamental to computer science”. 
Proponents of CT in the UK, US, Korea, Hong Kong, New Zealand and Germany took the initiative 

of integrating it into their formal school curricula. In the extant literature, research interest in CT has 

led to studies regarding computing teachers' perspectives, motivation, levels of competency and 
confidence in curriculum change, suggesting that there is high demand for teachers’ professional 

development (PD) in computing education. Bower, Lister, Mason, Highfield and Wood’s (2015) 

study about the pre-service teachers in Australia shows that many teachers have misconceptions 
about CT structures and this might be detrimental to developing students’ CT capabilities. By 

surveying 91 New Zealand digital technology teachers, Thompson, Bell, Andreae and Robins 

(2013) recognized that lack of confidence in teachers is a main issue and PD opportunities such as 
the CS4HS workshop and support from university-based experts might help to boost confidence and 

self-efficacy of teachers. Some CT training workshops for teachers focus on K-12 students, such as 

the one offered by Franklin et al. (2015) which provides advice for best practices in curriculum, 
content delivery, interfacing with schools, and classroom layout. 

One of the educational approaches to developing CT is “Computer Science (CS) 

Unplugged” which introduces CS concepts to non-specialists through hands-on activities without 
the use of a computer (Bell, Witten & Fellows, 2005). Some studies have shown that this approach 

has been used successfully with students of a wide range of ages in different countries due to the fact 

that it allows students to learn and understand CS concepts in an entertaining way and with high 
motivation (Nishida, Kanemune & Idosaka, 2009). While the majority of the research recognizes the 

effectiveness of unplugged approach in enthusing students in computing, there are also studies 

showing the difficulties that teachers faced in teaching unplugged. Two main difficulties that 
identified by Choi, Bell, Jun, and Lee (2008) are the gap between unplugged activities and how it 

relates to CS, as well as the way to evaluate the unplugged teaching. After analysing 115 responses 

from British ICT teachers, Black, Brodie, Curzon, Myketiak, Mcowan and Meagher (2013) also 
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assert that teachers mainly mentioned using unplugged approach to enthuse students but not to teach 
deep computing principles.  

This paper seek to gain a better understanding of in-service computing teachers’ needs and 

build up teachers’ competencies in using unplugged approach for teacher professional development. 
It consists two studies. Study 1 is a teacher survey to seek their attitudes, understanding and 

challenges in teaching computational thinking. Study 2 is a teacher workshop using unplugged 

approach to demonstrate how professional development that involving guided instruction and 
hands-on practice can help to build up teachers’ confidence and capability in teaching CT. 

 

2. Background 

 
In 2014, Singapore launched the Smart Nation Programme which is National wide effort in harness 

technology in sectors of business, government and home to improve urban living, build stronger 

communities, grow the economy and create opportunities for all residents to address the ever 
changing global challenges (Smart Nation, 2017). To support the Smart Nation initiative, one of the 

key enablers is to develop computational capabilities. Programmes are implemented to introduce 

and develop CT skills and coding capabilities from pre-school children to adults. We have surveyed 
the landscape of K-10 CT and coding related programmes in Singapore which are implemented by 

various government organizations. Unlike countries like Finland, England and Korea, Singapore is 

not including Computing or CT as compulsory education. Instead, Singapore’ approach is to provide 
opportunities for students to develop their interests in coding and computing skills through 

touchpoint activities at various ages. 

In the beginning of 2017, Singapore’s Ministry of Education (MOE) implemented a new 
GCE O Level computing curriculum for upper secondary students (ages 15 to 16). The new 

curriculum is a distinct shift from teaching students on the use of software technology to the 

development of Computational Thinking (CT) skills and programming competencies. While 
addressing the shift of focus in computing education at the national level, the following are two 

challenges that need to be addressed: teachers’ content knowledge and pedagogical competency on 

teaching computational thinking. Thus, we embarked on a two-year long project that has a focus on 
building teachers capacity in teaching computing, starting with the unplugged approach as 

introductory pedagogy for teaching computing. 

 

 

3. Methods 
 

3.1 Study 1: A Teacher Survey 
 

To better develop and evaluate pedagogy that can support computing teachers in their educational 

mission, we first seek to understand teacher’s perceptions on computational thinking, attitudes and 
readiness towards teaching CT, and the challenges they are facing. This is done by conducting a 

teacher survey using the Qualtrics online survey tool. The survey comprised 17 questions and was 

designed mainly to gain insight into these 3 aspects: 1) The background of the teachers; 2) The 

understanding, the interest level, the ability and challenges in teaching, and the willingness to learn 
regarding computational thinking; 3) The familiarity, the interest level, the ability to teach and the 

willingness to learn regarding the unplugged approach, being one of the ways to teach CT.  

Quantitative data was analyzed and reported using standard statistics techniques. 
Open-ended questions were interpreted by techniques such as identifying and classifying recurrent 

themes. 

The target audience for the survey is the teachers who are going to teaching the new 

computing subject. The survey was digitally delivered to the teachers during the pedagogy 
workshop held by Curriculum Planning and Development Division (CPDD) of Ministry of 

Education, and in total 36 teachers (27 male and 9 female) from 19 schools in attendance 

participated in the survey.   
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3.2 Study 2: A Teacher Workshop  
 

A teacher workshop using unplugged approach was designed and conducted in order to address the 

problems that were identified from the teacher survey. The effectiveness of this workshop was 

assessed by a pre-survey and a post-survey. Considering its simplicity in teams of procedure but also 
profoundness in term of content, we selected unplugged activity as an elementary pedagogy at the 

early stage of our study. We hope that through this workshop:  

1. Awareness and interest in unplugged activities would be triggered among teachers and they 
would start considering the relevance and usefulness of unplugged activities to the subjects they are 

teaching, be it the new computing subject or any other subject.  

2. Teachers are able to enact some computing unplugged activities into their classrooms, and 
think about the teaching flow leading to writing pseudo-code/code in the case of teaching 

computing. 

3. We as the researcher could have some insight into the possibility of large scale 

implementation for teachers’ professional development, and hence start to plan our future work 
based on the results and findings from the workshop. 

 

 
Figure 1. Teachers from two secondary schools participating in the unplugged activities of the 

workshop 

 

Our target audience for the workshop was 9 teachers from two secondary schools which are 
the partner schools for the project (Figure 1). 

The 3-hours workshop was structured around 6 unplugged activities: sorting algorithms, 

sorting network, binary numbers, variables, deadlock avoidance and searching algorithm. These are 
the topics considered most relevant to secondary students according to these 9 teachers that we 

talked to before designing the workshop. In terms of content, we followed the online resource CS 

unplugged (http://csunplugged.org/) and Barefoot Computing (http://barefootcas.org.uk/). Each 

activity includes five parts: introduction, trial, discussion and sharing, video demonstration and 
reflection. The main idea behind the design of the lesson flow is to motivate participants with 

real-world problem in the introduction part; bring out some relevant questions, provide them the 

activity props and let them figure out the solution by themselves in the trial; let participants discuss 
and share with each other their own solution in the third part; last but not least, watch the 

demonstration video and reflect on the way to incorporate it in their teaching.  

Pre-survey and post-survey with more or less the same set of questions were conducted in 
order to assess the effectiveness of the workshop and collect teachers’ feedback towards this 

workshop. These two questionnaires are comparatively short, with two demographic questions 

relating to name and years that have been teaching, three questions that examine respondents’ 

interest, perception and confidence in teaching unplugged, and two open-ended questions oriented 
towards the respondents’ understanding of unplugged approach and its usefulness. 

 

 

4. Results 
 

4.1 Background of Computing Teachers 
 

Among these 36 computing teachers ((27 male and 9 female) in the survey, 25 of them (69%) 

responded that they have computing-related background such as a degree or diploma in 
computing-related major while the rest of them do not have. 28 out of 36 teachers (78%) have taught 

computing or computing-related subject in school while the rest of them have no experience in 
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teaching computing. Among these 28 experienced teachers, 24 of them (86%) have taught the 
computing-related subject for more than 3 years while 3 teachers (11%) have 1-3 years’ computing 

teaching experience and 1 teacher (3%) has less than 1-year experience. It is important to note that a 

high percentage --86% of the teachers in our survey sample are very experienced in teaching 

computing, and also to note that regardless whether they have a computing-related background, all 
these 36 teachers actually went through the one-year long computing conversion class provided by 

MOE before they took this survey. The information about teachers’ background would be used as a 

benchmark in the following part of the analysis, i.e. to see how teachers’ understanding of CT and 
teaching competency match up to their level of experience in teaching computing.   

 

4.2 Computing Teachers’ Understanding of Computational Thinking  
 

29 out of 36 teachers (81%) responded that they have known about computational thinking before 

and the answer to the opened question “what is your current understanding of computational 

thinking?” from these 29 teachers are coded manually into categories of identified key words.  
 

Table 1. Summary of teachers’ understanding of “Computational Thinking”. 

Key Words Count 

solve problem/problems 25 

thinking/thinking process 12 

computer/machine 9 

logical 8 

algorithm/algorithmic 7 

systematical way 6 

decompose/break down problem 6 

human/human behavior 5 

formulate/define problem 4 

computer science 3 

 

From Table 1 we can see that among the 29 responses, the most frequently used phrase is “solve 

problem/problems”. One answer even specifies that CT is to solve real life problems. Note that the 

second most frequently used phrase is “thinking/thinking process”, which means that what 
underlines “solve problem” is actually “the thinking process” instead of “the results or outcome” as 

it is usually supposed to be. In terms of tools, 9 responses relate CT to the use of computer/machine, 

while 6 responses identify that CT can be also related to human/human behavior, which is without 
the use of computer/machine. There is no clear incorrect understanding of CT in these 29 responses, 

but different level of sophistication in teachers’ understanding was observed. The majority of the 

responses associate CT with the terms like “logical”, “algorithmic”, “systematic”, “decompose” 

which elaborate the inner characteristic of CT. Only 3 responses did not include any elaboration but 
only stated the main identity of CT as “problem solving”.  

To further look into teachers’ understanding and awareness about the curriculum change, 

which shifted its focus from ICT as computer literacy to CT in computer science (CS), we asked 
teachers to classify CS activities against non-CS activities. Questions and results are shown in 

Figure 2. “Programming and Coding” and “Creating new software” are considered part of computer 

science. “Creating Documents or Presentations on the Computer” and “Searching the Internet” are 
generally not considered part of computer science but part of Computer Literacy. From statistics of 

the results we notice that all teachers understand correctly that “programming and coding” is CS 

activity, while 11% teachers mistook “creating new software” as non-CS activity and 25% teachers 

wrongly consider the last two activities as part of CS. Combining the analysis from the above two 
questions which target at knowing teachers’ understanding about CT, it is clear that teachers have a 

generally good understanding of CT while some teachers have misconceptions about the focus of 

CT or CS. 
 

738



 

 

 

 
Figure 2. Teachers ‘Understanding of CS Skills 

 
4.3 Computing Teachers’ Attitudes Towards Teaching CT 

 

As shown in Figure 3, respondents were asked to rate on the following scale: Strongly Agree, Agree, 
Neutral, Disagree, and Strongly Disagree. From the table it can be seen that all the teachers either 

agree or strongly agree that incorporating CT into their class is important. However, considering the 

confidence in teaching and their conception about the complexity in teaching CT, we notice that 
14% of teachers did not know how to teacher CT while 14% remained neutral; 20.5% of teachers 

agreed or strongly agree that CT is too complex to use while 28% remained neutral; 10% of teachers 

did not consider themselves as confident in teaching CT while 35% remained neutral. Therefore, a 

discrepancy between the desire to incorporate CT into the teaching and the confidence and ability to 
incorporate it was observed among the teachers. 

 

 
Figure 3. Teachers Attitudes towards Teaching CT 

 

 

All 36 teachers were asked to rank the following 7 learning outcomes in the order from 
which they think is most important (1st ranking) to least important (7rd ranking): examination 

results, creativity, interest and passion, problem solving skills, reasoning skills, programming and 

coding skills, experience with technologies. The three most important learning outcomes from 
teachers’ point of view are firstly “interest and passion”, secondly “problem solving skills” and 

thirdly “reasoning skills”. And the two least important learning outcomes which have the same 

number of counts in the last ranking are “examination results” and “experience with technologies 
(software or apps)”.  

 

4.4 Computing Teachers’ Challenges Towards Teaching CT 
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A multiple-choice question on “what are the challenges you face (or expect to face) in teaching 

computing?” was asked in order to identify the most challenging factors that teachers face in 

teaching computing (Figure 4). 
 

 
Figure 4. Teachers Challenges towards Teaching CT 

 
 Among the 9 provided choices of challenges, teaching resource (94%) ranks the first and 

pedagogy knowledge (83%) ranks the second, prominently. Even in the open-ended question for 
“Others”, teachers also mention that they need shared lesson plans and best practices by other 

schools. It is obvious that teachers are much more concerned about the resource for teaching and 

how to teach rather than what to teach, i.e. content knowledge. 
 

4.5 Computing Teachers’ Changes Before and After the Workshop 

As stated before, a teacher workshop using unplugged approach was designed and conducted in 

order to address the problems that were identified from the teacher survey. The effectiveness of this 
workshop was evaluated by a pre-survey and a post-survey with almost the same set of questions. 9 

teachers from two different secondary schools participating in this workshop completed both 
surveys. They were asked to rate how strongly they believe a statement on a 7 point Likert scale 

where 1 represents strongly disagree (not at all interested, not at all useful and not at all confident) 

and 7 represents strongly agree (very interested, very useful and very confident). Figure 5 and 6 
show the comparison between the pre-survey and post-survey results on the questions. 

 

 

Figure 5. Development of Perceived Value of CT 

 

 
Figure 6. Development of Change of Confidence 

 

 Generally speaking, improvements in participants’ interest level of unplugged approach (Q1: 

6.11/6.44), perception of unplugged approach’s usefulness (F = 2.309, p < .05), and confidence in 

teaching CT (F = 2.308, p < .05). As to the open-ended question that asked about teachers’ current 
understanding of unplugged approach, the identified key words shift from “use of non-ICT tools” to 

“fun activities to build concepts” (Figure 7).  
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Figure 7. Teachers’ transformed understanding of Unplugged Approach 

 

 We also interviewed with two teachers participating the workshop. They complained that 

“we do not have the one-year training in teacher training institute on computing like other subject 

teachers”. Thus, the workload for computing teachers is high since they have to learn and teach at the 
same time all by themselves. Both teacher 1 and teacher 2 are math and science teacher before they 

started to teach computing. Teacher 1 had a bachelor degree minor in computing where he received 

aggressive training due to a particular professor’s teaching style. During our meetings, he often 
referred back to how he learnt programming in university when talking about how to teach certain 

content to students. Thus his ideology of teaching computing is also a bit aggressive, which means 

that he believes the good students do not need to be taught and should learn on their own by doing 
and exploring. He said, “Most of my attention goes to the low-achieving students while I am 

hands-off for the high-achieving students as they can already explore by themselves.” Teacher 2 is 

more conservative compared to teacher 1. He teaches more slowly and caters for every student’ 
need. He said he always want to try out the unplugged way of teaching computing. But before the 

researchers demonstrated the unplugged pedagogy to him by conducting a workshop, he did not 

have the initiative to try out on his own due to the worry of lacking time and materials. Therefore 
teacher 2 teaches in the traditional way most of the time.  

 

5. Discussions 

 
Summarizing the findings from the survey study, 86% of the teachers have more than 3 years’ 

teaching experience in computing-related subject. All of them have undergone the one-year long 

computing course provided by MOE to prepare them to teach the coming new computing subject. 
Not surprisingly, these teachers generally have good understanding of CT and the importance of 

incorporating it into classes. Their expectation of students’ learning outcome focuses more on 

students’ interest, problem solving skills and reasoning skills instead of examination results and the 
use of technology. However, these teachers were not ready to teach the new computing subject. 

Quite a portion of teachers lack confidence in teaching and the main factors that contribute to their 

lacking of confidence are teaching resource and pedagogy knowledge. 
This workshop had achieved its goal in triggering interest in teaching unplugged and 

building teachers’ confidence as well as capability in teaching CT. From the workshop feedback, we 
also noticed that teachers really welcomed guided instruction and hands-on practice in unplugged 

activities. This is a good demonstration of how to use a comparatively low cost way of teacher 

development to encourage and equip teachers to teach CT in an interest-driven way. It is echoing to 
the theories of Biggs (1987) and Marton (1983) that learners develop interest in their task, they gain 

a deeper understanding of the subject, as they are motivated to understand the material, in an attempt 

to link new ideas to previous knowledge, and theories to everyday occurrences. 
Nonetheless, it is noted that one participant felt less confident in teaching CT after attending 

the workshop. This would probably because some teachers are worried that the unplugged activities 

are too time-consuming as it is stated in the last open-ended question that asked what they like and 
dislike about the unplugged activities. We interpreted this in two ways: one is that teachers might not 

have enough time to prepare the materials and lesson plans for the unplugged activities, especially in 

the case that they are dealing with a completely new curriculum which they need to spend quite a lot 
time into digesting; the second is that adopting unplugged activities in class would take up too much 

class time which are already fully packed according to MOE’s GCE O-Level Scheme of Work. To 

address teachers’ concern about time-consuming, specific materials for unplugged activities and a 
systematic plan of unplugged lessons in line with MOE’s computing curriculum should be provided 

and shared among the teachers. 
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6. Conclusion 
 

Results from the teacher survey about CT suggest that generally teachers have good understanding 
about CT and have high motivation in teaching CT, but they are not confident in teaching CT as they 

do not have enough teaching resources and pedagogy knowledge. The following teacher workshop 

using unplugged approach is a good demonstration about how professional development that 
involves guided instruction and hands-on practice can help to build up teachers’ confidence and 

capability in teaching CT. Despite its important implication for large-scale implementation for 

teachers’ professional development, the problems identified in the workshop also needed to be 
addressed in the future work of this project. As to the future work, we will work with teachers to 

co-design a systematic plan of CT lessons that are in line with the MOE’s computing curriculum as 

well as prepare the teaching materials that can be shared among the teachers. We will look into how 
different CT activities can be arranged and organized in the way that together they tell a better story 

of certain CT concept. 
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Abstract: An online course was designed for students in higher education to learn basic 

statistics concepts, supplementary with four face-to-face tutorials. This study evaluated the 

designed course, with a focus on students’ perceptions of course implementation and course 

materials, through questionnaire surveys and focus group interviews. The surveys found that 

students especially recognized the help of the video clips for learning sampling distribution 

and central limit theorem, and the simulations for understanding confidence interval and 

sampling distribution. The focus group interviews found that students generally recognized 

the overall support from the three main types of course materials - video clips, simulations 

and quizzes - on learning basic statistics concepts. Nearly half of the students indicated their 

preference to first watch the online video clips and then do the online quizzes and further 

return to the video clips when they encountered difficulties. This study revealed students’ 

need of face-to-face tutorials along different time points in the blended learning process. 

Keywords: Basic statistics concepts, blended learning, evaluation, higher education, online 

course 

1. Introduction

Statistical literacy is essential for students in the higher education sector to understand and perform 

quantitative and qualitative researches in their daily study (Hahs-Vaughn, Acquaye, Griffith, Jo, 

Matthews, & Acharya, 2017; Peters, Smith, Middledorp, Karpin, Sin, & Kilgore, 2013). For 

students in Hong Kong, the learning of basic statistics starts as an extended curriculum module for 

optional selection, but not a compulsory module for every student, in the senior secondary 

mathematics curriculum (Curriculum Development Council & Hong Kong Examinations and 

Assessment Authority, 2017). This makes quite a portion of local students possess inadequate 

statistical literacy before entering universities for further study. Traditional statistics curriculum has 

a common emphasis that students do statistics calculations well means students understand statistics 

concepts well; and thereby overlooking the fact that many students recite and adopt statistical 

formulas without a solid statistical understanding (Barrios, González-Teruel, Cosculluela, Fornieles, 

& Turbany, 2014; Peters et al., 2013). This study therefore designed an online course for supporting 

tertiary students in Hong Kong to flexibly yet effectively develop fundamental statistics concepts. 

2. Background of Study

It is essential for students in nowadays society to possess the knowledge and techniques of applying 

basic statistics, in order to accurately organize, analyze, interpret and present the massive data 

involved in their everyday pursuits (Hahs-Vaughn et al., 2017; Peters et al., 2013). Higher education 

institutions over the world have the convention of offering credit-bearing courses on basic statistics 

as a compulsory curriculum component for students specialized in mathematics, science, and/or 

engineering streams across undergraduate and postgraduate levels. These formal courses on basic 

statistics are generally designed to sharpen students’ understanding of the fundamental terms and 

concepts in the topics of descriptive statistics, normal distribution, probability, hypothesis testing 
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and simple univariate statistics; and are commonly delivered through face-to-face tutorial, 

supplementary with the practical application of statistical software packages, in a fixed curriculum 

schedule (Hahs-Vaughn et al., 2017; Peters et al., 2013). The rapid growth of different learning 

management platforms and varying online learning resources has led the wave of e-Learning in 

higher education in recent decades (Bernard, Borokhovski, Schmid, Tamim, & Abrami, 2014; 

Poelmans & Wessa, 2015). Alongside the prevalent use of different statistical software packages, 

traditional statistics education is facing opportunities to ride on the e-Learning trends for a shift of 

more interactive, more practical, and more problem-solving oriented learning and teaching inside 

and outside campus (Hahs-Vaughn et al., 2017; Lu & Lemonde, 2013). The blended learning 

approach is advocated to be potential to realize the suggested shift in statistics education. 

The blended learning approach is an instructional strategy that incorporates face-to-face 

tutorial in classroom and online learning with multimedia resources outside classroom (Poelmans & 

Wessa, 2015; Scherrer, 2011). It allows a flexibility in selecting the web-based technologies for 

resources retrieval and learning interactions, and setting the time ratio between online learning and 

face-to-face tutorial (Bernard et al., 2014; Peterson, 2016). Blended learning courses commonly 

combine regularly-scheduled face-to-face classes delivered by instructors, and between-classes 

online work by students via the online learning platforms selected such as Moodle (Lu & Lemonde, 

2013; Luo et al., 2017). Students are usually asked to use the online learning platforms selected to 

watch online videos before and/or after classes, make online discussions and complete online 

quizzes after classes (Barrios et al., 2014; Hahs-Vaughn et al., 2017). Researchers find it is 

important for students in the blended learning approach to attend face-to-face classes with two needs 

- students’ heavy reliance on instructors’ regular guidance on learning resources and learning flows 

(Barrios et al., 2014; Scherrer, 2011); and students’ strong desire for instructors’ extra explanation of 

knowledge points and assignment solutions (Peterson, 2016; Poelmans & Wessa, 2015). 

 

 

3. Methodology 
 

This study designed a course named “Basic Statistics Concepts for Higher Education”. The course 

aimed to enhance students’ conceptual understanding of basic statistics through the blended learning 

approach which based on a 16-hour online learning component and was supplemented with a 

four-hour face-to-face learning component. The designed course focused on four topics: “Sampling 

Distribution” about the definition and calculation of sampling distribution of sample mean; “Central 

Limit Theorem” about the definition of central limit theorem and the calculation of probability; 

“Confidence Interval” about the interpretation and calculation of confidence interval, and the 

relationship between confidence level and sample size; and “Hypothesis Testing” about the 

determination of null hypothesis, alternative hypothesis and critical region, and the hypothesis 

testing for a mean with known variance. The designed course was a non-credit course for all 

interested undergraduate/postgraduate students of the university. There were a total of 89 student 

participants in the designed course after the open call-for-enrollment (see Table 1 for the student 

profiles). The majority of student participants had no background knowledge about statistics, as 

61.1% of the student participants had never learned statistics and some of them even had difficulty in 

understanding statistical terms like mean and standard deviation. 

 

Table 1 

Profiles of Student Participants (N=89) of the Online Learning Course for Basic Statistics Concepts 

Study level Study area N (%) Sub-total Total 

Undergraduate - Junior grade (Year 1-2) 

Arts 5 (5.6%) 

19 (21.3%) 

89 (100.0%) 

Science 7 (7.9%) 

Social Science 7 (7.9%) 

Undergraduate - Senior grade (Year 3-5) 

Arts 14 (15.7%) 

28 (31.5%) Science 3 (3.3%) 

Social Science 11 (12.4%) 

Postgraduate 

Arts 4 (4.5%) 

42 (47.2%) Science 6 (6.7%) 

Social Science 32 (36.0%) 
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This course provided a learning pack on the learning management system Moodle for 

students’ online access to self-learn and then consolidate basic statistics concepts according to their 

own learning progress and needs. The online learning pack provided three types of course-specific 

digital resources: the video clips which explained and illustrated the terms and procedures related to 

the target statistics concepts; the simulations which provided students with demonstrations and then 

opportunities of statistical operations for applying the target statistics concepts; and the quizzes 

which provided questions for students to check their understanding of the target statistics concepts. 

As teacher guidance is important in blended learning, students were set to attend a one-hour 

face-to-face tutorial session each week together with using the online learning pack to self-learn the 

statistics concepts. These tutorials aimed to introduce key concepts for each topic that students were 

to learn that week, and allow students to ask questions on their learning difficulties. In Session 1, 

students learned about background knowledge about the statistics concepts of mean, standard 

deviation and probability distributions; and then learned about the course topic of “Sampling 

Distribution”. Session 2 introduced the course topics of “Central Limit Theorem” and “Confidence 

Interval”; and Session 3 the course topic of “Hypothesis Testing”. Session 4 engaged students in 

hands-on activities to develop the practical knowledge of SPSS operation for data analysis. 

Moreover, the designed course provided two supplementary learning resources for students’ 

reference. Firstly, four memory cards, of each summarized each topic in plain language, were 

created to help students strengthen the memory of key knowledge points. Secondly, a concept map 

which showed the inter-relationships between different concepts across the four topics was created 

to help students visualize clearly the connections among the knowledge points. Furthermore, a 

day-by-day study schedule was designed for guiding students to use the online learning pack to learn 

step-by-step. It served as a checklist for students who had their own pace yet wanted to make sure 

they had covered all the key knowledge points before the respective face-to-face tutorials. 

A mixed-method evaluation was conducted after the fourth face-to-face tutorial to 

investigate the views of students on the arrangements and resources of the designed course. Two 

research questions were focused: (1) What are the students’ overall perceptions of the 

implementation of the blended learning course for basic statistics? (2) What are the students’ 

specific perceptions of the materials in the blended learning course for basic statistics? Two 

questionnaire surveys and three groups of focus group interviews were conducted to collect the 

quantitative and qualitative data addressing the two research questions. The two questionnaire 

surveys involved 49 students upon voluntarily participation. The first survey consisted of nine 

4-point Likert scale question items to ask about students’ overall perceptions of course 

implementation; while the second survey consisted of eleven 5-point Likert scale question items to 

ask about students’ specific perceptions of course materials. The Cronbach’s alpha coefficients of 

the two surveys are 0.907 and 0.962 respectively. The three groups of focus group interviews 

involved 18 students upon voluntarily participation. The students were asked to indicate their overall 

perceptions of course implementation, with a focus on course arrangements and learning outcomes; 

and their specific perceptions of course materials, with a focus on the online learning platform and 

the specific course materials of video clips, simulations, quizzes and other resources. 

 

 

4. Results and Discussion 
 

4.1 Students’ Overall Perceptions of the Implementation of the Blended Learning Course 
 

The students in general positively perceived the overall implementation of the blended learning 

course, as reflected by the results of the questionnaire survey (see Table 2) and focus group 

interview (see Table 3). The students in the questionnaire survey agreed that the designed course 

was well-organized for learning basic statistical knowledge. The students also affirmed the 

usefulness of the suggested study schedule for learning the four topics in the designed course. The 

students recognized the overall support from three main types of course materials - the simulations, 

quizzes and video clips - on helping them to understand more basic statistics concepts. It is noted 

that the designed courses inspired the students to apply the blended learning approach in future. 
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Table 2 

Survey Results of Students’ Overall Perceptions of the Course Implementation 

Items Mean a (SD) 

Interactive simulations provided on Moodle helped me understand the knowledge on basic concepts of 

statistics. 
3.16 

(0.83) 

The quizzes on Moodle enhanced my learning on basic statistics. 3.14 (0.73) 

The video clips provided on Moodle well-illustrated the key concepts of basic statistics. 3.14 (0.76) 

The suggested study schedule was useful in learning. 3.14 (0.93) 

The course enhanced my knowledge on basic statistics. 3.12 (0.75) 

Overall, the course was well-organized. 3.00 (0.65) 

The course inspired me to apply blended learning in my current/future learning/teaching. 3.00 (0.86) 

The four one-hour tutorials facilitated my learning on basic statistics. 2.91 (0.98) 

The content covered matched up to my expectations. 2.86 (0.79) 
a 1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree 

 

Students’ feedback in the focus group interview echoes with the survey results. The students 

generally satisfied with the quality and potential of the designed course. For the course arrangements, 

the students considered the designed course well-organized to promote them to integrate theory into 

practice. The students generally spent two to five hours per week for the designed course; and were 

managed to learn most of the course contents by themselves online. A student illustrated that he 

obtained 10% of the knowledge in face-to-face tutorials and 90% through the video clips and quizzes 

on the online learning platform. Many students affirmed the importance and usefulness of following 

the suggested study schedule for the successful course completion. They also appreciated that the 

designed course enabled them to learn statistics with theory-driven practice, as the course delivery 

started with theories and concepts and then engaged students in the hands-on of statistical software. 

For the learning outcomes, most students affirmed the course effectiveness. The students 

appreciated that the designed course matched their expectation for applying the learned statistical 

knowledge to their study work, as it was insufficient for them to learn statistics in daily curriculum. 

Nearly three quarters of the students further expressed their appreciation of the blended learning 

approach and their willingness to take part in other blended learning courses in future. Few students 

who were not major in mathematics-related streams commented that the course contents were quite 

difficult for them and so suggested on dividing students into different groups according to their 

academic majors for course delivery in future. For course improvement, one-third of the students 

indicated the need of more practice and review opportunities in face-to-face tutorials, to enhance 

their target statistical knowledge through real-life data analysis. Half of the students also suggested 

on extending the length of each face-to-face tutorial; and increasing the time and examples on 

explaining how to use the target statistical formulas and interpret statistical results meaningfully. 

 

Table 3 

Focus Group Interview Results of Students’ Overall Perceptions of the Course Implementation 

Issues Major feedback 

Course arrangements  Most students were satisfied with the whole experience of the blended learning course. The students 

appreciated the opportunities for learner-centered learning in the designed course, as they felt 

comfortable and flexible to do self-learning of the course contents anytime, anywhere. 

 The whole cohort affirmed the need of face-to-face tutorials. They appreciated the arrangement for 

making extra discussion appointments and WhatsApp group communication with instructors to discuss 

their difficulties in learning the course contents. 

Learning outcomes  Most students found the designed course useful and beneficial, as the course contents supported them to 

better understand and apply the key concepts and common jargons of basic statistics in their daily study. 

 Students who were not major in mathematics-related streams commented that the course contents were 

quite difficult for them and so suggested on dividing students into different groups according to their 

academic majors for course delivery. 

 

The above results of students’ overall perceptions of the implementation of the blended 

learning course echo with the findings in previous relevant studies including Scherrer (2011) and 

Peterson (2016) – university students are generally able and comfortable to manage the flexible 

approach supported by blended learning courses for an effective learning of statistical knowledge. 
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4.2 Students’ Specific Perceptions of the Materials in the Blended Learning Course 
 

The students positively perceived the specific materials for the designed course. As Table 4 shows, 

the students in the questionnaire survey generally affirmed the learning support from varying course 

materials, especially the video clips for the “Sampling Distribution” and “Central Limit Theorem” 

topics; and the simulation for the “Confidence Interval” and “Sampling Distribution” topics. 

 

Table 4 

Survey Results of Students’ Specific Perceptions of the Course Materials 

Items Mean a (SD) 

The video clips in Sampling Distribution topic were useful for learning basic statistics. 4.04 (0.86) 

The video clips in Central Limit Theorem topic were useful for learning basic statistics. 4.02 (0.94) 

The video clips in Confidence Interval topic were useful for learning basic statistics. 3.92 (0.90) 

The simulation in Confidence Interval topic was useful for learning basic statistics. 3.88 (0.85) 

The concept map on basic statistics was clear. 3.84 (0.89) 

The video clips in Hypothesis Testing topic were useful for learning basic statistics. 3.82 (0.85) 

The simulation in Sampling Distribution topic was useful for learning basic statistics. 3.82 (0.94) 

Overall, the quizzes helped me learn the basic statistics. 3.67 (0.98) 

The concept map on basic statistics was useful for consolidating the learned knowledge. 3.65 (0.94) 

The simulation in Hypothesis Testing topic was useful for learning basic statistics. 3.59 (0.09) 

The simulation in Central Limit Theorem topic was useful for learning basic statistics. 3.49 (1.09) 
a 1 = Strongly Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, 5 = Strongly Agree. 

 

As Table 5 shows, students in the focus group interviews affirmed the ease of retrieving 

course materials of video clips, simulations and quizzes. Most students found the course materials 

facilitated them much to learn target statistical knowledge, and to realize the importance of statistics 

in daily study and so motivate them to learn more. Nearly half of the students preferred to first watch 

video clips and then do quizzes, and when needed return to the video clips for the knowledge points. 

 

Table 5 

Focus Group Interview Results of Students’ Specific Perceptions of the Course Materials 

Issues Major feedback 

Online learning 

platform 
 Most students found the Moodle platform was easy to use for the online retrieval of course materials. 

 The students considered the video clips and quizzes most helpful and useful in assisting their self-learning. 

Specific course 

materials: 

-Video clips 

-Simulations 

-Quizzes 

-Other resources 

 The majority of the students favored the video clips most. They considered those video clips very useful to 

be the major source for course learning, with step-by-step explanations of the target statistical operations. 

 Nearly a quarter of the students found the simulations well-designed, easy to follow, and useful for 

supporting them to understand the target statistics concepts well. 

 Many students appreciated the quizzes, as they could repeatedly attempt to answer quiz questions and then 

learn from the explanations for correct answers when they incorrectly answered the quiz questions. 

 Many students found concept map, memory card and other resources useful. 

 

Over 25% of the students indicated they could keep concentrated on the precise and concise 

explanations in the short video clips. Nearly 25% of the students watched the video clips several 

times if they found difficulty in understanding the concepts. The students also found the simulations 

helpful to stimulate a deeper thinking of the target concepts. Moreover, most students were satisfied 

with the design of online quizzes, which were short yet able to provide sufficient explanations to the 

answer of each question. Many students also appreciated the usefulness of the other resources - the 

concept maps and memory cards - for knowledge consolidation. It is noted that nearly 40% of the 

students searched for external online resources for relevant explanations when they found 

difficulties in understanding the course contents, as they wanted to solve the problems on their own. 

Focus group interviews also collected suggestions on course materials improvement. For the 

video clips, some students commented that more examples and exercises can be embedded, so that 

they could think more about the target statistical knowledge through practice. Some students 

expected for more detailed illustrations in the video clips. For example, the main formulas can be 

shown on one side along with the video content flow, in order to enable them to remember more 

about the formulas when listening to the description and explanation of the given examples. For the 
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simulations, some students suggested on the automatic display of more explanations after their 

question-answering, so that they can immediately check their knowledge level. For the quizzes, 

some students suggested on adding more questions and expanding the relevant explanations in the 

online quizzes, so that they could think more about the target statistical knowledge through practice. 

 

 

5. Conclusion and Implication 
 

This study designed an online course, supplementary with face-to-face tutorials, on basic statistics. 

The course evaluation by questionnaire surveys and focus group interviews confirmed students’ 

positive perception of the overall course implementation and the specific course materials - video 

clips, simulations and quizzes. This study echoes the recent work by Hahs-Vaughn et al. (2017) and 

Luo et al. (2017) that it is practical to engage university students in blended learning courses for 

learning basic statistics effectively. It also enriches current literature on the preference and pattern of 

university students for selecting and using certain types of course materials in topic-specific learning 

of basic statistics. Two implications are made for future blended learning courses on basic statistics. 

Firstly, this study found that the students especially appreciated the short video clips which 

were precise and concise enough for them to focus on the important course concepts, especially the 

topics of sampling distribution and central limit theorem. The students preferred to first watch the 

online video clips and then do the online quizzes, and further return to the video clips when they 

encountered difficulties. Future courses should thus use the repeatable feature of the video clips and 

quizzes to support students to gradually deepen statistical understanding through exercising. 

Secondly, this study found that the students valued the four face-to-face tutorials along with 

their self-learning process using the online learning pack; and expected to have more practice and 

review opportunities in face-to-face tutorials in a longer duration. The students indicated their need 

of more time, examples and explanations for real-life data analysis. Future courses should thus keep 

instructor-led face-to-face tutorials regularly for giving extra explanation of knowledge points, extra 

guidance on online resources exploration, and extra opportunities of operational practices. 
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Abstract: Classroom observation is a powerful tool to understand teaching, diagnose 

teaching problems and identify development needs of teachers. The existing studies often 

focus on teachers' behavior, knowledge and skills during classroom observation. However, 

the emotional state of teachers is neglected, though it has a significant influence on the 

teaching effects. The purpose of this study is to analyze teachers’ emotional experience in 

classroom observation through developing a visualization-based system, thereby promoting 

active participation, and reflection of in-service teachers. This study included 55 in-service 

Chinese teachers who had totally observed eight classroom activities in three weeks. Eight 

visual reports about the emotion, the degree of satisfaction and technology acceptability 

were collected for analysis. The results reveals three findings. Firstly, this system can 

effectively display teachers’ changes of emotion, teaching concerns and problems. 

Secondly, it has a higher degree of satisfaction and is useful and easy to use for teachers. 

Finally, there are significant differences among teachers with different years of teaching 

experience on the degree of satisfaction and technology acceptability about this system. 

Keywords: visualization-based system, emotional experience, classroom observation 

1. Introduction

Classroom observation activities with experts and peers can promote teachers’ collaborative and 

self-reflection, which is a popular approach for teachers to develop their knowledge and ability. In 

the 2007 Teaching and Learning International Survey (TALIS), over 70% of teachers in participant 

countries reported that classroom observation was a component in performance evaluation and 

feedback (OECD, 2009), and a powerful tool for developing an in-depth understanding of teaching 

(David & Juan, 2011). However, a top-down approach of classroom observation may lead to only 

focus on teachers' behavior, knowledge and skills, and neglected the emotional state of the 

participants which has a significant impact on the effects (Ruiz et al., 2016). It worth noting that 

teachers’ emotions are inseparable from their moral purposes and their ability to achieve those 

purposes, and are rooted in and affect their selves, identities, and relationships with others 

(Liljestrom, Roulston & deMarrais, 2007). Thus, a bottom-up approach, which focuses on 

group-based observation, discussion and reflection in a group, should be adopted. In particular, the 

study will center on the following questions: 

(1) How can teachers’ emotional experiences in classroom observations be captured and analyzed

using a visualization-based system?

(2) What are the teacher's degree of satisfaction and technology acceptability to the

visualization-based system?

(3) Are there any differences on the degree of satisfaction and technology acceptability among

teachers with different years of teaching experience?
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2. Literature Review 
 

2.1 Classroom Observation 
 

Classroom observation can help us to understand get to know that teachers are teaching activities in 

real situations better (Putnam & Borko, 2000) and can provide teachers with formative feedback 

(Julie & Dan, 2016). Classroom observation have been regarded by researchers and practitioners as 

the most effective method for teacher professional promotion (Montgomery, 2002). However, 

teachers may be fear and even reject to being observed by other people. The reason resulting in this 

phenomenon may be that the feedback is always fuzzy and scattered (Haep, Behnke & Steins, 2016). 

As a method of data collection, classroom observation is a powerful tool for the perspective of 

classroom practice (Millman & Darling-Hammond, 1990) and has been widely used to evaluate 

teachers’ teaching effects. However, the dominating method in the vast majority of observation 

experiences is the top-down approach, which is mainly utilized to evaluate teachers' performance 

and determine their tenure. Even though a single classroom observation can provide a basis for 

informal teaching guidance, it cannot provide sufficient supports for the formal assessment of a 

teacher's tenure (Kane & Staiger, 2012). The results show that the long-term use of data-based 

feedback can significantly improve the teaching quality of teachers (Hurk et al., 2016). Generally, 

forming a reliable and constructive feedback report for teachers need much effort, which may 

require at least three teachers to observe one lesson, or one teacher to observe at least ten lessons to 

make a summative assessment (Lans et al., 2016). The use of data-driven teaching is a powerful 

lever to leverage the transformation of teachers' professional learning (Marsh, 2012). 

 

2.2 Emotions Visualization 
 

Human emotions divide into two types: positive emotions (joy, hope, pride, confidence, excitement 

and interest) and negative emotions (anxiety, anger, shame, disappointment and frustration). Positive 

emotional state can improve learners' learning effect (Ruiz, 2016). Previous studies used different 

tools to collect emotional data and visualize the state of emotion. For example, Samara Ruiz et al 

used PresenceClick to collect emotional data, so that the learners use the visual dashboard to track 

their emotional change and see the evaluation results (Ruiz, 2016); Gaelle Molinari et al designed 

the Emotion Awareness Tool which is a computer-based self-report emotional tool. The results of the 

above studies indicated that emotions visualization could stimulate students' participation in 

emotional interaction and improve the interaction quality between learners (Leony, 2013). However, 

the focus of classroom observation simply pay attention to teachers' knowledge and behavior, rather 

than emphasizing the changing characteristics and trends of the emotional state. 

 

 

3. Development of a Visualization-based System for Analyzing Teachers’ Emotional 

Experience 
 

This study adopts text sentiment analysis and self-reported emotional marking tool to analyze 

emotional inclination based on teachers' classroom observation records, teaching reflection and 

comments. Then it identify accurately the emotion of teachers participating in the activities of 

classroom observation, visualize the characteristic and regularity of teachers' emotional state, and 

mine the hidden information. 

Firstly, the information source was selected from the Learning Cell platform (Yu et al., 2015) 

and other tools for classroom observation activity. In this study, we select observation records, peer 

feedback contents and teaching reflections, as the text set of emotion identification. Secondly, this 

study would identify the emotion inclination of all teachers who participated in the classroom 

observation activities. The data for emotion identification mainly consisted of two parts: one was 

self-reported emotion. The second was to recognize the emotional tendency of text. Third, this study 

uses the software of wordcloud2 to generate word cloud of keywords about teachers’ knowledge. 

Teachers produce a large number of observation records after teaching one or more lessons. It is 

difficult for teachers to efficiently find the teaching advantages and disadvantages. Therefore, this 
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study adopts the software of wordcloud2 to generate the word cloud of teachers' teaching advantages 

and disadvantages, and use the Dotted Chart Technology (Song & Aalst, 2007) to visualize the key 

information in classroom teaching. The visualization-based system is shown in Fig. 1. 

 

 
Fig 1 Visualization-based system for analyzing teachers’ emotional experience 

 

 

4. Methodology 
 

4.1 Participants 
 

All these 55 teachers who are from twelve different primary schools in China are teaching Chinese. 

The distribution of teaching experience is: 11 in 0-5 years of teaching experience, 16 in 5-10 years, 

11 in 10-15 years, and 17 beyond 15 years. All of them were voluntary to participate in this study and 

researchers got ethical approval from them. 

 

4.2 Procedure of the study 
 

Firstly, teachers used classroom observation tools to observe eight lessons, and each teacher 

submitted eight observation records to the visualization-based system. Secondly, the 

visualization-based system provided the visual emotional experience report for in-service teachers. 

Thirdly, teachers carried out post-lesson discussion with emotional reports. Finally, teachers needed 

to complete the scales of satisfaction and technology acceptability after lessons. This study adopted 

semi-structured interview with focus group to collect qualitative data for further investigation. 

 

4.3 Instruments 
 

The degree of satisfaction with the visualization-based system was measured by the scale of 

satisfaction, and the Cronbach alpha coefficient is 0.91 (Chu et al., 2010). The scale of technology 

acceptability measured the cognitive usefulness and ease of use about the visualization-based system. 

It consists of two sub-parts: cognitive usefulness and cognitive ease of use. The Cronbach alpha 

coefficients were 0.95 and 0.94 respectively (Hwang, Yang & Wang, 2013). All responses were rated 

on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree). 
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5. Results and Discussions 
 

5.1 Teachers’ emotional experiences could be analyzed using a visualization-based system 
 

As shown in Fig 2, it is easy for teachers to find out their teaching advantages and disadvantages 

with the help of the visualization-based system. Firstly, teachers can adopt the visualization-based 

system to find out the key information in classroom teaching, to see whether there is unequal 

distribution of activity based on which they may determine whether there was needs for further 

investigation or intervention within the group (Leeuwen et al., 2014). Leony et al. (2013) analyzed 

that visualizing the emotional state of learners indeed can facilitate their active participation and 

deep interaction. Secondly, educational managers or other stakeholders can use visualization-based 

system to discover teacher's teaching concerns and in-the-moment changes of emotion. This is 

consistent with previous studies, for example, Chang (2009) considered that it is necessary to 

investigate teacher emotions through technology devices, which can make teachers to reflect on the 

teaching activities after the class on the digital tools (Ruiz et al., 2016). 

 
Fig 2 Visualizing the emotion experience of teachers in classroom observation 

 

5.2 Teachers' degree of satisfaction and technology acceptability 
 

In this study, 55 questionnaires were distributed in which 3 invalid were removed and 52 valid were 

obtained. The data were analyzed by SPSS20.0.The results shows that the visualization-based 

system can help teachers find new problems, and observation activities are more interesting than 

before (Mean = 4.028, SD = 0.607). Technology acceptability focused on two aspects: the cognitive 

usefulness (Mean = 3.949, SD = 0.682) and cognitive ease of use (Mean = 3.731, SD = 0.627). 

 

5.3 Teachers’ degree of satisfaction and technology acceptability of different years of 

teaching experience 
 

This study adopted single factor analysis of variance to the difference of teacher satisfaction between 

four teaching ages. The results shows that there is a significant difference between teacher 

satisfaction in four teaching ages (F = 7.759, p = 0.000<0.01). In order to analyze accurately the 

differences between different teaching ages, this study used the post-event multiple comparison test 

to determine the significant differences. The results shows that teachers aged between 5-10 years of 

teaching experience and over 15 years are more satisfied with the visualization-based system than 

teachers who had been teaching for 0-5 years and 10 to 15 years. 

The results shows that there is a significant difference of cognitive usefulness (F = 5.350, p = 

0.003<0.01) and cognitive ease of use (F = 3.747, p = 0.017<0.05) between four teaching ages. This 

study used the post-event multiple comparison test to determine the significant differences between 

four teaching ages. The results showed that teachers aged between 5-10 years and over 15 years were 

higher in cognitive usefulness than teachers who had been teaching for 0-5 years and 10 to 15 years. 
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Teachers aged between 5-10 years was higher in cognitive ease of use than teachers who had been 

teaching for 0-5 years and 10 to 15 years, as shown in Table 1. 

 
Table 1 Difference of Technology Acceptability between Four Teaching Ages 

Technology Acceptability  Group N SD F Pairwise comparisons 

Cognitive Usefulness 

 Level1 

Level2 

Level3 

Level4 

10 

16 

9 

17 

.681 

 

 

 

5.350** Level2>Level1 

Level2>Level3 

Level4>Level1 

Level4>Level3 

Cognitive Ease of Use 

 Level1 

Level2 

Level3 

Level4 

10 

16 

9 

17 

.627 

 

 

 

3.747* Level2>Level1 

Level2>Level3 

*p<0.05, **p<0.01, Level1, Level2, Level3 and Level4 respectively represents 0-5 years, 5-10 years, 10-15 

years and over 15 years. 

 

There are significant differences of satisfaction and technology acceptability between four 

teaching ages. The reason may be that teachers who had been teaching for 0-5 years belongs to 

novice teacher, whose teaching focuses on class organization and student management (Harju & 

Niemi, 2016), and had not mastered enough pedagogical content knowledge. The present study 

suggested that the benefits of visual tools are different for specific types of teachers. This is 

consistent with Leeuwen et al. (2014), who consider that there may be some differences on the 

benefits of supporting tools between beginning teacher and more experienced teacher. 

Teachers who had been teaching of over 15 years generally belongs to the mature stage of 

teacher professional development (Fessler & Christensen, 1992). They may have abundant teaching 

experience, pedagogical content knowledge and higher personal accomplishment, by means of 

visualization-based system to carry out classroom observation activities are more likely to improve 

efficiency. This is consistent with the research results in the field of teacher burnout. The results 

from the field of job burnout indicate that the expert teachers are more likely to have a higher sense 

of personal achievement and lower emotional exhaustion, and are more willing to learn new things 

and maintain their own professional development (Droogenbroeck, Spruyt & Vanroelen, 2014). 

Teachers who had been teaching for 10-15 years generally belongs to midcareer teachers. Fessler 

and Christensen (1992) found that career frustration and burnout are typical for midcareer teachers. 

This maybe why teachers who had been teaching for 10-15 years was lower in degree of satisfaction 

and technology acceptability than 5-10 years and over 15 years. 

 

 

6. Conclusions 
 

In this study, a visualization-based system has been developed in order to analyze teachers’ 

emotional experience and promote active participation and reflection in classroom observation 

activities. The results show that teachers who participated in this study are more satisfied with the 

system. Teachers can adopt the system to find out the key information in classroom teaching, 

promote the interaction between teachers, and obtain the peer feedback contents. The degree of 

satisfaction results show that the system could help teachers find new problems. The results of 

technology acceptability suggest that the system is useful and easy to use for teachers. 

The results reveal that there are significant differences on degree of satisfaction and technology 

acceptability between different years of teaching experience about the system. This study suggests 

that benefits of the system are different for specific types of teachers. Teachers with 5-10 years of 

teaching experience and over 15 years are more satisfied with the system than those who had been 

teaching for 0-5 years and 10 to 15 years. Teachers who had over 15 years of teaching experience are 

more likely to improve efficiency of the classroom observation using the system. This is consistent 

with the results from the field of job burnout, which indicates that the expert teachers are more likely 

to have a higher sense of personal achievement and lower emotional exhaustion, and are more 

willing to learn new things (Droogenbroeck, Spruyt & Vanroelen, 2014). 
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In brief, the visualization-based system in this study can identify accurately and visualize the 

emotion of teachers, and mine the hidden information by analyzing peers’ classroom observation 

records. The limitation of this study is its time and sampling. We will select more teachers with 

appropriate ratio of males and females to carry out more large-scale application research. 
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Abstract: Teacher professional development (TPD) is needed to improve the quality of 

teaching processes of teachers. There are many existing models that support TPD, however, 

training of a large number of teachers at the same time is still a challenge. The cascade 

model is one of the TPD models that is used to train a large number of in service teachers in 

a short span of time. This model uses the existing teaching staff as co trainers in the training 

process. The success or failure of this model depends upon the way it is implemented by 

these trainers. This paper is a qualitative study of the desirable characteristics required for 

Secondary Trainers (STs) in a two level cascade model of training. The study was conducted 

during a 4-week workshop for 154 novice in-service instructors from 6 different technical 

institutions of India. Findings show that to conduct face to face workshops using cascade 

model of training, the STs need to participate in sessions conducted by PTs, have rich 

domain knowledge, prior workshop experience, time management and content ownership 

skills. This study highlights the role of the PTs in terms of support provided to the STs. It 

also provides recommendations to implement an effective cascade model. 

Keywords: Cascade model, primary trainer, secondary trainer, teacher professional 

development. 

1. Introduction

The teacher professional development (TPD) is one of the essential components to enhance the 

quality of teaching and learning in schools and colleges (Ingvarson, Meiers, & Beavis, 2005). There 

is a need to conduct TPD on a large scale to effectively engage a large number of teachers in tasks of 

teaching and assessment (Darling-Hammond & McLaughlin, 1995). Hence there is an increased 

research to identify features that lead to effective TPD or Continuous Professional Development 

(CPD) programs to improve teaching practices.  

Teachers in the past have undergone professional development through different models 

that include Coaching or mentoring on a one-to-one basis (Kennedy, 2005), Co-teaching of two or 

more teachers to work collaboratively to achieve certain goals (Murphy & Martin, 2015), Deficit 

model (Kennedy, 2015) used by authorities to address a particular deficit to improve teachers’ 

performance, Community of Practice (CoP) model shaping teacher practices through a social 

participation process involving communities with similar practices (Wenger, 1998) and Action 

Research model using teachers as researchers by encouraging reflective inquiry to improve the 

quality of practices. We chose to use and study the cascade model of professional training since it 

allowed us to use the existing staff to train a large sample of novice in-service instructors in a short 

span of time.  

The Cascade model of professional training is a top-down model of professional learning 

where there is a flow of information from ‘expert’ teachers or Primary Trainers (PTs) to Secondary 

Trainers (STs) or multipliers at different levels (Abeysena, Philips & Poppit, 2016). Here the STs 

receive an initial training and skills via a workshop from expert teachers. These STs in turn train 

other teachers on the lower levels of the hierarchy. This model relies on people to pass on their 
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newly procured understanding and expertise and also change their roles while receiving and 

conducting training (Abeysena, Philips & Poppit, 2016). If this is not done systematically, then the 

system fails and the training is wasted (Abeysena, Philips & Poppit, 2016). Studies have reported 

that many teachers in Bangladesh (Dove, 1983), China (Wedell, 2005) and in Nepal (Suzuki, 2011) 

have been successfully trained using this model. This model was also used to train science teachers 

in the United Kingdom (Morrison, Gott & Ashman, 1989) on how to be innovative in the early years 

of their school teaching.  

Advantages of the cascade model have been reported as the use of existing teaching staff, 

cost-effectiveness and shorter time spans during training (Engelbrecht, Ankiewicz & Swardt, 2007). 

However, this model of training is reported to be a one-way transmission of information (McDevitt, 

1998), i.e. the content is passed from PTs to STs and then from STs to the target audience without 

discussions or feedbacks between them. STs have been reported to misinterpret content received 

from PTs (Suzuki, 2011); lack confidence in conducting the training; and lack sufficient knowledge 

and understanding to manage the training process (Engelbrecht, Ankiewicz & Swardt, 2007).  

           To address the above issues, it is important to first have a detailed understanding of the 

desirable characteristics required for STs. In this paper, a qualitative study of the roles of trainers 

involved in cascade model of TPD programme has been conducted. 
 

 

2. Literature Review 
 

TPD reinforces teachers’ content knowledge and improves their teaching practices. Coaching model 

involves one-to-one relationships between an experienced teacher and novice teacher (Kennedy, 

2005). This model is more skill based and supports a transmission view of professional development 

where teachers gain expertise in the specific area by associating themselves with their more 

experienced colleagues. Co-teaching (Murphy & Martin, 2015) involves two teachers working 

collaboratively from the start to the end of the programme. This gives an opportunity to them to 

effectively use their knowledge together and be equally involved in every step of the model. The 

deficit model (Kennedy, 2005) identifies the areas in which individual teacher needs improvement. 

The Communities of Practice (CoP) model (Wenger, 1998) states that learning is a social 

participation of being actively involved in the practice of social communities and constructing 

activities in relation to these communities. The action research model (Kennedy, 2005) allows the 

novice teachers to start by learning the skills, observe the skill being demonstrated by experts and 

practice the skill themselves. This model uses novice and expert teachers as researchers and 

encourages a reflective inquiry and discussion among them (Norman, Sprinthall, & Thies-Sprinthall, 

1996). 

 The cascade model involves training the trainers who then have to train other trainers. This 

process is repeated to lower levels until the target group is reached. The first level involves trainers 

being selected from a pool of teachers based on a certain criteria. These selected STs are then trained 

by a team of expert training staff, referred to as PTs.  The training received via this model takes place 

in stages and hence the progress can be monitored systematically (Chidaba & Mokhele, 2012).   

The cascade model of training has few challenges. Chidaba & Mokhele (2012) and Suzuki (2011) 

have pointed that, even though the STs have to own the content of the training, there is a 

misinterpretation of crucial information at lower levels. Moreover, teachers reported difficulties to 

share the same training to other teachers in different centers (Hayes, 2000). In a study by 

Engelbrecht, Ankiewicz & Swardt (2007), it was reported that cascade training may result in the 

dilution of the teaching content as the content moves from the PTs to the lower levels; it is bound to 

attain multiple modifications from STs to fit their own ways of teaching. Hayes (2000) suggests five 

measures to increase the effectiveness of the cascaded training model, including making the training 

experiential, reflective and open to reinterpretation, diffusion of expertise through the system and 

the inclusion of stakeholders in the preparation of training materials. 

 The challenges in this model are associated with the characteristics of the STs, the way the 

training materials are utilized by them and support required from the PTs. This paper highlights the 

characteristics of STs along with the role of the PTs in at the first two levels of the cascade model. 
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3. Our Study 
 

3.1 Context 
 

This study was carried out during a 4-week long face to face, teacher training workshop of novice 

instructors from technical educational institutes in India with the aim of imparting them with 

pedagogical skills. The novice instructors had completed their post-graduation with less than a 

month of experience in the teaching field. The sessions on Active Learning (with focus on Peer 

Instruction (PI)) and Learning Objectives and Formative Assessment were the main focus of this 

study.  

 

3.1.1 Research Questions  
 

The research questions (RQs) addressed in this study are: 

1. What are the desirable characteristics of secondary trainers in a cascade model of training?  

2. What is a suitable support that should be provided to secondary trainers by primary trainers 

for cascade model implementation? 

 

3.1.2 Participants 
 

The participants of this study comprised of 2 PTs and 4 STs and a group of 154 workshop 

participants. The PTs were expert professors in Educational Technology and STs were Ph.D. 

research scholars in Educational Technology. The workshop had around 36 to 40 workshop new 

participants per week.  

 

3.1.3 Procedure 
 

The PTs conducted the sessions on two topics of Learning Objectives and Formative Assessment 

(Session 1) and Active Learning - PI (Session 2) on the first week. The STs participated in these 

sessions as the Teaching Assistants (TAs) and maintained logs. Every ST conducted the same 

session from week 2 onwards while 1 of PTs participated in it as a mentor. Hence, two PTs trained 4 

STs, who in turn trained a total of 154 workshop participants. A detailed flow of the roles of trainers 

displayed per week can be viewed in the Table 1.  

 

Table 1  

Roles of the trainers per topic on respective weeks 

Weeks Week 1 (N=40) Week 2 (N=38) Week 3 (N=36) Week 4 (N=40) 

 Session 1 Session 2 Session 1 Session 2 Session 1 Session 2 Session 1 Session 2 

PT 1  Trainer  Mentor  Mentor  Mentor 

PT 2 Trainer  Trainer  Mentor  Mentor  

ST 1  TA  Trainer     

ST 2 TA    Trainer  Trainer  

ST 3  TA    Trainer   

ST 4  TA      Trainer 

 

TA = Teaching Assistant; Session 1 = Learning Objectives and Formative Assessment; Session 2 

= Active Learning (with focus on Peer Instruction (PI)); and N= number of workshop participants 
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3.1.4 Data Collection and Instruments 
 

Data in this study were collected through structured interviews with PTs and STs. The interview 

session with PTs consisted of questions like “What criteria did you consider to select STs?”, “What 

are your comments on the sessions conducted by STs?”, “How did you ensure that STs worked in the 

correct direction in this model?” and so on. The STs were asked questions like “Did you attend such 

workshops in the past? Can you tell us more about it”, “What challenges did you face while 

conducting the session?”, “Did you receive any guidance from PTs?” and more. The questions asked 

during the interview were reviewed by 2 research scholars from the education domain.  

 

3.1.5 Analysis Techniques 
 

The average time of the interviews of PTs was that of 18 minutes each and that of STs was around 23 

minutes. Each of the trainer was interviewed separately, one after the other and there were no 

discussions among the trainers prior to the interview.  

The interviews were audio recorded and transcribed using the oTranscribe application to 

generate text formats. As a qualitative study, thematic analysis was carried where every transcribed 

sentence was treated as a unit of analysis for this study. Thematic analysis enabled us to come up 

with meaningful patterns within data and generate themes out of them (Braun, & Clarke, 2006).  

While a formal inter-rater reliability of the thematic analysis was not done, the codes 

generated were reviewed by one expert researcher working in the field of TPD. This enabled us to 

remove the risk of misinterpretation or bias. These codes were further categorized into meaningful 

themes. 

 

 

4. Results and Discussion 
 

4.1 Characteristics of STs 
 

Themes generated were categorised to give the desirable characteristics of the STs in a cascade 

model of training. Table 2 gives a detailed explanation of these themes. 

 

Table 2 

Themes generated from ST interview 

No. Theme Meaning Some instances of response from different 

STs 

A Knowledge of the 

content area 

The degree of familiarity 

that the ST has with the 

content of the workshop 

“...I had already been to ET801 class which 

had Learning Objectives...” 

B Participation in 

previous workshop 

Experience from previous 

related workshops attended 

by the ST  

“I have attended a lot of workshops 

conducted… where they train teachers either 

through face to face or online” 

C Participation during 

the PT’s session 

Participation of STs in 

sessions conducted by PTs 

“I went and sat through the first session of PT2 

taught for learning objectives…” 

D Content ownership Modifications made on the 

workshop content in terms 

of activities, examples and 

teaching style 

“I looked at slides and... I introduced some 

activities or connect between the content of the 

slides” “…I removed the examples which I 

was not comfortable with...” 

F Time management 

skills 

The skill to manage time 

during the training sessions 

conducted by STs 

“...I tried to cut it short the content of the 

Workshop because I knew that I won’t be able 

to do time management successfully...” 
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As can be seen in Table 3, the theme “Experience from previous workshops”, “Content ownership” 

and “Participation during the sessions by PTs” were mentioned by both PTs and STs. Since all the 

STs had difficulty managing time during their sessions, they could all identify “Time Management” 

as an important characteristic. Another essential characteristic that was mentioned by both PTs was 

“Knowledge of content area”, however only 1 ST mentioned it. Table 3 displays the themes 

generated. 

 

Table 3 

Themes generated for the characteristics of STs (N=6) 

 

 

Trainers 

Themes generated 

Experience from 

previous workshops 

Knowledge of 

content area 

Content 

ownership 

Time 

Management 

Participation in 

sessions by PT 

PT1 √ √ √ √ √ 

PT2 √ √ √ x √ 

ST1 √ x √ √ √ 

ST2 √ √ √ √ √ 

ST3 √ x √ √ √ 

ST4 √ x √ √ √ 

 

4.2 Roles of PTs 
 

The themes generated from the interview responses of both PTs and STs helped answer the RQ 2.  

Assistance in Planning:  PTs helped the STs in shaping their modified content before conducting 

their sessions. STs also stated that the assistance provided before the training session was beneficial. 

An excerpt is given here:“...I had a discussion with PT2, PT2 gave me valuable points on how to 

face teachers, how to convey our ideas…” 

Presence of PTs in the sessions: The PTs were present in the sessions taken up by STs. They helped 

them in the orchestration process and time management. “...I also played the role of the TA for the 

ST so that also when we are ensuring that they were going in the correct direction…”  

Debriefing sessions: All STs agreed that the debriefing sessions with PTs’ post workshop sessions 

helped them receive feedback and suggestions on the content, examples and type of activities to be 

conducted.  

 

4.3 Recommendations 
 

For a cascade model to be effective in addition to STs having the characteristics like “Experience 

from past workshops”, “Knowledge of content area”, “Content ownership”, “Time management” 

and “Participation in workshops undertaken by PTs” the following criteria should be ensured. 

1) PTs should make effort to attend some of the sessions taken up by STs; 

2) STs should have debriefing sessions with PT after every session; and 

3) Discussion among STs to share experiences before and after the sessions 

 

4.4 Limitations 
 

The findings of this study have few limitations. Firstly, all STs had the same background and were 

research scholars of the same institute which means that the findings may not hold true for trainers of 

different background. Secondly, observations were limited to only one session per ST during the 

four-week workshop. Thirdly, only four STs were involved and observed in this study. Results could 

be different if the number would be more. Finally, the study was limited to only two levels of the 

cascade model; hence, there could be a variation in claims for more than two levels. 
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5. Conclusion and Future Work 
 

This study explains the roles of the PTs and the characteristics of STs involved in cascade model of 

TPD. It was studied that the STs need knowledge of the domain area of training, experience from 

previous related workshops and they should participate in sessions conducted by PTs. Content 

ownership, feedback from PTs and time management are other important characteristics inherent to 

STs. The PTs are involved in the selection of the STs and provide continuous feedback to them. 

Further studies will look into how the findings from these STs can apply in cascaded training 

programmes involving more than two levels, with multiple sessions per STs and the integration of 

technology to train participants. 
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Abstract: In this paper, we describe a learning support system for visualizing the behaviors 

of students’ programs and discuss classroom practices utilizing the system. Up to present, 

we have held several classes using a program visualization system called TEDViT, which 

visualizes the behaviors of teachers’ programs based on teachers’ intents of instruction. 

However, TEDViT does not support visualization of students’ own programs; hence, 

learners can only observe the behaviors of a given teacher’s program. In this study, we 

extended TEDViT to be capable of visualizing learners’ own programs in a drawing style 

that reflects the teacher’s intent of instruction. We introduced the extended TEDViT into 

three classes and evaluated the robustness and usefulness of the visualizations of learners’ 

programs. We designed an improvement for our extended TEDViT based on knowledge 

derived from these practices. The evaluation results suggested that the extended TEDViT’s 

visualizations have a certain degree of robustness and that our approach has some validity. 

Keywords: Programming education, program visualization system, domain world model, 

classroom practice 

1. Introduction

Thus far, several program visualization (PV) systems have been developed to support novices who 

are learning programming (Sorva, Karavirta & Malmi, 2013). These systems visualize the data 

structures processed by the target programs (i.e. target domain world) in a uniform way and help 

learners to understand the targets by making their behavior visible. We adapted a PV system called 

the Teacher’s Explaining Design Visualization Tool (TEDViT) (Kogure et al., 2014) and held 

several classes using it over the past few years (Yamashita et al., 2016a; Yamashita et al., 2017). 

TEDViT allows teachers to provide not only a target program, but also its visualization policy. The 

visualization policy is defined by a set of drawing rules, each of which consists of a condition part 

representing the drawing timing and an object part representing the object’s attributes, such as type, 

position, and color. The teacher can define what objects are visualized and when they are visualized 

in the process of program execution by providing the target program and drawing rules to TEDViT. 

However, TEDViT does not support visualizations of learners’ own programs. This is mainly 

because managing the timing to fire drawing rules is difficult. 

Therefore, the aim of this study is to extend TEDViT to be capable of visualizing learners’ 

own programs in a drawing style that reflects the teacher’s intent of instruction. In our extension, we 

take an approach that expresses the condition parts of drawing rules with superficial statuses in the 

program’s execution, because the functions of novices’ statements or program code blocks are hard 

to analyze automatically. We introduce the extended TEDViT into actual classes and evaluate the 

robustness and usefulness of the visualizations of learners’ programs. Through repeated use in 

classrooms, we attempt to develop a highly sustainable PV system for use in actual classes. In this 

paper, we describe the extended TEDViT that supports visualizations of learners’ own programs and 

our three classroom practices with it.  
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2. Visualization of Student’s Own Program Behavior 
 

TEDViT allows teachers to define the policy for drawing a status of the target domain world based 

on their intents of instruction. Teachers can create or edit a configuration file independently from the 

target program file. TEDViT interprets such a visualization policy by scanning the configuration file 

and then visualizes the target domain world accordingly. The learners can then observe the program 

behavior in the target world visualized in accordance with the teacher’s intent of instruction. The 

relationships among teachers, learners, and TEDViT, and the extension in this study, are shown in 

Figure 1. A configuration file that defines a visualization policy consists of a set of drawing rules, 

each of which is a CSV (Comma-Separated Values) entry consisting of a condition part and an 

object part. A condition part defines the condition to fire the drawing rule. Teachers can express the 

timing of drawing using a conditional equation consisting of a statement ID, variables in the target 

program, constant values, and comparison operators. Here, the statement ID is a unique identifier 

automatically assigned to all statements in the target program by TEDViT. An object part defines the 

operation to edit the target object and the attributes necessary to draw the object. 

 

 
Figure 1. Relationships among teachers, learners, and TEDViT 

 

In our past practical classes with TEDViT, the teachers defined a total of 725 drawing rules 

for 23 target programs, and all of the rules contained conditional equations with a statement ID. This 

was because the drawing rules had to be efficacious only for the target program provided by the 

teacher. Using a statement ID in a condition part means defining a condition such as “when n-th 

statement in the target program is executed.” If the target program were the learner’s own program, 

the order and position of the statements would be different according to the learner’s program, even 

if the learners’ programs achieved the same result. Thus, when TEDViT visualizes the behaviors of 

learners’ programs, conditions with statement ID cannot fire the drawing rule at appropriate time. 

To resolve the fundamental problem in drawing management for learners’ code, we thought 

it necessary to extend TEDViT to support expressing condition parts with statuses abstracted to the 

level of functions, such as “when the indexer of the target array points out of the array range,” rather 

than concrete and superficial statuses, such as “when n-th statement is executed.” However, we 

thought this would be hard to implement. For the abstract drawing management, analyzing the 

provided learner’s program and finding the functions of each code block and data structure are 

required. Even expert teachers find it hard to interpret abstract functions in novice learners’ 

programs because there are many redundancies and errors. Therefore, in this study, we addressed 

drawing management for learners’ code by a condition part expressed with concrete and superficial 

statuses, based on two approaches. 

First, to identify the learner’s statement that achieves the same process as the teacher’s 

statement, we extended TEDViT to support following expressions in condition parts: 

“onChange(var)” is used to fire the rule when the value of variable var is changed by the statement 

execution. “cond(cond)” is used when conditional equation cond is satisfied. Here, the cond is 

expressed with variables in the target program and/or constant value. Logical operators including 

“AND” and “OR” are supported. “perfect(str)” and “partial(str)” are used when the expression of 

the executing statement matches the string str perfectly and partially, respectively. “regexp(ptn)” is 

used when the expression of the executing statement matches regular expression pattern ptn. 

Second, we placed a restriction on designing exercise questions, making the students 

complete the program from the provided template that included definitions of the required variables, 

rather than making them develop it from full scratch. In full scratch development, students use an 
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arbitrary number of variables and arbitrary variable names to achieve the target algorithms. Hence, 

analyzing correspondences of variables in students’ programs to variables in teachers’ programs is 

required. By providing a template, we aimed to fix the number and names of variables, which we 

expected to facilitate the production of condition expressions with concrete and superficial statuses. 

We believe the restriction on design exercises based on a completion strategy had very little 

influence on teachers’ actual classroom designs. Van Merrienboer and Krammer (1987) showed that 

learners who learned programming using exercises based on a completion strategy came to develop 

better programs than learners who learned using exercises from scratch. We thought that it would 

involve little cost to change an exercise from a scratch into a completion problem by removing some 

parts of the worked-out programs. 

 

 

3. Classroom Practices 
 

Based on the approaches described in the previous section, it is practically difficult to achieve fully 

robust visualizations for fully arbitrary target programs. An implementation can be as redundant as 

one likes. Nevertheless, in actual programming exercises, it is very unlikely that novice learners will 

make extremely redundant programs aiming to hurt the robustness of the system’s visualizations. 

This means that visualization robustness needs to be evaluated only for learners’ programs written in 

actual classes, rather than for fully arbitrary programs. Therefore, we introduced the extended 

TEDViT into actual classrooms and evaluated its visualization robustness. We also evaluated the 

validity of our approaches based on knowledge derived from practice. In this section, we describe 

three practical classes for university students. Table 1 presents a summary of the classes. 

 

Table 1 

Summary of the Practical Classes 

 Class #1 Class #2 Class #3 

No. of participants 59 108 117 

Major Business administration Computer science Computer science 

Grade Sophomore Freshman Sophomore 

Course Programming Algorithms & 

data structures I 

Algorithms & 

data structures II 

Material String matching Sorting algorithms Merge sort 

 

3.1 Class #1 (String Matching) and Class #2 (Sorting Algorithms) 
 

Class #1 took place in 2017, incorporated into an actual course called “Programming.” Before the 

students worked on the exercise, they heard some instructions on using the extended TEDViT and 

explanations of the exercise problem. The exercise problem was to complete a program to judge 

whether a given string is a palindrome or not. Before the class, the teacher made the answer program 

and defined its visualization policy in the extended TEDViT. He also made the program template by 

removing some parts of the answer program. We added a function to hide some parts of the program 

visualized in the extended TEDViT, because the teacher asked that we allow the students to compare 

two visualizations; one visualization for the behaviors of students’ programs and one for the 

behavior of the answer program. This function enabled the extended TEDViT to visualize the 

answer program’s behavior without presenting the completed answer program code. During Class 

#1, the teacher instructed the students to launch the two processes of the extended TEDViT 

simultaneously, one for the students’ program and one for the answer program. He guided the 

students to compare the two programs’ behaviors and make the behavior of their programs closer to 

that of the answer program. 

Class #2 took place in 2017, incorporated into an actual course called “Algorithms and Data 

Structures I.” Like in Class #1, the students received some instructions on using the extended 

TEDViT and explanations of the exercise problem, and then they worked on two exercises. The first 

exercise was to consider the features of the insertion sort algorithm and the quicksort algorithm. The 

students were instructed to achieve the objective by observing the behaviors of two programs 
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visualized in the extended TEDViT, changing the initial arrays of both programs to the indicated 

three values. The second problem, which was a challenging exercise for students who had finished 

the first exercise, was to upgrade the quicksort program provided in the first exercise. The provided 

program always chose the last element of the target array as a pivot. The students were required to 

implement a program block that chose the element with the second highest (lowest) value among the 

first, last, and center element of the target array. They were also required to consider the 

effectiveness of the upgrade to pivot choosing by observing the behavior of the upgraded program 

visualized by the extended TEDViT. 

At the end of each class, we conducted questionnaire surveys to evaluate the robustness and 

usefulness of the visualization by the extended TEDViT. Both questionnaires had two questions that 

used a five-point scale; they asked “(Q1) how appropriately did the extended TEDViT visualize the 

behaviors of your programs?” and “(Q2) how much do you want to use the extended TEDViT in 

actual classes?” They also had another question with a free description (Q3), which asked the reason 

for the answer to Q2. Table 2 provides a summary of the answers to these questions. For the former 

two questions in Class #1, the students who answered positively (a score of 4 or 5) accounted for 

49.2% for Q1 and 54.3% for Q2, while the ones who answered negatively (score of 1 or 2) accounted 

for 15.3% for Q1 and 13.6% for Q2. For Class #2, the ones who answered positively accounted for 

89.7% for Q1 and 84.6% for Q2, while the ones who answered negatively accounted for 5.1% for Q1 

and 1.3% for Q2. These results suggest that the extended TEDViT could visualize the behaviors of 

students’ programs robustly, and that the students accepted the visualization favorably, in general. 

 

Table 2 

Results of the Questionnaire Survey for Class #1 and Class #2 

Score N in Q1 (Class #1) N in Q2 (Class #1) N in Q1 (Class #2) N in Q2 (Class #2) 

1 0 2 2 1 

2 9 6 2 0 

3 21 18 4 11 

4 20 25 13 39 

5 9 7 57 27 

 

For Q3, we found that the numbers of students who answered “understandable/imaginable” 

or “difficult/incomprehensible” were relatively high in Class #1. The former positive answers 

suggest that the extended TEDViT could have a certain degree of usefulness. We consider the latter 

negative answers as being caused by the complicated operations for launching the extend TEDViT. 

The students needed to use some CUI operations to launch it, followed by every compilation of their 

own program, with which students majoring in business administration are unfamiliar. For Q3 in 

Class #2, we found that 35 students answered “understandable,” suggesting that the extended 

TEDViT could have a certain degree of usefulness. Moreover, none of the students answered 

“difficult/incomprehensible” in Class #2. We consider the reason to be that the participants were 

students majoring in computer science, so they were familiar with the CUI operations. 

In Class #2, we collected programs from the students who attempted the second exercise. 

After the class, the teaching staff evaluated the robustness of the visualizations by verifying those of 

the collected programs’ behaviors visualized with the extended TEDViT. The number of students 

who performed the second exercise was five. We collected 3 programs from each student, for a total 

of 15. The visualization of each program was evaluated in three grades: “no error” if the 

visualization was equivalent to that of the teacher’s program; “trivial error” if the visualization had 

some errors such that a drawing object was not deleted appropriately, which did not affect the 

understanding of the program’s behavior; and “fatal error,” if the visualization had some errors such 

as errors in drawing position and highlighting, which affected the understanding of the program’s 

behavior. The evaluation results showed that no visualization was graded “no error,” 5 were “trivial 

error,” and 10 were “fatal error.” The reasons for these unsatisfactory results could be roughly 

classified into two factors: there were some bugs in the extended TEDViT or there were some bugs 

in the drawing rules defined by the teacher. The former bugs were relatively uncomplicated, and we 

fixed them. The latter bugs were in condition parts written with regular expressions, and arose from 

the teacher’s insufficient anticipation of the students’ programs’ variation. For example, although 
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the teacher anticipated the use of “return” in the void function, many students did not use it in their 

programs. If we fixed the regular expressions appropriately, all visualizations of the collected 

programs could be graded as “no error.” 

 

3.2 Class #3: Merge Sort 
 

Class #3 also took place in 2017, incorporated into an actual course called “Algorithms and Data 

Structures II.” Like in Classes #1 and #2, the students heard some instructions for using the extended 

TEDViT and explanations of the exercise problem, and then they worked on four exercises. The first 

exercise (Ex1) entailed completing the provided template of a merge sort program using the 

extended TEDViT. The template was made by removing part (about 10 lines) of the answer program 

written by the teacher beforehand. The second and third ones (Ex2 and Ex3) involved considering 

the features of the merge sort algorithm by observing the behaviors of the program visualized in the 

extended TEDViT and changing the initial array to the indicated one for each exercise. The fourth 

one (Ex4) asked them to implement two functions, divide(), which divides the target array, and 

merge(), which merges the two targets, using the dividing function mergesort() in the provided 

program. Before the class, the teacher made the target program for observation of behavior and 

defined its visualization policy in the extended TEDViT, anticipating the students’ program 

modifications in the second exercise. During the class, the teacher instructed the students not to 

describe statements such as typedef, which was not supported by the extended TEDViT. 

In Class #3, we conducted objective evaluations as in Class #2. That is, we collected the 

students’ programs for each exercise, then the teaching staff verified the visualizations by the 

extended TEDViT and evaluated their robustness. During program collection, we classified a 20% 

random sample of all 117 students and collected the programs of 23 sample students, which were 

submitted as products. Then, we excluded unfinished programs from the collection, such as those 

with compilation errors, and obtained a total of 81 students’ programs. Likewise, in Class #2, the 

teaching staff evaluated each program’s visualization by the extended TEDViT using three grades. 

Table 3 shows the number of evaluated visualizations in each grade for each exercise. 

 

Table 3 

The Number of Evaluated Visualizations of Students’ Programs in Class #3 

 Ex1 Ex2 Ex3 Ex4 

No error 13 13 13 11 

Trivial error 0 0 0 1 

Fatal error 8 8 9 5 

Total 21 21 22 17 

 
The reasons for the “fatal error” grade could be classified roughly into two factors again: one 

was unsupported statements written by some students ignoring the teacher’s instructions and the 

other was uncomplicated bugs in the extended TEDViT. For the former, we translated unsupported 

statements in the students’ programs into supported statements that had the equivalent function, and 

verified the visualizations again. We also re-verified the visualizations after the bug fixes for the 

extended TEDViT. Table 4 provides these reevaluation results. 

 
Table 4 

The Number of Reevaluated Visualizations with Grammatical Modifications and bug fixes 

With grammatical modifications  With grammatical modifications and bug fixes 

 Ex1 Ex2 Ex3 Ex4   Ex1 Ex2 Ex3 Ex4 

No error 19 19 20 14  No error 21 21 22 16 

Trivial error 0 0 0 1  Trivial error 0 0 0 1 

Fatal error 2 2 2 2  Fatal error 0 0 0 0 

Total 21 21 22 17  Total 21 21 22 17 
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From Table 3, we can see about 60% of students’ programs could be visualized 

appropriately even if no modifications were made. Furthermore, as seen from Table 4, almost all 

students’ programs could be visualized appropriately following our trivial modifications. These 

results suggest that the visualizations of the extended TEDViT had a certain degree of robustness. 

 

 

4. Conclusion 
 

In this paper, we described an approach to extend TEDViT so that it could visualize the behaviors of 

learners’ programs. TEDViT is a PV system that allows teachers to provide not only a target 

program but also its visualization policy. This feature aims to reflect teachers’ intents of instruction 

regarding the visualization of the target program’s behaviors. Because it was assumed that the target 

program would always be provided by the teacher, TEDViT was not made to support visualizations 

of the behaviors of learners’ programs. To enable learners to observe the behaviors of their own 

programs visually, we extended TEDViT to use concrete and superficial statuses of a program’s 

execution in drawing rule definitions. It was difficult to make our extended TEDViT fully robust for 

visualizations of fully arbitrary target programs. Hence, we evaluated the visualization robustness 

using learners’ programs written in actual classes. We described three classroom sessions where we 

introduced the extended TEDViT for evaluations of robustness. In the classes, the exercises were 

designed based on a completion strategy, where students had to complete the program based on a 

provided template that included definitions of the required variables. After each class, we evaluated 

the robustness and usefulness of the visualizations by the extended TEDViT using questionnaire 

surveys administered to the participants and objective verifications by the teaching staff. 

From the results of the questionnaire surveys, we found that many participants accepted the 

visualizations by the extended TEDViT favorably and found them helpful when working on the 

exercises. From the verifications by the teaching staff, we found that the extended TEDViT could 

appropriately visualize the behaviors of learners’ programs in general after some bug fixes to the 

system and the drawing rules. These results suggest that the extended TEDViT could visualize the 

behaviors of learners’ own programs with a certain degree of robustness. Therefore, we can 

conclude that our approach, which reflected teachers’ intents of instruction regarding visualizations 

of learners’ programs by using concrete and superficial statuses of the programs’ execution, would 

have a certain degree of validity. We expect to achieve further improvements to the robustness of our 

approach by continuing the classroom sessions utilizing the extended TEDViT. 
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1. Introduction

Conjecture mapping by Sandoval (2004, 2014) is a recent advancement in design-based research. In 

this paper, we first review the original conjecture mapping by Sandoval (2004, 2014). Based on the 

analysis, we propose a reconceived conjecture mapping and use an example to illustrate how it can 

be used to inform the design of research. Through the reconceptualization of conjecture mapping, 

we hope to further advance the current discussion of conjecture mapping to inform the formation and 

the review of design-based research in practice.  

2. The Original Conjecture Mapping

Sandoval (2004, 2014) described conjecturing mapping as a way to complement design-based 

research (DBR). By design-based research, we refer to approaches that design and enact educational 

interventions to refine designs in practice and to advance theories in a particular domain (Cobb, 

Confrey, diSessa, Lehrer, & Schauble, 2003; Design-based Research Collective, 2003; Plomp, 

2013). Sandoval suggested that conjecture mapping spells out essential features of learning 

environment in the design-based research (in a form of a map). The map projects how elements of 

learning environments work together to bring about the desired outcomes of the research. Conjecture 

mapping makes the design of intervention in design-based research more concrete in a tangible form 

of a map. It also helps visually explain the changes of intervention across cycles and contributes to 

practice refinement and theory building in design-based research.  

As is shown in Figure 1, a conjecture map comprises components of high level conjecture, 

embodiment, mediating process, outcomes, design conjectures, and theoretical conjectures. A 

typical conjecture map starts with high-level conjecture (Sandoval, 2014, p. 22). They are ideas that 

are often expressed in general and vague terms. High-level conjectures can be further reified into 

embodiment in the learning environment as shown by the arrows between high-level conjecture and 

embodiment. Sandoval (2014) suggested that examples of embodiments might include tools and 

materials (e.g., ICT tools and resources), task structures (e.g., goals and standards of tasks), 

participant structures (e.g., roles and responsibilities of participants), and discursive practices (the 

way that participants communicate and talk). Sandoval (2014) argued that respective embodiments 

of high-level conjecture are first linked to mediating process (instead of outcomes) through design 

conjectures shown in the arrows under design conjectures (see Figure 3.2). By design conjectures, 

Sandoval referred to such hypothesis as placing embodiments in place in the learning environment 

may lead to the emergence of the certain mediating learning process. This mediating process, 

according to Sandoval (2014), is the projected activities or interaction that are brought about by 
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design and intended to produce outcomes. He suggested two ways to examine the process: the 

observable interactions and participant artifacts. In other words, mediating processes may be 

manifested by these two types of process evidence. Mediating processes are then linked to the 

outcomes through theoretical conjectures as shown in the arrows under theoretical conjectures (see 

Figure 3.2). Such outcomes, according to Sandoval (2014) may be learning outcomes, 

interest/motivation, and other outcomes. Sandoval suggested that theoretical conjecture may explain 

how mediating process leads to desired outcomes in the study. An example of promoting scientific 

argumentation in an elementary science classroom is cited to explain conjecture mapping and can be 

further referred to in Sandoval (2014). We now further examine   the conjecture mapping and discuss 

some issues that may be further addressed.   

 

Figure 1. A generic conjecture map (Sandoval, 2014) 

 

 

3. Two Issues    
 

Although the original idea of conjecture mapping contributes to DBR in making the investigation of 

design and theoretical conjectures more systematic, in our attempt trying to apply to our projects, we 

identified at two issues.  

The first issue is a need to link design principles and embodiment. As can be seen, this link 

is missing in the current design of conjecture mapping. Design principles are guidelines generated 

from previous empirical studies and adopted to inform designs in new contexts (Bell, Hoadley, & 

Linn, 2004). Sandoval (2004), in his original map (2014), differentiated embodiment (or embodied 

conjectures) from design principles. Embodied conjectures, according to him, are specific and 

empirically examinable, while design principles are general and empirically untestable. While it 

remains true that design principles, as general design guidelines, can be abstract and fluid, we find it 

necessary to position design principles in the conjecture mapping. Such changes will inform how 

these embodiments (or embodied conjectures) are related to the proposed principles. They may also 

further tighten the relationship between conjecture mapping and design principles and facilitate the 

research process both conceptually and practically.    

The second issue of conjecture mapping is the need to locate mediating evidence to the 

original map. Sandoval suggested that observable interactions and participant artifacts could be used 

as ways to examine mediating process, namely the projected activities or interactions brought about 

by design. He, however, did not highlight their function as providing evidence of the mediating 

process. Without this emphasis on this function, Sandoval’s claim on mediating process may be 

weakened and become less tenable. We thus argue that it is necessary to emphasize their role as 
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mediating evidence. By highlighting their roles as mediating evidence for better coherence and 

attentions to the mediating evidences. 

 We now turn to the reconceived conceptual mapping and further explain how the 

examination of the original design of conceptual map leads us to the reconceived conjecture 

mapping.  

 

 

4. The Refined Conceptual Mapping: Two adjustments 
 

In reply to the identified two issues, we recommend two adjustments to the original CP. First of all, 

the refined conjecture mapping integrates design principles by refining the concept of embodiment to 

DP instantiation (see Figure 2). This adjustment addresses the first issue of a missing link between 

design principles and embodiment in the original mapping. The changes of terms foregrounds 

design principles and explains the instantiation of design principles in the conjecture map for the 

current study.  

The second adjustment is rephrasing the original term of mediating process to mediating 

evidence (see Figure 2). The adjustment addresses the second issue of locating mediating evidence 

in the original mapping. This new term of mediating evidence foregrounds the function of these data. 

Rephrasing this term may also align conjecture map with research questions in a study. Mediating 

evidence informs the collection of process data and point researchers to a deeper understanding of 

how the designed process leads to outcomes of the design research.  

We also change the term outcomes to latent outcomes in the refined conceptual mapping to 

capture its implicit and often un-observable nature. This change also helps to inform researchers and 

calls their attention to the close examination of outcomes in the study. By making these adjustment, 

the refined conjecture mapping demonstrates a tightened relationship between conjecture mapping 

and design-based research. This is mainly realized by reflecting design principles and process 

evidence in the conjecture mapping itself.  

 

 

5. An Illustrative Case 
 

We now introduce a case below to illustrate reconceived conjecture mapping in practice. This study 

explores practices of digital storytelling (DS) in literature and proposes a Knowledge Forensics 

Digital Storytelling approach (KFDS) to develop critical thinking in the Character and Citizenship 

Education (CCE) context (see Chen & Wu, 2018). By knowledge forensics, it refers to engaging the 

storytellers in co-critiquing plausible views in life (e.g. a technopoly view that technology is an 

answer to all problems in life).  

 The study adopts a design-based research approach. It follows the model by McKenney and 

Reeves (2014) and suggests a four-cycle study to systematically examine the approach. Five design 

principles are distilled from literature. They are DP-pre: skill training, DP-core: story production, 

DP1 – learner options (choices by storytellers), DP2-  personal reflections, and DP3 – group 

knowledge forensics. Through the systematic study of the proposed approach, the study hopes to 

advance the theoretical understanding of critical thinking in school practice and shed lights on 

design deliberations of promoting critical thinking in the CCE context. 

As is shown in Figure 2, the high-level conjecture of the current study is that KFDS may be 

adopted for critical thinking in the CCE context. As discussed above, there is a total of five design 

principles embedded this approach. DP- pre and DP-core are essential to design principles used in 

DS studies in general and are not included in the conjecture map. In the following paragraph, we use 

DP1 learner options as an example to explain how the refined conjecture mapping is constructed.  

DP1 learner options are instantiated into options such as selecting a topic of interest, group 

members, construction paths, and voices (e.g., 1st person, or 3rd person voice) in the story (DP1-I). 

As Figure 2 shows, this study conjectures that providing learners with these options (DP1-I) may 

lead to identity outcomes (LO1) (TC4 and TC6) and value-based choices outcome (LO3) (TC5) 

through their DS artifacts (e.g., sketches, drafts and final version of the digital story) (ME3) (DC1) 

and presentation before showing the story (ME4) (DC2). This conjecture is built on current review 

on DS studies. The review suggests that providing storyteller with options to develop the digital 
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story in their ways contributes to their self-expression and positioning as agentive self (LO1) as the 

options allow them to create and present stories relevant to themselves (ME3 & ME4).  In this study, 

learner options in self-authorship, when properly facilitated, may go beyond the personal identity 

and lead to value-based choices (LO3).  

 
 

 

Figure 2. An illustrated reconceived conjecture mapping 

 

 

6. Conclusion 
 

With this refined conjecture mapping, researchers may better utilize the use of conjecture mapping 

in their design-based research. Its alignment between DBR and conjecture mapping provides a 

clearer guidance of the design and implementation of the intervention; the alignment also better 

informs the researchers in the collection and interpretation of research data, particularly the process 

data. Such refinement may facilitate both the design and the data collection process. By 

reconceiving the conjecture mapping, it is our hope to advance the current understanding and 

practices of conjecture mapping.  
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1. Introduction

Ball, Hill, and Bass (2005) define the word ‘concept’ “….as a knowledge structure of common 

characteristics of different substances and events captured by the human brain.” In mathematics, 

conceptual knowledge is described as mathematical concepts and relations among each other 

(Baykul, 1999). Whereas, procedural knowledge defines symbols, rules, and knowledge used to 

solve mathematical problems. Educators agree that understanding misconceptions in mathematics 

are essential for teachers to help students rectify and correct them (Baykul, 1999). Meaningful and 

permanent learning can be possible, provided that procedural knowledge and conceptual knowledge 

be learned in balance (Noss and Baki, 1998). If a student possesses both conceptual and procedural 

knowledge, his conceptual knowledge guides him to solve by establishing a connection between 

basic concepts. Lee (2006) claims that one common error made by students is that they possess a 

procedural knowledge that is not backed by any conceptual understanding. He identifies pupils’ 

learning difficulties in learning Algebra, such as they are not familiar with the syntax of algebra, 

they are confused over notations, and they find Algebra too abstract. Students’ misconceptions 

reflect their learning difficulties. 

Understanding misconceptions is essential for educators to help students overcome their 

learning difficulties. It is also important to highlight that errors and misconception are different; 

being that an error might be a result of a misconception. Migon, J (2007), in the CIAEM (1987), 

stated that an error takes place when a person chooses what is false as the truth; Spooner (2002) 

argues that misconception is the result of a lack of understanding or misapplication of a rule or 

mathematical generalization (as cited in Mohyuddin & Khalil, 2016). Ojose (2015) defines 

misconceptions as misunderstanding and misinterpretation based on an incorrect meaning. Sarwadi 

and Shahrill (2014) argue that, sometimes, students’ errors are systematic and can casually be 

determined. Systematic errors often indicate misconception (Sarwadi & Shahrill, 2014). Errors are 

of such various types that difficult to classify accurately (Mohyuddin & Khalil, 2016). The types of 

misconceptions include preconceived notions, non-scientific beliefs, conceptual misunderstanding, 

and vernacular misconceptions. These misconceptions arise from everyday experiences, falsities 

learned at early ages, methods of teaching, and the use of words or notations (National Research 

Council, 1997). In his study, Stavrou (2014) reported recurring errors: cyclic proving, using specific 
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examples to prove general statements, not proving conditions in a biconditional statement, and 

misusing definitions. 

Misconceptions are exhibited in various activities, such as discussions (both face-to-face 

and online) and students’ responses on tests or assignments, in forms of speech, text, or concept 

maps. Hirashima et al., (2011) propose a framework of the Kit-Build Concept Map where a learner’s 

concept can be diagnosed automatically by comparing it with the subject experts’ map. 

Misconceptions can also be detected through the discussion transcripts. Online discussions facilitate 

knowledge construction, promote deep learning, and provide output where the learners’ responses 

can be reread and analyzed (Novicki, 2013).  

Lee (2006) emphasizes that knowing the conceptual difficulties of students is helpful in 

planning instructional strategies to facilitate learning and to help learners overcome their learning 

difficulties. Hirashima et al., (2011) suggest that it is necessary to help the learners to identify and 

correct the errors since it is often hard for them to be aware of the inaccuracy and incompleteness. 

This study investigates students’ misconceptions exhibited in their concept maps and online 

discussion transcripts.  The study takes a case of inner product spaces covered in Linear Algebra 

course. A previous study shows that some students make mistakes and construct the wrong 

generalization about the subjects (Junus, 2017).  
 

 

2. The Methods 
 

The participants of this study are 53 first-year Computer Science students who enrolled in the Linear 

Algebra course during the academic year of 2017/2018. The topic chosen for this study is the Inner 

Product Spaces (IPS) because it requires the accommodation process and some students make errors 

and construct a wrong generalization (Junus, 2017).  They have learned about Euclidian vectors in 

R2 and R3 during high schools. However, the concept of inner product spaces is new for them. The 

study is guided by the following questions: (1) what misconceptions do students encounter, and (2) 

what kind of difficulties do they face in studying the subject?  

The learning approach to deliver the Inner Product Spaces is conducted as the following 

steps. 

(a) Online small group discussion. The class is divided into eight groups each of which consisting of 

five to seven students.  Each focus group is given a different set and the binary operations: 

addition and scalar multiplication. Each group is expected to identify the properties of the set 

over the arithmetic operations. These properties will lead to the axioms of vector spaces.  

(b) Interactive lecturing to guide student define vector spaces and inner product functions including 

the concept of length, angle, and projection of orthogonal vectors in other vectors. 

(c) Online discussion. Students are required to discuss and articulate their understanding of the 

subjects. 

(d) Lab work. Students are asked to construct concept maps using The Kit Build tool (Wunnasri et 

al., 2018). A concept map consists of concepts (nodes) and links. The nodes/concepts are given, 

and the students define links to build their concept maps. Each link needs to be named 

meaningfully according to the characteristics of the relation between the concepts.  
 

3.1. Data Collection 
 

The data collection design is presented in Figure 1.   

 

 

 

Figure 1. Data Collection Design 
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3.2. Data Analysis 
 

The discussion transcripts and concept maps are analyzed separately before being compared, 

integrated, and interpreted. The transcript is coded by two subject experts, who then read the 

transcript twice. First, they skim the entire transcript and mark the errors. Then, they reread each 

message and categorize the errors and misconception based on themes (similarity of the causes). To 

analyze the concept maps, the subject expert and the researcher generate propositions each of which 

relates two concepts (nodes). For each pair of different concepts, we determined all possible correct 

links. Two links with synonymous names are regarded as the same link. In addition, propositions: 

node A – link from A to B – node B’ and ‘node B – link from B to A – node A’ are considered 

equivalent.  

 

 

3. The Findings and Discussion 
 

The unit of analysis is a message. The number of student messages to be sampled is 236 units. One 

message can contain one or more types of misconceptions. Students’ misconceptions are categorized 

as follows. 
 

Table 1 

Types of Errors or Misconceptions Found in the Discussion Transcript 

Category Example of excerpt 

Incorrect use of letters and symbols to 

represent objects and operations  
"In a vector space V, for all a, b, and k:   a + b = c  V and ka  V." 

"V + V is closed."  

Misconceptions about mathematical 

objects and their components  

“a function is three in one: domain, codomain, and range.” 

“a vector space is a subspace of an inner product space.” 

"I now understand that a vector is a subset of a vector space." 

Incorrect use words when students learn 

various new concepts that are similar to 

their pre-knowledge 

"The length of the vector in an inner product space can be 

calculated using the dot product." 

Misconception because of the improper 

understanding of underlying terms/ 

concepts. Misuse of terms (exchanged) 

of mathematical objects and their 

representations 

"I now understand that a vector is a subset of vector spaces." 

"(2, 5) is a point, so it is a representation of a zero vector 

positioned there." 

"… all elements of R ^ 5 can be written as (a, b, c, d, e). It also 

represents a point in R ^ 5. As we all know, all points are vectors 0. 

Why? Because we can translate all points into (0, 0, 0, 0, 0) which 

is the definition of vector 0. " 

Misconception due to differences in 

focus of view (Calculus and Linear 

Algebra) 

"y = f(x) = sin x is the vector space consisting of points on the 

plane so that every point on the curve is a vector in C[0, 1]" 

Misconception due to preconceived 

notions rooted in their previous 

knowledge about vectors in R2 and R3. 

 

“In a vector space M consisting of all 2x3 matrices, a matrix A 

consists of two-row vectors and three column vectors." 

"We know that R ^ 5 is a vector with 5- coordinates that can lead to 

5 different directions". 

 

The errors may reflect learning difficulties. Students’ errors detected form discussion 

transcript are categorized as the following: incorrect use of terms about elements (of a set) and a set, 

incorrect notation (errors in writing mathematical symbols), such as scalars and vectors. In addition, 

they fail to understand the underlying concepts comprehensively. For instance, by not accurately 

explaining the concepts, misuse of terms, and making wrong generalizations of the concept of inner 

product spaces. Students have a great deal of difficulties to make abstraction and generalization. 

Next, we will investigate misconceptions based on students’ concept maps. Each student concept 
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map is compared manually to the goal map to identify errors. The comparison was done manually 

since students may use synonyms or misspell the label of a link.  

 

 
Figure 2. The Experts’ Map 

 

The types of misconceptions are categorized based on the incorrect links between pairs of 

nodes. Referring to the locus of errors and to address the first research question, we focus on the 

relationships between the following pairs of nodes, as shown in Table 2.  

 

Table 2 

Types of Misconception 

Node 1 Node 2 Incorrect 

relation/link 

Types of errors/ misconceptions 

vector directed line 

segment 

is defined as   Confusion about objects and their representations; 

and how to construct a general vector space 

inner product 

function 

IPS no link Confusion about an entity and its components 

inner product 

function  

NADP 

measurement  

no link Students fail to understand that the inner product 

function is the base to calculate norm, angle, 

distance, and orthogonal projection. 

vector  VS no link Misconceptions arising from the conflict between 

new knowledge and pre-knowledge; 

accommodation is not optimal. Misconceptions 

about an entity and its components.  

inner product 

function 

SHAP axioms no link Misconceptions about measurements that are 

relative to the inner product function defined, it is  

due to the improper understanding of underlying 

terms/concepts 

inner product 

function 
Domain: VxV 

Codomain: R 

no link Misconceptions about an entity and its 

components, space, and its component 

VS IPS subspace of Misconceptions about an entity its components,  

VS  SHAP axioms has 

properties 

Misconceptions on how to construct an inner 

product space 
SHAP: Symmetry, Homogeneous, Additive, and Positive  

NADP: Norm, Angle, Distance, and Orthogonal Projection 

 

The students’ learning difficulties that may cause the errors are listed below. 

 They are confused by the vector definition and vector representations. 

 They can explain vectors as elements of a vector space. However, they still keep the definition 

vectors as entities that can be represented as directed line segments. 

775



 They still perceive the inner product as dot product defined in R2 or R3 (failed to generalize) 

 They still regard the general vectors Euclidian vectors (fail to generalize) 

 They are confused about the inner product space and vector spaces. They fail to construct an 

Inner Product Space by defining an inner product function in a vector space. They thought that 

vector space is a subspace of an inner product space.  

 They are confused between the nature and the axioms of an algebraic structure 

 They do not yet understand the components of an inner product function (that consists of a 

domain, a codomain, a rule, and axioms). 

Based on the types of errors found in the discussion transcripts and concept maps, we categorize 

misconception as the following. 

Misconception 1: Incorrect use of words when students learn various new concepts that are 

related to one another. Some students use the notions of subspace, vector space, vector space, inner 

product space incorrectly. In addition, they were also confused with zero vectors and points in a 

plane. Some students think that (a, b) is a zero vector having an initial point and terminal point at a 

point P(a, b). This is also the types of misconception related to the representations of mathematical 

objects.   

Misconception 2: Misconceptions arising from the conflict between the new knowledge and 

the pre-knowledge; wherein the accommodation process is not optimal. Most students already 

understand that directed line segments represent vectors in R2 and R3, yet, some of them still define 

general vectors as directed line segments. At the same time, they correctly define vectors as the 

elements of a vector space. This phenomenon shows that based on their perceptions about vectors, 

there are two groups of students. 

 Students who accept the notion that a vector is an element vector space, but they still keep the 

previous definition that a vector is an entity having both magnitude and direction (can be 

represented as a directed line segment, the same way as representing the two and 

three-dimensional Euclidian vectors).  

 Students who understand the new concept about vectors and they can describe that directed line 

segments are geometric representations of vectors in R2 and R3. They assert that not all vectors 

can be represented as directed line segments. 

Students have great difficulty in the accommodation process because their previous perception about 

vector (which can be represented as directed line segments) is profound. They learned such vectors 

in high school and have them reinforced with the concrete application of physical vectors in their 

daily life such as velocity, acceleration, and force.   

Misconception 3: Misconceptions because of the improper understanding of underlying 

terms/concepts. Previous students’ learning approaches were more focused on procedural 

knowledge. Therefore, their procedural knowledge is not adequately supported by a conceptual 

understanding, including the terms and their meanings. The inner product space is a topic that covers 

numerous terms and basic concepts. Misconceptions occur when they fail to understand the basic 

concepts. Therefore, they cannot relate among concepts accurately. Additionally, some of them 

cannot distinguish the between properties (characteristics) and axioms. 

Misconception 4: Misconceptions arising from the failure to make generalizations or 

abstractions. In linear Algebra, students are required to be able to generalize. The design of 

instruction is prepared to help the students conceptualize the inner product space through examples. 

They are directed to identify common traits, and then perform abstractions and generations. 

However, some students are still experiencing difficulties in doing this process due to their previous 

learning experiences.   

Misconceptions that indicate a failure to generalize a concept appear in online discussions 

and concept maps. For example, a concept map that does not contain a link between the inner 

product function and the measurements of norm, distance, angle, and orthogonal projection. 

Another example is a map without a link between measurements and inner product space. These 

show that some students do not understand well that the measurement is relative to the defined inner 

product. An inner product space can have more than one inner product functions each of which 

determines the formula for the norm of a vector, distance, angle between two vectors, and 

orthogonal projection of a vector. Students have difficulty applying what they have learned about 

inner product functions.  
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The misconception due to the failure to perform generalization causes failure to construct 

algebraic structures.  For instance, some students claim that vector space is a subspace of inner 

product space. Based on the finding, activities to avoid such a misconception are proposed, as 

follows. Students are asked to articulate their understanding of the definition of vector spaces and 

vectors as vector space elements. Additionally, students are given examples of vector spaces whose 

elements cannot be presented as directed line segments, such as the vector space consisting of 3x4 

matrices.  

 

 

4. Conclusion 
 

Discussion transcripts can be used to identify errors and misconceptions, such as inaccuracy of the 

notation writing, concept representation, and definitions of terms. Discussion transcripts can also 

uncover the misconceptions about relationships between concepts. However, a concept map more 

clearly identifies the misconceptions associated with inter-concept relations. Both the discussion 

transcript and the concept map can indicate misconceptions arise from preconception.  

Misconceptions should be corrected intentionally to prevent other errors and promote deep 

learning. Knowing learners’ misconceptions enable educators to help them rectify and correct their 

errors and misconception. Therefore, they have to be corrected. Unfortunately, most often, learners 

were not aware of the inaccuracy and incompleteness of their mathematical propositions. Therefore, 

the crucial step is to promote students’ awareness of their misconception. They can also help each 

other by diagnosing others’ error. The following are some strategies to remedy misconceptions in 

this context. First, exposing learners to tasks and situations that trigger them to be aware of their 

error. Confronting students with their misconceptions make them aware of their misconceptions and 

how to rectify them. Next, reinforcement and internalization of new knowledge through articulation 

and practice with various cases and more concrete examples. Provide students with models on how 

to perform generalizations and abstractions (thinking out loud). Learners also need to be familiarized 

and trained how to present mathematical definitions and notations in a precise manner. 
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Abstract: Higher education is the last bastion in the fight against cyber-plagiarism. Students 

are trained to be ethical professionals within the university context by molding their young 

minds through a combination of pedagogical strategies and academic programs to preserve 

their morals, values and character. While technology is a catalyst for enhanced learning, it 

has also been used to illicit forms of academic dishonesty such as cyber-plagiarism. This 

paper applies the Theory of Planned Behavior and complemented by a dimension borrowed 

from the Big 5 Personality Theory to investigate the drivers of cyber-plagiarism in a 

university in the Philippines. A total of 309 responses are gathered to test the applicability of 
the proposed research model. A Partial Least Squares Structural Equation Model is applied 

to validate the research model in this study. Although ICT attitude and peer pressure 

influence behavioral intention to commit cyber-plagiarism at a certain level, this cannot be 

supported in this investigation. On the other hand, ICT literacy and neuroticism predict 

behavioral intention to commit cyber-plagiarism, which subsequently predicts the 

performance of such act. Technological and pedagogical recommendations are discussed. 

Keywords: cyber-plagiarism, theory of planned behavior, big five personality traits, 

academic honesty 

1. Introduction

Technology has brought novel innovations in the academy that allowed the faculty and the students 

to access, create and disseminate knowledge with ease. While technology provided regal benefits to 
learning, it comes with adverse effects to academic integrity in the form of cyber-plagiarism 

(Castree III, 2012; Ramírez-Correa, 2017). Plagiarism, in its digital form, has been a constant 

problem afflicting higher educational institutions around the world. In today’s digital environment, 
this problem has transcended to catastrophic levels due to the ease of acquiring knowledge and 

availability of tools that seamlessly support this form of academic dishonesty (Kauffman & Young, 

2015; Quah, Stewart, & Lee, 2012).  
The advent of the connected economy influenced how students behave in their academic 

behaviors. Today’s generation of learners are exposed to tools that take advantage of technology to 

enhance the learning experience such as the Internet and E-Learning platforms. However, these 
technological advances are also subject to abuse with regards to academic honesty (Ramzan, Munir, 

Siddique, & Asif, 2012).  Students have systematically copied works of authors to comply with their 

academic requirements (Jones & Sheridan, 2015). In addition, scheming entities in the Internet have 
monetized the practice of cyber-plagiarism through the sale of plagiarized academic papers online 

(Castree III, 2012). Prior literature has also revealed that the environment has a significant influence 

in the act of cyber-plagiarism. Students are more susceptible to committing cyber-plagiarism when 
they observe that people around them are doing the same. In the context of higher education, peer 

influence from classmates is an environmental determinant that influences personal behavior 

towards cyber-plagiarism (Chang, 2014). 
This study explores the influence of technology and personality in the act of committing 

cyber-plagiarism at Jose Rizal University (JRU). Since technology and the environment have been 

confirmed to have a significant impact on the personal ethical behavior of students towards 
academic honesty, a modified framework using the Theory of Planned Behavior or TPB by Ajzen 
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(1991) is applied with an additional construct from Big 5 Personality Trait Theory of (Goldberg, 
1990). An empirical test using Partial Least Squares – Structural Equation Model is applied to 

validate the framework. There is limited literature that adopted TPB in the domain of 

cyber-plagiarism in higher education. This paper is also one of the early studies to explore 
cyber-plagiarism in Philippine Higher Education. A review of related literature is discussed in the 

next section, followed by the research design and methodology. Results of the study are dissected, 

limitations are acknowledged and recommendations are offered in the concluding section.  

 

2. Related Literature 

 
Plagiarism in any form has been universally abhorred by the society. Since the establishment of the 
academy, students have found ways to commit plagiarism and escape detection from academic 

administrators. Technology merely transformed these strategies and magnified its adverse effects to 

the academe giving birth to cyber-plagiarism (Kauffman & Young, 2015). A review of published 
literature revealed limited exploration on the influence of technology to cyber-plagiarism in higher 

education.  A recent study by Ramírez-Correa (2017) explored how personality traits among higher 

education students lead to cyber-plagiarism. The research revealed that a high degree of neuroticism 
relative to Internet use for academic purposes lead to the act of cyber-plagiarism. The technological 

affordance of copying and pasting materials and the abundance of information resources in the 

Internet have a causal relation with cyber-plagiarism (Šprajc, Urh, Jerebic, Trivan, & Jereb, 2017). 
In an exploratory, empirical study conducted by Ramzan et al. (2012), a major driver in the act of 

cyber-plagiarism is the lack of clarity in policies governing academic dishonesty. The study 

recommended pedagogical and technological interventions to alleviate cyber-plagiarism in higher 
education. 

The established Theory of Planned Behavior (Ajzen, 1991) is a widely tested theoretical 

model that has been applied in different disciplines. TPB argues that individual behavior is 
influenced by behavioral intention. Likewise, behavioral intention is driven by the factors attitude 

towards the act, subjective norms and perceived behavioral control (Camara, Eng-Ziskin, 

Wimberley, Dabbour, & Lee, 2017). In education, TPB has been used to empirically identify 
behavioral determinants of cyber-plagiarism. Prior literatures revealed that attitude, subjective 

norms and perceived behavioral control, are strong predictors of the intention to plagiarize and 

subsequently predicts the act of cyber-plagiarism (Chang, 2014).  
Although, scientific evidences have proved that TPB can predict intention to act or behave 

in a scenario, literature have suggested that it does not account for a change in a person’s behavior, 

an individual’s past and future experiences (Sniehotta, Presseau, & Araújo-Soares, 2014). The Big 5 
Personality Traits Theory was originally proposed by (Goldberg, 1990) which posits that individuals 

can be classified as having one of the five major personalities namely agreeableness, 

conscientiousness, extraversion, neuroticism and openness to experience. Of these five 
personalities, neurotic tendencies have been found in psychological research to demonstrate 

intention to commit unethical and illegal acts including cyber-plagiarism (Ramírez-Correa, 2017). 

 
 

3. Research Design and Methodology 

 
In psychological research, attitude, subjective norms and perceived behavioral control are found to 
be strong predictors of behavioral intention (Ajzen, 1991). In an academic environment, learning 

necessitates the use of Information and Communications Technology or ICT. The study of Chang 

(2014) has argued that ICT attitude influences the intention to commit cyber-plagiarism. Subjective 
norm is the perception to perform an act or exhibit a behavior based on social pressure from people 

close to an individual. Sentiments from family members, colleagues and friends have a significant 

influence on behavioral intention (Ajzen, 1991). In the academic environment, peers are represented 
by classmates and have been found to influence student’s behavior (Chang, 2014). Perceived 

behavioral control is the ease or difficulty to perform an act (Ajzen, 1991). Information Technology 

has been a vital component in the academic curricula resulting to students acquiring skills necessary 
to accomplish tasks. While technology encourages students’ academic productivity, it has also been 
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found to be influential in committing cyber-plagiarism (Chang, 2014; Ramzan et al., 2012). The 
three factors of ICT attitude (attitude), peers’ unethical behaviors (subjective norms) and ICT 

literacy (perceived behavioral control) are theorized to lead to behavioral intention to commit 

cyber-plagiarism which then leads to the actual engagement of cyber-plagiarism. This study 
postulates that ICT attitude positively influence intention to commit cyber-plagiarism (H1), peers’ 

unethical behaviors positively influence intention to commit cyber-plagiarism (H2), ICT literacy 

positively influence intention to commit cyber-plagiarism (H3) and behavioral intention to commit 
cyber-plagiarism leads to cyber-plagiarism (H4). To account for psychological behavioral changes 

in a student, a personality trait factor was added. Traits are persisting characteristics of individuals 

that are inherent regardless of changes in circumstances (Hoyt, Rhodes, Hausenblas, & Giacobbi, 
2009). Of the five personality traits, neuroticism has been found by a prior study to demonstrate 

inclinations towards cyber-plagiarism. This trait is operationalized within TPB and this study further 

postulates neuroticism positively influences intention to commit cyber-plagiarism (H5). To test the 
hypotheses, this study adopts the Theory of Planned Behavior of (Ajzen, 1991) and extends the 

framework through the integration of the neuroticism construct from (Goldberg, 1990). The research 

model is shown in Figure 1 – Operational Research Model: 
 

 
 

Figure 1 - Operational Research Model 

 

3.1. Research Instrument 

 
To test the applicability of the proposed framework, 46 measures are adopted from the research of 
Chang (2014) which used TPB in the context of cyber-plagiarism. These measures represent the 

constructs of ICT attitude (ICTA), peers’ unethical behaviors (PEER), ICT literacy (ICTL), 

Cyber-plagiarism intention (PLAGI) and the act of Cyber-plagiarism (PLAG). To incorporate an 
individual’s personality, specifically neurotic tendencies, 3 questions are added from 

Ramírez-Correa (2017). To form the construct of ICT attitude (ICTA), three dimensions are 

positioned as lower order constructs. These are Web-based learning attitude (WBLA), Internet 
attitude (INTA) and attitudes on ICT for education purposes (ICTE). For ICT literacy (ICTL), three 

dimensions are positioned as lower order constructs. These are Information literacy (INFL), 

Computer literacy (COML) and Internet literacy (INTL).  The initial version of the questionnaire is 
composed of a total of 49 questions. This was administered to two students from the different 

colleges who were asked to identify the terms or phrases that are confusing or requires further 

explanation. Some terms required localization and acronyms were defined. To test the validity of the 
instrument, a Partial Least Squares Algorithm using SmartPLS is applied to identify indicators that 

are below the acceptable values of 0.70 for Cronbach’s Alpha and Composite Reliability and 0.5 for 

Average Variance Extracted. Indicators that did not meet the critical values are deleted and the final 
version of the questionnaire is composed of 41 questions. The validated instrument is deployed 

using Google Forms. Table 1 – Instrument Validation shows that the Cronbach’s Alpha, Composite 
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Reliability and Average Variance Extracted values are above the critical values demonstrating 
validity and reliability (Hair, J. F., Hult, G. T. M., Ringle, C. M., & Sarstedt, 2014). 

 

Table 1 

Instrument Validation 

 Cronbach’s Alpha rho_A Composite Reliability Average Variance Extracted 

(AVE) 

COML 0.847 0.875 0.842 0.648 

ICTE 0.899 0.934 0.896 0.691 

INFL 0.890 0.899 0.886 0.614 

INTA 0.754 0.818 0.738 0.510 

INTL 0.881 0.907 0.874 0.591 

NEURO 0.827 0.868 0.832 0.632 

PEER 0.777 0.804 0.779 0.546 

PLAG 0.879 0.893 0.878 0.647 

PLAGI 0.906 0.913 0.906 0.661 

WBLA 0.892 0.942 0.874 0.563 

 

3.2. Research Sampling 

 
Classes were approached and invited to participate in the survey. The survey was also posted in 

Facebook communities of JRU students. The questionnaire is deployed online for three weeks 

during the second semester of academic year 2017-2018. All respondents are active students of Jose 
Rizal University in the college division. A total of 316 responses are recorded. Responses that have 

a single value for all questions are invalidated resulting to 309 records for this study. An analysis of 

the responses revealed that 37 or 12%, 180 or 58% and 92 or 30% came from College of Liberal Arts, 
Criminology and Education (ACE), College of Computer Studies and Education (CSE) and College 

Business Administration and Accountancy (BAA) respectively. Of the respondents, 192 or 62% are 

males and 117 or 38% are females. In terms of year levels, 20 or 6% are on the first year level while 
12 or 4% are on their second year. Majority of the respondents are on the higher year levels with 159 

or 51% are on their third year and 80 or 26% are on their final year in college. Irregular students 

totaled 38 or 12% of the total population. 
 

4. Discussion of Results 

 
To validate the research model, a bootstrapping technique using Partial Least Square Structural 
Equation Model is administered to the results using SmartPLS. This statistical tool has a graphical 

user interface that is efficient in exploratory, path modeling investigations and has been used widely 

in IS researches (Wong, 2013). The results of the path model are summarized in Table 2 – Path 
Analysis Results: 

 

Table 2 

Path Analysis Result 

Hypothesis Path SD T Statistics Significance Level Decision 

H1 ICTA->PLAGI 0.036 0.858 NA Rejected 

H2 PEER->PLAGI 0.035 0.498 NA Rejected 

H3 ICTL->PLAGI 0.035 2.329 0.05 Accepted 

H4 PLAGI->PLAG 0.028 26.731 0.01 Accepted 

H5 NEURO->PLAGI 0.022 36.425 0.01 Accepted 

 
As shown in the results, ICT attitude (H1) and Peer pressure (H2) as predictors of 

Behavioral intention to cyber-plagiarize are rejected as it is below the minimum threshold of 1.65 

(1-tailed) to be at a significant level (Hair, J. F., Hult, G. T. M., Ringle, C. M., & Sarstedt, 2014). 
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Although both constructs positively influence behavioral intention to cyber-plagiarize, both 
hypotheses cannot be scientifically claimed in the context of this research. Prior studies have argued 

that technology has been valuable in the fight against academic dishonesty including 

cyber-plagiarism. These include the use of detection software to identify digital plagiarism and other 
sophisticated tool (Holi Ali, 2013; Jones & Sheridan, 2015). Within Jose Rizal University, 

technology has been crucial in implementing its academic rules and regulations. Students are trained 

to use technology tools for research purposes and use automated citation application by the library 
and the faculty. While peer pressure has been claimed to influence cyber-plagiarism intention 

(Camara et al., 2017; Chang, 2014), this cannot be claimed in this study. A possible explanation is 

the integration of ethics within the curricula of the university. Studies have been successful to prove 
that ethics as a course in higher education have been found to be influential in molding students’ 

behavior (Gardelli, Alerby, & Persson, 2014; Rutherford, Parks, Cavazos, & White, 2012). ICT 

Literacy (H3) and neuroticism (H5) are predictors of behavioral intention to cyber-plagiarize. 
Academic pressure is an impetus in the commitment of cyber-plagiarism. As such, students lean on 

their acquired technology skills to comply with their academic requirements (Camara et al., 2017; 

Chang, 2014) leading to behavior intention to commit such acts. Within Jose Rizal University, IT is 
a required course across all programs. Laboratories are equipped with Internet connectivity and 

software applications to aid the students with the necessary technology skills. Research have found 

that these skills are used to commit cyber-plagiarism (Ramzan et al., 2012; Šprajc et al., 2017). 
Personality trait is also found to be a predictor of behavioral intention to commit cyber-plagiarism. A 

trait defines how a person behaves at a given situation (Goldberg, 1990). A research by 

Ramírez-Correa (2017) suggested that students demonstrating neurotic tendencies are most likely to 
commit cyber-plagiarism in their academic lives. Lastly, behavioral intention to commit 

cyber-plagiarism leads to the act of cyber-plagiarism. A person’s intentional behavior to perform a 

task leads to its actual commitment. This claim is consistent with previous studies (Camara et al., 
2017; Moeder Stowe, 2013; Song, Kim, & Cho, 2017). 

 

5. Conclusion, Limitations and Future Directions 

 
This study is with limitations. The distribution of the sample population did not employ a 

randomized technique that may constrain the generalizability of the findings. In addition, other 

dimensions may be used as predictors for cyber-plagiarism. Since two predictors are dropped from 
TPB, a qualitative research to explain the results of this study may be conducted. Since ICT literacy 

is a predictor of cyber-plagiarism, this study recommends that Jose Rizal University should 

institutionalize the use of technology tools that detect cyber-plagiarism (Holi Ali, 2013) and 
encourage automation software applications for proper citation tasks.  This can be accomplished 

through courses, seminars and online learning courses within the university environment. Lastly, the 

student’s personality is a predictor of cyber-plagiarism. The university should tap the student 
development office in policing cyber-plagiarism through continuing programs that inculcate 

academic honesty and improve students’ character. Lastly, the role of the faculty is crucial to curb 

cyber-plagiarism (Gunnarsson, Kulesza, & Pettersson, 2014; Moeder Stowe, 2013). Stricter 
enforcement of academic policies should be implemented and it starts with the faculty.  They are the 

frontlines of the university to champion its ethical standards. 
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Abstract: Malaysia students’ reluctance to choose Science-related stream for their 

secondary education starting the year 2015 to 2016 has affected the national education 

agenda. In Pelan Pembangunan Pendidikan Malaysia 2013-2025, the need for enhancing 

STEM is clearly underscored by many STEM initiatives being in the pipeline. Among the 

initiatives is the collaboration project between a public university, Universiti Teknologi 
Malaysia and Ministry of Education called STEM Video project which highlights the 

importance of STEM concept and relation to real-life application to ensure better critical 

thinking and concept knowledge acquisition. However, investigation on how teachers would 

react to the introduction of new technologies in classroom is very crucial. Hence, selected 

teachers from STEM background were invited to develop these videos and a survey was 

administered to identify 800 teachers’ perception of using these videos for teaching and 

learning. Findings from the survey were analyzed and the study found that teachers in 

Malaysia believed that using STEM Video for teaching and learning would be beneficial 
and acceptable. However, their level of readiness were low and they reported their 

concerned over the limiting factors that could inhibit the success of STEM video 

implementation such as infrastructure and time constraint. 

Keywords: STEM Education, Video-based Learning, STEM Video 

1. Introduction

The increasing number of Malaysia students who refused to choose science, technology, engineering 

and mathematics (STEM) related courses for secondary education has drawn national’s concern. 
Research shows that the number of students enrolling in Science-related courses is decreasing 

(Halim & Meerah, 2016) which may due to several factors such as lack of interest (Osborne, Simon 

& Collins, 2003) and perception that science-related subjects are difficult (Checkley, 2010). Studies 
found that the quality of teaching in science-related areas is also one of the determinants of students’ 

interest in learning the subject (Osborne, Simon & Collins, 2003). Technology adoption has the 

potential to improve students’ interest in STEM to create more engaging learning environment. 
STEM video project is one of the initiatives by Ministry of Education Malaysia to promote STEM 

learning and STEM concept understanding in a more engaging way. In Malaysia, teachers play an 

important role in classrooms as an individual who held the responsibility of selecting resources for 
teaching and learning including adopting technology-based tools such as video. However, teachers’ 

readiness to adopt technology can be related to many factors such as attitude, competency, or 

confidence level. Development of videos for teaching and learning is costly and time-consuming 
hence teachers’ attitude towards using video for teaching STEM is very important.  

2. Research Background

2.1 Using Video for Teaching and Learning 

Video has been used extensively in teaching and learning for many purposes. Traditionally, video is 
used to demonstrate or to show real-life examples (Kearny & Treagust, 2001) mainly because videos 

preserved the original settings of the intended examples. A video can be used to assist understanding 
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on complicated concepts (Wall, Higgins & Smith, 2005) or trigger a learning session by activating 
students’ inquiry (Chan, Patil, Chen, Lam, Lau, & Ip, 2010). A recorded video can also serves as a 

reflection tool for teaching and learning where teachers can analyze teaching strategies to improve 

teaching methods. In teacher training, a recorded video allows pre-service teachers to narrow the gap 
between theory and practice by allowing pre-service teachers to reflect on the recorded teaching 

examples (Seidel, Blomberg, & Renkl, 2013) and improve their observation skills (Star, & 

Strickland, 2008). Similarly, video-based learning is very effective in high-risk education field such 
as medicine where students can learn more about the surgeon’s technical skills from video (Mota, 

Carvalho, Carvalho-Dias, Costa, Correia-Pinto and Lima, 2018).  

However, because development of videos is time- and cost-consuming, not many interactive 
videos were designed. Most videos were designed passively where students have to watch videos 

and reflect on the video content. Interactive videos are more beneficial for teaching and learning 

because they improve learning comprehension and retention (Hung, Kinshuk & Chen, 2018), 
enhance learning performance and learning satisfaction. More importantly, for subjects that include 

STEM content, an interactive video is very important to engage students in learning by allowing 

students to plan, monitor and evaluate their learning process (Delen, Liew, & Willson, 2014) and 
improve students’ conceptual understanding about STEM. Vural (2013) found that, using question 

embedded video in online learning improved students’ amount of interaction and time spent with 

the learning materials compared to traditional video. The increasing uses of online and offline videos 

for teaching and learning calls for more videos those are properly designed to improve students’ 

learning engagement. 
 

2.2 STEM Video for Teaching and Learning in Malaysia 
 

STEM video focusses on making STEM learning more interesting while ensuring that concept about 

science is explained in relation to students’ real-life application. Universiti Teknologi Malaysia 
participated in MIT-BLOSSOMS Project in 2015 where BLOSSOMS project emphasized on 

teaching the abstract and difficult STEM concepts through a series of active learning activities and 

video segments termed as ‘teaching duet’ (Larson, 2009). The video builds from an architecture that 
is written based on STEM concepts that teachers perceived as difficult to explain or concepts that 

students frequently misunderstood. It consists of Introduction Segments, Activity Segments, Video 

Segments and a Teacher’s Guide segment that tells teachers about how to use the video. Teachers 
developed the architecture based on the development process and later developed the videos through 

video shooting processes. Video segments and activity segments reiterate during the whole video 

duration (see https://blossoms.mit.edu/videos).  
 

2.3 Teachers’ Perception about Using Video for STEM Teaching and Learning 
 

Previous studies about BLOSSOMS videos show that BLOSSOMS videos can improve students’ 

level of critical thinking and understanding about science concept (Hamizan & Zaid, 2014) yet to 

fully utilize and integrate these videos in Malaysia curriculum system is a challenge (Abdullah & 
Shukor, 2017). These videos can greatly shift teaching STEM paradigm in Malaysia schools but 

comprehensive understanding about teachers’ perception towards using video technology for STEM 
teaching has to be carried out. Kumar, Rose and D’Silva (2008) found that Malaysian teachers’ 

actual usage of computers was only at moderate level although they had undergone intensive 

computer training programs. When teachers perceived technology to be useful and that using 
technology would increase their productivity, their intention to use will be significantly increased. 

However, Malaysian teachers generally have high level of technology acceptance, but their 

readiness to use technology for teaching and learning purposes remains at low level (Ismail, 
Bokhare, Azizan & Azman, 2013).  

Having access to technologies does not directly lead to technology implementation in 

classrooms (Cuban, Kirkpatrick, & Peck, 2001). In Malaysian classrooms, teachers play the central 
role for selecting the desired resources and have the autonomy to maneuver teaching and learning 

process in classrooms. For this reason, teachers’ perception of using STEM video for teaching and 

learning is very crucial. Hence, to provide deeper understanding of teachers’ intention to use STEM 
videos this study explores teachers’ perception about STEM Videos based on its usefulness, 
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teachers’ readiness, ease of use and teachers’ acceptance towards using the video in their 
classrooms. These constructs were based on TAM model (Davis, 1989) which measures how users 

accept and use a technology. In TAM model, users’ perceived usefulness and perceived ease of use 

are hypothesized to be the fundamental determinants of user technology acceptance. In detail, 
perceived usefulness is user’s subjective belief that using a technology could improve job 

productivity and efficiency ease of use is user’s belief that using a technology will be free of effort. 

In many studies, it was reported that perceived usefulness has direct and indirect effects towards 
behavioural intention. That is, a teacher has the tendency to use technology if he/she perceives 

technology to be a useful and meaningful way to work more effectively. 

 

3. Research Methodology 

 

3.1 Samples 

 
They were a total of 800 teachers being randomly selected to answer the questionnaire however only 

680 questionnaires were returned. These teachers were randomly selected to attend a seminar that 
introduced the teachers to STEM Videos. In this study, the selected teachers teach Science, 

Mathematics, Engineering or Technology-related subject in secondary schools and were 

experienced teachers with most teachers having more than 10 years of working experience (69.21%) 
and at least 25% teachers have 6 to 10 years of teaching experience while other teachers have 1 to 2 

years and 3 to 5 years teaching experience respectively. While majority of the teachers were mostly 

computer literate (75.6%), only small percentages did not know about using the combination of 
Microsoft Office (5.3%), Web Browser (7.7%), Social Network (2.7) and any two skills (8.6%).  

 

3.2 Instrumentation 

 
A questionnaire was developed to identify teachers’ perception of using STEM Video for teaching 
and learning. The set of questionnaire contains Likert Scale items and open ended questions in the 

following six (6) sections; Section A: Demographic Information, Section B: Teachers’ perception to 

use STEM Video as one of the tools for teaching and learning based on their level of readiness, 
Section C: Teachers’ Acceptance to use STEM Video, Section D: Teachers’ Perception to use 

STEM Video based on its usefulness, Section E: Teachers’ Perception to use STEM Video based on 

its ease of use, and Section F: Suggestion and Recommendation. The reliability of the items in the 
questionnaire was tested to find Cronbach alpha value where items for level of acceptance (α = 

0.905), perception based on usefulness (α = 0.937), perception based on ease of use (α = 0.904) have 

good internal consistency while items in level of readiness are moderate (α = 0.791).  
 

3.3 Research Procedure 

 
A survey approach was used in this study administered among teachers in six series of seminars 

around Malaysia. In every seminar teachers were grouped into smaller groups and assigned 

one STEM Video to be reviewed. After watching the STEM Video, they have to answer the 

questionnaire investigating about their perception on using STEM Video for teaching and 

learning. The collected data were analyzed using IBM Statistical Package for Social Science 

(SPSS) version 22. Findings were described based on descriptive statistics such as mean and 

frequencies. 

 

4. Findings and Discussions 

 
This section draws together the quantitative data gathered from all participants, along with data from 

participants’ comments and suggestions to provide a better understanding about teachers’ 
perception. Overall descriptive statistics indicate the moderate nature of the perceptions of the 

surveyed teachers on the level of readiness (overall mean = 3.89), on the level of acceptance (overall 
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mean =3.91), on perceived usefulness (overall mean = 3.79), but slightly high on perception on ease 
of use (overall mean = 4.01).  

 

 

4.1 Teachers’ Perception to use STEM Videos based on Level of Acceptance 

 
Generally, teachers accept the use of STEM video in the future and have the tendency to promote 

STEM video for others to use but agreement to use STEM video regularly is quite low. However, 

they believe that STEM video provides more interactive teaching and learning (see Table 1). This is 
in line with studies by Ismail et al (2013) who found that Malaysian teachers welcome any new 

technologies in their classroom but that does not necessarily indicate that they are ready to use the 

proposed technology. 
 

Table 1 

Teachers’ perception to use STEM videos based on level of acceptance 
No Item Min Max Mean Standard 

Deviation 

B1 I am interested in developing and using information in STEM Video 1.00 5.00 3.76 0.82 
B2 I will use STEM Video in the future 1.00 5.00 4.04 0.70 

B3 I plan to use STEM Video regularly 1.00 5.00 3.64 0.82 

B4 STEM Video makes teaching and learning more interactives 2.00 5.00 4.14 0.72 

B5 Teaching with STEM Video encourage students to give more attention 
to me 

1.00 5.00 3.79 0.82 

B6 Teaching with STEM Video is simple 1.00 5.00 3.93 0.76 
B7 Using STEM Video did not bores me 1.00 5.00 3.88 0.80 
B8 I intend to inform and show others about STEM Video 1.00 5.00 4.09 0.69 

 

4.2 Teachers’ Perception of using STEM Videos as one of the tools for teaching and 

learning 

based on Level of Readiness 
 

Abdullah and Shukor (2017) stated that integrating STEM video in Malaysia curriculum is a 
challenge due to time-constraint and current exam-oriented system which limits teachers’ 

possibilities to use other reference materials for teaching and learning than textbooks. This study 

found that teachers’ level of readiness to use STEM video is quite low (refer to Table 2). As shown 
in previous section, teachers’ level of acceptance on using STEM video is generally moderate but 

they seems to be not ready to use STEM video for teaching and learning. However, teachers believe 

that STEM video improves their own understanding about STEM related concept. This is an 
important indicator of the quality of video content in STEM video which can promote teachers’ 

understanding about Science, Maths, Engineering and Technology content and concepts. 

 

Table 2 

Teachers’ perception to use STEM videos based on level of readiness 
No Item Min Max Mean Standard 

Deviation 

E1 I am willing to use STEM Video for strengthening students’ understanding 
in Science or/and Maths concept 

1.00 5.00 3.65 0.81 

E2 I am willing to use STEM Video for teaching tool for a teaching session 2.00 5.00 3.83 0.68 
E3 I am willing to use STEM Video additional information to improve my 

own understanding about STEM related concept 
2.00 5.00 3.86* 0.67 

E4 I am willing to use STEM Video to increase student interaction in STEM 
class through activities in STEM video 

1.00 5.00 3.79 0.69 

E5 I am willing to use STEM Video to replace my teaching method related to 
STEM  

1.00 5.00 3.54 0.83 
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4.3 Teachers’ Perception to use STEM Videos based on its Usefulness 

 
Although teachers generally accepted the use of STEM videos for teaching and learning, they did 

not strongly agree that STEM video allows them more time and freedom to observe students’ 
learning activity. They strongly believe that STEM video could serve as an important tool to help 

them with teaching concepts in STEM (refer to Table 3). In a multimedia supported learning 

environment, teachers’ role become more complex because they have to manage the learning 
environment, scaffold activities, monitor progress and provide feedback as well as assessing 

students’ performance (Kumar et al, 2008) leaving teachers very little room and freedom to observe 

students’ learning. Such perception is very common where teachers often believe that they were 
expected to be the knowledge provider and facilitation can only be carried out whenever instructions 

have been delivered. 

 

Table 3 

Teachers’ perception to use STEM videos based on its usefulness 
No Item Min Max Mean Standard 

Deviation 

C1 STEM Video will enhance the effectiveness of my teaching process 2.00 5.00 4.01 0.68 
C2 STEM Video will improve my efficiency of teaching concept that is 

difficult to understand 
2.00 5.00 4.05 0.72 

C3 STEM Video will allow me to easily observe student learning activity 2.00 5.00 3.93 0.73 
C4 STEM Video will allow me to easily manage my teaching 1.00 5.00 3.91 0.74 
C5 Learning activities in STEM Video will make my teaching more 

meaningful 
1.00 5.00 4.00 0.69 

C6 STEM Video makes it easier for me to teach STEM concept 2.00 5.00 4.02 0.71 
C7 STEM Video as a useful tool in teaching and learning STEM 2.00 5.00 4.12 0.68 

C8 Overall, I find that STEM Video as beneficial for my teaching 2.00 5.00 4.09 0.65 

 

4.4 Teachers’ Perception of using STEM Videos based on its Ease of Use 
 

Teachers were introduced to STEM videos by demonstration and they have lack of experience in 

using STEM videos. This setting has greatly affected teachers’ perception about using STEM video 
based on its ease of use. Findings show that their belief that using STEM video is free of effort is at 

low level. This is reflected in item D1 (mean = 3.65) indicating low agreement (refer to Table 4). It 

can be due to their low computer teaching efficacy. Computer teaching efficacy is related to 
teachers’ evaluation of their capability to teach with computers and their personal belief in using 

computers as an effective teaching tool to improve students’ performance in learning. Wong et al 

(2012) found that Malaysian teachers’ computer teaching efficacy can have significant effect on 
teachers’ intention to use computer technologies in classroom. Similarly, lack of time to fully watch 

STEM video during demonstration (in seminar) probably affected their belief that they have to 

frequently watch the Teacher’s Guide to fully understand the content of STEM video (mean = 3.54). 
But, it clearly shows that teachers believe the availability of Teacher’s Guide segment in STEM 

video is important as it would assist teachers to use STEM video in the classroom (mean = 3.94). 

 
Table 4 

Teachers’ perception to use STEM videos based on its ease of use 
No Item Min Max Mean Standard 

Deviation 

D1 I find that it is easy to fully utilize STEM Video 1.00 5.00 3.65 0.81 

D2 I find that STEM Video allows flexibility to interact with students and other 
teachers 

2.00 5.00 3.83 0.68 

D3 I find that STEM Video allows flexibility to interact with 2.00 5.00 3.86 0.67 
D4 I did not get confused when I use STEM Video 1.00 5.00 3.79 0.69 

D5 I did not need to consult teachers’ guide frequently when using STEM 
Video 

1.00 5.00 3.54 0.83 

D6 I can fix the problem of understanding STEM related concept when using 1.00 5.00 3.89 0.70 
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STEM Video 
D7 STEM Video provides helpful teachers' Guide in assisting the usability in 

the classroom 
1.00 5.00 3.94 0.71 

D8 Interacting with STEM Video did not require a lot of my mental effort 1.00 5.00 3.72 0.77 

D9 Overall, I find it easy to teach using STEM Video 1.00 5.00 3.89 0.72 

 

5. Conclusion 
 

Teachers’ acceptance and readiness to use technology is very important due to the autonomous role 

that they play in the classrooms. When teachers were introduced to STEM videos in a series of 
seminar, this study found that Malaysian teachers believed that using STEM Video for teaching and 

learning was acceptable and they perceived STEM video as beneficial for teaching and learning as 

well as for themselves. However, they found it as quite a challenge to use it in the classroom due to 
several infrastructure and other limiting factors. The limiting factors could lead to very slim chances 

that the teachers will have the intention to use STEM videos if the existing barriers were not 

mitigated. 
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Abstract: Peer influences, including academic prestige, friendship, and gender, on affecting 

online citing behavior under a student test-construction learning task are investigated. 

Seventy-five fifth-grade students from three classes participated in the devised online 

educational activities for twelve weeks. Quadratic Assignment Procedure multiple regression 

and simple regression were adopted. Significant differences were found between friendship 

and the number of peer citations. However, non-significant effects were found between 

academic prestige and gender and the number of peer citations. Significance of this study as 

well as suggestions for future research are provided. 

Keywords: online citing behavior, online learning activity, peer influence, student-generated 

questions, test-construction 

1. Introduction

The learning effects of online student test-construction on knowledge integration, elaboration, and 

construction have been substantial (Yu & Wu, 2016). In further consideration that enabling the 

learners to cite their peers’ work as part of the constructed tests is in alignment with contemporary 

educational paradigms and Web 2.0 ideology (e.g., participatory inquiry, innovation in assembly) 

(O’Reilly, 2005), an online system supporting the learners’ power to mix and remix via citing during 

student test-construction has been designed and developed (Yu, in press). Recent studies have 

confirmed the superiority of citing peer-generated questions over non-citing (i.e., constructing tests 

based entirely on self-generated questions) for promoting academic and question-generation 

performance without elevating significant cognitive loads and learning anxiety (Yu & Wei, 2016; 

Yu & Wei, 2017). 

As more studies on how the learners behave and interact with each other in school-based 

online educational activities are needed, factors influencing the learners’ online citing behavior serve 

as the focus of this study. According to social impact theory (Latané, 1981), interpersonal power 

structure influences interacting behavior and decision-making process. Explicitly, people who are 

presumably intellectually superior, wealthier, and/or of higher status within the social network are 

believed to exercise more impact over others — the strength factor (Latané, 1996). Also, friends 

with better established relationship are considered to exert more social impact on individuals in the 

network — the immediacy factor (Latané, 1996; OC & Bashshur, 2013). Furthermore, collaborative 

learning studies have suggested that individual attributes, such as levels of achievement, friendship, 

and gender influence interaction patterns (Chan, 2010; De Laat, Lally, Lipponen, & Simons, 2007; 

Johnston & Miles, 2004; Palonen & Hakkarainen, 2000). In light of these, the following research 

question is examined in this study — ‘what are the effects of academic prestige, friendship, and 

gender on student-generated questions being cited by peers?’ Along this line of thought, two 

hypotheses are proposed: 

H1: The effects of peer influences, including perceived academic prestige, friendship, and 

gender, can positively predict student-generated questions being cited. 

H2: The higher one’s actual academic prestige is, as denoted by student science performance 

at the posttest, the higher his/her influence is in the citation network. 
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2. Methods 
 

Seventy-five fifth-graders from three intact classes participated in this study for a duration of twelve 

weeks using their regular computer class (one 40-minute instructional session per week). The online 

learning activities incorporated (i.e., student question-generation and test-construction) were 

introduced to support science teaching and learning (three 40-minute instructional session per week). 

Two online learning systems were adopted — Question Authoring and Reasoning 

Knowledge System (QuARKS) for student question-generation (Yu, 2009) and Test Authoring and 

Reasoning Online Learning (TAROL) for student test-construction (Yu & Su, 2015). For QuARKS, 

regardless of question types, three fields need to be completed for the successful submission of each 

question item: questions, answer keys, and annotation fields. It’s just that for multiple-choice 

questions, the question part consists of the question-stem and four options. For test-construction, 

students first decide the number and scoring scheme for each of the question types to be included in 

a test (i.e., the test-planning phase). They, then, select question(s) to be included in a test by referring 

to both self- and peer-generated questions during the test item-inclusion stage. Before submitting 

the test, students can re-arrange the relative sequence of questions within and between question types 

before test submission (i.e., the test item-sequencing phase). 

For the purpose of this study, two stages were devised. During the 1st training/induction stage 

(6 weeks), it dealt with three essential topics — question-generation, test-construction, and the 

operation procedurals of the adopted learning systems. On a weekly basis, the participants were 

directed to individually generate three true/false and multiple-choice question items on QuARKS on 

the science material covered in the current week, after a brief whole-class feedback session on the 

participants’ previous online question-generation performance. Then, after the last instructional 

session on the current unit, the participants were directed to construct a 10-item test on the entire 

unit, with reference to both self- and peer-generated questions already submitted to and saved on 

QuARKS.  

During the 2nd stage (6 weeks), it basically followed the same implementation procedures as 

those of the 1st induction stage. It’s only that the name of the question-author was shown now when 

the participants viewed and decided which question item(s) to be included in one’s tests during test-

construction (i.e., citing peer-generated questions under the name-shown condition). In total, three 

online test-construction activities were undertaken during the 2nd stage and used in the data analysis 

of this study. 

A number of instruments and data sources were used. First, the participants were asked to 

name the top five students in their class they perceived as with superior academic performance, and 

with whom they befriend. Second, all questions included in their final submitted tests at the 2nd stage 

(three in total) were analyzed in terms of the number of citations from peers and from whom. Third, 

the participants’ science performance at the posttest were collected. 

To test H1, Quadratic assignment procedure (QAP) multiple regression was adopted using 

UCINET 6, where the dependent variable is the citation matrix (i.e., network, consisting of the size 

of each participant), and the independent variable is the peer influence similarity matrices, including 

perceived academic prestige, friendship ties, and gender. For H2 testing, simple regression was 

adopted using SPSS 20 with actual academic prestige (i.e., science academic performance at the 

posttest) as the independent variable and the actor’s eigenvector centrality as the dependent variable. 

 

 

3. Results and Conclusions 
 

The results from QAP multiple regression found neither perceived academic prestige nor gender 

similarity was a good predictor of citation patterns. Friendship ties, conversely, was found to be 

significantly different for the two participating classes while one class was at the borderline, p = .071. 

Finally, the results of the simple regression for H2 testing for all three classes were non-significant.  

Contrary to what would be expected from social impact theory (Latané, 1981; Latané, 1996; 

OC & Bashshur, 2013) and studies on collaborative learning (e.g., Chan, 2010; De Laat, Lally, 

Lipponen, & Simons, 2007; Johnston & Miles, 2004; Palonen & Hakkarainen, 2000), students’ 

science achievement and gender did not significantly predict how impactful they would be in the 
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citation network, meaning that students with higher academic prestige (perceived and actual) and 

with the same gender did not receive more citing from their peers. Nevertheless, questions generated 

by one’s close friends were cited more. Among the factors suggested by social impact theory, 

‘immediacy’ not ‘strength’ of the source of influence was shown to affect upper-level primary 

schoolers’ online citing behavior, as evidenced by this study. 

 

3.1 Significance of this study and suggestions for future studies 
 

Both a test of a theoretical model and a description of student behavior in an online learning 

environment, the results obtained in this study shed important light on the interaction of students 

with each other in online educational activities. 

While the results from this study provided initial empirical base and a first glimpse of 

students’ online citing decisions during student-constructed tests, age groups is a crucial variable to 

note. Since existing network studies on homophily and peer influence either mostly dealt with 

secondary to higher education student populations, or were conducted in organizational settings, and 

rarely are works involving elementary students, future research on the applications of these 

theoretical models to school-based online learning should be encouraged. 
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Abstract: With the advent of the information age, using information technology in 

education has received increasing attention. The pace of education informatization is 

accelerating in all countries. In China, various policies and various regions are advancing 

the construction of education informatization to promote the realization of education 

fairness. In order to study the specific differences in the level of education informatization in 

urban areas and in weak areas (especially in rural areas), this research focused on the 

selection of seven schools in city and eight schools in weak areas in China as examples, 

from learning environment construction, information technology and subject integration, 

teachers development, and students development, to conduct empirical research on the 

regional differences in the development of education informatization. 

Keywords: Education Informatization, Practice-driven research, regional comparison, 

information technology 

1. Introduction

In China, educational informatization is defined as the universal application and promotion of 

information and information technology in the field and department of education and teaching 

(KeKang He, 2011). With the advent of the information age, the use of information technology in 

education has received increasing attention. Various countries, including the United States (Pont 

B,2015) and Japan (Zhao X H, Feng X W, & Shi J W, 2015), have issued relevant education policies 

to accelerate the pace of education Informatization in their countries. 

In China, in order to promote the advancement of education informatization in various 

regions, the Ministry of Education has issued the “13th Five-Year Plan” for education 

informatization (Ministry of Education in China, 2016), which explicitly states that it is necessary to 

“continually expand the coverage of quality education resources and prioritize the promotion of 

education informatization to promote education equity.” This request is particularly hoped that the 

status quo of education in weak regions will be changed to reduce the gap between urban and rural 

areas. However, studies have shown that although education informatization can indeed improve the 

quality of education in various disciplines in weak regions and students' comprehensive quality and 

promote the realization of education equity, if blindly promoting projects without identifying the 

root causes of problems, it may increase the digital education gap of China’s urban and weak areas 

(KeKang He, 2011). Therefore, in order to study the specific differences in the level of education 

informatization in urban areas and weak areas (especially in rural areas), the study focused on the 

selection of seven urban schools and eight schools in weak regions in China to conduct empirical 

research on the development of education informatization. This research subjects include presidents, 

information technology director, subject teachers, and students in schools. The main method of the 

study includes questionnaire surveys, interviews, and field trips. 
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2. Regional comparison of Education Informatization Status 
 

From the definition of education informatization, we believe that education informatization should 

focus on the learning environment, discipline construction, and teacher and student development. 

 

2.1 Learning Environment Construction 
 

In terms of hardware environment construction, there is a slight gap between urban schools and 

schools in weak areas. Urban schools are currently mainly targeting mobile computers, while 

schools in weak areas are mainly desktop computer acquisitions. This shows that urban schools are 

at the forefront of hardware in weaker areas. It has gradually approached the direction of purchasing 

mobile computers. 

From the perspective of the software environment, the results of the questionnaire show that 

all schools have established a student status management system. In addition, all urban schools have 

set up teaching and management systems, and most urban schools have been equipped with 

administrative logistics management system (85.71%) and student growth electronic file system 

(71.43%). Schools in weak areas have better settings in the security management system, and there 

are 5 schools. Except for the home school system (50%), the security monitoring system (62.5%), 

and the student status management system (100%), the number of schools setting up other systems is 

less than half. On the whole, the software environment has been able to meet the basic teaching 

requirements, and urban schools have more forward-looking ideas while being exposed to more new 

technologies. 

 

2.2 Information Technology and Subject Integration 
 

In the integration process of information technology and subject teaching, according to the 

difference in the role of the technology in the classroom and the achievement of goals, it is divided 

into different application states and stages. The primary stage is mainly to understand and learn how 

information technology is applied in the classroom with the help of the outside world. The 

intermediate stage is manifested in the integration and application of the initiative in the classroom 

teaching. The most in-depth stage of integration is manifested in the conscious recognition, technical 

maturity, and apply innovation. These specifically divided into awareness stage, learning stage, 

understanding stage, familiarization stage, adjustment stage, and innovative application stage. 

The survey results show that nearly 75% of teachers in weak areas have chosen “awareness 

phase”, “learning phase” or “understanding phase”, and very few teachers have chosen “adjustment 

phase” and “innovation application phase” (8.4 %). In cities, less than 15% of teachers choose the 

“knowledge phase” or “learning phase.” More than 35% of teachers choose “understand stage” or 

“familiarization stage”, and over 35% of teachers choose “adjustment stage" or "innovation 

application stage." Informatization development in urban areas tends to start earlier, and investment 

in educational informatization is also relatively large. The opportunities and time for teachers to 

access information technology are also relatively large. As a result, teachers have gradually applied 

to the integration of information technology and curriculum from the initial. 

 

2.3 Teacher Development  
 

According to the needs of the research, this study understands the development of teachers in the 

process of educational information construction from value identification and training methods. 

Value identification is the recognition of teachers in the application of information 

technology teaching to improve teaching, promote teachers' professional development, and improve 

students' ability. The value recognition of urban school teachers is higher than that of schools in 

weak areas (the urban school teachers' value identification index is higher than that of teachers in 

weak areas). The economic development of urban areas is relatively advanced. The education 

informatization is relatively early, so the value identification is generally higher than that of weak 

schools.  
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In addition, the level of teachers' information technology ability directly affects the 

rationality and effectiveness of technical operations. Therefore, it is indispensable to receive 

information technology training from the perspective of macro-political or micro-individual idea 

recognition and technical ability improvement. However, the survey results show that urban schools 

are more likely to receive high-end training (the proportion of urban schools and weak regional 

school teachers receiving state-level training is 58.75% and 34.1%, respectively). Among them, 

urban schools organize 77.50% of their own training, while schools in weak areas also have 77.64%. 

It can be seen that schools in both urban and weak areas attach great importance to the professional 

development of teachers. 

 

2.4 Student Development  
 

From the analysis of the status quo of student information literacy, the development of urban and 

weak areas is slightly different at present. Urban schools have higher scores in using tools, obtaining 

information, information generation, and information immunity, while schools in weaker regions are 

lagging behind urban schools, especially in generating information. However, although the mean 

value of the schools in the weak areas as a whole is lower than that of the urban schools, in addition 

to the two mean values of information and information collaboration, the gaps in other aspects are 

similar. 

 

 

3. Summary 
 

Drawing conclusions through the above analysis, due to the influence of education informatization 

time and regional economy, the performance of weak areas in these aspects is quite different from 

that of urban schools. The specific performance is that urban schools are more forward-looking in 

school environment construction. Sexuality, information technology and disciplines are more 

integrated. Teachers' attitudes and training are better for information technology, and the recognition 

of student and information literacy are higher. 

 It is recommended that schools in weak areas pay attention to the characteristics of their 

own development, and strengthen communication with each other to find a suitable educational 

development path for them. Of course, the amount of data in this article is limited, some of the issues 

are not discussed in depth, and more research will be carried out following this project. 
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Abstract: Purpose and Significance: Empirically explore the impact of the urban-rural 

collaboration model on the development of teachers in disadvantaged regions, and that 

provides new ideas for the development of teachers in schools in weak regions, so as to raise 

the level of teachers in weak regions, narrow the gap between urban and rural areas, achieve 

balanced development of education, and promote education equity. In addition, the 

application of quasi-experimental research methods provides ideas for follow-up research 

on urban-rural cooperation implementation strategies. Methods: The pre-and post-period 

scale experimental design was adopted for the unequal experimental group and the pilot 

schools A and B for the digital campus construction and innovative application projects 

were studied. By constructing the teacher development self-evaluation table, the teachers’ 

development in 2015 and 2017 was collected. The pre- and post-test data compare the 

differences between the experimental group A school (for urban-rural collaboration) and the 

control group B school (without urban-rural collaboration) before and after the two years. 

Conclusion: The development of information technology and teaching integration among 

teachers in both groups A and B has been improved during the 2015-2017 period. However, 

the difference between the A and B groups of schools is not significant between the two 

groups. It shows that the pattern of urban-rural collaboration between A and B schools does 

not play a positive role in the development of teachers in weak areas. 

Keywords: urban-rural cooperation, weak areas, information technology and teaching 

integration, teacher development, quasi-experiment 

1. Introduction

The formation of the urban-rural cooperative alliance is one of the ways to explore the model of 

precision poverty alleviation (Zhu Yali, & Song Naiqing, 2015). Under the mode of the Urban-rural 

Cooperation Alliance, excellent urban schools and rural schools have formed alliance schools and 

formed partnerships to jointly conduct online teaching and research among urban and rural schools, 

collective lesson preparation, and teacher-student mutual visits. Therefore, the help of urban schools 

for schools in rural areas is more manifested in the construction of teachers.  

This research relies on the education informatization project. The first phase of the project 

has established a mobile learning support center in 50 schools across the country, aiming at 

transforming classroom teaching and student-centered project learning comprehensive practice 

activities to transform students’ Learn how to develop students’ 21st century skills. The second 

phase of the project is based on the theme of “Digital Campus Construction and Innovative 

Applications”, which enables schools to meet the basic requirements for conducting 

information-based teaching. The third phase of the project is based on the investigation of “Digital 

Campus Construction and Innovative Applications” under the general environment of “Education 

Fairness” in the country. The “Urban-Rural Collaboration Alliance” has been established. Schools in 

urban and rural areas in each region will pair up, communicate with each other, and develop with 

each other to promote the development of urban and rural informatization teaching, and promote fair 

education among urban and rural schools. In order to study the impact of urban-rural collaboration 

alliances on teachers' development in weak regions, based on existing project progress results. 
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2. Research method 
 

2.1 Experimental design 
 

Strictly speaking, quasi-experimental research refers to research methods that use original groups 

and perform experimental processing under more natural circumstances when random subjects are 

not required (Mu Su, 2001). The research objects chosen in this paper are school teachers in weak 

areas. Among them, eight schools in weak areas (group A) for urban-rural cooperation and four 

schools (group B) for no urban-rural cooperation were selected. The main experimental program is 

shown in Figure 1. 

 

 
Figure 1. Pre-and post-calibration experimental design procedure for control groups with unequal 

experimental groups 

 

2.2 Data Collection and Analysis 
 

This study is based on the analysis of domestic and foreign scholars' evaluation criteria for teacher 

development. It is based on the evaluation indicators of teachers' development by Ye et al (Ye Lan, 

2001) and builds a teacher development self-assessment questionnaire based on Likert's five-point 

scale from three perspectives: teachers' understanding and attitude towards information technology 

and teaching integration, knowledge and Skills and application skills. Among them, there are 18 

questions about understanding and attitude, 19 questions about knowledge and skills, and 16 

questions about application ability. The SPSS 22.0 analysis found that the KMO statistic is 0.975 

and the sig value is less than 0.001, indicating that the questionnaire factor is very suitable for factor 

analysis. 

The study uses questionnaires. The results of the teacher evaluations collected in 2015 were 

used as pretest data, and the results collected in 2017 were used as posttest data. Among them, 110 

valid questionnaires and 90 questionnaires were recovered from schools in group A and B 

respectively. 

According to field investigations, the school’s hardware equipment, especially mobile 

equipment, has been widely used. Both A and B schools have carried out digital campus 

construction and innovative application projects. Therefore, the level of school information 

construction and information resource allocation are similar, and it is more suitable for the pre-and 

post-calibration experimental study of the unequal experimental group control group. In order to 

avoid the impact of the pre-test development level on the experimental results during data analysis, a 

covariance analysis was performed on the data. The scores of the A and B teachers in 2015 were 

measured as covariates. The A and B groups of teachers’ assessment scores for 2017 were used as 

the dependent variables for analysis of covariance. The sig value of “Group*2015” is greater than 

0.05. Therefore, teacher development in 2015 will have little impact on teacher development in 

2017. 
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3. Analysis of survey results  
 

Firstly, the scores of the teachers’ understanding and attitude, knowledge and Skills and application 

ability in the integration of information technology and teaching are calculated. Through descriptive 

statistics, it can be concluded that the average scores of teachers in A and B groups before the 

urban-rural collaboration were not significantly different, and after a period of time, the average 

scores of the development of the two groups of teachers A and B have been improved to some 

extent, but they have not shown great differences. 
In order to further explore whether the level of teacher development in the recent two years 

mentioned improvement, The T-tests of paired samples were performed on the 2015 and 2017 data 

of Group A and the 2015 and 2017 data of Group B, respectively. There was a significant difference 

between pre-test and post-test in group A (P<0.01). And There was a significant difference between 

pre-test and post-test in group B (P<0.01). The results show that in the two years, the development of 

A and B groups of teachers has been greatly improved. 
The homogeneity of variance is the premise of analysis of variance. The study first 

conducted the homogeneity test of the variance of teacher development scores for the 2015 and 2017 

A and B groups and found that Levene's significance was greater than 0.05. There was no significant 

difference in the data variance between groups A and B, which represented the homogeneity of 

variance. Further, the A and B data of the two groups before and after the 2015 and 2017 tests were 

obtained as an independent sample T test. There was no significant difference in pre-test 

development between group A and group B (P>0.05). There was also no significant difference in the 

post-test development of teachers between group A and group B (P>0.05). Therefore, in the survey 

sample, we can draw the following conclusion: The model of urban-rural collaboration has basically 

no effect on the development of school teachers in weak areas. 

 

 

4. Summary and discussion 
 

There are many reasons for this result. For example, there is a trend in the current school 

informatization construction. Schools in cities are adopting the latest education informatization 

technology. Schools in weak regions follow schools in cities. But this model has certain limitations. 

Due to factors such as the environment, teachers, students, parents, and funds in urban schools and 

rural schools, no matter how hard the schools in the weak areas work, basically follow the 

development of the city’s schools. After all, there are many differences and disagreements between 

the urban and rural educators in terms of interests, hobbies, values, knowledge level, specialty and 

potential. Therefore, the education environment and teaching mode they are suitable for are different 

from those of cities. The survey found that some self-discovered schools have explored their own 

characteristics and explored their own development path and achieved good results. Therefore, this 

paper hopes to provide some reflections and suggestions for the future development of the schools in 

the weak areas. 
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Abstract: According to the factor analysis of the questionnaire survey on the promotion of 

ICT utilization education conducted in 2015 for universities throughout Japan, it became 

clear that there are 4 factors, which are composed of "improvement of university’s brand 
power", "improvement of educational method", "educational effect" and "cost reduction", as 

the effects of ICT introduction. 

In this paper, we focused on the existence of a system to support ICT utilization 

education technically or pedagogically, and how the effect differs depending on the size of 

the university and the presence / absence of technical and educational support system. The 

difference in scale score was examined by analysis of variance. 

Keywords: ICT use in education, e-learning, higher education, complete enumeration 

1. Introduction

The purpose of this research is to clarify factors that increase educational effect by introducing and 

utilizing ICT based on the answers from the survey (AXIES 2016) conducted in FY 2015 and 
previous survey results to grasp the actual situation of ICT utilization education in higher education 

institutions, 

So far, four factors have been obtained, "Improvement of university’s brand power" 

"Improvement of educational method" "Educational effect" "Cost reduction" behind "the effect 
obtained" by introducing ICT (Tsuji et al. 2017a). On the other hand, it is clear that the ICT 

environment and services have a positive influence on the above four factors as the organization is 

smaller (Tsuji et al. 2017b).In this paper, we report on the relation between the presence of technical 
or educational support system and 4 factor scores extracted from obtained effect by the size of 

university. 

2. Difference of the effects of introducing ICT in presence of support system and on

the scale of university

In order to analyze the presence or absence of support system and the difference of ICT introduction 

effect on university scale, a 2 × 3 analysis of variance was performed, where the scale scores of four 
factors were dependent variables, and "presence of technical support system" and "university scale" 

(Group E with 1000 students or less, group D from 1001 to 3000, and group 3 of 3001 or more A-C 

groups Group) were used as independent variables. 
From the results (upper part of Table 1), there was a significant interaction with each scale 

score of the 2 factors of "improvement of university brand power" and "improvement of education 

method" (F (2, 175) = 4.194, p <0.05, F (2, 191) = 5.070, p <.01). As a result of the simple principal 
effect test, the simple main effect of "presence or absence of technical support system" in "university 

scale" E group in these two factors was significant (F (1,175) = 7.476, p <. 01 , F (1, 191) = 25.759, 
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p <.001).Therefore, the scales scores of institutions with technical support organizations were 
respectively significantly higher. On the other hand, the simple main effect was not significant in 

group D and group AC. 

From these results, the small scale institution that has the technical support system showed  

significantly higher scales of "improvement of university brand power" and "improvement of 
educational method."Next, we performed a 2 x 3 analysis of variance with the scale scores of the 4 

factors of ICT introduction effect as dependent variable, and "presence or absence of educational 

support system" and "university scale" as independent variables, and 4 factors. As a result, a 
significant interaction was observed at the scale score of all 4 factors (Table 1, bottom). 

Subsequently, as a result of examining the simple main effect, the scale score was significantly 

higher in the group E than in the institution not having the educational support system.  
 

From the above results, it seems that the possibility that construction of technical and educational 

support system at small schools may lead to various effects of ICT utilization. 

 
Table 1: Scale scores and variance analysis results based on presence / absence of support system 

and university scale (above: technical support, bottom: educational support). 
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Abstract: In this paper we describe the effect of using Virtual lab for electronic circuits, 

namely, DoCircuits on the circuit design and analysis skills of second year engineering 
students of Electronics and Telecommunication program. We present the results of a control 

group-experimental group study. As part of the study, the students performed two 

experiments using Virtual labs along with hardware. Experiment design guidelines given in 

the online SDVIcE too are used. This was followed by a post-test, end semester laboratory 

examination, survey and interviews. The analysis of students’ scores in the laboratory 

examination and post-test indicate an improvement in the circuit design and analysis skills 

of students. The results of the survey and interviews indicate that the students perceive that 

performing experiments using the Virtual lab helped them in conceptual understanding and 
improving their circuit design and analysis skills due to the various affordances provided by 

the Virtual lab. 

Keywords: Simulation tool, Virtual labs, circuit design, circuit analysis 

1. Introduction

In engineering education, hands-on experience is very essential for the students as one get exposure 

to design, implementation and testing. The laboratory work provides opportunities to the students 
through which they can develop these skills. The instructors can design the laboratory experiments 

with learning objectives targeting the analytical and design skills amongst the students. This paper 

discusses the details of the experiment we carried out with 142 UG engineering students for the 
course Analog Electronics. We used Virtual lab software ‘Do-circuits’ and the online guidelines 

provided by the SDVIcE tool available at http://vlabs.iitb.ac.in/vlab_tool_alpha/. It helped us in 

designing experiments. Both experiments were designed with learning objectives targeting the 
circuit analysis and design skills. The guidelines in the SDVIcE tool also helped us in designing the 

assessment questions aligned to the learning objectives. The Virtual lab software selected for the 

purpose of the experiment has all the necessary features required for the performance of the two 
experiments. After the design of the experiments all the 142 students performed these experiments 

using the Virtual lab software during the allocated times of the regular laboratory sessions in the 

semester July to November 2017. To find out the perceptions of the students regarding the 
usefulness of the Virtual lab software in the development of analysis and design skills an online 

survey was designed by the instructors who taught the laboratory course along with the educational 

technology expert. Online survey was administered to the entire batch of students.  

2. Literature Survey

In traditional teaching methods, students learn within a classroom with the help of lectures, notes or 

by using textbooks. Teachers are often encouraged to incorporate new instructional strategies such 
as active learning, showing live simulations, animations, videos, pictures etc., so that students 

participate in their own learning. Active learning is a learner-centered approach that encourages 
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student involvement in the process of learning. Rather than being passive listener, students become 
active participants [8]. In active learning teachers are not “deliverers of knowledge” but rather 

“facilitators.” Active learning environment gets support from various factors like well planning, 

enthusiastic participants, size of the crowd, effectiveness of infrastructure, information and 

communication technology (ICT) tools and many more. ICTs have been considered as the 
combination of technologies for gathering, storing, processing, collaborating and distributing 

information [2].  

Modern engineering education is undergoing significant changes, notably in the way 
engineering institutes are adopting problem-based instruction to meet the changing demands of 

engineering practice [3]. Simulation is a great example on educational games that could be applied 

in the context of e learning and has been defined as an “art and science of creating representation of 
a process or system for the purpose of experimentation and evaluation” [1]. It is the process of 

reproducing a procedure where learner can apply his knowledge on with no risk and by saving time 

and money. Virtual laboratories simulate on-screen the experiments that are traditionally performed 

in real laboratories.  
E-learning platforms present several advantages as it enhances student-centered learning; 

students become more self-sufficient while educators take on innovative roles. While face-to-face 

learning is better for ordinary discussions, contributing to an active environment, e-learning enables 
students to receive learning activities from educators at a distance, allows larger classes and it is 

easier to identify and record behaviors and errors to improve learning activities [4].  

 

3. Sample and Procedure 

 
The sample consists of 142 Second year U.G. students from Electronics and Telecommunication 

engineering (EXTC) program of the self-financed autonomous engineering college affiliated to 
University of Mumbai, India. The researchers are the instructors conducting the entire laboratory 

and theory course of analog electronics I for EXTC program. 

 

3.1 Selection of Course, Virtual lab and Experiment: 

 
Analog Electronics I is a core course for EXTC engineering program. This course covers important 

concepts in electronics engineering and is prerequisite for higher semester courses. The course 
demands clarity of concepts so that one can design and analyse electronic circuit. Instructors 

reinforce the concepts taught in the theory class with experiments in laboratory session. Due to the 

user friendly nature and different features provided by the ‘Do-circuits’, we made a decision to use it 
for the purpose of our experiment. Using ‘Do-circuits’ one can build, analyze and share Circuits on 

the web also. ‘Do-circuits’ has its own Web forum, which provides support to students and 

researchers all around the world, thus resulting in an almost unique example of simulation tool over 
the Internet. The learning objectives for the two Virtual lab experiments are: 

1) Student should be able to analyze and design voltage regulator circuit using Zener diode 

2) Student should be able to analyze BJT amplifier in Common Emitter configuration 
 

3.2 Research Design, Instruments used and Data Gathered: 

 
The research design used was control group- experimental group with performance of students in the 

end semester laboratory examination and post-test as a measure of intervention followed by survey 
questionnaire and interviews. The scores obtained by students in the end semester practical 

examination and post-test are considered as the dependent variable for our study. At the end of 

semester, survey questionnaire was administered through Google form. Students completed the 
survey individually without any bias of peer or faculty. 

The instruments used for the study are: End semester laboratory examination papers, 

posttest paper and the survey questionnaire. Data was gathered for analysis is Students’ responses to 
the four point Likert scale questions and open-ended questions in the survey questionnaire and 

interview. The data analysis techniques used in the study is the comparison of means using t-test and 

ANOVA for the quantitative data and content analysis for the qualitative data. 
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4. Results and Conclusion 

 
Independent samples t-test was carried out on the scores of students in the end semester practical 
examination. Results of the analysis are significant as p < 0.05. Analysis reveals most of the students 

agree that, the simulation helped them to design and analyse BJT amplifier and voltage regulator. 

More than 90% of the students are able to identify the type of regulation correctly from the given 
graph. Nearly 47% of the students scored more than 75% of the marks in post-test. Features of 

Virtual lab software, which students felt useful are sweep, ease of construction/connection, ease of 

plotting graph and auto variation of parameters. About 97 % of the students confirmed that Virtual 
lab experiments helped them in conceptual understanding. 

The performance of the experimental group students was better than the control group 

students. Further there was a statistically significant difference in the scores of the two groups of 
students. Simulation was also used during the lectures, which made the concepts very clear as per the 

interviewed students. The actual working of the circuit when certain parameters are changed is more 

visual and interesting for understanding the concepts. In order to get a deeper understanding of the 
perceptions of students regarding the usefulness of the simulation tool in the circuit design and 

analysis skill we conducted interviews of 20 students in groups of two or three each. Interview data 
was analyzed using the content analysis method. The results of this analysis are in-line with our 

hypothesis.  

 

5. Limitations 

 
All hardware experiments were not simulated due to time constraint of two-hour laboratory session. 

Breakup of marks for students examined for these experiments could not be separated from available 
data of practical examination marks. For the better understanding of research results obtained 

pre-test would have been additional tool. We plan to carry out a pre-post test study in the next 

semester as a future work. 
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Abstract: There has been much research that demonstrates the effectiveness of using 

ontology to support the construction of knowledge during the learning process. However, 

the widespread adoption in classrooms of such methods are impeded by the amount of time 

and effort that is required to create and maintain an ontology by a domain expert. In this 

paper, we propose a method to automatically generate a contents model by analyzing 
learning materials with the aim of supporting the construction of knowledge structures. A 

map of the keyword nodes is constructed by applying text mining techniques to find the 

important words and phrases and their relations contained within the learning materials. The 

process retains links between the nodes and the original learning materials, and it is 

therefore possible to recommend and rank sections that cover a concept contained within the 

contents model map. 

Keywords: contents model, text mining, learner knowledge 

1. Introduction

It has been well documented that learners can benefit from the use of maps to represent the key 

concepts of knowledge (Lee & Segev, 2012). However, the process of creating and maintaining 

these maps often involves a domain expert manually creating the map based on their experience and 
previous knowledge (Wang, Flanagan, Ogata, 2017). To overcome these problems, we propose a 

method that can automatically extract a simple contents model based on the structure of keywords 

that occur in digital learning materials with minimal time and effort. The proposed method will be 
integrated into the upload process of the e-book reader, BookRoll, which is a part of a Learning 

Analytics platform currently in use at Kyoto University (Flanagan & Ogata, 2017). The BookRoll 

system logs the reading behaviors of learners that are viewing learning materials on the system. By 

generating contents models of learning materials and analyzing the reading behaviors of students, it 
is anticipated that a model of the knowledge acquired by the student can be estimated. 

There are many researches into the generation and use of ontologies, concept maps, and 

mind maps in education to show and create knowledge frameworks. Association rules and other data 
mining techniques have been used to construct concept maps based on the results of test and quizzes 

to show the relation between knowledge that was tested (Hwang, 2003; Tseng, Sue, Su, Weng, Tsai, 

2007; Chen, Bai, 2010; Chen, Sue, 2013). While this technique is applicable to the structured format 
of tests, it is difficult to apply similar techniques to unstructured contents that is contained in 

e-books.

In previous work by one of the authors, a similar algorithm that is extended in the present 

paper was used to generate mind maps. In Flanagan et. al. (2013), mind maps were automatically 
constructed from a user’s twitter texts for assisting communication between two or more foreign 

language learners in mutual language exchange settings. 

Wang et al. (2014) investigated and evaluated the use of a manually constructed 
course-centered ontology to support language learning. They created a system to show and 

manipulate an ontology through a visual representation of key knowledge points. Contents models 

created by the method proposed in this paper could be manipulated and viewed using such a system 

so students can further reinforce the understanding of knowledge learnt while reading the learning 
material. 
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2. Automatic Contents Model Construction 
 

A contents model can be thought of as a graph of key points that are contained within the text 
contents of the learning material that it represents. The relation between nodes of this graph are 

expressed as a weighted edge representing the strength of the relation between two key points that 

are in the contents. 
A full representation of such relations is a co-occurrence graph of words from the contents. 

Co-occurrence boundaries may take on different forms, such as co-occurrence within: separate 

learning materials in a course, chapters, sections, pages and sentences, which we will refer to as a 

document in the remainder of this paper.  
 

 
Figure 1. An overview of the proposed contents model generation process. 

 

To reduce the complexity of the graph to the relevant key points, we search for an optimal 
spanning tree that only selects the strongest relations between nodes, as shown in the overview in 

Figure 1. This method is an extension of a method previously proposed by the authors (Flanagan et 

al., 2013).  
The proposed method has been implemented to generate contents models with minimal time 

and effort by the teacher. It is fast enough to generate the contents model as a part of the upload 

process of e-books to the BookRoll system. Integration with existing ontology-based systems for 

visualizing a students’ knowledge framework, such as the system proposed in Wang et al. (2014) 
could also be used for the implementation and evaluation of the effectiveness of contents models in 

classroom settings. 

 

3. Case Study: Elementary Informatics Lecture Contents Model 
 

In this section, we introduce a contents model that was generated by analyzing the slides from a 
presentation that were used in a lecture on Elementary Informatics. The lecture slides were written in 

Japanese and consist of 24 pages in total. The slides had been uploaded to BookRoll as a PDF file, 

and pdfminer1 was used to extract the contents text and location of 219 bounding boxes, however the 
location information was not analyzed in this paper. The extracted Japanese text was then parsed 

using MeCab2 which performs morphological analysis to separate the individual words and their 

parts-of-speech from a sentence. The text was then preprocessed to generate n-grams of length from 

uni-grams to 4-grams using only nouns, and resulted in 883 tokens that were indexed using the 
GETAssoc3 search engine.  

The contents model generated from the sample lecture slides is shown in Figure 3. During 

initial analysis, it was found that many words of low frequency were included in the contents model, 
so the number of nodes was restricted based on frequency threshold of 10 or more occurrences. It 

can be seen that the key concepts of “mutual information” and “case entropy” are captured to a 

degree. In the instance of “case entropy” the child nodes “rainy weather information” and “sunny 
weather information” are references to examples that were used to explain the concept of “case 

                                                
1 https://euske.github.io/pdfminer/ 
2 http://taku910.github.io/mecab/ 

3 http://getassoc.cs.nii.ac.jp 
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entropy”. The use of a mask based on dictionaries or thesauruses might help to narrow the selection 
of concept nodes to domain relevant concepts. 

 
Figure 3. Example contents model generated from the analysis of slides from an Elementary 

Informatics lecture. 
 

4. Conclusion 
 

In this paper, we propose the automatic generation of contents models from the analysis of uploaded 

digital learning materials to an e-book reader. The proposed method was used to construct a contents 
model of the slides from a lecture on Elementary Informatics that was taught in Japanese. 

There are some limitations of the proposed method that should be mentioned: the generation of the 

graph is dependent on the input text and therefore may create off topic nodes from examples, and the 
detail level of the output contents model requires supervision from the domain expert. In future 

work, we plan to apply the masking of concepts based on existing ontologies and thesauruses. The 

construction of the model based on the structure of existing knowledge models should also be 

investigated.  
 

Acknowledgements 
 

This research was supported by JSPS KAKENHI Grant-in-Aid for Scientific Research (S) Grant 

Number 16H06304.  

 

References 
 

Chen, S. M., & Bai, S. M. (2010). Using data mining techniques to automatically construct concept maps for 

adaptive learning systems. Expert Systems with Applications, 37(6), 4496–4503. 

Chen, S. M., & Sue, P. J. (2013). Constructing concept maps for adaptive learning systems based on data 

mining techniques. Expert Systems with Applications, 40(7), 2746–2755. 
Flanagan, B., Yin, C., Inokuchi, Y., & Hirokawa, S. (2013). Supporting interpersonal communication using 

mind maps. The Journal of Information and Systems in Education, 12(1), 13–18. 

Flanagan, B., & Ogata, H. (2017). Integration of Learning Analytics Research and Production Systems While 

Protecting Privacy, Proceedings of the 25th International Conference on Computers in Education 

(ICCE2017), 333–338. 

Hwang, G. J. (2003). A conceptual map model for developing intelligent tutoring systems. Computers & 

Education, 40(3), 217–235. 

Lee, J. H., & Segev, A. (2012). Knowledge maps for e-learning. Computers & Education, 59(2), 353–364. 

Salton, G., & McGill, M. (1983). Introduction to modern information retrieval. McGraw-Hill, New York 

(1983). 

Tseng, S. S., Sue, P. C., Su, J. M., Weng, J. F., & Tsai, W. N. (2007). A new approach for constructing the 

concept map. Computers & Education, 49(3), 691–707. 
Wang, J., Mendori, T., & Xiong, J. (2014). A language learning support system using course-centered 

ontology and its evaluation. Computers & Education, 78, 278–293. 

Wang, J., Flanagan, B., & Ogata, H. (2017). Semi-automatic construction of ontology based on data mining 

technique. In 2017 6th IIAI International Congress on Advanced Applied Informatics (IIAI-AAI) (pp. 

511–515). IEEE. 

p.13, 14
p.19, 20

information

self-entropy

case entropy

sunny weather
information

mutual information

positive entropy

negative entropy

rainy weather
information

p.12, 15p.11 p.9, 10, 18

p.16

Key Points

Learning Material

806



 

 
A 
ABDULLAH, Zaleha  784 
ADVANI, Varun K  181 
AGAPITO, Jenilyn  589, 619 
AGRAWAL, Harshit  143 
AKÇAPINAR, Gökhan  310, 346, 406, 669, 804 
ALBURO, Junlyn Bryan  205 
ANDRES, Juliana Ma. Alexandra  29 
 
B 
BADAR, Faisal  440 
BAGHAEI, Nilufar  518 
BAKER, Ryan  21, 29, 71 
BALAHADIA, Francis  458, 595 
BALELA, Oliver  458 
BANAWAN, Michelle  98 
BANERJEE, Gargi  715 
BANSHO, Tomoya  343 
BASU, Satabdi  153 
BHAGAT, Kaushal Kumar  337 
BIAN, Cun-Ling  83 
BISWAS, Gautam  153, 276 
BOQUIREN, Alain Andrew  631 
BOTELHO, Anthony  29 
BOTIČKI, Ivica  470 
BRINGULA, Rex  657 
BUITRAGO, Juanita  637 
 
C 
CAI, Su  434 
CARREON, Mario  631 
CASANO, Jonathan  589 
CASEY, John  518 
CHAI, Ching-sing  364 
CHANDRASEKHARAN, Sanjay  143 
CHANG, Chun-Yen  337 
CHANG, Sung-Bin  696 
CHAVAN, Pankaj  464 
CHEN, Chien-Ming  601 
CHEN, Gwo-Dong  228 
CHEN, Jing  521 
CHEN, Ling  749 
CHEN, Meng-yuan  364 
CHEN, Ming-Puu  563 
CHEN, Peng  211, 476 
CHEN, Victor Der-Thanq  767 
CHEN, Wenli  428 
CHEN, Zhenzhen  681 



 

CHEN, Zhi-Hong  634 
CHENG, Chia-Hui  337 
CHENG, Lu  434 
CHENG, Qianqian  681 
CHENG, Ying-Hsueh  687, 690 
CHHABLANI, Chirag  446 
CHO, Young Hoan  506 
CHU, Eric  637 
CONLIN, Luke  153 
COSYN, Eric  11 
 
D 
DANDO, Marjory Faye  595 
DASGUPTA, Chandan  175 
DE GUZMAN, Princess Karen  595 
DE JESUS, Christine Rachel  205 
DELİALİOĞLU, Ömer  422, 647 
DIMAUNAHAN, Ryan Samuel  553, 607 
DIWAKAR, Anita  801 
DIY, Walfrido David  589 
DOBERSTEIN, Dorian  247 
 
E 
EBARDO, Ryan  778 
ELMQVIST, Carina  298 
EMARA, Mona  153, 276 
ENOMOTO, Hiroyoshi  104 
ESPULGAR, Candy Joyce  607, 613 
EUDE, Thierry  340 
 
F 
FABIC, Geela Venise Firmalo  65 
FAN, Cheng-Yu  228 
FANG, Siyuan  107 
FENG, Chia-Yen  563 
FIGUEROA, Kathleen Gay  631 
FLANAGAN, Brendan  310, 346, 406, 669, 675, 804 
FORSGÄRDE, Elin-Sofie  298 
FRATAMICO, Lauren  637 
FUKUI, Masanori  343 
 
G 
GAO, Xuemin  749 
GAWADE, Amey  801 
GILIG, Luisa Katherine  205 
GONG, Lingling  214 
GONZALES, Kiel  631 
GOTTIPATI, Swapna  220, 446 
GOWDA, Sujith  21 
GROVER, Shuchi  153 
GU, Xiaoqing  521 



 

GUPTA, Shreya  464 
 
H 
HAGIKURA, Jo  343 
HALIM, Ilona  518 
HARITMAN, Erik  512 
HASEGAWA, Shinobu  512 
HASNINE, Mohammad Nehal  530, 669 
HAYASHI, Yuki  77, 110, 304, 377 
HAYASHI, Yusuke  49, 104, 133, 328 
HE, Sujin  397 
HECKING, Tobias  247 
HERAULT, Romain C.  298 
HERSHMAN, Anneli  637 
HIRAOKA, Naoshi  452 
HIRASHIMA, Tsukasa  49, 104, 133, 322, 328, 343 
HONDA, Toshio  328 
HONG, Huang-Yao  217 
HOPPE, H. Ulrich  247, 543, 725 
HORIKOSHI, Izumi  352 
HOW, Meng-Leong  397, 735 
HSIAO, I-Han  257 
HUANG, Ronghuai  211 
HUANG, Shu-Hsien  601 
HUANG, Yu-Ling  228 
HUH, Sun Young  506 
HUTCHINS, Nicole  153 
 
I 
INABA, Rieko  799 
INAZAWA, Keisuke  358 
ISMAIL, Zaleha  187 
ITOH, Yukihiro  292, 355, 761 
IYER, Sridhar  755 
 
J 
JADHAV, Ruchira  801 
JANSEN, Marc  500 
JI, Seohyeon  488 
JIA, Jiyou  681 
JIANG, Bo  89 
JO, Gyu Tae  506 
JONG, Morris Siu-yung  364 
JUNUS, Kasiyah  133, 772 
 
K 
KACEM, Ahmed Hadj  266 
KALBOUSSI, Anis  266 
KALLAS, Külli  387 
KARNAM, DurgaPrasad  143 
KARUMBAIAH, Shamya  29 



 

KASHIHARA, Akihiro  358 
KATO, Takeshi  675 
KAUR, Navneet  175 
KHAMBARI, Mas Nida Md.  625 
KHAN, Khalid  440 
KHWAJA, Ulfa  755 
KILINÇ, Nergiz  422 
KITA, Toshihiro  452 
KOGURE, Satoru  292, 355, 761 
KOH, Elizabeth  39, 181, 706 
KOHEN-VACS, Dan  316 
KOJIRI, Tomoko  693 
KOMATSU, Satoru  482 
KONDO, Makoto  292 
KONG, Siu Cheung  743 
KONISHI, Tatsuhiro  292, 355, 761 
KOVAČEVIĆ, Petar  470 
KU, Oskar  696 
KURODA, Masakatsu  343 
 
L 
LABRUM, Matthew  71 
LEE, Alwyn Vwen Yen  199 
LEE, Chia-Ying  228 
LEE, Hyeran  488 
LEE, Jihyang  488 
LEK, Hsiang Hui  39 
LI, Huiyong  406 
LI, Junyi  71 
LI, Lingyu  367 
LIANG, Jen-Kai  696 
LIAO, Yuan  416 
LIN, Chiu-Pin  217 
LIN, Chang-Hsin  601 
LIN, Jeff Rongsheng  220 
LIN, Pei-Yi  217 
LIN, Xu  681 
LIN, Yiling  257 
LINCKE, Alisa  298 
LIOU, Wei-Kai  337 
LIU, Chu  416 
LIU, Liu  735 
LIU, Mengrong  476 
LIU, Yi Chun  687, 690 
LIU, Yuxuan  476 
LOOI, Chee-Kit  397, 428, 735 
LOPEZ, Dobrila  163 
LU, Wei-Gang  83 
LÜBBERS, Tanja  500 
LUCKIN, Rose  657, 663 
 



 

M 
MADRIGAL, Luis  553, 613 
MAEDA, Keisuke  49, 328 
MAGPANTAY, Michelle  458 
MAHAJAN, Swati  801 
MAJUMDAR, Rwitajit  310, 406, 804 
MAKINI, Sneha  637 
MAMAD, Norwani  784 
MANSKE, Sven  543 
MARONILLA, Paul Julian  458 
MASON, Jon  440 
MATSUI, Tatsunori  107 
MAZHOUD, Omar  266 
McELHANEY, Kevin  153 
MENDOZA, Melvin Luis  589 
MIAO, Yongwu  725 
MILRAD, Marcelo  298, 316 
MISHRA, Shitanshu  715 
MITRA, Ritayan  464 
MITROVIC, Antonija  65 
MIYANISHI, Yuyako  361 
MIYOSHI, Yasuo  482, 524 
MOHAMAD SAID, Mohd Nihra Haruzuan  187 
MOHAMED ARIFFIN, Noriff Elyn  706 
MORI, Natsumi  77 
MORI, Yuichiro  482, 524 
MORITA, Yusuke  349, 361 
MORIYAMA, Jun  343 
MORRISON, Renee  169 
MOURI, Kousuke  367, 527, 530, 669 
MUNSHI, Anabil  276 
MUROYA, Daiki  110 
MUSTAFFA, Najihah  187 
 
N 
NAGAHAMA, Toru  361 
NAGAOKA, Chikako  452 
NAKAHARA, Toshiaki  292 
NAKANO, Hiroshi  452 
NAZARE, Juliana  637 
NESHATIAN, Kourosh  65 
NGEZE, Lucian Vumilia  755 
NIU, Xiaojie  434 
NOGUCHI, Yasuhiro  292, 355, 761 
NORIKO, Uosaki  530 
NTIRANDEKURA, Mélissa Clarisse  340 
 
O 
OBEDOZA, Jarl Brent  607, 613 
OCUMPAUGH, Jaclyn  29, 71, 657, 663 
OGATA, Hiroaki  310, 346, 367, 406, 527, 530, 669, 804 



 

OGINO, Ryo  304 
OH, Jeong-Eun  488 
OH, Lih-Bin  573 
OKAMOTO, Ryo  482, 524 
OKAZAKI, Yasuhisa  334 
OLATUNJI, Ibukun  657, 663 
ONG, Dionne Tiffany  205 
ONG, Ethel  205 
ONO, Yuichi  675 
ÖZKÖSE BIYIK, Çağrı  647 
 
P 
PAILAI, Jaruwat  133 
PAREDES, Yancy Vance  257 
PATEL, Kartik  801 
PEDASTE, Margus  387 
PIVALICA, Danica  470 
PORAYSKA-POMSTA, Kaśka  657, 663 
 
Q 
QIAN, Dong-Ming  416, 793, 796 
QUILAB, Francis Miguel  631 
 
R 
RAJENDRAN, Ramkumar  276 
RAMASWAMI, Sheshan  446 
REN, Youqun  416 
RODRIGO, Ma. Mercedes  1, 59, 98, 101, 113, 123, 193, 286, 589, 619, 657, 663 
ROH, Seak-Zoon  488 
ROMBLON, Neil  553, 613 
ROY, Deb  637 
 
S 
SACE, Jazmine Veneth  607, 613 
SADITA, Lia  133 
SADURAL, Samantha Jade  631 
SALAMIN, Eyad  21 
SAMACO, Japheth Duane  589 
SANTOS, John Michael  589 
SANTOSO, Harry Budi  133 
SASAKI, Yuji  343 
SEOW, Peter  470 
SETA, Kazuhisa  77, 110, 304, 377 
SETOZAKI, Norio  349 
SHANG, Junjie  533, 583 
SHANKARARAMAN, Venky  220, 446 
SHIH, Ju-Ling  601 
SHIMADA, Atsushi  530 
SHUKOR, Nurbiha A  784 
SI, Maynard  553, 613 
SINGH, Shyam  706 



 

SISON, Noel Nicanor II  631 
SISON, Raymund  553, 607, 613 
SLATER, Stefan  71 
SO, Hyo-Jeong  488 
SOLTANGHEIS, Mina  637 
SOMANTRI, Yoyo  512 
SONGÜL, Behice Ceyda  647 
SPIEGEL, Alejandro  316 
STANGER, Nigel  237 
SUGAY, Celine  631 
SUMI, Kaoru  95 
SUNG, Shannon  790 
SURESH, Dhivya  39, 181 
SUZUKI, Katsuaki  452 
SVENSSON, Anders  298 
SYSOEV, Ivan  637 
 
T 
TABANAO, Emily  101 
TABLATIN, Christine Lourrine  286 
TAGUCHI, Mana  799 
TAKAHIRA, Mieko  799 
TALANDRON, May Marie  59 
TAMPOS, Evander  595 
TAMURA, Yasuhisa  352 
TAN, Janelle  631 
TAN, Jennifer Pei-Ling  181, 706 
TAN, Seng Chee  199 
TANAKA, Takafumi  530 
TASIR, Zaidatun  187 
TAWATSUJI, Yoshimasa  107 
TAY, Siu Hua  706 
TEE, Yi-Huan  181 
TEO, Ee Zi  706 
TEZUKA, Daiki  761 
TIAM-LEE, Thomas James  95 
TIAN, Yang  211 
TOMINAGA, Yuya  349 
TONG, Ming-wen  364 
TRAPERO, Hazel  494 
TSENG, Chia-Chun  601 
TSUJI, Yasuhiko  799 
 
U 
UNO, Tatsuro  107 
UOSAKI, Noriko  367, 527, 669 
 
V 
VIDAL, Eric Cesar Jr 589 
VILLAMOR, Maureen  113, 123, 193 
 



 

W 
WAHYUDIN, Didin  512 
WANG, Axi  749 
WANG, Dan  749 
WANG, De-Liang  83 
WANG, Jui-Yi  228 
WANG, Xiaochen  476 
WANG, Xing-Juan  796 
WARRIEM, Jayakrishnan  715 
WERNEBURG, Sören  543 
WU, Jing  767 
WU, Longkai  397, 735 
WU, Michael  696 
WUNNASRI, Warunya  133 
 
X 
XIANG, Li  725 
XU, Xianlong  521 
XU, Xueying  434 
 
Y 
YAMADA, Takushi  693 
YAMAMOTO, Sho  322 
YAMANAKA, Akira  49 
YAMASHITA, Koichi  355, 761 
YAMAZAKI, Ayumi  377 
YANG, Christopher Ching-Yuan  346 
YANG, Fang-Ying  337 
YANG, Ting-Wei  634 
YANG, Yuan Yuan  406 
YE, Yun  89, 355 
YIN, Chengjiu  367, 527, 530 
YOSHIDA, Kan  49 
YOSHIKAWA, Atsushi  334 
YU, Fu-Yun  790 
YU, Shengquan  749 
YUAN, Mingze  583 
 
Z 
ZAQOOT, Wisam  573 
ZENG, Jialing  533 
ZHANG, Haifeng  89 
ZHANG, Si  428 
ZHANG, Ya  83 
ZHANG, Yan  337 
ZHANG, Yihan  476 
ZHAO, Yi-Yang  793 
ZHOU, Wei  211 
ZHOU, Zhixun  521 
 



Elena P. Tan
Foundation

Hosted by: Organized by:

Sponsored by:


	Cover_MCP
	ICCE-Main-Proceedings-Front Matter_v3
	Main Proceedings - Papers v2
	C1 Binder1
	C1 - 01 - Paper 12
	C1 - 02 - Paper 24
	C1 - 03 - Paper 30
	C1 - 04 - Paper 36
	C1 - 05 - Paper 139
	C1 - 06 - Paper 197
	Structure-mapping Support for Learning by Analogy with Kit-Build Concept Map
	1. Introduction
	2. Kit-Build Concept Map
	2.1 The Goal Map and the Kit
	2.2 Learner Map
	2.3 Diagnosis and Feedback
	2.4 KBmap System

	3. Structural Mapping in KBmap
	3.1 Structural Mapping in Analogy
	3.2 Structural Mapping in KBmap
	3.3 Structural Mapping Mode of KBmap System

	4. Experimental Use of Structural Mapping Mode of KBmap system in Classroom
	4.1 Participants
	4.2 The Purpose of the Experimental Use
	4.3 The flow of the Experimental Use
	4.4 Analysis Results and Discussion
	Consideration of Hypothesis A
	Consideration of Hypothesis B1
	Consideration of Hypothesis B2
	Consideration of Hypothesis B3
	Consideration of Hypothesis B4

	4.5 Summary of the Experimental Results

	5. Conclusion
	References


	C1 - 07 - Paper 11
	C1 - 08 - Paper 61
	C1 - 09 - Paper 93
	C1 - 10 - Paper 131
	C1 - 11 - Paper 173
	1. Introduction
	2. Methodology
	2.1 Corpora
	2.2 Academic Emotion Inference Algorithms
	2.3 Training Models

	3. Preliminary Results
	4. Conclusions and Future Work
	Acknowledgment
	References

	C1 - 12 - Paper 211
	C1 - 13 - Paper 17
	C1 - 14 - Paper 67
	C1 - 15 - Paper 88
	C1 - 16 - Paper 113
	C1 - 17 - Paper 124
	C1 - 18 - Paper 133

	C2 Binder1
	C2 - 01 - final paper_9 (1) (1)
	Gaze Collaboration Patterns of Successful and Unsuccessful Programming Pairs
	1. Introduction
	2. Gaze Cross-Recurrence Plot
	3. Methods
	4. Results and Discussion
	4.1 Differences in CRQA Results and CRPs
	4.2 Differences using other eye tracking metrics

	5. Implications
	6. Summary, Conclusion, Limitation, and Future Work
	References


	C2 - 02 - final paper_14 (1)
	C2 - 03 - FINAL paper_136_ED1_LS
	C2 - 04 - paper_182 ED1 FINAL
	‘Touchy-Feely Vectors’ changes students’ understanding and modes of reasoning
	1. Introduction
	1.1 Nature of students' existing reasoning using vectors
	1.2 Limitations of the paper-based medium

	2. Touchy-Feely vectors (TFV) - an enactive system to learn Vectors
	3. Case Study
	3.1 Case-1 (S2)
	3.2 Case-2 (S5)

	4. Discussion and Conclusions
	References


	C2 - 05 - paper_204 ED1 FINAL
	2.1 Learning by Modeling as a Framework for Synergistic Learning
	2.2 Collaborative Problem-Solving
	3.1 Curriculum Development
	3.2 System Design and Implementation
	4.1 Participants and Procedure
	4.2 Data Sources and Analysis Plans
	5.1 Do students that work collaboratively on a learning-by-modeling, STEM and CT task improve in their understanding of the relevant STEM domain?
	5.2 Case Study: Collaboration
	6.1 What is the framework needed to support students in learning STEM concepts and practices through collaborative, computational model building?
	6.2 What components of the learning-by-modeling approach provide synergistic STEM and CT learning opportunities?

	C2 - 06 - final paper_58
	C2 - 07 - FINAL paper_83_ED1 Morrison 6 pages October 30
	C2 - 08 - FINAL paper_121_final
	C2 - 09 - FINAL paper_144_ED1
	C2 - 10 - paper_168 ED3 FINAL
	The Effect of Integrating Algebraic Thinking in Problem-Based Learning via Virtual Environment among Secondary School Students
	1. Introduction
	2. Problem Statement
	3. Research Questions
	4. Conceptual Framework
	5. Methodology
	5.1 Sampling
	6. Findings and Discussion
	6.1 Difference in Algebraic Thinking in Students before and After Being Taught Using the Conventional Approach (CA)
	Table 3
	6.2 Difference in Algebraic Thinking in Students before and After Being Taught Using the Integration of Algebraic Thinking (AT)
	6.3 Difference in Algebraic Thinking in Students Before and After Being Taught Using the Problem-Based Learning (PBL) Approach with the Integration of Algebraic Thinking (ATPBL)
	6.4 Difference in Algebraic Thinking in Students Taught Using the Integration of Algebraic Thinking (AT) Compared to the Problem-Based Learning (PBL) Approach with the Integration of Algebraic Thinking (ATPBL)
	7. Conclusion
	References


	C2 - 11 - paper_170 ED1 FINAL
	Characterizing Individual Gaze Patterns of Pair Programming Participants
	1. Introduction
	2. Novices vs. Experts on Program Comprehension and Debugging
	3. Methods
	3.1 Participants, Structure of the Study, Data Cleaning and Statistical Treatment
	3.2 Eye Tracking Metrics

	4. Results and Discussion
	5. Summary, Implication, and Future Work
	References


	C2 - 12 - paper_172 ED1 FINAL
	Strategies for Idea Improvement using an Idea-Centric Discourse Analysis
	1. Introduction and Background
	2. Methods
	2.1 Idea Identification and Analysis (I2A)
	2.2 Knowledge Forum

	3. Datasets and Settings
	4. Findings and Discussion
	4.1 Results from analysis of ideas and mechanisms in Knowledge Forum
	4.2 Using findings to strategize the use of scaffolds and aid idea improvement processes

	5. Conclusions
	Acknowledgements
	References


	C2 - 13 - paper_193 ED1 FINAL
	A Dialogue Model for Collaborative Storytelling with Children
	1. Introduction
	2. Dialogue Model
	2.1 Dialogue Moves
	2.2 User Validation

	3. Response Generation
	4. Further Work
	References


	C2 - 14 - final paper_37
	C2 - 15 - paper_171 ED1 FINAL
	References

	C2 - 16 - paper_174 ED2 FINAL
	1. Introduction
	2. Method
	3.1 Relationships among CTBs, TIK, and KBEs
	3.2 Demographical factors that affect TIK



	C3 Binder1
	C3 - 01 - final paper_47
	C3 - 02 - final paper_52
	C3 - 03 - final paper_60
	C3 - 04 - final paper_66 (1)
	C3 - 05 - FINAL paper_77
	C3 - 06 - paper_154 ED1 FINAL
	Learner’s Annotative Activity as a Data Source of Personalized Web Services Recommendation
	1. Introduction
	2. Related Work
	3. Annotation-based Recommender System
	3.1  The Annotation Module
	3.2 Web Service Discovery Module
	3.3 The Profile Constructor Module
	3.4 The Recommendation Module

	4. Evaluation
	4.1 Evaluation of the Web Service Discovery Module
	4.2 Evaluation of the Profile Constructor Module

	5. Conclusion and Futures Works
	Acknowledgements
	References


	C3 - 07 - paper_201 ED1 FINAL 2
	A Temporal Model of Learner Behaviors in OELEs using Process Mining
	1. Introduction
	2. Background and Literature Review
	3. Learning Environment: Betty’s Brain
	4. Method
	4.1 Study Design
	4.2 Data Preprocessing and Process Mining Analysis

	5. Results
	6. Discussion and Conclusion
	Acknowledgments
	This research work was supported by NSF ECR Award #1561676.
	References


	C3 - 08 - final paper_48
	C3 - 09 - FINAL paper_90_ED2
	C3 - 10 - FINAL paper_98_ED1_6pages
	C3 - 11 - FINAL paper_117_ED1_YH
	C3 - 12 - paper_156 ED1 FINAL
	Investigating Students’ e-Book Reading Patterns with Markov Chains
	1. Introduction
	1.1 BookRoll System
	1.2 Student Behavior Analysis

	2. Method
	2.1 Data Collection and Feature Extraction
	2.2 Clustering
	2.3 Markov Chains Analysis

	3. Results
	3.1 Cluster Analysis
	3.2 Markov Chains Analysis Results

	4. Conclusion
	Acknowledgements
	References


	C3 - 13 - paper_159 ED1 FINAL 2 (1)
	1. Introduction
	References

	C3 - 14 - paper_169 ED1 FINAL
	A Learning Environment Case Study: Posing One-step Multiplication and Division Word Problems to Learners with Reading Disabilities
	1. Introduction
	2. One-step Multiplication and Division Word Problems and the Learning Environment
	2.1 The Structure of a One-step Multiplication and Division Word Problem
	2.2 “MONSAKUN Touch3:” The Learning Environment for Posing One-Step Multiplication and division Word Problems

	3. Related Research
	4. Experimental Use
	4.1 Subjects
	4.2 Drawing Test
	4.3 Procedure
	4.4 Results
	4.5 Discussion

	5. Conclusions
	Acknowledgements
	References


	C3 - 15 - paper_198 ED FINAL
	Sectional Review Recommendations  based on Learner's Comprehension in Video-based Learning
	1. Introduction
	2. Sectional Review Recommendation in the Kit-Build Concept Map System
	2.1 Kit-Build Concept Map
	2.2 Annotating a Video with a Goal Map
	2.3 A video-based learning environment with Kit-build concept map

	3. Practical Use of Sectional Review Recommendations in Video-lectures with KBmaps
	4. Conclusion
	References


	C3 - 16 - final paper_20
	C3 - 17 - final paper_26
	C3 - 18 - final paper_29 ver2
	C3 - 19 - final paper_44
	C3 - 20 - final paper_70
	C3 - 21 - FINAL paper_81_ED1_setozaki_modified
	C3 - 22 - FINAL paper_111_ED1 (revision)
	C3 - 23 - FINAL paper_123_ED2
	C3 - 24 - FINAL paper_125_inazawa
	C3 - 25 - FINAL paper_127_ED1(morita)
	C3 - 26 - paper_191 ED1 FINAL 2
	1. Introduction
	2. Literature Review
	3. RBF Neural Network Prediction Model
	3.1 General Method for Designing a Learning Prediction Model

	Figure1. The general design method of a learning prediction model
	This method is simple and quick, but its accuracy and reliability are not as high as it needs to be tested by experiments. If the experiment shows that the accuracy of the prediction is not ideal, then the impact factor should be selected again, or ch...
	3.2 Prediction Model Based on Association Rules
	This paper proposes a prediction model which is based on association rules. Figure 2 shows the design method of the proposed prediction model. The model presented in this study is different from the traditional ones. After selecting the related items ...

	Figure2.  Design method of the proposed prediction model based on association rules
	Figure3. Prediction model based on association rules
	3 Conclusion and Future Work



	C4 Binder1
	C4 - 01 - FINAL paper_92_ED1-2
	C4 - 02 - FINAL paper_114_ED1_YH
	C4 - 03 - FINAL paper_140_ED1
	C4 - 04 - paper_178 ED1 FINAL
	1. Introduction
	2. Overview of SMILE-enabled Lessons
	3. Methods
	3.1 Participants
	3.2 Research Instrument and Structural Equation Model

	4. Results
	4.1 Learning Performances
	4.2 Measurement Model: Validity and Reliability
	4.3 Questioning Tendencies

	5. Discussion and Conclusion
	Acknowledgements
	References

	C4 - 05 - paper_200 ED1 FINAL 3
	GOAL: Supporting Learner’s  Development of Self-Direction Skills using Health and Learning Data
	1. Introduction
	2. Background and related works
	2.1 Self-Direction Skill
	2.2 Quantified-Self and Learning Analytics
	2.3 Related works

	3. DAPER model of Self-Direction skill execution and acquisition
	A. Data Collection
	B. Analysis
	C. Planning
	D. Execution monitoring
	E. Reflection

	4. GOAL system
	4.1 Architecture
	4.2 iOS Mobile Application
	4.3 User Consent and Agreement for Data Collection

	5. Pilot Study
	5.1 Research Questions
	5.2 Methods
	5.3 Results
	5.4 Discussion

	6. Conclusion and Future work
	6.1 Contribution
	6.2 Future work

	Acknowledgements
	References


	C4 - 06 - final paper_7
	C4 - 07 - final paper_23_
	C4 - 08 - paper_25
	C4 - 09 - final paper_53
	C4 - 10 - final paper_59
	C4 - 11 - final paper_62 .docx
	C4 - 12 - final paper_64
	C4 - 13 - FINAL paper_84 AgriculturalDamageSimulation-Revised2
	C4 - 14 - FINAL paper_108_edits
	C4 - 15 - FINAL paper_138_ED1_ib
	C4 - 16 - FINAL paper_147_ED1-20181024
	C4 - 17 - paper_160 ED1 FINAL
	Lecturer’s Silhouette Display System for Distance Education Using Screen Sharing between Interactive Whiteboards
	1. Introduction
	2. Problem in Distance Education Using Interactive whiteboard
	3. Lecturer’s Silhouette Display System
	3.1 Our Approach and Prototype System Using Kinect Sensor
	3.2 Related Works

	4. Experiment
	4.1 Students’ Eye-Gaze Analysis at Lecture without Telepresence System
	4.2 Students’ Eye-Gaze Analysis at Lecture with Telepresence System
	4.3 Results and Discussion

	5. Conclusion
	Acknowledgements
	References


	C4 - 18 - paper_163 ED1 FINAL
	Adult Learners’ Perspectives about Microlearning: Implications on the Design of Bite-Sized Content
	1. Introduction
	2. Method
	2.1 Research Context
	2.2 Survey
	2.3 Focus Group Interview

	3. Results
	3.1 Survey
	3.2 Focus Group Interview
	3.2.1 Demand for the Currentness in Bite-sized Content
	3.2.2 Coupling Microlearning and e-learning Content

	4. Discussion and Conclusion
	Acknowledgement
	References


	C4 - 19 - paper_177 ED1 FINAL
	Augmented Reality in Innovating Pedagogy: Ethical Issues on Persuasive Technologies
	1. Introduction
	2. Review of Related Literature
	2.1 Augmented Reality (AR) as Persuasive Technology
	2.2 AR in Education

	3. Theoretical Framework
	4. Methods of Data Collection and Analysis
	5. Results and Findings
	5.1 Analysis of the Ethical Issue
	5.2 Ethical Assessment and Approaches
	Normative ethics is one of the subsets of philosophy which involves moral standards that regulates right and wrong conduct and addresses concerns on how one should act (Hoover & Pepper, 2015). This is believed to be the best ground of ethical assessme...
	5.2.1 Utilitarianism
	In utilitarianism, utilitarians believe on the idea that the intention of morality is making one’s life better through increasing the quantity of good things, such as pleasure and happiness, and decreasing the bad things like pain and unhappiness (Int...
	5.2.2 Deontology

	6. Conclusion
	7. Limitations and Future Research
	Acknowledgement
	References


	C4 - 20 - paper_184 ED1 FINAL
	Application of Microcontrollers for Fostering Computational Thinking by Using the Calliope System in School
	1. Introduction
	2. State of the Art
	3. Theoretical Background
	4. Scenario Description
	5. Evaluation
	5.1. Evaluation Strategy
	5.2. Results

	6. Outlook and future work
	References


	C4 - 21 - paper_190 ED1 FINAL
	Influence of Individual Differences on Learning with Digital Textbooks
	1. Introduction
	2. Individual Differences in Digital Learning
	3. Methods
	3.1 Participants
	3.2 Procedure
	3.3 Data Collection and Analysis

	4. Results
	4.1 Descriptive Statistics and Correlation Analysis
	4.2. Influences of Individual Differences on Situational Interest and Cognitive Engagement
	4.3. Influences of Individual differences, Situational Interest, and Cognitive Engagement on Perceived Learning Outcomes

	5. Discussion
	References


	C4 - 22 - paper_192 ED1 FINAL
	Students’ perspective of Social Media Role in Technical and Vocational Education and Training (TVET)
	1. Introduction
	2. Method
	2.1 Research Questions and Significance
	2.2 Participants
	2.3 Materials
	Demographic data
	It was to collect the required necessary information of participants including age, gender, and smartphone ownership.
	Participants’ behaviour in using smartphone and Internet
	It was to gather the participants’ behavour using smartphone and Internet including the most use of the smartphone of social media to communicate with relatives, how many internet quotas spent in a month, and what is social media platform and how many...
	Participants’ perspective on the role of social media in TVET
	This set of simple open-ended questions was to collect participants experience using social media in education. They asked to give an outlook whether social media can be used in TVET or no, the opinion of kind social media appropriated to be used as l...

	3. Findings
	3.1 Demographic data
	3.2 Smartphone and Internet use
	3.3 Social media role in TVET

	4. Discussion
	This survey aims to examine the students’ perspective with regards to the role of social media in TVET by measured the participants’ social media experiences, opinions and thoughts regarding educational purposes. The learning option placed in the thir...
	For popular social media application, it is a bit different from the data of most popular social media in Indonesia released by some survey agencies. As of April 2017, the first rank of popular social networks is Facebook followed by Instagram in the ...
	Related to the internet quota spent for a month, it is common that most of the participants selected option “2-5 GB”. This scheme of internet quota provided by the cellular operator in a basic reasonable price. A cellular operator dominates in this se...
	The last analysis regarding the feature of social media suitable for learning in TVET. Among participants of TVHS-A and TVHS-B have a similar opinion. For TVET, besides social media can provide a way of discussion, the feature of video sharing is also...
	Acknowledgements
	References


	C4 - 23 - final paper_39
	C4 - 24 - final paper_56.docx
	C4 - 25 - FINAL paper_135_ED1
	C4 - 26 - paper_153 ED1 FINAL
	How We Can Support International Students’ Job Hunting in Japan Seamlessly
	1. Introduction
	2. Questionnaire Survey
	3. SCROLL
	3.1 E-book System
	3.2 Past SCROLL Career Support System

	4. New SCROLL Career Support System
	Acknowledgements
	References


	C4 - 27 - paper_183 ED1 FINAL 2
	Seamless Learning Infrastructure for Finding Relationships Between Lectures and Practical Training
	1. Introduction
	2. Overview of our seamless learning analytics
	3. Conclusion and Future Work
	Acknowledgements
	References



	C5 Binder1
	C5 - 01 - final paper_68
	C5 - 02 - FINAL paper_104_ED1_SW-3
	C5 - 03 - FINAL paper_129_ED2
	C5 - 04 - paper_167 ED1 FINAL 2
	1. Introduction
	2. Review of related studies
	2.1 Experienced learning
	2.2 Cognitive Styles
	2.3 Guidance strategies
	2.3.1 Question guidance
	2.3.2 Completion problem- guidance
	3. Methods
	3.1 Participants
	3.2 Framework of research design
	3.3 Procedures
	3.4 Instructional design
	3.5 Instruments
	3.5.1 Test on the Learning Effectiveness of Programming Design
	3.5.2 Project grading rubrics
	3.5.3 Learning attitude scale

	4. Results
	4.1 Influence of cognitive styles and guidance strategies on programming performance
	4.2 Influence of cognitive styles and guidance strategies on learning attitude

	Table 5 shows that the average score of “question-guidance” learners is higher than their “completion problem-guidance” counterparts in terms of the learning motivation and satisfaction under programming learning attitude. However, a variance analysis...
	Table 6 reflects a prominent difference in learning benefits in relation to guidance strategies (F (1,102) =4.82, p<. 05), as post hoc comparison finds that the benefit of learning programming design for the “completion problem-guidance” group (M=3.75...
	5. Conclusions

	This study summarizes research results and concludes that (1) in respect of the learning effectiveness of programming design, the FI group is more effective than the FD group in applying the acquired program during project work, and the completion pro...
	Table 5
	Group means of game design learning attitude
	6. Limitations and future research
	References


	C5 - 05 - paper_196 ED1 FINAL
	Teaching Design Thinking Using Online Whiteboarding in a Graduate-level Digital Innovation Course
	1. Introduction
	1.1 Design Thinking in Education
	1.2 Design Thinking and Online Whiteboarding (OWB)

	2. Research Method
	2.1 Research Context
	2.2 Data Collection

	3. Data Analysis and Results
	4. Discussion and Future Research
	Acknowledgements
	References


	C5 - 06 - final paper_69
	C5 - 07 - final paper_72 (1)
	C5 - 08 - FINAL paper_79_Revised-10-30
	C5 - 09 - FINAL paper_95_ED1_revised version
	C5 - 10 - FINAL paper_126_ED1 (Revised)
	C5 - 11 - FINAL paper_146_ED1 (Revised)
	C5 - 12 - paper_175 ED2 FINAL
	Identifying Meaningful Gamification-Based Elements Beneficial to Novice Programmers
	1. Introduction
	1.1 Gamification in Education
	1.2 Meaningful Gamification

	2. Research Objective
	3. Methods
	3.1 Participants
	3.2 Testing Methods
	3.2.1 Variables for Analysis

	4. Results and Discussion
	4.1 School A - Experimental
	4.2 School B - Experimental
	4.3 Summary

	5. Conclusion and Future Works
	Acknowledgements
	References


	C5 - 13 - paper_179 ED1 FINAL
	Blending Gamification and Augmented Reality in XploreRAFE+ Module: Intriguing Excitement and Promoting Collaborative Learning among Learners in Higher Education
	1. Introduction
	2. Study Background
	3. Research Questions
	4. Methodology
	5. Data Analysis & Findings
	6. Conclusion
	References


	C5 - 14 - FINAL paper_122_ED1
	C5 - 15 - paper_176 ED1 FINAL
	Experiencing the Journey of Confucius and Learning in a Virtual Reality-based Game
	1. Introduction
	2. System Development
	References



	C6 Binder1
	C6 - 01 - final paper 6
	C6 - 02 - FINAL paper_74_ED1 (1) (1)
	C6 - 03 - final paper_28 (2)
	C6 - 04 - final paper_63
	C6 - 05 - paper_180 ED1 FINAL
	Image Recommendation for Informal Vocabulary Learning in a Context-aware Learning Environment
	1. Introduction
	2. Literature Review
	3. The Framework
	3.1 SCROLL: A Context-aware Learning Environment
	3.2 ULLs Analysis & Problem Identification
	3.3 The Proposed Solution: Feature-based Context-Specific Image Recommendation System
	3.3.1 Model for Ubiquitous Learning Logs Analysis
	3.3.2 Word-bank Formation
	3.3.3 Contextual and Non-Contextual Image Feature Analysis Techniques
	3.3.4 Algorithmic Steps

	4. Discussion and Future Directions
	Acknowledgements
	References


	C6 - 06 - paper_186 ED1 FINAL
	Score Prediction by SVM and its Implication for Japanese EFL Learners’ Essay Evaluation
	1. Introduction
	2. Insufficiencies of Frequency-Based Approach Based on CAF Constructs
	2.1 Introduction
	2.2 Procedures
	2.3 Results

	3. Our Proposal: SVM and Significant Word Detection
	3.1 Introduction
	3.2 Results

	4. Conclusion
	References


	C6 - 07 - paper_189 ED1 FINAL 2
	Promoting Chinese Students’ Participation in English classes by Mobile Learning
	1. Introduction
	3.1 Participants
	Acknowledgements
	We would like to thank National Office for Education Sciences Planning of China for funding the current project (project number: DCA170308) and Education Committee of Capital Beijing, China for supporting the project “The English Instruction in School...
	References


	C6 - 08 - FINAL Paper_101_ED1-10.15.2018
	C6 - 09 - paper_151 ED1 FINAL 4 (1)
	Acknowledgements

	C6 - 10 - paper_181 ED1 FINAL

	C7 Binder1
	C7 - 01 - final paper_41
	C7 - 02 - FINAL paper_112
	C7 - 03 - FINAL paper_143_ED1_Oct.28
	C7 - 04 - paper_158 ED1 FINAL
	C7 - 05 - paper_208 ED2 FINAL
	1. Introduction
	2. Background
	In 2014, Singapore launched the Smart Nation Programme which is National wide effort in harness technology in sectors of business, government and home to improve urban living, build stronger communities, grow the economy and create opportunities for a...
	In the beginning of 2017, Singapore’s Ministry of Education (MOE) implemented a new GCE O Level computing curriculum for upper secondary students (ages 15 to 16). The new curriculum is a distinct shift from teaching students on the use of software tec...
	3. Methods
	4. Results
	All 36 teachers were asked to rank the following 7 learning outcomes in the order from which they think is most important (1st ranking) to least important (7rd ranking): examination results, creativity, interest and passion, problem solving skills, re...
	A multiple-choice question on “what are the challenges you face (or expect to face) in teaching computing?” was asked in order to identify the most challenging factors that teachers face in teaching computing (Figure 4).
	Among the 9 provided choices of challenges, teaching resource (94%) ranks the first and pedagogy knowledge (83%) ranks the second, prominently. Even in the open-ended question for “Others”, teachers also mention that they need shared lesson plans and...
	As stated before, a teacher workshop using unplugged approach was designed and conducted in order to address the problems that were identified from the teacher survey. The effectiveness of this workshop was evaluated by a pre-survey and a post-survey ...

	We also interviewed with two teachers participating the workshop. They complained that “we do not have the one-year training in teacher training institute on computing like other subject teachers”. Thus, the workload for computing teachers is high si...
	5. Discussions
	Summarizing the findings from the survey study, 86% of the teachers have more than 3 years’ teaching experience in computing-related subject. All of them have undergone the one-year long computing course provided by MOE to prepare them to teach the co...
	This workshop had achieved its goal in triggering interest in teaching unplugged and building teachers’ confidence as well as capability in teaching CT. From the workshop feedback, we also noticed that teachers really welcomed guided instruction and h...
	Nonetheless, it is noted that one participant felt less confident in teaching CT after attending the workshop. This would probably because some teachers are worried that the unplugged activities are too time-consuming as it is stated in the last open-...
	6. Conclusion
	Acknowledgements
	References

	C7 - 06 - final paper_15
	C7 - 07 - final paper_27
	C7 - 08 - FINAL paper_73
	C7 - 09 - FINAL paper_78 trimmed
	C7 - 10 - FINAL paper_89_ED1
	C7 - 11 - FINAL paper_106_ED1
	C7 - 12 - paper_195 ED1 FINAL
	Predictors of Cyber-plagiarism: The Case of Jose Rizal University
	1. Introduction
	3. Research Design and Methodology
	Acknowledgements
	References


	C7 - 13 - paper_209 ED1 FINAL 2
	Teachers’ Perception of Using STEM Video for Teaching and Learning
	1. Introduction
	2. Research Background
	2.1 Using Video for Teaching and Learning
	2.2 STEM Video for Teaching and Learning in Malaysia
	2.3 Teachers’ Perception about Using Video for STEM Teaching and Learning

	3. Research Methodology
	3.1 Samples
	3.2 Instrumentation
	3.3 Research Procedure

	4. Findings and Discussions
	4.1 Teachers’ Perception to use STEM Videos based on Level of Acceptance
	4.2 Teachers’ Perception of using STEM Videos as one of the tools for teaching and learning
	based on Level of Readiness
	4.3 Teachers’ Perception to use STEM Videos based on its Usefulness
	4.4 Teachers’ Perception of using STEM Videos based on its Ease of Use

	5. Conclusion
	References


	C7 - 14 - final paper_32 (1)
	C7 - 15 - FINAL paper_119_ED2 Oct 30
	C7 - 16 - FINAL paper_120 Oct 30
	C7 - 17 - paper_161 ED1 FINAL
	Differences of university’s ICT introduction effects by the university scale and the presence of technical or educational support system
	1. Introduction
	2. Difference of the effects of introducing ICT in presence of support system and on the scale of university
	References


	C7 - 18 - paper_185 ED2 FINAL 2
	Improvisation of Circuit Design and Analysis Skills of students for Analog Electronics Course Using Virtual labs
	1. Introduction
	2. Literature Survey
	3. Sample and Procedure
	3.1 Selection of Course, Virtual lab and Experiment:
	3.2 Research Design, Instruments used and Data Gathered:

	4. Results and Conclusion
	5. Limitations
	Acknowledgement
	References


	C7 - 19 - paper_205 ED1 FINAL
	Automatic Generation of Contents Models for Digital Learning Materials
	1. Introduction
	2. Automatic Contents Model Construction
	3. Case Study: Elementary Informatics Lecture Contents Model
	4. Conclusion
	Acknowledgements
	References




	Sponsors



