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Welcome to the Extended Summary (ES) proceedings of the 26th International Conference on 
Computers in Education (ICCE 2018), which was held from November 26th to 30th, 2018 in Metro 
Manilla, Philippines. The Extended Summary has become a regular feature of ICCE conferences 
since ICCE 2016, and provides opportunities for authors to pitch main ideas and key results. For 
this year, we received 12 submissions and accepted 10 papers out of them after the review by the 
executive chair in each sub-conference. This year, the ES program has diverse backgrounds and 
research areas, including learning analytics, technology-enhanced language learning, mobile and 
ubiquitous learning, game-based learning and computer-supported collaborative learning (CSCL).   
This volume contains the collection of the extended summary research papers. We hope that the 
papers in the proceedings on various research topics will stimulate more discussions and further 
development of research ideas.  
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 & Joomi KIM
b
 

aDepartment of Psychology, Hallym University, Republic of Korea 
bHallym Institute of Applied Psychology, Hallym University, Republic of Korea 

*heis@hallym.ac.kr

1. Introduction

Learning Sciences (LS) is a research field investigating human learning in real-world contexts. One 

major component of LS is technology-enhanced learning and collaboration. Computer-Supported 

Collaborative Learning (CSCL) is partially overlapped with LS research in their alliance with 
computer science and artificial intelligence (Hoadley & Van Hanghan, 2011). There is mutual 

engagement with the two fields. Although LS and CSCL began separately, they were soon 

integrated under the same professional society, the International Society of the Learning Sciences 
(ISLS) in 2002, ensuring close contacts and exchange of researchers between the two fields. 

One of the most important aspects of academic research is publications, especially those that 

are regarded as important by researchers. Publications listed as core readings in a course, for 
example, can influence fellow researchers, especially those who are still in training. They are likely 

to serve as bases on which they build their future research. The question we are asking in this paper 

is what are the core literatures of LS and CSCL research and how they are related. Given their 
overlapping research focus and researcher community, there is much reason to expect a strong 

overlap between the two fields. However, given a differential emphasis on collaboration, technology 

and initial history, there can be differences in what each deems as core research. We rely on 
document analysis to answer this question in this paper. 

2. Methods

To identify core literatures of LS and CSCL, we used papers listed in the NAPLES website 

(Network of Academic Programs in the Learning Sciences), a network of graduate programs 
initiated by ISLS in 2012. NAPLES aims to foster high-quality LS programs internationally and 

provides a collection of resources (e.g., webinars, syllabi) with accompanying papers. Of these 

papers, papers listed in the CSCL section were grouped as CSCL core papers and the papers in the 
rest of the subsection as LS core papers. As for CSCL, we additionally selected papers from three 

review papers, Dillenbourg et al. (2009), Kirschner and Erkens (2013), and Tang et al. (2014). The 

first two papers provide a critical overview of CSCL research and cite major research up the time of 
the review. Tang et al. (2014) did a co-citation analysis of the CSCL papers published between 2006 

and 2013 and identified 66 core CSCL papers. We are in search for comparable sources for LS 

research.  

3. Results

3.1 Core Papers of LS and CSCL 

Removing overlapping papers, the LS core literature list contains 452 papers. In terms of publication 
date, the majority (n=326; 72%) were published since 2000, but some were classic papers published 
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in early part of the last century (e.g., Watson, 1914). The list also includes papers published in 
neighboring disciplines such as anthropology (Mead, 1934), indicating that LS research builds on a 

deep and diverse intellectual heritage. Papers published since 2000 are a mixture of empirical, 

methodological and theoretical papers with topics addressing general learning mechanisms and 
domain-specific pedagogies. Many of them (n=245; 54%) are journal papers with the rest being 

books, book chapters, and other sources. 

The CSCL core paper list contains 251 papers. Most of them (n=223; 89%) were published 
since 2000. The earliest paper in the CSCL core list was Bush (1945)’s article. The list includes 

papers from computer science and human factors as well as papers from cognitive science and 

psychology. Papers in the CSCL core list cover a range of topics such as theoretical issues of 
collaboration (Stahl, 2006) and mechanisms of collaborative learning. Many also covered 

pedagogical approaches and design of tools and environments. The majority of them (n=199; 79%) 

are journal papers with the rest being books and other sources. 

3.2 Overlaps in LS and CSCL Core Papers 

Fifteen publications appeared in both core lists (Table 1). Six of them are about analysis methods 
and the rest are about pedagogical issues such as PBL, and scripting, and guidance. These shared 

core papers indicate that LS and CSCL share strong commitments on rigorous methodology and 

effective pedagogical strategies. 

Table 1. The Overlapped Papers between LS and CSCL 

Author (Year) Title of publications 

Bielaczyc et al. (2013) Cultivating a community of learners in the K-12 classroom. 

Brown & Campione (1996) 
Psychological theory and the design of innovative learning 

environments: On procedures, principles, and systems. 

Cornelius et al. (2013) 

Organizing collaborative learning experiences around subject matter 

domains: The importance of aligning social and intellectual 

structures in instruction. 

De Wever et al. (2006) 
Content analysis schemes to analyze transcripts of online 
asynchronous discussion groups: a review. 

Erkens & Janssen (2008) Automatic coding of dialogue acts in collaboration protocols. 

Hmelo-Silver & DeSimone 
(2013) 

Problem-based learning: An instructional model for collaborative 
learning. 

Janssen et al. (2007) 
Visualization of agreement and discussion processes during 

computer-supported collaborative learning. 

Kirschner et al. (2006) 
Why minimal guidance during instruction does not work: An 
analysis of the failure of constructivist, discovery, problem-based, 

experiential, and inquiry-based teaching. 

Kolodner (2007) 
The roles of scripts in promoting collaborative discourse in learning 
by design. 

Meier et al. (2007) 
A rating scheme for assessing the quality of computer-supported 

collaboration process. 

Phielix et al. (2010) 
Awareness of group performance in a CSCL environment: Effects of 
peer feedback and reflection. 

Rosé et al. (2008) 

Analyzing collaborative learning processes automatically: Exploiting 

the advances of computational linguistics in computer-supported 
collaborative learning. 

Weinberger et al. (2007) 
Knowledge convergence in collaborative learning: Concepts and 

assessment. 

Weinberger & Fischer (2006) 
A framework to analyze argumentative knowledge construction in 
computer-supported collaborative learning. 

Wilensky & Reisman (2006) Thinking like a wolf, a sheep, or a firefly: Learning biology through 
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constructing and testing computational theories-an embodied 
modeling approach. 

 

 The extent of the overlap was not extensive (3% and 6% of LS and CSCL core papers 

respectively), but this does not necessarily mean that the two research fields are largely built on 
separate research bases. Often a core idea is presented over multiple publications, and researchers 

might cite different sources. Still, the small number of shared core articles was somewhat puzzling 

because the two fields overlap closely in their mission and researcher communities. To understand 
the unique characteristics of each field, we are in the process of exploring the unshared articles. A 

first pass suggests that there is more emphasis on content analysis in CSCL compared to LS. 

Interests in pedagogies are common in both fields, but CSCL tends to be focused on scripting 
compared to LS cover a wider range of pedagogical approaches than CSCL that tends to emphasize 

scripted collaboration more. 

 

 

4. Discussions 

 
LS and CSCL are both relatively new, but build its research on a diverse range of disciplines with 

deep historical roots. The shared core literature list suggest that the two fields overlap strongly in 

their interests in methodology and pedagogy. At the same time, a substantial part of their core 
literature is not shared. This may result from the nature of academic publishing, but it is also likely to 

be due to their different emphasis on collaboration and technology as well as the learning 

environments in which learning typically occurs.  
 The current research is ongoing, but there are limitations inherent in this kind of document 

analysis. Researchers may not agree whether a specific paper is indeed a core research of LS or 

CSCL. Academic research is also dynamic, and the list is subject to change with new empirical 
findings and theoretical developments. The list, however, reflects what emerged from countless 

readings, seminars, and interactions among learning scientists and can be taken as an approximation 

of the core knowledge base of LS and CSCL at the moment. Understanding their nature and 
relationship to each other can help us understand how our research efforts may contribute to the 

larger collective endeavor in LS and CSCL field.   
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Abstract: Case-based learning has been used to facilitate authentic learning because cases 

include real-world contexts and support solving complex and ill-structured problems. 

Although cases can be used in multiple ways for authentic learning, previous studies had 

limitations in exploring how students create and share their own cases. The purposes of this 

study were to investigate student perceptions of creating and sharing multimedia cases and 

to explore characteristics of student-constructed cases. A total of 18 graduate students 

participated in the study as part of their coursework in an educational technology course at a 

university in South Korea. Participants created video or photo-and-text cases through 
applying their knowledge, which was acquired from a lecture, to real-world contexts. The 

multimedia cases were shared in an online platform and then discussed in small groups at a 

classroom. Students perceived that the multimedia case activity was helpful in developing a 

deeper understanding, collaboratively building knowledge, facilitating intrinsic motivation, 

and improving their digital competencies. This study also found that student-constructed 

cases included diverse and real-world contexts and showed individual differences in 

understanding learning contents and using knowledge in situ. These findings imply that 

students should be encouraged to create and share their own multimedia cases for authentic 
learning and deeper understanding.   

Keywords: Multimedia, case-based learning, authentic learning, learning by making 

1. Introduction

Authentic learning in school frequently uses cases as problems and learning resources. Cases 

include stories about how people solved a problem in a real-world context, which can be reused in 
exploring and evaluating solutions to an authentic problem. When people meet a new problem, they 

are likely to retrieve old cases, which have similar structure or surface features with the problem, 

from memory (Jonassen, 2006; Kolodner, 1997). The cases are reused for a new problem, and then 
they are retained or modified according to problem-solving results. Experts in such fields as 

business, law, medicine, and engineering have more cases in their memory and use them more 

effectively for solving a new problem than novices. Thus, case-based learning can be helpful in 
developing the competencies to solve complex and ill-structured problems in real-world contexts.   

2. Case-Based Learning

Cases can be used in multiple ways for authentic learning. Jonassen (2006) categorized case-based 

learning according to the functions of cases: (1) cases as exemplars/analogies, (2) cases as analogues 

(case-based reasoning), (3) case-study method, (4) cases as problems to solve, and (5) 
student-constructed cases. Although cases as exemplars are mainly used in learning to solve 

well-structured problems, other types of case-based learning are used for ill-structured problem 
solving like decision making, troubleshooting, design, and dilemmas. Particularly, the case-study 

method and the cases as problems to solve have been effectively used in education. In the case-study 

method, students apply their knowledge to analyzing problem situations, strategies, solutions, and 
results of cases that describe how others effectively or ineffectively solved a problem. By contrast, 

the cases as problems help students to construct new knowledge through generating and evaluating 
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multiple solutions to an authentic problem. In problem-based learning, for example, medical 
students should self-regulate their learning process and collaborate to solve a complex problem in 

authentic clinical contexts. The case-based learning has been applied in a variety of domains and 

showed positive effects in skill acquisition and knowledge retention (Dochy et al., 2003).  
Despite the effectiveness of case-based learning, previous studies had limitations in 

exploring how student-constructed cases can be used for authentic learning. The instructional 

models of problem-based learning, anchored instruction, and goal-based scenarios provided students 
with cases as problems, but they do not encourage students to generate and share their own cases. 

Kolodner et al. (2005) argued that students would learn more by generating cases based on their 

problem-solving experience than just using cases presented in a case library. In addition, the 
development of information and communication technology like smart devices and Web 2.0 enables 

students to easily create and share their cases including videos and photos. The purposes of this 

study are to investigate how learners perceive the activities of creating and sharing multimedia cases 
for authentic learning and to explore the characteristics of student-constructed multimedia cases.  

 

3. Methods 
 
A total of 18 graduate students (female: 13, male: 5) participated in the study as part of their 

coursework in an educational technology course at a university in South Korea. For eight weeks, 

students created and shared four multimedia cases in an online platform (https://slack.com) as an 
assignment after taking a lecture about learning theories and instructional models. Students were 

guided to apply what they had learned from a lecture to their everyday lifes or educational contexts 

through creating a multimedia case in a video or photo-and-text format. Students gave comments to 
the multimedia cases in the online platform and presented them in a small group at class, which was 

followed by discussion with other students. This study collected student reflection papers and 

multimedia cases and analyzed them through conducting open coding and applying a constant 
comparison method.  

 

       
Figure 1. Online learning platform (left) and small group discussion (right)  

 

4. Findings 
 

Students perceived the strengths of the multimedia case activity in regards to deeper understanding, 
collaborative knowledge building, intrinsic motivation, and digital competencies. First, students 

developed a deeper understanding through creating multimedia cases which required them to find 

and analyze real-world contexts closely related to learning contents. Second, student-constructed 
cases helped students to share their different perspectives and experiences and to collaboratively 

build knowledge in online and offline learning environments. Third, the multimedia case activity 

facilitated students’ intellectual curiosity and intrinsic motivation because they had substantial 
autonomy in selecting and explaining a phenomenon, applying their knowledge, asking a question, 

or solving a problem in multimedia cases. Last, students developed their digital competencies to 

create multimedia contents and to communicate through digital technologies. These findings show 
that student-constructed multimedia cases were effective in fostering student-centered authentic 

learning, although some students pointed out the lack of discussion time as a limitation of the 

activity.    
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Student-constructed cases included diverse and real-world contexts. Students applied their 
knowledge of learning theories and instructional models to their formal and informal learning 

experience, everyday lifes, new digital technologies, and other people’s stories that were found in 

the Internet. For instance, Student A explained how his previous class supported collaborative 
learning and why the class was effective, applying the concept of socially shared regulation of 

learning (SSRL). Student B used the same concept to explain the functions of a massively 

multiplayer online role-playing game (MMORPG) to prevent free riders in the game. Student C 
explained how people interact with peers in a social networking service (SNS) and build a sense of 

community, using the concept of SSRL. These examples show that students made sense of 

knowledge acquired from a lecture in a variety of real-world contexts.  
 

     
Figure 2. Contexts of multimedia cases: Class (left), MMORPG (middle), and SNS (right) 

 
In addition, student-constructed cases showed individual differences in understanding 

learning contents and using knowledge in situ. Some students superficially explained a case, which 

was found in their previous experience or in the Internet. They paid more attention to describing a 
case rather than explaining it with a theory, and their explanation sometimes included 

misconceptions or errors. By contrast, others deeply analyzed and evaluated a case from multiple 

perspectives and theories. They were likely to integrate knowledge acquired from different lessons 
and to construct new knowledge, which was not presented in a lecture, in explaining a phenomenon 

or solving an authentic problem. The latter provided more insights of using knowledge in situ and 

received more positive feedback from peers than the former.   
 

5. Conclusion 
 

This study explored student perceptions of creating and sharing multimedia cases for authentic 
learning and the characteristics of student-constructed multimedia cases. The findings of this study 

implied that multimedia cases were beneficial for developing a deeper understanding as well as 

facilitating intrinsic motivation. The activity was also helpful in improving 21st century 
competencies like collaboration skills and digital competencies. Students not only created 

multimedia cases with digital technologies but also discussed them through asking questions, 

elaborating the cases with additional information, and giving critical comments in the online and 
offline environments. Future research is necessary to develop blended learning environments that 

help students to collaboratively build knowledge through creating and sharing multimedia cases in 

real-world contexts.   

 

 

References 
 

Dochy, F., Segers, M., Van den Bossche, P., & Gijbels, D. (2003). Effects of problem-based learning: A 

meta-analysis. Learning and Instruction, 13(5), 533-568. 

Jonassen, D. H. (2006). Typology of case-based learning: The content, form, and function of cases. 
Educational Technology, 46(4), 11-15. 

Kolodner, J. L. (1997). Educational implications of analogy: A view from case-based reasoning. American 

Psychologist, 52(1), 57-66. 

Kolodner, J. L., Cox, M., Gonzalez-Calero, P. (2005). Case-based reasoning-inspired approaches to education. 

The Knowledge Engineering Review, 20(3), 299–303. 

 



Ogata, H. et al. (Eds.) (2018). Extended Summary Proceedings. 26th International Conference on Computers 
in Education. Philippines: Asia-Pacific Society for Computers in Education.

7 

A Digital Formative Assessment of Teamwork 

in Collaborative Inquiry Student Teams 

Yi Huan TEE* & Elizabeth KOH 

National Institute of Education, Nanyang Technological University, 

Singapore 
*yihuan.tee@nie.edu.sg

1. Introduction

Working successfully in teams is not to be assumed as issues of social loafing and groupthink 
occur (Kayes, Kayes, & Kolb, 2005). In helping students become more skilful at working in teams, 

a digital formative assessment intervention project was designed and implemented for authentic 

collaborative inquiry teams. Formative assessment is an important pedagogical method, especially in 
teamwork skills, as it makes visible rubrics and measures, providing students with feedback that 

they can learn from to improve (Strijbos & Sluijsmans, 2010). Based on a synthesis of literature and 

pilot tests, teamwork was conceptualized as a four-dimensional teamwork competency that 

emphasized the process of working with other team members (Koh, Hong, & Tan, 2018). 
Teamwork competency consisted of coordination (COD), mutual performance monitoring (MPM), 

constructive conflict (CCF), and team emotional support (TES). A peer-rated teamwork 

competency instrument was developed for students’ to assess their peers in a recent collaborative 
inquiry experience. Peer assessment adds another level of knowledge, others-ratings, to help 

understand students’ behavior. This paper reports on the results of the digital formative assessment 

intervention in a year-long authentic collaborative inquiry project for Secondary Two students. We 
ask: what are students’ peer-rated teamwork competency dimensions over the project, and what is 

the relationship between student peer-rated teamwork competency dimensions and grades? 

2. Method

Design-based research was the overall methodology and the digital formative assessment approach 

was co-designed with a team of researchers, educators and policy-makers. The approach involved 

a four-stage pedagogical framework, the Team and Self Diagnostic Learning (TSDL), and a 
techno- pedagogical system, My Groupwork Buddy (MGB). TSDL is rooted in experiential 

learning, socio-constructivism, socially shared regulation of learning, and the learning analytics 

process model (Koh et al., 2018). Figure 1 shows the four stages of the TSDL framework cycle 
supported by the MGB system. At TSDL stage one, students gain team-based concrete experiences 

when they collaborate in teams to produce a team output. At TSDL stage two, self and team 

awareness building is triggered by the visualization of self and peer ratings. At TSDL stage three, 
the reflection and goal-setting scaffolds support the self and team reflection and sensemaking 

process for students from the visual analytic. At TSDL stage four, students monitor their team and 

personal teamwork competency growth through checking on their progress. 
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Figure 1. The TSDL cycle supported by the MGB system. 
 

The participants were 71 Secondary Two (fourteen-year-old) students and their teacher in 

the subject, Design and Technology, from a co-ed school in Singapore. However, only 69 students 
(29 males and 40 females) received parental consent to participate. In this subject, collaborative 

inquiry student teams of three or four were to develop an innovative product for the elderly in a 

welfare organization over a year (four school terms). 

In this paper, we focus on the peer-rated teamwork competency dimensions (peer-rated 
dimensions) and grades. Students were graded by the teacher on the team assignments. Over the 

year, three TSDL cycles were carried out by the teacher during the normal curriculum, resulting in 

three peer-rated scores for Term Two, Three and Four (17T2, 17T3, and 17T4 respectively). The 
peer-rating instrument comprised 13 items and a member rated each of their team members on a 

five-point Likert scale, with five being “strongly agree”. An example item for COD was, “X 

provided information to team members on time”, where X was replaced by the team member’s 
name. This instrument has adequate reliability and internal consistency as validated in other 

upcoming work (Koh et al., 2018). 

 
 

3. Results 
 

3.1 Student Peer-rated Dimensions over the Project 
 

Table 1 presents the descriptive statistics of average peer-rated dimensions over the project. Peer 
ratings were highest in 17T4, and lowest in 17T3. From 17T2 to 17T3, peer ratings decreased for 

COD and CCF, but remained about the same for MPM and TES. For both pairs of time-points, 

17T3 to 17T4, and 17T2 to 17T4, peer ratings increased for all dimensions. The initial dip and 
subsequent increase in peer ratings across time-points bear a resemblance to Tuckman’s (1965) 

stage model of group development where groups experience some storming in the initial stage, 

arriving at group norms, and finally performing at the later stages. 
 

Table 1 

Descriptive Statistics of Mean Peer-rated Dimensions over the Project 
 

Teamwork 

Competency 

Dimension 

17T2 Mean 

Peer Ratings 

(SD) 

17T3 Mean 

Peer Ratings 

(SD) 

17T4 Mean 

Peer Ratings 

(SD) 
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COD 3.89 (.65) 3.77 (.66) 4.08 (.67) 

MPM 3.61 (.52) 3.62 (.57) 3.96 (.63) 

CCF 3.83 (.56) 3.75 (.55) 4.03 (.64) 

TES 3.91 (.66) 3.92 (.69) 4.13 (.72) 

 

 

Figure 2 shows the change in average peer-rated dimensions over the project. A paired 

samples t-test revealed that the dip in 17T2 to 17T3 peer ratings was not significant. Two other 
paired samples t-tests revealed that for 17T3 to 17T4, and 17T2 to 17T4, the increase in peer 

ratings was significant, and MPM showed the largest effect size. This suggests that students’ 

personal teamwork competency, especially in the dimension of MPM, as rated by their peers, grew 
over the project. 

 
Notes. Vertical lines are standard deviations. * between T3 and T4, and T2 and T4, the increase for each 
peer-rated dimension was significant, p < .01 - .02, d = .30 - .58, and p < .01 - .03, d = .29 - .61, respectively. 

 
Figure 2. Mean peer-rated dimensions over the project. 

 

3.2 Relationship between Peer-rated Dimensions and Grades 
 

A hierarchical multiple regression was performed to evaluate the ability of peer-rated dimensions 

over the three time-points in predicting grades, after controlling for the influence of gender (Table 
2). The total variance explained by the regression model is 36%, F (13, 55) = 2.38, p = .013. The 

three time-point peer ratings explained an additional 35.7% of the variance in grades, after 

controlling for gender, R2 change = .36, F change (12, 55) = 2.54, p = .009. Table 2 shows that only 

17T2 peer-rated COD was significantly and positively related to grades. 
This result is interesting and highlights the importance of early coordination efforts of a 

team member. Students who were perceived as more competent at COD in 17T2 by their team 

members scored better for the project. During 17T2, students had to inquire and research on ideas 
for the innovative product as well as plan for the materials required for the ideated product. 

Students who were able to organize ideas, materials and even roles (as seen by their peers) at this 

stage, possibly laid the foundation for a strong product for the rest of the project, resulting in 
higher grades.  

 

Table 2 

Multiple Regression Results of Relationship between 17T4 Grades and Peer-rated Dimensions in 

17T2, 17T3, and 17T4 

 
 Model Variable B t  

1 (Constant)   33.95** 
 Gender .05   .42 

1
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5

17T2 17T3 17T4M
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d
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n

Time
COD MPM CCF TES

* * * * 
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2 (Constant)   4.47** 
 Gender -.13  -1.00 
 17T2_CODp .50  2.53* 
 17T2_MPMp .32  1.69 
 17T2_CCFp .05  .22 
 17T2_TESp -.38  -1.86 
 17T3_CODp -.35  -1.24 
 17T3_MPMp -.23  -.92 
 17T3_CCFp .52  1.99 
 17T3_TESp -.11  -.50 
 17T4_CODp .42  1.41 
 17T4_MPMp .03  .09 
 17T4_CCFp -.21  -.65 
 17T4_TESp -.40  -1.34 
Note. * p < .05, ** p < .01, *** p < .001 

 

4. Concluding Remarks 
 

A digital formative assessment of teamwork is designed and implemented in authentic 
collaborative inquiry student teams in Secondary Two. The results show that students’ peer-rated 

dimensions generally increased through this approach and resembled Tuckman’s model. Students’ 

personal teamwork competency in the dimension of mutual performance monitoring grew the 
most. In addition, better peer-rated coordination at the early stages of the project was found to lead 

to higher grades. A possible pedagogical implication is the need to emphasize the coordination 

dimension of teamwork in the early stages of the project. Theoretically, the findings also lend 

themselves to extant research although further analysis is needed to understand certain outcomes. 
In sum, the work contributes a novel and effective approach to growing teamwork competency in 

authentic classrooms. 
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Abstract: This study proposes a method to analyze and visualize the utterance sequence and 

transition of a face-to-face group discussion. This method uses sound source angles obtained 

using the Microsoft Kinect audiovisual sensor. An instructor organizes several learner 

groups and conducts group discussions. When these group discussions are underway 

concurrently, it is difficult for the instructor to effectively monitor all groups. To solve this 

problem, we propose a method to analyze and visualize the utterance sequence and 

transition of each group automatically by using only sound source angle data that is 

estimated automatically using the four-microphone array in the Kinect sensor. We 

developed a program to extract sound source angle data from the Kinect sensor, transform it 

to designated speakers, and visualize the utterance sequence and transition to enable the 

instructor to recognize the state of a group. Equipment setup and data analysis are simple 

and easy in this method. We conducted an experiment and the results showed that almost all 

utterance sequences and transitions could be visualized successfully using the proposed 

method. 

Keywords: Group discussion, Kinect, Learning analytics 

1. Introduction

Learner-centered activities like group discussion, debate, and group work are called “active 

learning,” and they have become increasingly popular in real classrooms (Chickering & Gamson, 

1987). Bonwell and Eison (1991) mentioned that “discussion in class is one of the most common 

strategies promoting active learning” (p.6). 
In a group discussion, an instructor organizes students into groups to discuss topics 

concurrently. In real classes, it is difficult for an instructor to effectively monitor all groups 

simultaneously. To solve this problem, studies have investigated the use of different devices for 

monitoring students. Among examples of using audio information, Zancanaro, Lepri, and Pianesi 

(2006) classified functional roles in a group by using close-talk microphones and a voice activity 

detector. Tomiyama, Nihei, Nakano, and Takase (2018) segmented group discussions by using a 

headset microphone and an inertial motion unit attached to the participants. 

Many studies have also focused on computer-supported collaborative learning (CSCL). 

Among examples of visualizing or emphasizing the discussion context, Lobel, Neubauer, and 

Swedburg (2005) visualized the degree of contribution to a discussion through a diagram by using 

Pajek, a free software for large network analysis. Hayashi, Kojiri, and Watanabe (2010) detected and 

emphasized noteworthy utterances in a text-chat discussion by using a discussion support interface. 

This study proposes a method to analyze and visualize the utterance sequence and transition 

of each group automatically using sound source angle data. Equipment setup and data analysis are 

simple and easy in this method, making it suitable for use in actual classes. This study aims to verify 

whether the utterance sequence and transition of a group discussion can be analyzed and visualized 

based on sound source angle data obtained using the Microsoft Kinect audiovisual sensor. 
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2. Method 
 

2.1 Developed Functions 
 

To achieve our objective, we developed a set of C# and R programs to provide the functions below. 

(1) Extract a sound source angle data sequence using the Kinect sensor (Program-1, C#). 

(2) Transform the sound source angle data sequence to an utterance sequence (Program-2, R). 

(3) Generate an utterance transition diagram based on the utterance sequence (Program-3, R). 

The utterance transition diagram enables the instructor to recognize the state of the group. The 

four-microphone array in the Kinect sensor estimates the sound source angle when it recognizes 

sound around itself (except for environmental sound). Program-1 was based on a sample one 

provided by Microsoft; it outputs the sound source angle (from -50° to 50°, shown in Figure 1), time 

(in millisecond), and reliability (from 0 to 1) every time a sound is detected. 

 

 
Figure 1. Sound Source Angle 

 

2.2 Experiment 
 

We conducted an experiment to verify our method. The target class was an Information Literacy 

course at Sophia University. The subjects were five students who agreed to participate in our study. 

In the target class, each student made a presentation in his or her group. After the presentation, the 

students had a discussion to improve the presentation. We focused on and analyzed one of the 

discussions students had in the class. 

Five subjects were placed in a fan shape within the sound source angle acquisition range of 

the Kinect sensor. We also recorded a video of the discussion to verify the accuracy of data 

acquisition. 

 

3. Result and Discussion 
 

Figure 2 shows the time series data of the sound source angle. The horizontal axis shows the elapsed 

time since the start of the discussion and the vertical axis, the sound source angle. These data were 

acquired using Program-1, as mentioned in Section 2.1. We analyzed these data using Program-2. 

Figure 3 shows the analysis result, namely, the utterance sequence. The horizontal axis shows the 

elapsed time since the start of the discussion and the vertical axis, the subject ID. The results 

indicated that the utterance transition and sequence could be visualized using sound source angle 

data. Note that subject S5 did not speak during the discussion, so there were no corresponding data in 

this figure. 
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Figure 2. Time series data of sound source angle 

 

 
Figure 3. Utterance sequence 

 

Program-3 was used to generate the utterance transition from the utterance sequence, as 

shown in Figure 4. In this figure, each node indicates a subject. An edge between S3 and S4 means 

that subject S4 spoke before or after S3. Note that node X indicates a silent state. The size of each 

node represents the total utterance time of each subject (in the case of X, silent time). In this 

discussion, subject S4 was the presenter who made a presentation right before the discussion. 

This figure shows many edges between S2 and S4, indicating a relatively active discussion 

between S2 and S4. The edges into and out of node X (silence state) indicate that three subjects 

spoke after silence (S1, S2, and S3). Among them, S2 spoke two times after silence. Therefore, the 

proposed system can also detect and identify students who broke a silence. 

 

 
Figure 4. Utterance transition 
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S4

S5

Presen ter

Silence
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4. Conclusion and Future Works 
 

This study aimed to verify whether the utterance sequence and transition of a group discussion could 

be analyzed and visualized based on sound source angle data obtained using the Kinect sensor. The 

results indicated that the utterance sequence (Figure 3) and utterance transition (Figure 4) could be 

visualized successfully by using sound source angle analysis. 

In this study, we analyzed only one discussion in one group of the whole class. Therefore, in 

the future, we will analyze and compare results with other class discussions, collect data for the 

whole class, and improve the accuracy of correcting data. We also noted the problem that 

low-volume voice utterances could not be detected because the Kinect sensor regarded them as 

environmental sound. To solve this problem, we will try to find appropriate alignments of the subject 

and the Kinect sensor. 
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Abstract: The purpose of this study is to investigate whether utilization of a CMC tool – 

VoiceThread – can help facilitate students’ engagement and social presence in online course 

discussions. A comparative and analytical research on students’ posting behaviors in two 
different online discussion settings was conducted. Although there was no significantly 

difference in the number of postings, participants generated more high-quality threads. And 

more social presence indicators were found when participants used VT for discussion. 

Keywords: Online Discussion, Student Engagement, Social Presence 

1. Introduction

Computer-mediated conferencing (CMC) has been included in more and more current online 

courses as an important part of instructional design (Moisey, Neu, & Clevelandinnes, 2008). Online 
discussion board is a widely-used CMC tool which allows individuals to communicate and interact 

with others in online environment (Pena-Shaff & Nicholls, 2004). As most online discussion boards 

are text-based, typing and writing skills are highly required. Students who are weak in basic 
computer skills or online writing experience may feel frustrated and may result in low engagement 

in interacting with other peers (Hew & Cheung, 2013). This study seeks to explore whether the use 

of a CMC tool can help promote students’ engagement and social presence in online course 
discussions. 

2. Literature Review

2.1 Online Discussion Board 

Online discussion board is often utilized in both hybrid and fully online courses to offer a venue for 
students to openly communicate and build shared understanding, and for instructors to purposely 

facilitate the process (Noyelles, Zydney, & Chen, 2014). Its asynchronous and text-based features 

are favored by many online students, since they have sufficient time to raise questions, reflect, and 
respond others’ postings (Yang, Yeh, & Wong, 2010). 

2.2 Social Presence in Online Settings 

Social presence was proposed by Short et al (1976), who defined that term as “the degree of 

awareness of another person in an interaction and the consequent appreciation of an interpersonal 

relationship” (Short, Wiliams, & Christie, 1976). In online settings, social presence refers to the 
degree of feeling emotionally connected to another intellectual through computer mediated 

communication (Sung & Mayer, 2012). Social presence has been found positively related to the 

development of an online learning community (Garrison, Anderson, & Archer, 2000), online 
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interaction patterns (Tu & McIsaac, 2002), and students’ perceived learning and satisfaction 
(Richardson & Swan, 2003). 

 

3. Method 

 

3.1 Research Context and Participants 

 
This study was conducted in a graduate-level online course at a public university in United States. 

This 12-week online course consists of five modules, each module contains two discussion activities 

and other course-related activities such as paper writing and artifact presentation. Before 
participating in the course discussions, students were provided required reading materials and some 

guiding questions in the first part of each module. 

Participants were graduate students who were enrolled in this course and agreed to 
participate in this study. Ten students chose this course at the beginning whereas two of them 

dropped out in the middle of the course. Eight students approved to be involved in this study. Based 

on this condition and other confounding factors, six discussion activities in three modules were 
selected for this study.  Discussions in the Module 1 and 3 were text-based, and Module 2 

discussions were conducted using a CMC tool -- VoiceThread (VT). It is a multimedia slide show 

tool which allows online learners to read and create comments in text, audio and video formats. For 
research purpose, participants were suggested to use audio/video recording feature to create and 

reply the comments. 

 

3.2 Instruments 

 
To measure students’ engagement and social presence, two metrics were employed and adapted to 

fit the purpose of this study. The first one was an online discussion metric proposed by Bliss and 
Lawrence (2004). The adapted metric below was used to measure the quantity and quality of 

students’ posts. 

 

Table 1 

Online Discussion Engagement Metric (Adapted from Bliss and Lwarence, 2004) 

 Average Number of 
Posts per participant 

Average Length of 
Posts 

Proportion of EVT 
Posts 

Module 1 Discussion 1 

(M1D1) 

   

Module 2 Discussion 2 
(M2D2) 

   

*Note: EVT (Educationally Valuable Talk) post refers to the post that participants collaboratively display 

construction, critical engagement with ideas or key concepts, and build knowledge by reasoning, articulations, 

creativity and reflection (Uzuner, 2007). 

 
Another instrument utilized was a scale for assessing social presence proposed by Rourke et al. 

(1999). The three categories of social presence: affective, interactive, and cohesive were adopted for 

coding. 

 

 

4. Results 

 

4.1 Engagement in Online Discussions 

 
Table 2 

Students’ Engagement in the Course Discussions 

 Average Number of Posts Average Length of Posts Proportion of EVT Posts 
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M1D1 (text) 4.25 206.24 79.41% 

M1D2 (text) 4.63 243.89 83.78% 

M2D1 (VT) 3.25 404.92 88.46% 

M2D2 (VT) 2.25 398.89 88.89% 

M3D1 (text) 3.63 241.07 86.21% 

M3D2 (text) 2.00 248.63 81.25% 

 

The average number of posts ranges from 2.00 posts/participant to 4.63 posts/participant. As the 

results shows in the table above, although participants created and replied more threads in the first 
two text-based discussions, they preferred to speak and share experiences to others and produce 

more contents when posting audio/video comments. And a slightly higher proportion of EVT posts 

were found when participants in VT discussions, which can be inferred that the use of VT can help 
generate more posts with high educational value. 

 

4.2 Level of Social Presence 
 

Table 3 

Students’ Social Presence in the Course Discussions 

 Affective Interactive Cohesive SPD 

M1D1 43 98 69 29.95 

M1D2 65 153 97 34.91 

M2D1 83 157 167 38.66 

M2D2 73 78 161 43.45 

M3D1 31 88 84 29.04 

M3D2 21 67 50 34.69 

* Note: SPD (Social Presence Density) = (Affective + Interactive + Cohesive) / Total Number of Words in the 

Module Discussion * 1000 

 

More affective and cohesive responses can be found in the form, which indicates that students had 
more expression of emotion and feelings and greater sense of group commitment when using VT. As 

the number of posts in each discussion are different, we applied SPD (a unit of social presence 

instances per 1000 words) to measure the extent of social presence behaviors in each discussion. 
Results shows a relative higher SPD in VT discussions compared to SPD in text-based discussions. 

 

 

5. Discussion and Conclusion 

 
Study findings demonstrate that utilization of the CMC tool – VoiceThread (VT) – has a positive 

effect on promoting students’ engagement and social presence in online course discussions. 

Compared to discussions in text-based discussion board, although the number of postings did not 
increase in VT discussions, students produced more high-quality posts. In addition, more social 

presence indicators have been found when students applied VT’s audio and video features to create 

and reply comments. 
One limitation in this study is the rare number of participants, due to the low rate of 

enrollment and the emergence of drop-out event of this online course. More details that can reflect 

student engagement, such as proportion of follow-up threads, time to reply, should be explored in 
future study. 
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Abstract: Inquiry-based learning (IBL) in science education is becoming very essential for 

students to learn. There are many model of IBL designed for different purposes of science 

learning, this study extended the model of “predict-observe-explain” (POE) to 

“predict-observe-quiz-explain” (POQE) in which adding quiz to ensure students in 
understanding their observation. Based on POQE model, this study designed a solar energy 

e-learning system for those majored in air conditioning and auto repair students to learn why

sun can generate energy. According to cognitive-affective factors of media learning, this

study compared vocational high school students’ cognitive load, flow experience and

learning performance in using the POQE to learn solar energy. Data of 375 were collected

from vocational schools over Taiwan area and subjected to independent t-test. The results

indicated that by using the POQE model to practice inquiry learning related to solar energy,

the cognitive load of students from the majored in air conditioning were higher than those
majored in vehicle repair majored; but the flow experience and learning performance of

students from the majored in air conditioning were lower than those counterparts. The

results implied that to use POQE model to design solar energy for vocational students who

majored in vehicle repair.

Keywords: inquiry-based learning, cognitive load, flow experience, learning performance 
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Abstract: Though fraction knowledge is critical for Math learning, fraction learning is 

still challenging for both teachers and students in many countries. Some game-based 

interventions can be designed to help children learn fraction knowledge. In order to better 

understand the strengths of game-based learning, we establish a framework of game-based 

experiences based on learning theories and cognition theories. Based on some related 
theories, a fraction game “Run Fraction” has been designed to help children to learn 

fraction conceptual knowledge. Further, a quasi-experiment has been conducted to 

investigate the effect of using fraction game in Mathematic setting.  

Keywords: Game-based Learning, Fraction Learning, Learning Theories, Serious Games, 

Design-based Learning 

Compared with other educational technologies that can support learning, game-based learning 

provides more pleasant learning experiences for students. The establishment of the framework of 

game-based learning experiences based on learning theories and cognition theories would greatly 

improve the understanding of the educational values of game-based learning, and support the 
theory-driven game design. The core emphases of authentic learning theory, experiential learning 

theory, and generative learning theory have been analyzed. There are three emphases in authentic 

learning environment theory: a. Cognitively real learning environment, b. Instruction and 
collaboration, c. Engagement, reflection and expression. Experiential Learning Theory view 

learning as a continual process based on experience, instead of a result, and highly valued the 

human beings’ interaction with the environment. The core ideas of generative learning theory can 

be pointed out based on the four steps in Wittrock’s generative learning model: a. learners’ attitude, 
interest and cognitive strategies greatly influence learners’ attention and memory; b. the 

connection of learners’ past experience and new knowledge should be build; c. both teachers and 

students are in the center status. Based on the analysis above the framework of learning experience 
is established and we generate three types of learning experiences: cognitive experience based on 

context, social-interactive experience based on collaboration, and agentic experience based on 

motivation. With regard to the cognitive experience based on context, game-based learning 
provides a cognitively real learning environment, in which learners can gain tacit knowledge and 

embodied learning. The social-interactive experience based on collaboration includes the 

interaction between teacher and students and among learners. Motivation is primarily important in 

the agentic experience, and students also need to make reflection upon their learning process. 
Further, some cognition theories that help to understanding the values of game-based learning have 

been analyzed within this framework. 

As a significant Mathematical concept in daily life, fractions are crucial for later success in 
Math learning. From the perspective of numerical development (Siegler and Lortie-Forgues, 2014), 

which is a process of broadening the set of numbers and requires children to accurately represent 

the magnitude of numbers, the learning of fraction expands the category of children’s 

understanding of number from whole number to rational numbers. The game “Run Fraction” has 
been designed to improve children’s learning experiences with fraction learning (see Figure 1). 

First, based on Sigler’s integrated theory of numerical development (Siegler, Thompson, & 
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Schneider, 2011), a number line has been adopted in this game as the cognition scaffolding. 
Number line has been regarded useful to improve children’s understanding of the magnitude of 

numbers (Hamdan & Gunderson, 2017). There are two meaningful interpretations of the 

conceptual meaning of fractions with regard to its rational quantity (Hecht, Close, & Santisi, 2003). 

The first understanding of fraction number is based on the relationship of part-and-whole, which 
refers that the fraction could present a part of the whole object (Ni & Zhou, 2005). Children could 

have the experience of sharing during kindergarten. The second type of understanding, the 

measurement interpretation, means “fractions can be understood as measured quantities that can be 
compared on the basis of ordinal size” (Hech, 1998). The number line has been applied to improve 

children’s understanding of the measurement interpretation (Siegler, Thompson, & Schneider 

(2011); Booth & Siegler (2006). Some embodied learning elements could also be found in this 
game, in which children can control the avatar’s position with their figures. From the perspective 

of motivation theories, the designers of this game also referred to the intrinsic motivation and 

extrinsic motivation theories. Players are provided with the opportunity to choose the avatar and 

the level to begin with (see Figure 2). In this game, the number line appears with the form of a wall, 
and the avatar’s sight is blocked, which creates a sense of curiosity and encourages the player to 

explore further. A system of reward and ranking has been designed aiming to maintain motivation 

(see Figure 3). In order to guarantee the knowledge transfer from the game setting into the formal 
learning setting, test items have been made embedded in the game, and children need to complete 

these items otherwise they cannot move to the next level (see Figure 4).  

Figure 1. Run Fraction Game  Figure 2. The interface of levels choice 

Figure 3. Reward system of the game   Figure 4. Test item 

In order to investigate whether this fraction game can improve children’s knowledge on fraction 

magnitude understanding, we conducted a quasi-experiment in a primary school in Beijing. Six 

classes from Grade 4 and Grade 5 participated in the experiment. In each grade, the students in 

Class A spent 20 mins each day in playing this fraction game (5 days in total). Students in Class B 

spent 20mins in doing pencil and paper test (5 days in total). And students in Class C watched an 

instruction video (about 20mins) each day (5 days in total) for the control purpose. The results will 

be presented on the conference.  
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Abstract: This study is based on the cognitive-affective theory of media learning and 

specifies how gender make a different relationship among internet cognitive fatigue (ICF), 

gameplay interest, and gameplay anxiety. Our research employs an APP, which is named 

OTouch. This APP is an educational game that is developed to enhance students’ 

categorization ability. The rule of this game is that players need to categorize fifteen rolling 

items in three columns (five items in each column) on the screen. By identifying and 

matching items with the same attributes, players win the game. For instance, in the language 
theme, there might be fifteen verbs and its conjugations on the screen. The relationship of 

“take-took-taken” should be identified from others. Or, as another example, in the biology 

theme, there might be fifteen pictures of fruit on the screen. Among these pictures, there 

could be three fruits which have only one seed, such as the peach, the litchi, and the plum. 

Players should identify this attribute and touch them in any order to match them. After 

matching all items on the screen, the game end and the player earns points. Our survey 

focused on junior high school students. We had collected 119 data and used IBM SPSS 23.0 

for data analysis. The result of this study reveals that male players have the higher relation 
between ICF and gameplay anxiety than female players. However, there is no gender 

difference in gameplay interest. Our results imply that a categorization thinking game that 

requires players pay much more attention to identify and classify attributed items seems 

more suitable for female students. 

Keywords: Category ability, attribute classification, gameplay interest, gameplay anxiety, 
internet cognitive fatigue 
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Abstract: Using games not only can provide the mechanism for learning domain 

knowledge but also discipline players thinking ability. To integrate abductive reasoning 

skills into domain knowledge, this study designed a game, name V-aquarium, in which 

students can choose different domain knowledge, such as nature science or history to 

practice abductive reasoning to get bonus for buying ocean organs and storying in Virtual 

aquarium. For example, three cues were presented on screen: Chinese food, amphibian, 

bulging belly, then the answer is frog. To understand how gender difference in playing this 

game and affect players’ cognitive and affective states, this study took 7th grade students 

from Taipei junior high schools to examine cognitive load, epistemic curiosity and 

perceived the benefits for learning that particular domain knowledge. Data of 307 were 

usefully collected and subjected to independent t-test. The results revealed that the level of 
cognitive load in playing this game, male students were lower than female students; the 

levels of I type epistemic curiosity and D type epistemic curiosity to play better in this game, 

male students were higher than female students; and the level of perceived usefulness of 

learning domain knowledge, male students were also higher than female students. The 

results implied that by practice abductive reasoning and learning domain knowledge, 

V-aquarium is a suitable game for male students rather than females. 

Keywords: Abductive reasoning, gamification, science learning, history learning, learning 

effect 
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