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Welcome to the Workshop Proceedings of the 26th International Conference on Computers in 
Education, held from November 26th through November 30th, 2018 in Manila, Philippines.  
Established in 1989, ICCE is now an annual international conference organized by the Asia-Pacific 
Society for Computers in Education (APSCE), and it has become a major event for scholars and 
researchers in the Asia-Pacific region to share ideas and to discuss their works in the use of 
technologies in education. 
 
This year, we accepted fourteen workshop proposals with the goal of exploring focused issues 
across various themes. Each proposal in these proceedings was peer-reviewed by international 
reviewers in their perspective areas to ensure the highest quality work. We believe that the 
workshops provide a valuable venue for researchers to share their work and have the opportunity 
to collaborate with likeminded individuals. The workshop papers spanning various topics will 
certainly stimulate more interesting research in respective areas in Asia-Pacific countries. We hope 
that readers will find the ideas and research results presented in the proceedings relevant to their 
future research. 
 
Finally, we would like to thank the Executive Committee of the Asia-Pacific Society for Computers 
in Education and the ICCE 2018 Program Co-Chairs for entrusting us with the important task of 
chairing the workshop program and giving us an opportunity to work with many outstanding 
researchers. We would also like to thank to Local Organizing Committee for helping with the logistic 
of the workshop program.  
 
On behalf of the editors, 
Ying-Tien WU, National Central University, Taiwan 
Niwat SRISAWASDI, Khon Kaen University, Thailand  
Michelle P. BANAWAN, Ateneo de Davao University, Philippines  
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Abstract: We are developing a hazard map creation support system for historical local 

towns. Our system aims at collecting specific information received from residents and 

raising resident's consciousness to disasters by recording hazardous locations where 

residents feel danger in case of disasters. In this paper, we examine the hazard information 

of the area collected by the residents themselves in using the system. While exchanging 

opinions, the residents review the validity and completeness of the information gathered by 

walking around the area. We also consider how to integrate and share it throughout the 

region. 

Keywords: regional disaster prevention, voluntary disaster prevention, hazard information, 

historical local town, local residents,  

1. Introduction

Japan, which is a disaster-prone country, faces the threat of various natural disasters, such as 

earthquakes, typhoons, and volcanic eruptions (Disaster Management, Cabinet Office, 2015). A 

variety of disaster prevention measures and trainings have been studying (Geospatial Information 

Authority of Japan (GSI),2017; Mitsuhara, H. et al., 2015; Nakai, F. et al., 2014; Nonomura, A. et 

al., 2016; Sakuma, A. et.al., 2015). 

Our approach in this paper is small-start ICT-based disaster prevention, which is rooted in 

the region and based on the characteristics of a historical local town (Okazaki, Y., et al., 2016).  We 

have been developing a hazard map creation support system for a historical local town with old 

Japanese scenery (Kozaki, S. et al., 2017; Okazaki, Y., et al., 2017). These towns are vulnerable to 

disaster because of depopulation, aging and preservation of the traditional landscape (Japan 

Guide.com, 2012). In these historical local towns, it is necessary to grasp the characteristic dangers, 

which are difficult to grasp from the general viewpoints, from various perspectives of local 

residents.  
We selected Hizen-Hamashuku in Kashima City of Saga Prefecture in Japan as a model 

areas of historical local towns. This region has remained old city from the Edo era and has been 

designated as nationally important traditional buildings preservation districts (Agency for Cultural 

Affairs, 2017; Saga Trip Genius, 2014). 

Our system supports to make regional hazard map in the following procedure: (1) Residents 

walk around the area and find dangerous location. (2) He/she posts the information on a tablet device 

(a position, a photo, a disaster type, a risk level and comments). (3) The posted information is stored 

in the database of the server. (4) Each terminal acquires information from the database on the server. 

(5) The terminal can show all posted information. The continuous resident participation and posting

design are core concept for our community-based approach.
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  We expect that local residents can collect detailed information including particular to the 

historical local town and also expect that disaster prevention awareness of residents can be improved 

by participation activities. Utilizing this system, we have collected the hazard information of each 

district by local residents themselves walking around the districts by themselves (Okazaki, Y., et al., 

2017). 

In this paper, we conduct mutual evaluation of the collected information through exchange 

of opinions by local residents. The viewpoint of evaluation is as follows: Our system is able to 

support (1) collecting hazard information of residents' perspective, (2) collecting exhaustive 

information, and (3) the validity of posted information. This study shows that our approach is useful 

for collecting and sharing danger information including particular to historical local towns based on 

the residents' perspective, and discuss their achivement and future issues. 

 

 

2. Collection of Hazard Information by Town Walking 
 

On September 29, 2017, 11 local residents and 8 our members took a walk using our system and 

gathered information. About 15 minutes, we explained the way of using the system to the residents. 

After that, we assigned persons in charge of the six districts in the target area. They are “Shokin”, 

“Minamifunatsu”, “Kitafunatsu”, “Nakamachi”, “Hashuku” and “Shinmachi”. The person in charge 

of each district is a group of 2 to 4 people including the local residents of the district and our student 

members. Each group searched for each district and registered district hazard information. The time 

to walk around town was around 1 hour including the round trip to the starting point. 

Figure 1 shows the hazard map created in this activity. A total of 50 regional hazard 

information was registered. We asked local residents to input information. Most of the information 

was input by the residents themselves, but our members (students) entered information on the 

support of uneasy people and the information they found themselves. 

 Figure 2 shows information registered in each district. The type and number of registered 

information are different for each district. Moreover, these differences reflect the anxiety of each 

district against these disasters including the town specific. We believe that we could create a hazard 

map reflecting the characteristics of the district by walking around and registering information in 

using our system. 

 

 

AddUpdate Information Hazard Map

Filtering
Current location Update

 
 

Figure 1. The created hazard map 
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Figure 2. Hazard information registered in each district 
 

 

3. Posted Hazard Information Review Meeting 
 

3.1 Outline of the Review 
 

The review meeting was held at Hama public hall, which is a community hall in target area, on April 

19, 2018. There were 9 participants, who are 5 local residents, one Kashima city official staff and 3 

our members (one professor and two graduate students). The residents are representative for 

voluntary disaster prevention activities from each district in the target area. The city official belongs 

to the City Construction Division which administer the target area. We held the meeting for about 2 

hours from 10 AM. 

 

3.2 The Meeting Process 
 

We prepared a large-scale ZENRIN map of 1/250 scale. It shows the target area by A0 size paper. 

The reasons why we applied not tablet devices but a paper map are (1) it is suitable for exchanging 

opinions while sharing information, (2) it is easy to operate on information such as pasting or writing 

on a map, and (3) it is easy to grasp activities of other participants. 

We examined 23 regional hazard information, which is judged risk levels 3 (the most 

dangerous) or level 2 out of 50 pieces of hazard information collected by walking around the target 

area. The area is divided into 6 districts as we described above. They are “Shokin”, 

“Minamifunatsu”, “Kitafunatsu”, “Nakamachi”, “Hashuku” and “Shinmachi”. We have given ID 

number for identification to all information beforehand. We printed 23 sheets of hazard information 

and distributed them to participants. Each sheet expresses hazard information at each point 

(Figure3).  

By attaching a numeral seal to the position on the map corresponding to each information ID 

number, we prepared the location confirmation. All the participants checked each position, a photo, 

and hazard information in turn, and exchanged opinions. 

We also carried out questionnaires on the completeness and validity of posted information. 
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ID District Risk level
Serial number for 
each risk level 
in each district

Risk level 3

Fire

Flood

Earthquake

Crime

The house is aging

 
 

Figure 3. An example of distributed hazard information sheet 
 

3.3 Results and Discussion 
 

At the review meeting, we confirmed that we were able to collect 12 danger information specific to 

a historical local town among 23 targeted danger information of risk level 2 and 3. They are 7 

dangers caused by structure particular to historical local towns, 4 dangers with respect to the aged 

structures and 1 dangers related to the elderly. 

Figure 4 shows the results of answers to the question of whether they knew the each hazard 

information from before. We can see that about 80% of hazard information knew from before. This 

result shows that the residents were able to gather hazard information of the district from the 

residents' perspective by using our system. The 20% hazard information recognized for the first time 

at this review meeting was information on districts other than their own district. In the existing 

method with ad hoc message exchange, sharing of hazard information of beyond the district is 

insufficient. This shows the usefulness of information sharing by our system. 

 

 

80%

85%

76%

20%

15%

24%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Total

Level 2

Level 3

Knew it Did NOT knew it

 
 

Figure 4. Answers to the questionnaire (Did you know the danger of the place from before?) 
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Figure 5. Review of risk level based on subjective evaluation 

 

It is also supported from the residents own words "We don't know the detailed information 

of other districts. It is very useful to share the hazard information gathered for each district together 

in considering district disaster prevention". 

 After the review, we asked the participants if they walked around again, they could find new 

hazard information. Their answer was negative. We consider that the collected hazard information 

has covered almost everything because voluntary disaster prevention members in each district 

actually walked around his/her district and entered the information. 

Figure 5 shows the results of answers to the question of whether the information the 

residents judged risk level 3 and level 2 (Level 3 is the most dangerous) is really dangerous. There is 

no clear criteria of the risk level to be given at the time of posting information. It is left to the 

subjectivity of the poster. About 84 % of the information judged as risk level 3 is recognized as 

dangerous. About 66 % of risk level 2 is the same. Approximately, 15% and 33% of the information 

judged level 3 and level 2, respectively, revealed that the danger could not be recognized. This result 

shows that it is possible to gather information from various viewpoints due to subjective evaluation 

of residents. 

We believe that differences in opinion encourage discussion and analyzing their opinions 

will contribute to increase reliability. It is meaningful to collect and share information on places 

where some residents feel dangerous in their daily life. Among the places where some residents 

thought it was dangerous, it was found that countermeasures were already taken and the danger was 

reduced. It was also revealed that disasters have occurred in the past even though they do not appear 

to be high in danger, and that this is not well known. Through this review meeting, it was beneficial 

that these cases above were become apparent and shared among residents. These findings indicate 

that it is desirable to create a mechanism to provide hazard information with some degree of 

reliability in sharing it among all residents. In order to realize this, it is necessary to review the 

causes of each hazard information from multiple perspectives. 

 

 

4. Conclusion and Future Works 
 

In this paper, we examined the regional hazard information collected by the residents themselves in 

using our hazard map creation support system. The target area is historical local town in Saga, Japan, 

where the old good streets of the Edo period remain. While exchanging views surrounding the 

large-scale paper map of the area, the residents review the validity and completeness of the 

information gathered by walking around the area. We found that it was possible to gather regional 

hazard information including specific to historical local town from the viewpoint of residents in 

addition to high coverage for each district. Also, by sharing information at the review meeting, the 

residents were able to newly know the hazard information of other districts that they did not know 

before. This shows the usefulness of residents to share the dangerous information while examining 

each cause across the different districts. Subjective assessment of risk level makes it possible to 
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gather information from various perspectives. Such information with different evaluations will 

trigger detailed review and encourage discussion.  This leads to a deeper understanding of the 

dangers of the place and an increase in the reliability of the information.  

 In future research, we will make a mechanism to improve collected hazard information 

through exchange of opinions among local residents and create a reliable regional hazard map for the 

area. We hope that our research contributes to preparing for disasters by communicating the 

collected hazard information to all residents in an easy-to-understand manner. 
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Abstract: Evacuation drills are very common as disaster education. However, an 

evacuation drill is not necessarily very realistic. To heighten the reality, we proposed an 

ICT-based evacuation drill (ICTBED) and developed ICTBED systems. One of our 

ICTBED systems aimed to achieve a high degree of reality using augmented reality (AR) 

and an immersive head-mounted display (HMD) but was impractical as disaster education. 

To make the system practical, we focused on AR and a handheld HMD (HHMD) and, then, 

prototyped the HHMD system. This paper describes the HHMD system and focuses on how 

to visualize disaster situations using AR. We report on a preliminary experiment at an 

educational event for children. 

Keywords: Augmented reality, evacuation drill, disaster education, head-mounted display 

1. Introduction

Disasters can happen to anyone. In recent years, the number of natural disasters has been increasing. 

In addition, we must be mindful of non-natural disasters (e.g., terrorist attacks). Thus, disaster 

management (disaster risk reduction) is important for us to survive disasters. Disaster management 

is roughly divided into structural and non-structural measures. For example, for a tsunami (seismic 

tidal wave), a typical structural measure would be a coastal levee and a typical non-structural 

measure would be an evacuation drill. Even if the structural measures seem to be sufficient, whether 

we survive a disaster depends on our decisions (and actions) based on our knowledge, skill, and 

experience. This means that we must learn how to survive disasters. In other words, disaster 

education is a very important non-structural measure. 

Evacuation drills are a very common form of disaster education. However, in many cases, 

evacuation drills differ from reality (i.e., real evacuations). Conventional evacuation drills tend to 

make participants simply follow a predetermined (recommended) evacuation route under a simple 

disaster assumption. In other words, the participants are not given opportunities to think about how 

to evacuate under various disaster assumptions (possible disaster situations). In a real evacuation, 

people will encounter difficult disaster situations that can obstruct their route to an evacuation site. 

For example, they will have to choose a safer route by observing their surroundings if a 

recommended route is destroyed. If they find an injured person, they will have to decide whether to 

help them. This means that the reality of evacuation drills should be heightened. 

To heighten the reality, disaster education has actively been introducing information and 

communication technology (ICT) such as digital games, artificial intelligence, and virtual reality 

(VR). For example, Chittaro and Sioni (2015) developed a VR-based serious game where people can 

learn how to survive terrorist attacks while receiving instructions about proper decisions. Ramchurn 

et al. (2016) developed a location-based game where disaster responders can be trained to make 

proper decisions in a radioactive disaster while collaborating with software agents. Radianti et al. 

(2015) developed a mobile game for training disaster responders that predicts and visualizes a 

building fire (the spread of smoke and heat) using a Bayesian network. ICT-based evacuation drills 

(ICTBEDs) have attracted similar attention. For example, Gong et al. (2015) developed a VR-based 

earthquake evacuation simulator in which people can walk through a three-dimensional virtual 

world by controlling an avatar with gestures. To increase the degree of reality of evacuation drills, 
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we should focus not only on VR but also on augmented reality (AR), which attaches more 

importance to the real world. This is because AR can visualize disaster situations realistically by 

superimposing computer graphics onto a real-time scene (i.e., a person’s view). 

In this study, our group developed ICTBED systems and conducted ICTBEDs mainly for 

schoolchildren. Our ICTBED aims at high-reality evacuation drills that result in effective disaster 

education. The reality can be regarded as a realistic expression of possible disaster situations, i.e., 

virtual disaster situations (VDSs). Effective disaster education can be regarded as immersive 

simulated evacuation experiences in which participants make decisions earnestly in VDSs. In a 

VDS, participants should be able to make some good decisions. Therefore, we think that providing 

such experiences in an ICTBED can result in effective disaster education. To achieve a high degree 

of reality, one of our ICTBED systems focused on the combination of AR and a head-mounted 

display (HMD) (Kawai et al., 2016; Mitsuhara et al., 2016a). To increase the degree of reality 

further, we used a handheld HMD (i.e., a smartphone-based HMD) to extend this ICTBED system. 

 

 

2. Disaster Education Model 
 

In disaster-prone countries, disaster education is regularly conducted in various settings (e.g., 

schools, companies, and communities) but is not fully established yet. A review paper (Johnson, et 

al., 2014) showed that evaluation methods for disaster education practices (programs) are not unified 

and it is difficult to discuss the effectiveness of a practice session with objective criteria. Disaster 

education involves various topics (e.g., geography and psychology) and should be customized to 

each session (e.g., the target learners). Therefore, we think that more research and practice are 

required on disaster education. Furthermore, models should be built to help with disaster education. 

There is a fundamental disaster management model that consists of four phases: response, 

recovery, mitigation, and preparedness (NGA, 1979). We believe that disaster education should 

teach how to respond (e.g., rescue and evacuation) in the preparedness phase (Figure 1). 

 

 
Figure 1. Four-phase disaster management model 

 

2.1 Learning How to Respond 
 

In the response phase (i.e., immediately after a real disaster has occurred), to survive, we must make 

prompt and correct decisions (and actions). A real disaster is a time for doing rather than learning. In 

the response phase, we apply what we have learned in the preparedness phase. Therefore, it is 

important when learning how to respond that we experience such decision-making in virtual 

disasters, i.e., in simulated experiences. 

Simulated experiences are often provided using VR technologies. For example, Bacon et al. 

(2013) developed a VR-based training system through which strategic planners learn how to make 

decisions as part of crisis management. This system, which uses artificial intelligence planning 

techniques and a knowledge base, can control a time-series scenario (i.e., a sequence of events for 

which the planners must make decisions), taking account of the trainees’ abilities and stress levels. 

Cha et al. (2012) developed a VR-based training system that firefighters can use to learn how to 

rescue and evacuate victims from a fire in a road tunnel. This system can precisely simulate and 

visualize the spread of toxic gasses and heat in a virtual tunnel based on fire dynamics data (fluid 

phenomena prediction).  
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In this study, we focus not on the disaster responders but on the evacuees (i.e., the public), 

who can survive a disaster by evacuating successfully. In other words, we explore simulated 

evacuation experiences. 

 

2.2 The GLI Model 
 

The right decisions in the response phase vary according to the disaster, that is, the when, where, and 

how. Therefore, we should learn how to evacuate under various disaster assumptions, and we need 

an effective disaster education model for continuous learning. We propose the GLI model, which 

has three stepwise learning layers: global, local, and individual (Figure 2). 

 

2.2.1 Global Layer 
 

This layer deals with basic knowledge about each type of disaster (e.g., terminology, past damage, 

and safety actions). In this layer, learners are expected to acquire knowledge about as many types of 

disaster as possible. The knowledge will be delivered through various kind of learning material. 

 

2.2.2 Local Layer 
 

This layer deals with the disaster risks in each learner’s communities (e.g., residence and school). In 

this layer, learners who acquired knowledge in the global layer are expected to recognize the disaster 

risks (e.g., collapsed buildings) through investigative learning (e.g., fieldwork). This kind of 

learning can be regarded as authentic learning. 

 

2.2.3 Individual Layer 
 

This layer deals with the responses that depend on each learner’s individualized assumptions of what 

might happen and what they can do in a disaster in their local environment. For example, their 

responses depend on their physical capacity and the health of family members. A learner will make 

such assumptions based on their perception of possible disaster situations. In this layer, learners who 

have recognized the disaster risks in the local layer are expected to plan how to survive (evacuate) 

based on their own assumptions. Evacuation drills should follow the evacuation plans and be based 

on the knowledge gained in the two higher layers. People will be able to make prompt and correct 

decisions in a real evacuation if they continue to learn in this layer (i.e., make evacuation plans for 

many different assumptions). 

 

 
 

Figure 2. GLI model of disaster education 
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3. ICT-based Evacuation Drill 
 

It may be difficult for learners to imagine possible disaster situations and to make their 

individualized disaster assumptions. Due to such difficulties, the reality of an evacuation drill may 

be lessened. To enhance the degree of reality, their imagination should be complemented. Our group 

has proposed ICTBED, which aims to complement people’s imagination and we developed 

ICTBED systems. 

 

3.1 Overview 
 

Our ICTBED introduces an interactive disaster scenario (IDS) and digital materials (DM) that 

express VDSs. The IDS, which begins at specific locations and ends at designated evacuation sites 

within a time limit, can be regarded as a set of story-based disaster assumptions. It has the following 

scenes: 

 Stay scene (SS): Each SS corresponds to a location designated by a rectangle. 

 Move scene (MS): Each MS, conceptually assigned between SSs, prompts participants to reach 

the next SS. 

 Interrupt scene (IS): Each IS is independent of the location and corresponds to the elapsed time 

or a designated time. 

 Each scene has at least one cut, which is a unit used to present DM (e.g., a video, slideshow, 

single-choice question, and AR). The IDS can branch according to the following conditions: 

 Option selected (cut to cut): The next cut depends on which option a participant selects. 

 Already visited (cut/SS to cut/MS): The next cut/scene depends on which cut/scene a 

participant has visited in/till the current scene. 

 Visited (MS to SS): This condition is valid only for an MS where one or more SSs are 

candidates for the next scene. After visiting one of the candidates, a participant moves to the 

next candidate SS for the MS. 

 Elapsed time (MS to IS): When the time allocated to a scene reaches a threshold, the participant 

is forced to visit (jump to) an IS. The participant returns from the forced scene to the previous 

scene or a designated scene. 

 The branched IDS enables participants to make decisions in the VDS. In other words, the 

branched IDS controls the storyline of an evacuation drill according to the learner’s decisions 

(Figure 3), and multiple endings are available. For example, if a recommended evacuation route is 

destroyed in a VDS, a participant must choose a safer detour for a successful evacuation. 

 

 
 

Figure 3. Branched IDS 
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3.2 ICTBED System 
 

Our group developed three types of ICTBED system (Figure 4). The systems were different in terms 

of working platform (devices): 

 Mobile system (app): This system, which works on GPS-enabled smartphones or tablets, 

recognizes a participant’s current location and presents DM corresponding to the location 

(Mitsuhara et al., 2015). In other words, this system is suitable for outdoor ICTBED. An 

extended version of this system can present AR that visualizes disaster situations by 

superimposing two-dimensional computer graphics on the real-time view (Mitsuhara, et al., 

2013). 

 Web system: This system, which works on standard web browsers, enables participants to 

evacuate in a semi-virtual world using Google Street View (Mitsuhara et al., 2016b). When 

using this system, the participants do not have to move in the real world. 

 HMD system: This system, which works on relatively high-performance laptop computers, 

requires participants to wear an immersive HMD (Oculus Rift with Ovrvision). It can be used 

for very real evacuation drills by presenting AR as DM (Kawai et al., 2016; Mitsuhara et al., 

2016a). This system is mainly useful for short-range evacuation drills because it is difficult for 

the participants to move in the real world while wearing the HMD. 

 

 
Figure 4. Three types of ICTBED system 

 

3.3 AR in ICTBED 
 

The HMD system, which basically recognizes SSs using marker-based AR techniques or GPS, 

presents AR corresponding to the recognized SS. For the marker-based AR, fiducial markers must 

be placed at SSs (designated locations) in the real world. Markerless AR is also available; however, 

it is limited to a few disaster situations (e.g., fog, rain, or shaking). To visualize disaster situations 

realistically, the HMD system adopts a game engine (Unity 3D) and presents AR that superimposes 

three-dimensional computer graphics (3DCG) onto the real-time view. 

 For AR, the visual reality of the HMD system was higher than that of the mobile system. 

However, most of the ICTBED participants who wore the HMD during preliminary experiments 

suffered from so-called VR sickness caused by temporal gaps between the presented AR and their 

visual sense. In addition, assistants had to accompany the participants for operational safety so that 

staff were needed. Our group considers that ICTBED using the HMD system is still impractical for 

disaster education due to these negative aspects. 
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4. Handheld HMD-based AR in ICTBED 
 

To make a practical HMD system, we used a handheld HMD (HHMD) consisting of a smartphone in 

a lightweight frame made of plastic or cardboard. The HHMD is easy for participants to wear (hold 

to their eyes) and take off during evacuation drills. The participants can take off the HHMD and 

move during MSs to prevent VR sickness. This device make it easier conduct ICTBED without 

assistants. We prototyped the HHMD system as an extended version of the HMD system. 

 

4.1 Implementation 
 

Currently, the HHMD system recognizes SSs using marker-based AR techniques, focusing on 

indoor evacuation drills (e.g., earthquake evacuation drills where participants escape from a building 

to the outside). This is because printed fiducial markers are occasionally difficult to use outside due 

to rain, wind, etc. 

 The HHMD system works on relatively high-spec Android smartphones and the AR is 

implemented using a game engine (Unity 3D) and a marker-based AR software development kit 

(Vuforia). The latest version of Vuforia can deal with markerless AR. For the HHMD system, 

basically, a fiducial marker is prepared for each disaster situation. The same marker can be reused if 

an IDS has a linear storyline (without branches). The HHMD system presents AR via the following 

steps: 

i. It captures the fiducial marker with the real-time vision at an MS. 

ii. It recognizes the next SS by checking the captured marker based on the IDS. If the captured 

marker does not match any of the SS candidates, the corresponding SS is not recognized as 

the next SS. 

iii. It presents AR corresponding to the recognized SS (as DM at the first cut). In other words, it 

superimposes the corresponding 3DCG onto the real-time view. 

iv. It adjusts the position of the superimposed 3DCG synchronously based on the direction in 

which the participant is looking (i.e., the direction in which the smartphone’s rear camera 

is pointing) using the extended tracking function provided by Vuforia. 

 

4.2 AR Examples 
 

In MSs, the participants can take off the HHMD and move in the real world (building) to find a 

fiducial marker. On finding a marker, they gaze at it through the HHMD until the corresponding AR 

is presented. Currently, the HHMD system presents AR that visualizes seven earthquake-related 

situations (Table 1). 

 As long as the participants view the presented AR by moving the HHMD slowly, the 

HHMD system can maintain the positional consistency of the superimposed 3DCG correctly. For 

example, they can view water as if it were spread all around the space (Table 1-I). Fire and smoke 

are rendered with the particle system provided by Unity 3D. On approaching a rendered fire (i.e., the 

corresponding marker), the participants will see an enlarged fire (Table 1-II). If they look up at the 

ceiling, they will see thick smoke (Table 1-III). Animation and sound can be added to the AR. For 

example, when an afterquake occurs, the participants can see and hear a cracked window breaking 

(Table 1-IV). 
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Table 1 

AR examples that visualize earthquake-related situations 

Disaster situation Snapshot 

I Water (tsunami) 

  
II Fire 

  
III Smoke 

  
IV Cracked and 

broken window 

  
V Crack (in the floor) 

 
VI Collapsed wall 

 
VII Injured person 

 
 

4.3 Preliminary ICTBED Experiment Using the HHMD System 
 

We used the HHMD system to conduct a preliminary ICTBED experiment. The scenario was an 

earthquake evacuation (a first-step escape from a damaged room into a corridor) at an educational 

event for children (elementary and junior high school students) to examine whether participants 

accepted the ICTBED (Figure 4). 
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4.3.1 Settings 
 

In this experiment, a small simple maze was built in a room and the participants were required to 

reach the end within 5 minutes while making decisions against the seven VDSs (shown in Table 1). 

Almost all of the participants moved in the maze while wearing the HHMD even though they could 

take off it. However, due to operational reasons, this experiment was conducted differently than the 

expected ICTBED: 

 Although the HHMD system was designed to be used by the participants themselves (i.e., 

without assistants), assistants accompanied the participants (children) to make the learning 

more effective and for operational safety. We thought that the assistants should have the 

flexibility to give the participants instructions about how to make decisions in the VDSs and 

occasionally guide them to the end. 

 The participants’ decision-making was limited to whether to take shortcuts that could be 

dangerous due to a fire, a crack, or a collapsed wall. Just as we intended, none of them took the 

shortcuts. For the other VDSs, the participants simply viewed the presented AR and were asked 

by the assistants about possible correct decisions in the VDS. For example:  

 Assistant: “What should you do when you find an injured person who is heavier than you?” 

 Participant: “I want to help him, but I cannot carry him. So, I should cry out to adults for 

help.” 

 Assistant: “That’s a good idea, but there are no adults nearby. In this case, let’s leave him 

and continue to evacuate to protect your life.” 

 

  
 

Figure 4. Snapshots of preliminary experiment 
 

4.3.2 Results 
 

We conducted a questionnaire survey immediately after each participant reached the end. Table 2 

summarizes the questionnaire results for the elementary and junior high school students (n = 192). 

Concerning the reality of the presented AR (Q1), about 90% of the participants replied “yes.” The 

participants tended to feel that the water, smoke, injured person, and broken window were realistic. 

Some participants said that the broken window was most realistic due to the breaking sound. A few 

participants stepped away from the real window at the SS. From these results, we think that the 

presented AR can visualize VDSs realistically. Concerning the participants’ fear caused by the 

presented AR (Q2), the mean value was 3.55 but 41 participants replied “disagree” or “strongly 

disagree.” Although the ICTBED does not necessarily aim to produce scary simulated experiences, 

we feel positive about the mean value because their fear seems to be due to the reality. Concerning 

their enjoyment of the ICTBED (Q3), the mean value was 4.48 and about 90% of the participants 

replied “agree” or “strongly agree.” In spite of feeling fear, many of the participants enjoyed the 

ICTBED. Concerning their disaster awareness (Q4), the mean value was 4.18 and we think that the 

ICTBED can provide the minimum level of learning (increased awareness) as practical disaster 

education. Concerning their sustainable motivation for the ICTBED (Q5), the mean value was 4.33 

and almost all the participants replied positively. 

 From the above results, we conclude that the ICTBED using the HHMD system was 

accepted by the participants. In addition, we believe that the ICTBED can provide very real 

simulated evacuation experiences that entail enjoyment and learning effectiveness. 
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Table 2  

Questionnaire results 

Question Reply 

Q1 Is the presented AR (disaster situations) realistic? Yes/No 

      Which ARs are realistic? 

Yes=172, No=17 

 Mean (standard deviation) 

Q2 Is the presented AR scary? 3.55 (1.25) 

Q3 Is this evacuation drill enjoyable? 4.48 (0.73) 

Q4 Has your disaster awareness increased? 4.18 (0.80) 

Q5 Would you like to participate in this evacuation drill (e.g., as a 

class in your school)? 

4.33 (0.83) 

Answers: 1 strongly disagree, 2 disagree, 3 neutral, 4 agree, 5 strongly agree 

 

4.3.3 Limitations 
 

This experiment had limitations. Since it was possible that children in the lower grades of 

elementary school replied without understanding the questions (especially about the reality), the 

reliability of the questionnaire survey may be insufficient. In this experiment, the HHMD system did 

not use a branched IDS, i.e., the storyline did not change according to their decisions. In addition, the 

participants were not given enough opportunities to reflect on the evacuation. These limitations 

mean that this experiment did not sufficiently evaluate whether the ICTBED taught the children how 

to evacuate. 

 

 

5. Conclusions 
 

This paper described an ICTBED system that combined AR and HHMD to heighten the reality of 

evacuation drills. The HHMD system (an extended version of an HMD system), which aims to make 

the HMD system practical, presents marker-based AR on a HHMD. The AR visualizes disaster 

situations realistically by superimposing 3DCG on the real-time view. The preliminary experiment 

showed that the ICTBED can provide very real simulated evacuation experiences. However, we 

have not evaluated sufficiently whether the ICTBED can be useful as practical disaster education. 

 With the spread of high-spec smartphones, mobile AR has been attracting attention for 

disaster education. For example, Dong et al. (2016) developed a mobile AR-based system that trains 

first responders to assess disaster situations adequately and plan responses. This system realizes 

markerless AR by superimposing 3DCG of disaster situations (e.g., fire, tornados, and injured 

people) on the real-time view using a smartphone’s GPS, electronic compass, and disaster scenarios. 

Itamiya (2017) developed a mobile AR-based system that visualizes floods and smoke realistically 

using markerless AR technology (Google Tango) and smartphone-based HMDs. Like these 

examples, the advances in AR technology will accelerate the development of disaster education 

including ICTBED. 

 We continue to extend our HHMD system to make ICTBED more effective as practical 

disaster education. For example, the HHMD system should realize AR that visualizes more disaster 

situations and be easily available (set up) by the public (e.g., schoolteachers). In addition, we want to 

understand how best to learn how to evacuate using a HHMD system. 
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Abstract: The Philippines recently implemented the Kinder-to-12 (K-12) education system 

that now offers a Disaster Readiness and Risk Reduction (DRRR) course. The study considers 

the Learning gaps present in the delivery of content for the DRRR course, specifically the 

Hydrometeorological disasters topic, offered in the De La Salle University - Integrated School. 

One of the gaps identified was that students were unable to experience the disasters first-hand 

in the current Learning environment. This prevents them from testing the various actions and 

making potentially critical decisions when an actual disaster occurs. Another gap identified 

was that students were unable to categorize what things and/or places are safe or potentially 

dangerous in their environment when a disaster happens since there are different factors that 

may come into play during these times. The study proposes that a simulated Learning 

environment through Virtual Reality, where students are immersed in different 

Hydrometeorological disaster scenarios, allowing them to perform the appropriate safety 

measures as a solution to the identified gaps. The Virtual Reality simulator was developed with 

Unity for Android, which deployed various Hydrometeorological scenarios, designed to 

parallel the Philippine context. 

Keywords: simulation, virtual reality, disaster preparedness, k-12, learning environments 

1.  Introduction

The Philippines is visited by approximately twenty typhoons every year. Out of the yearly typhoons, 

historically, five were very destructive (Asian Disaster Reduction Center, n.d.). Among the destructive 

typhoons, Typhoon Yolanda which “would be the country’s deadliest storm ever” (Brown, 2013), had 

6,300 deaths, 28,688 injured and 1,062 missing reports which totaled to 36,050 casualties (National 

Disaster Risk Reduction Management Council, 2013). To mitigate such future instances, a National 

Disaster Risk Reduction and Management Plan (NDRRMP) was created by the Philippine 

government, which is effective until 2028, that highlights the importance of mainstream Disaster Risk 

Reduction and Management (DRRM) in the development process. The Department of Education 

(DepEd), along with the integration of the recent Kinder-to-12 (K-12) program, have current policies 

tailored towards “institutionalizing the mainstreaming of DRRM in the Philippine Education” (Berse, 

2015). This would allow students to be informed and knowledgeable about disasters so that they 

would know what to do before, during, and after a calamity, apart from traditional television and radio 

announcements.  

DRRM is taught in the K-12 curriculum and is introduced during Grade 12 of a student’s 

Senior High School year. In the current Learning environment, students do role play to act out the 

appropriate measures for the disaster assigned to them. However, the crucial ‘during a disaster’ part is 

where problems arise because students are incapable of experiencing the scenarios where the safety 

measures can be applied to, because certain elements need to be present in a disaster, specifically 

Hydrometeorological ones. The students do not get to simulate many on-the-spot decision making 

during a disaster, since scenes are already predetermined when role playing; they do not get to 
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experience the full effects of the safety measures they performed or choices they make, because in role 

play the presence of actual danger, like getting severely injured or possibly dying, along with the 

pressure that comes with encountering disaster is not present. Examples of elements that are essential 

in a Hydrometeorological disaster, but not present in a role play, are the presence of rain, thunder, 

scenario, can trigger the decision-making process of the learners. Aside from this, presence of time 

pressure, the possibility of different outcomes, and the chance that an event in a scenario may be 

overlooked are also not considered when students do role play.  

Another problem that was identified is that in a disaster situation, students are unable to 

categorize which things are considered safe or potentially dangerous in their environment because 

there are different factors that may come into play. Examples of these factors that can affect the 

decision of students include the current situation - heaviness of rain, strength of wind, potential of 

flooding; condition of the student - (prepared, stable, or wounded); condition of the environment – 

(architecture of the house, road structure and features, community preparedness; available and 

unavailable resources); all of which can contribute to the outcome in a scenario that affects the 

situation of the learner. 

 

 

2. Related Work 
 

Local communities, local government and other locally situated development actors have the greatest 

pressure and have the most involvement for the DRRM to be successful (Fajardo, 2013). Several 

studies have shown the importance of early engagement of the youth when it comes to planning and 

preparedness efforts for disasters (Khorram-Manesh, 2017). Thus, it makes sense to integrate disaster 

preparedness in education. Supplementing the existing methods in the current Disaster Preparedness 

subject, another tool that can be integrated as another method of transferring knowledge is through 

“Learning by Doing” (Khorram-Manesh, 2017). An example of this method is a simulation exercise in 

which the subjects may be exposed to various scenarios while creating a sense of security and safety 

which allows them to make multiple mistakes without risking their safety (Khorram-Manesh, 2015). 

Using Virtual Reality (VR) in education has proved its effectiveness through several studies 

(Pantelidis, 2010). The advantages of VR drills over other alternatives are significant for both training 

and assessment. Immersive, repetitive practice in the content domain is a well-established method for 

mastering knowledge, skills, and affective control to the extent that they are less susceptible to 

external stressors leading to dissonance. Additionally, VR supports the repeatability, consistency, and 

feasibility of routine on-demand training that allows learners to participate as needed (Andreatta, et al., 

2010). 

There are several works that investigated using VR in the field of Disaster Management as 

well. Training for real world disaster scenarios that focus on decision making under stress was 

developed in the Pandora Program (Mackinnon, et al., 2013). It allowed for certain Gold 

Commanders; senior executives who manage crisis situations; to undergo simulations with various 

inputs that change the scenarios to apply different amounts of stress on the trainees. This was used to 

see how trainees decide under pressure, potentially affecting positive change in their decision making 

and strategy formulation. Another project that looked into VR in Disaster Management is a mobile 

serious game called MAGNITUDE (Wahyudin & Hasegawa, 2015). They presented a study which 

looked at a Disaster volunteer’s awareness on several ethical issues in the areas of Disaster response 

work. By looking at two kinds of users, the experienced and inexperienced, they were able to show 

that those who were inexperienced were less likely to exhibit awareness of ethical issues in Disaster 

work. It was important to note that the inexperienced volunteers were usually the first to respond to 

Disaster work as spontaneous volunteers. Lastly, the Code Red: Triage serious game was proposed to 

test a player’s mental structure in the context of Crisis management. (van der Spek, Wouters, & van 

Oostendorp, 2011). The study also focused on developing guidelines in development of serious games 

and instruction. 

Looking at the literature, we can see that there are several studies looking into various aspects 
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of Disaster Management, be it in the training for executives, volunteers or, the people themselves. 

Considering this, the researchers saw a need to look further into training potential disaster victims in 

relation to the problems that were seen in the current situation in the K-12 curriculum, with respect to 

the greater body of knowledge in VR simulators in Disaster Management.   

 

 

3.  Methodology 
 

3.1.  Data Gathering 
 

The Learning gaps that were identified needed to be verified by Disaster Preparedness educators. 

Jenibel Paray and Mark Sanchez, two DRRR teachers from De La Salle University - Integrated 

School, were interviewed to verify the Learning gaps found, and were asked to identify other Learning 

gaps that were not considered during project conception. Two interviews were done, which verified 

the researchers’ Learning gaps, and provided an overview of the classroom setup. According to the 

teachers, the common approach to teaching DRRR involved role play, and traditional instruction.  

 

3.2.  Instructional Design 
 

To resolve the Learning gaps identified, the researchers developed a Simulated Learning Environment 

(SLE) through Virtual Reality. Instructional Design was created first, supported by the concept of 

Simulation-Based Learning, a Learning Theory, which replaces and amplifies real experiences with 

guided ones that replicate substantial aspects of the real world (Lateef, 2010). A Theoretical 

Framework was developed to guide the flow of content, where additional Learning theories (Scenario-

Based Learning, Problem-Based Learning, and Multimedia Learning) were implemented to maximize 

a student’s learning (Figure 1).  

 

 
 

Figure 1. Theoretical Framework used for the study 

 

In the Framework, Simulation-based learning allowed the students to be “immersed” in a 

disaster as if it were in the real world. Through simulations, a platform that provides repetitive practice 

allowed students to learn and relearn the safety measures needed to improve procedures or skills 

needed, creating a stronger learning environment than passive instructions. Scenario-based and 

Problem-based learning contributed to the SLE through contextualized storylines combined with 

problems where DRRR knowledge is integrated, to find the best solutions to survive the disaster. This 

also created a “moment of need” feeling for the students.  
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To be able to create the SLE, the design of the scenarios and the set of decisions that a student 

will make were then mapped. During this phase, past disasters (within the last five to ten years), that 

were documented (either on paper or camera) and made available publicly, were used as a basis for the 

creation of each simulated scenario. Likewise, each example does not reflect one specific disaster 

alone. Rather, these are based on several events that transpired when those types of disasters 

happened.  

The decision-making process in the SLE is based on a combination of the different safety 

measures taught to the students, and the actions of various people as seen and read from their 

documented experience with Hydrometeorological disaster. Ultimately, the researchers made it a point 

that each presented choice of action in the simulation correspond to the most rational thing that a 

person can do when exposed to a certain disaster.  

With the Instructional Design in place, various Hydrometeorological disaster scenarios 

(Typhoon, Flood, Flash Flood, and Thunderstorms) were then mapped, where students can be 

immersed in the disaster, mimicking the real world, in a safe and controlled environment without 

exposing them to any potential risks and danger. An effective simulation is designed based on the 

needs of the students and should include multiple scenarios where they can practice making strategic 

decisions on their own (Salas, Wildman & Piccolo, 2009). The disaster scenarios progress through the 

different decisions the student makes, affecting their survival capabilities in the simulation. Since there 

are infinite decisions that can be made given a scenario, choices or actions provided for the students 

are focused and aligned on different precautionary measures that can be performed before, during, and 

after a disaster. Each decision will have a different effect on the student’s health and/or environment 

throughout the simulation. Moreover, risks are incorporated in the choices that the students take, 

which could impact future events or choices. These risks signify the exposure of the student to 

potential dangers caused by the choices made, regardless if it will result to a negative outcome in the 

scenario or not. These will not be explicitly shown to the student until after a decision has been made, 

or after the scenario. This is to allow the students to perform actions on their own volition, rather than 

the simulation forcing them to make good decisions.  

Risks throughout the simulation are classified into low, moderate, and high risks. Low risks 

are ideally the safe choices that will have a low possibility of endangering the student. Moderate risks 

are choices that will most likely endanger the student. High risks are the critical choices that when 

made, exposes the student to imminent danger. In Simulation-based learning, it is crucial that as 

student engage in the decision-making process, as they are given concrete feedback regarding the 

appropriateness of their choices (Salas, Wildman & Piccolo, 2009). With this, an analysis of what 

happened is provided by the end of each scenario that explains why the student was able, or unable to 

survive the disaster based on the risks he took throughout the simulation.  

 

3.3.  Prototype  
 

The SLE was developed using Unity, which was exported as an extractable application package 

(APK) and can run on Android smartphones using the Cardboard Application by Google. To run the 

application, the smartphone to be used needs to have a gyroscope to allow camera movement. 

Additionally, assets were downloaded from the Asset Store for free, under the Creative Commons 

License, or developed by the researchers themselves. 

The prototype consists of three sections: The Review module, the Simulation (practical 

application) module, and the Assessment module. The Review module consists of materials that go 

through various disasters and how to identify what a scenario is (Figure 2). The Practical application 

module is segmented into six different sub-modules covering the following topics: Typhoon, Flood, 

Flash Flood, Thunderstorms, and two additional simulations of combined disasters such as Typhoon-

Flood, and Thunderstorm-Flash Flood. The Assessment module was intended to allow the students to 

test if they can identify the type disaster in the simulation that happened. 
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Figure 2. Screenshot of the review module in the system 

 

Development involved the construction of the SLE where the students are going to be 

immersed. Based on the scenarios created, the researchers made a layout of what each environment 

would look like (Figure 3). After which, the interactive components of the simulated scenario were 

laid out (Figure 4). These include the buttons that users can base their decision or action on when in 

the simulation. Since there can be one to three segments in the simulation - before, during, and after 

the disaster - the interactive elements will depend on what segment in the simulation they are currently 

in. Since each button has an equal effect to the simulation, animations, audio cues, and additional 

assets and displays were then included (Figure 5). The effects or consequences that are incorporated 

per simulation were gathered through data on past Hydrometeorological disaster reports in the 

Philippines. All causes of casualties were ranked according to number of occurrences and applied to 

the simulation accordingly. Once a decision has been made, the student can no longer access the other 

options, and the simulation will progress according to the decision made. To finish the rest of the 

simulation, elements in the environment that are unnecessary but still important were added, making it 

as immersive as possible. 

 

 
 

Figure 3. Screenshot of the environment in the actual simulation 
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Figure 4. Screenshot of the interactive components in the actual simulation 

 

 
 

Figure 5. Screenshot of an animation in the actual simulation 

 

After each simulation, an assessment will be presented to the students, still using the system, 

to gauge if they understood and was able to identify the type of Hydrometeorological disaster they just 

finished simulating (Figure 6). To conclude the simulation, a summary of what actions were made in 

the simulation are displayed, highlighting the decisions that resulted to low, moderate, and/or high 

risks that will serve as a self-assessment to the students (Figure 7). The level of each risk was 

consulted and verified with the DRRR teachers with careful considerations on: (a) the layout of the 

environment and placement of assets, and (b) the effect of the action to the player or the simulation. 
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Figure 6. Screenshot of the assessment module 

 

 
 

Figure 7. Screenshot of the assessment feedback in the system 

 

3.4. User Acceptance Testing 
 

Data was gathered from 24 Senior High School participants during the two rounds of User Acceptance 

Testing conducted on July 20, 2018, and August 10, 2018. A pre-screening method was conducted to 

determine if the students are qualified to participate in the testing. This was done because the 

simulation involves disaster scenarios and effects that may trigger traumatic experiences and distress 

to participants who have anxiety disorders. The Generalized Anxiety Disorder 7-item (GAD-7) scale 

was used as a pre-screening tool, where students answer a 7-item questionnaire to identify probable 

cases of GAD (Spitzer, Kroenke, Williams & Löwe, 2006). Students who acquired a total score of ten 

or above, though their parents have signed a consent form, were not allowed to participate in the 

testing because they might resemble moderate to severe symptoms of anxiety disorder. 

The participants of the testing rounds were asked to answer a questionnaire after using the 

simulator. The five categories that were highlighted in the questionnaire were System Functionality, 

the Review Module, the Simulation proper, the Assessment post-simulation, and the Overall 

Experience. Answers were gathered through a 5-point Likert scale, where 1 was “Strongly Disagree,” 

and 5 as “Strongly Agree.” Also, open ended questions regarding the simulator were included to get 

qualitative data as well. Table 1 shows the overall and averaged results from multiple questions from 
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each category. The result data from the tests conducted, and each category is measured in percentile 

scores to quantify the data that was collected. 

 

Table 1 

Percentile score of the User Acceptance Testing responses 

Criteria Percentile Score 

System Functionality 77.15% 

Review Module 87.10% 

Simulation 92.53% 

Assessment 96.36% 

Overall Experience 78.84% 

 

It is indicated above, the students found the Hydrometeorological Disaster Preparedness 

Simulator to be effective, such that its functionalities and navigations are working, and the students 

saw the value of the simulations in relation to their DRRR subject, although it still needs 

improvements in various areas such as system response.  

Upon analysis of the qualitative feedback, one of the main strengths of the system, according 

to the users, was its immersiveness. The system was able to deliver a near-lifelike experience where 

the students saw the disasters first-hand and their effects. The weaknesses of the system, however, 

focused more on certain usability aspects. Some students have stated that they got dizzy after using the 

system for a while, while others commented that certain buttons were not visible enough causing 

confusions on certain portions of the simulations.  

The participants have expressed that the system is not only relevant with what is taught in 

their DRRR class but also effective in its means of delivering an improved Learning experience in 

dealing with disaster situations and applying the necessary safety measures involved. They have also 

expressed their desire to use the system and experience more disaster simulations once it is released.  

 

 

4.  Further Study 
 

4.1. Further Research and Development 
 

The system was tested with Senior High School students who have no physical, mental, and/or health 

issues. Further research can be done to understand how different users will react to the system, more 

specifically, users from different age groups, different grade levels, and different levels of knowledge 

in the use of technology. These would all contribute to launching the system for the public, as 

additional means for people to learn disasters, outside of traditional media (television and radio) that is 

encountered today. 

 Implementation of the system outside Metro Manila might also yield different results since the 

scenarios designed had design considerations from urban communities. With this regard, the 

implementation of the system in this rural context might yield different results compared to the results 

gathered from De La Salle University - Integrated School Senior High School students. 

 Further instructional and technical development can be done for the system. All the scenarios 

simulated focused on short-term scenarios. The researchers believe that simulating the medium to 

long-term effects of disasters by integrating new or advanced levels to the current versions can be 
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useful to visualize what happens in a disaster scenario beyond the short-term. Technical issues can be 

investigated further, as optimization issues can be addressed by using code and features not available 

using open source code and media. 

AB testing would be conducted to see how well the simulation would improve a class’s 

performance. A control class under Ms. Paray would use traditional role playing, while Mr. Sanchez’s 

class would use the VR simulation. A standard assessment would then be issued to both classes after 

the activity to see if the simulation would provide a better result, as well as experience, to the students 

involved. 

 

4.2. Implementation  
 

The project will be rolled out in Senior High School DRRR classes in DLSU - Integrated School under 

the supervision of Mr. Sanchez and Ms. Paray. After each Hydrometeorological topic stated in the 

syllabus, the corresponding simulation will be used by the students. The system was developed in line 

with the DLSU - Integrated School DRRM curriculum in mind, which is based off the Department of 

Education’s (DepED) curriculum design. The simulation would replace the role play activity in the 

DRRR classes. Students would be monitored by the teacher six at a time, a number mirroring the 

members of a role play group. It contributes to three out of five learning competencies that are defined 

in the DRRR Teaching Guide released by the Commission on Higher Education. These competencies 

are: (a) distinguish and differentiate among and between different Hydrometeorological disasters, (b) 

recognize signs of impending hydrometeorological hazards, and (c) apply appropriate measures / 

interventions before, during, and after Hydrometeorological disasters. 

Teachers would then use the post-simulation appraisal to see the progress and decision-

making of each student, and provide the necessary intervention needed to further a student’s 

knowledge and understanding. It is projected that the Hydrometeorological simulation be fully 

implemented in the DRRR course of DLSU in the following terms, pending administrative and 

technical requirements. 
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Abstract: Recently, natural disasters that are difficult to predict such as earthquakes, 

volcanoes, and tsunamis are increasing all over the world in including in Japan. As a 

preliminary training to protect people from these crises, disaster prevention education also 

shows the importance of learning using geographical information and web applications. 

Therefore, in this research, we included location information that anyone can easily make, 

we conducted field work and group work for reviewing using scenario-based learning 

applications, and evaluated their usefulness. As a result, in terms of interest and motivation, 

the usefulness this learning material was demonstrated. Especially, group work showed the 

importance of dialogue with others. In addition, improvements have been shown in this 

study. 

Keywords: Disaster education, Risk management, Geographic information, Mobile device 

and applications 

1. Introduction

In Japan, natural disasters such as earthquakes and volcanoes are difficult to predict. The Ministry of 

Education, Culture, Sports, Science and Technology (2011), based on the discussion of meetings of 

expert opinion after the Great East Japan Earthquake, decided that one of the priority of disaster 

education was to nurture a subjective action to protect lives. 

The importance of disaster prevention education is increasing, especially after the disaster, 

and a lot of teaching materials using ICT have been developed. However, the game elements are 

strong, the time in the story is different from the flow of real time, and movement is unnecessary by 

completing only within the teaching materials, so there is a lack of sensible elements (Hatakeyama et 

al. 2018). A system that allows the user to experience disaster events while actually traveling using 

the geographical information system (GPS) and learn how to cope with it is shown to be useful for 

cognitive support for disaster risk (Urano et al. 2013). By using GPS, the system showed that it is 

effective in assuming various phenomena depending on the purpose (Suzuki et al. 2015). In addition, 

evacuation training in the field using a scenario-based mobile learning system has been 

demonstrated to be useful (Hatakeyama et al. 2018). However, it is not possible to clarify the 

influence of the retrospective activity (Hatakeyama et al. 2018). 

Therefore, in this research, we designed a selective scenario-based learning applications for 

disaster education which can correspond to all areas and can be easily created by anyone. In order to 

record peoples’ judgment while assuming disaster scenes in everyday living areas and share the 

choices and conflicts with other people, we will utilize both field work and group work.

2. Outline for Scenario-Based Learning Applications

The outline for the scenario-based learning applications is shown in Figure 1. This material is used 

by a location based internet applications (Tale Blazer / made by MIT STEP Lab). The learning 

applications   has GPS and a map search service (Google Maps); therefore, learners experience 
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disaster events during their own path choice. This location based internet applications (Tale Blazer) 

have block-based programming environment (scratch / made by MIT STEP Lab). Author only 

combine there blocks along own setting story. Therefore, teacher who have no programming 

experience could design application so simply. The theme of this practice is an earthquake at 

Nagasaki University. 

The images of each event were taken and inserted by the author, and the stories assumed by 

the earthquake and the status of each event were documented. In addition, block-based programming 

languages were used, and different feedback was obtained depending on the subject's choice. 

 

 

 

 
 

 

3.  Procedure 
 

A practice scenario-based learning applications for sixteen undergraduate students was conducted. 

First, we conducted a five-minute preliminary survey to place the students on the "disaster 

prevention consciousness scale" (Shimazaki et al. 2017). Next, the author explained the outline of 

Figure 1. Use of Scenario-Based Learning Applications 

 

Goal 

Map of Nagasaki University 

Learners 

First branch point ・Learners choice AorB 

Start 
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the practice. Subsequently, subjects used the downloaded learning applications and carried out field 

work in pairs in the university for twenty minutes. After returning to the classroom and reporting 

back about the disaster events and their choices, we discussed the dangers that are supposed to occur 

for twenty minutes in the group. Finally, after conducting the "disaster prevention consciousness 

scale" again as a posterior survey, a questionnaire survey on the practice was conducted for ten 

minutes. This questionnaire survey also has a section for free description. 

 

 
 

4．Results and Discussion 

 

4.1 Results of disaster prevention consciousness scale 
 

Three factors were considered, "imagination for disaster", "interest in disaster", and "anxiety", and 

there was a significant difference between the prior and posterior mean for each. Therefore, it was 

inferred that field work and group work utilizing this learning applications promoted anxiety and 

raised interest by imagining the time of disaster.  

Specifically, the opinion on the value of the dialogue with others was positive as each person had the 

same choices to make. It is difficult to instantaneously move at the time of a disaster without 

assumption, but the possibility of being able to make a safe choice even a little by thinking about it in 

advance might be higher. It can be inferred that the opinion on the importance of these supposition, 

etc. was raised. 

 

Figure 2. Scene of the practice using Scenario-Based Learning Applications for disaster education 
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4.2 Results of Subjective Assessment 
 

Table1 shows the results of the subjective assessment. Regarding the learning applications to 

disaster prevention education that nurtures subjective judgment skills, learning motivation and 

practical motivation, it is estimated that there were more answers of "strongly agree" than any other, 

and the satisfaction level of the subjects were high. Therefore, it was suggested that this learning 

applications is effective for subjective judgment skills and stimulating learners' interest. There were 

also learners who thought about spreading the imagination to the case where the cracking occurred 

in the landfill Dejima. In other words, it showed that we were able to deepen their thoughts freely 

and disseminate their opinions freely by setting up themes that can be assumed at the time of a 

disaster, that is, without correct answers. 

In the free description of the subjects, it was said that "it can be simulated, but difficult to 

associate with reality", "if there are photographs that show the specific situation, you can think of 

reasons for action more", "even if there is more realism". Improvements on the reality of teaching 

materials were also suggested. While lacking in reality, it was said that feedback to stories and 

options that were unpredictable to the subjects led to a simulated experience that the actual disaster 

site could not be assumed. One subject said, "Things that were not expected to have any damage as 

feedback to the options I also felt keenly that I do not know what will happen with disasters." 

However, due to the fostering of sense of tightness and sense of reality that encourages deeper 

learning, design using Utilizing AR (Augmented Reality) and VR (Virtual Reality) can be greatly 

expected. In VR (Virtual Reality), it is possible to enhance immersive feeling and realism, and to 

provide simulated experiences in virtual space. Applications of these technologies are reported not 

only in the industrial field and entertainment field but also in the educational setting (Setozaki et al. 

2009). 

 

 

Figure3. Results of Disaster Prevention Consciousness Scale 
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Table1 

Subjective assessment results of Learning Applications for disaster education 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.  Conclusion 
 

This study, including locational information that anyone can easily make, conducted field work and 

group work using scenario-based learning applications and evaluated their usefulness. As a result,  

 

 

 

 

5.  Conclusion 
 

This study, including locational information that anyone can easily make, conducted field work and 

group work using scenario-based learning applications and evaluated their usefulness. As a result, 

the usefulness of using this learning applications was proved from the viewpoint of interest and 

motivation.  

In particular, group work showed the importance of dialogue with others. In addition, 

improvements have been shown in this study. It is also an important task to investigate the 

correlation with the stereotype of the evacuation drills that have been experienced so far. 
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Abstract: Located near to the equator, Bandung—the capital city of West Java 

province—have high rainfall. This city has been struggling to minimise floods that often 

occur every year. It was caused by the bad citizen’s behavior, such as, not sorting garbage, 

littering and throw trash into the river. In addition, Bandung also vulnerable to the 

earthquake that might be occurred due to the shifting of Lembang plate. On the other hand, 

the ownership of smartphone in Indonesia has been raised year by year. It is no exception for 

elementary school-age children because there is no strict rule from school to limit the 

smartphone use. According to the problem, the used smartphone among primary school 

children should be maximised not only for supporting formal education but also for informal 

learning. This paper presents the preliminary study of children’s’ awareness of disaster. The 

aim of the study was to gauge the students’ perspective on the use of the smartphone as a 

mobile game gadget for learning disaster awareness. 12 students of elementary school 

involved in the various ways of learning disaster awareness. The result of the study shows 

that the younger students (grades 1-2) tend to enjoy learning disaster preparedness by the 

storytelling, the older students (grade 6) satisfied by reading the written article. But the 

average of students (grades 3-5) most interest to learn disaster awareness content through an 

online game. However, the majority of students felt that mobile game gives more 

engagement than others learning way. 

Keywords: students’ view, educational game, children’s awareness, disaster, elementary 

student 

1. Introduction

Bandung is the capital city of West Java Province, Indonesia. It is located in a valley formed from a 

dried ancient lake (Dam, 1996) However, because of the valley is in the Lembang plate. Hence 

Bandung is still vulnerable to have a big earthquake disaster. National agency of catastrophe releases 

a public warning that resident near to the Tangkuban Prahu volcano to be aware to the earthquake 

caused by shifting of Lembang plate any time. In addition, Bandung is located in the equator caused 

this city received a high intensity of the rain. Hence, year after year Bandung has been struggling to 

anticipate the flooding disaster. However, the behavior of citizen is crucial for the city to struggling 

in the flooding disaster.  

On the other hand, the ownership of smartphone among children in elementary school (ES) 

in Indonesia tend to high compared to other countries. Without strict limitation, a student of ES can 

have a high-end technology of smartphone. Hence, they mostly used such smartphone for gaming. 

With this trend, student tends to use smartphone overtime and give the negative impact for their 

study (Puspitasari, 2016). Furthermore, to maximise the use of smartphone and with regard to 

educating the student about disaster preparedness, it is necessary to develop the mobile application 

supporting the student in disaster education. 

This paper explains the qualitative experiment involved students of ES. The investigation 

aimed to measure the students’ perspective of the educational game for children’s awareness of 
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disaster. About 12 students were actively involved in three stages of studies. The first stage was to 

learn the disaster awareness through the printed material; the second was used online game entitle 

Game Master of the earthquake and Build A Kit. The third stage was to play online and iOS mobile 

game in a various disaster situation. The result of the experiments shows that tall students have the 

same enthusiastic during the first stage of the experiment. A little participant from grade 6 ES more 

interest to learn disaster by reading the written disaster guide. But all students agreed that using the 

mobile game; they felt more enjoy to learn disaster awareness. 

 

 

2. Game preferences, experience, and acceptance in education 
 

The recent study on computer game preferences has progressed to observe the fundamental 

motivations for individuals express to play computer games.  One of exciting aspect is player 

preference, such as platform and game genre. Some suggestions accommodating such individual 

differences in game intentions may be essential to uncovering elements that lead to the effectiveness 

of educational games (Giammarco et al. 2015). Throughout the academic references, there are also 

some conclusions that games are ultimately motivating and they can be empowered for learning.  

There are numerous study has been conducted to gather student gaming experiences and 

preferences, and their perception of games for the educational purpose. For example, there was a 

study to observe students’ perception about video games in the teaching and learning in the 

classroom (Bourgonjon et al. 2010). The study involved numerous students in Flemish secondary 

school. The aim was to examine their acceptance of video games in the teaching process. The results 

showed that the usefulness and ease of playing games and the potential of learning using games are 

straightly exaggerated the students’ perception of games in the classroom. Karakus et al. studied the 

playing habits, expectation and high school students’ preferences and consideration with regards to 

computer games. The study involved some Turkish high-school students. It proved that games could 

be used for delivering the Math and History course, and it was also prominent in developing the 

mental skill (Karakus et al. 2008). In summary, implementing digital games in education enables 

students to easily absorb content knowledge through its role plays (Han & Zhang 2008). 

 

 

3. Method 
 

3.1 Research Questions and Significance 
 

This study aims to collect the qualitative information about students of ES grades 1-6 gaming 

experiences, their preferences and perspective to the mobile game for learning disaster awareness. 

The qualitative study was conducted as a preliminary survey of KAFLOO—Kid Awareness to 

Flooding—a location-based augmented reality game for learning of flooding disaster. By gathering 

such information, we supposed to gauge the ES students’ perspective to the use of game for disaster 

education. 

 

3.2 Participants 
 

The research selected 12 children in elementary school age. Four children were at the grades 1-2, 

and the age range of this group were 7-8 years old. Due to the writing ability of the students, we had 

special treatment for this group. Six children were at the grades 3-5, and the age range of this group 

were 9-11 years Old. The rest of them were grades 6 of ES with the age range were 12 years old. The 

gender of students were three females and nine males. They came from the same village but with a 

different school. Three students were from a full-day school in the religion field conducted learning 

processes from 7:30 a.m. to 16:30 p.m. It is common that most of the full day schools are based on 

religion. Beside taught subject such as Math, Physics, Biology and others mandatory subject in the 

government curricula, such schools need to deliver religion knowledge and believe after the primary 

subjects.  The others are from three public government ES conducted the study from 7:30 a.m. to 

12:00 a.m. 
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3.3 Materials 
 

To conduct the study, we provided two kinds of material. The first material was printed disaster 

preparedness for kid adopted from the FEMA website (Fema, 2016). The title of this material was 

Be A Hero! Youth Emergency Preparedness. There were four categories of content. The first 

category dedicated to the ES grades 1-2. The second category was for ES grades 3-5. The third 

category was the material for ES grades 6-8 and the rest of the material category was for ES grades 

9-12. Because of the experiment only concern to Indonesia educational system that the ES grades 

were 1-6, hence the experiment just used three categories of material. With the knowledge, 

awareness, and life-saving skills needed to prepare for a variety of emergencies and disasters, for 

instance, flooding, lightning, etc. FEMA completed the material with some additional components, 

such as the instruction and guide of knowledge of disaster, skill to plan the disaster preparedness, 

etc. The experiment picked up the necessary topics, i.e., the disaster flooding. Hence, we picked-up 

all the required material for flooding disaster including the primary concern of disaster preparedness 

as follows. (1) What is an emergency? What is a natural disaster? What are different kinds of 

emergencies that can impact me? (2) How can I/my family prepare for an emergency or disaster? 

Am I/is my family prepared? (3) What should I do in an emergency? What are the safe actions in 

different emergency situations? In addition, due to the language barrier, the instructor interpreted the 

material on students’ needs.  

 The second material was an online game application for disaster that also provided by 

FEMA. There were two online game applications on the website. The first game was entitled Game 

Master, as shown in Figure 1, intended to train kids of a different disaster such as wildfire, tornado, 

hurricane/blackout, home fire, winter storm, lightning, and earthquake/tsunami. Because of the 

background of students were living in the residential that vulnerable to the earthquake and flooding, 

hence we chose the erathquake and tsunami for the experiment. The second online game was Build 

A kit game. The game was purposed to train kids to have the skill to prepare disaster survival kit. 

This simple online game only had a various level that encourages kids to collect some stuff needed 

in a disaster situation. 

 

 
 

Figure 1. The front page of Game Master on the FEMA website 
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 The third material was a chosen iOS mobile game relevance to the disaster awareness. We 

prefered a ready game installed on the smartphone, i.e., Emergency HQ game as shown in Figure 2.  

Beside provided these materials, the study also constructed a set of interview questions about their 

opinion of learning disaster awareness and their belief to use the game as a learning tool for disaster 

education. 

 The fourth material was a set of questionnaire for two purposes. The first purpose was used 

for interview and discussion after participants completed, and the second purposes was to gather the 

participants’ gaming behaviour, preferences and their perspective to the use of game for disaster 

education. For gaming behaviour and preferences, the questionnair included some questions of: (1) 

hours spent for playing the game a day, the most platform of the played game (PC/Mobile or 

Console game), and type of played game (single or multiplayer). 

 

3.4 Procedure 
 

The qualitative experiment was conducted by grouping the participant into school grade based on 

the FEMA disaster preparedness curriculum. The first group was four ES students from grades 1-2. 

The second group was six students from grades 3-5. The rest of the group consisted of two students 

of grade 6.  

 At the first stage, both groups congregate in the same place and time to learn and practice the 

printed material of disaster awareness adopted from FEMA. The first step, the instructor asked the 

students about the definition of disaster and asked them to mention the variety of catastrophe. The 

intention of this experiment, i.e., to measure the awareness of student facing a disaster situation 

based on three curriculums of FEMA disaster preparedness for kids. Then the instructor chose to 

explain the earthquake as a primary concern. The instructor described that the resident is vulnerable 

to the massive and big earthquake. It was because of the resident location is in the Sundanese plate 

that gives a potency of earthquake to 6.8 Magnitude. Hence students should know how to prepare 

them self when disaster strike. After explained the purpose of the experiment, the instructor 

continued to read the material with translation. After describing the learning purposes, then the 

instructor giving the depth disaster material in a storytelling approach. However, for the grade 6, 

they had the freedom to learn the stuff in by them self. The students spent 30 minutes to understand 

the definition and type of various disaster. After 30 minutes, the instructor interviews their 

knowledge of disaster one by one. Each participant had 15 minutes to complete the questions of the 

understanding of disaster. 

 The second step was the to deliver the disaster awareness curriculum, especially the topic of 

what to do in an emergency and knowing how to respond in an Emergency Situation. From the three 

packets of FEMA disaster material, we chose flooding topics as the study case. As instruction from 

the article of FEMA, the instructor explained to the student how to identify and demonstrate safe 

behaviours and steps for how to respond in an emergency situation. Table 1 shows the flooding 

scenario adopted from FEMA curriculum. At the end of this step, each student was asked to answer 

the interview question to measure their learning resumes. About fifteen minutes spent to finish all 

items. 

 The third step was to involve students playing an online game on the FEMA website and 

iOS mobile game. Due to the limited device, students play the game one by one. However, for the 

effectiveness of the experiment, two students played the game in same time. One student played an 

online game on the laptop, and another student played a mobile game on the iPad. After one game 

was played the student exchange each other to play another gmae. About 30 minutes spent to play 

each game. After all step of experiment completed, the instructor interviewed the student one by one 

to congregate their game references, game behaviours, and perspective of learning disaster 

preparedness using the mobile game. 

 

3.5 Ethics 
 

Since the study concerned with educational service (not a medical purpose) and involved no risk of 

harm, formal ethical approval was not required by local regulations in Indonesia. As stated in the 

method section, participants enrolled in the survey on a voluntary basis. They were informed that 

information collected using the questionnaires were going to be used for a research study to collect 
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gaming experiences and opinions, not their performance, and the results would have been reported 

anonymously.  

 

Table 1 

Flooding scenario of FEMA Curriculum of Disaster Awareness for Kids 

Disaster Type: Flooding 
Introduction: Floods can happen in every state. Flooding occurs 

during heavy rains when rivers over ow, when ocean waves come 

onshore, when the snow melts too fast, or when dams or levees 

break. This is the most common natural weather event. Flooding 

may be only a few inches of water, or it may cover a house to the 

rooftop.  

Engage! Have students pretend they are raindrops. When just a few 

students stand in one area, everything’s one. Add more by sending 

more students to that one area – now you have a puddle. Add more 

students, and you have a flood!  

Inquiry Question Use these questions to get a discussion started.  

 Have you ever experienced flooding? 

If yes, what was it like? How did you feel? 

What did you and your family do during and after the flooding?  

 Can flooding happen where you live?  

 What do you think causes flooding?  

Factsheet! Talk about what it means to move themselves and their things to 

higher ground. Have kids sit on the floor next to their chairs. Tell 

them to imagine there is a flood and water starts to cover the floor. 

What do they think they should do? Now, have them get up and sit 

in their chairs. Will the water at the same level reach them now? 

Explain that moving upstairs in a house or apartment building is 

the safe thing to do when there is a flash flood.  

 

Rain to Flood  Get a short bucket (6 to 8 inches tall). You can place items in the 

bottom, if you’d like, such as rocks that will sink and small toy 

cars or boats that will float. Tell students to imagine that there is a 

small town inside the bucket as if you’re looking at a 3D map. Fill 

a small watering can with water. Demonstrate slowly pouring 

water into the bucket. Explain that if rain falls slowly like the 

water, it drains into the street drains or ground and goes away. But, 

when water has nowhere to go, or if the rain falls too quickly and 

too heavily, it floods. Pour the water quicker and heavier to show 

the effect.  

Reflection Wrap up your study of floods by having students write two facts in 

their Ready Books about flooding that they learned, and draw 

accompanying pictures.  

 

 

4. Findings 
 

4.1 Game preference and behaviour 
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Regarding game preferences and behaviour there some differences between the three groups of 

students.  About hours spent playing the game, the majority of grades 1-2 and grades six students 

played the game less than 5 hours a week. In contrast, most of grades 3-5 student spent more than 5 

hours a week. Regarding the game platform, between PC/mobile and Console game gave the same 

number in grades 1-3. The PC/mobile game was the most popular game platform among students of 

grades 3-5 (83%). 

 In contrast, there was no student play PC/mobile in grade 6. Concerning the type of the play 

the game, whether to play in single mode or multiplayer mode, most of the students of grades 1-3 

played the game in multiplayer mode. While all of the students of grade 6 play game in multiplayer 

mode. Regarding the favourite game played by the students, 50% love to play Minecraft, and about 

35% play sports game especially soccer game, and the others were chosed playing various games, 

such as pinball, marble game, etc. 

 

Table 2 

Gaming behaviour and preference 

 Grades 1-2 Grades 3-5 Grades 6 

Hours spent for 

playing the game a day 

 

Less than  

5 hours 

More than 

5 hours 

Less than  

5 hours 

More than 

5 hours 

Less than  

5 hours 

More than 

5 hours 

3 1 1 5 2 0 

The most platform of 

the played game  

 

Console PC/Mobile Console PC/Mobile Console PC/Mobile 

2 2 1 5 2 0 

Single vs multi player 

game 

 

Single Multi Single Multi Single Multi 

0 4 3 3 0 2 

 

4.2 Students feeling of learning disaster through printed material 
 

 Grades 1-2 

Regarding the students experience learning disaster, three students argued that they enjoy learning 

disaster awareness through storytelling. They opined that because of their ability to read and write, 

they could not understand very well about the material compared to others grade. The example of 

student opinion can be read as follow. 

 

“I just attended school for two months. So, I have not been able to read and write very well. 

By listening to the storytelling from the instructor, then I can understand what the purpose of 

this program is.” 

 

 Grades 3-5 

The group of grades 3-5 was the majority of participants.  The opinion from this groups was a 

primary concern of the experiment. Hence, we can make a general assumption of the findings. This 

group were able to write and read the material very well. This group also enjoy listening to the story 

from the instructor. Hence, this group can adjust their interest whether to study the material by 

listening to the storytelling or read the content directly. We picked up one of the opinions of the 

students as follow. 

 

“Learning from material by reading it directly was interesting because I can see the actual 

story. I can also respond to the question by writing my opinion by myself.” 

 

 Grade 6 

Both of students argued that they more enjoy to read the material and understand the purpose of the 

material by himself. However, if they faced a problem, they can ask the instructor to explain the 

clearer description. 
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 “I prefered to read the content of material by myself, because by reading directly I could 

undertand more deeply and anlyzed it line by line of written material.” 

 

4.3 Students’ opinion of playing the online game versus mobile for disaster education. 
  

Regarding the student opinion of playing the game for disaster education, all students argued that 

playing the mobile game was more enjoyable and exciting. However, they opined that even tough 

playing such game were favourable, honestly, they did not understand what kind of the disaster and 

response. However, if the content of FEMA can be adopted into the mobile game, they argued that 

they would play more to understand the disaster that will be occurred in their surroundings. 

 

 

5. Discussion 
 

This study aims to collect student gaming behavior, preferences and their perspective on the use of 

the educational game for learning disaster awareness gave the evidence as follows.  

 Regarding to different learning intention of three groups of students, there some 

consideration. To satisfy the group grades 1-2 interest, a game intended for delivering the content of 

disaster awareness for this group should have an audio story telling feature. For example, most the 

game instruction should be in voice. In contrast, for the group of grades 6, the game should adopt the 

feature which encourage student to read more material, for example, visual novel, or role-playing 

game genre. However, the group of grades 3-5 tends to more flexible to use any game type for 

learning. Hence, by combining more than two genre of the game might be satisfy all need of the 

groups. 

Regarding the game preference and behavior, students of grade 1-2 opine that their parent 

allowed them to fulfill the after school free time only one hour a day on the weekdays and 2-3 hours 

on the weekend. By limiting the behavior of playing the game at the after school free time, the parent 

of the students could control them to concern the school subject. Consequently, they could only play 

the game if they completed to re-study the school subjects. It is also related to the evidence obtained 

for the student of grade 6. They play the game only 30 minutes to one hour a day during weekdays 

and play for about 2 hours on the weekend. In Indonesia, the students of grade 6 should concern to 

their necessary task for preparing the national examination before they go to the junior high school. 

In contrast, the majority of students of grade 3-5 claim that because their parent gifts them a 

good smartphone, hence they can play any mobile game without worry of the game quality. We 

assume if the parents ignore such behavior for a long period, it will give a negative effect for the 

students. Hence, parent, teacher and stakeholder including community leader and the government 

should provide an alternative way to encourage students to involved in positive activities. Regarding 

to the student perspective of using online and mobile game for disaster education, the majority of 

students agreed that they enjoy playing the mobile game even though the content is not fully 

understood. However, the way to deliver the content of disaster preparedness can be adopted. They 

have a hope that they can play a mobile game adopted the FEMA curriculum of disaster 

preparedness, 

Nevertheless, smartphone has a considerable potency for developing the students’ behavior. 

Concerning to disaster preparedness, the ownership of smartphone among students gave enormous 

strength to switch a lousy behavior using smartphone overtime for just entertainment gaming to 

useful gaming for learning. 

 

 

6. Conclusion and Future Work 
 

The qualitative experiment to measure students’ perspective to the use of a smartphone for education 

game disaster awareness provided the necessary results. Students argued that using the mobile 

game; they can learn the disaster awareness more enjoyable. Based on the evidence of the qualitative 

experiment, hence, we would continue this work by design and develop the new approach of 

learning disaster awareness through mobile game. The game is intended to support elementary 

student how to prevent the flooding disaster by encouraging them to do some steps of waste 
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management such as no littering, sorting the garbage and picking up the trash. The game for kid 

awareness to flooding—KAFLOO—will adopt the location-based augmented reality game 

combined with some game genre with the hope that student will enjoy playing the game in the real 

environment. With the future study to develop KAFLOO, we hope it will provide an alternative of 

the educational program of disaster awareness that could be adopted by the government of Bandung 

city. 
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Abstract: This paper introduces a new Archaeology Visualizing and Interacting (AVI) 

system. The system aims to apply new information technology in the Geographical 

Information Systems context to study historical and cultural heritage and comply with both 

scientific and cultural interest. The AVI System purposes to provide reliable and accurate 

information about tourism and culture for the students of archaeology and public 

communities in a new and attractive scientific framework. This system was developed to 

focus on two critical sections in the field of archaeology education. The first section focuses 

on applying new attractive methods to visualize archaeological data using Google Earth 

Program and providing 3D configurations for the archaeological locations with critical 

details and designs. The second part concentrates on finding and applying the 

Human-Computer-Interaction techniques that is innovated by the authors, a fact, which 
contributed to finding programs that can help public communities, especially the students of 

Archeology, to conduct analysis professionally and effortlessly. This program navigates 

through the archeological data in as many as three and four dimensions, thereby, 

contributing to the creation of an attractive new learning environment. 

Keywords: historical and cultural heritage, tourism, geographic information system (GIS), 

human-computer interaction, archaeological data visualization, educational technology, 

information and communications technology (ICT). 

1. Introduction

Today's society contemplates and admires the scientific and technological advances that have 
occurred during the last 50 years that had completely transformed all aspects of our lives. 
Knowledge, information and their connections to science and technology have become the most 
important resources that human beings can generate (Castells, 1996). There were significant changes 
generated in communications, transportation, commerce, information technology in the last decades. 
All these changes have also occurred in the paradigms of culture and social sciences, affecting the 
approaches and specific teaching methods in various education sciences. However, this situation of 

change is not reflected clearly in the educational system or the teaching strategies used by the vast 
majority of teachers. Thus, it can be said that the school is moving at a slower pace than the society 
(Kolikant, 2012). 

To meet the demands of today's society, it is necessary to implement changes in the 
education system. More importantly, the orientation of the school curriculum towards the 
development and acquisition of basic skills, which includes digital competence and the treatment of 
information, are fundamental in the information society in which we are immersed. 

New technologies are gaining weight, little by little, in all aspects of our lives, especially 
from the generalization of using computers, projectors or interactive whiteboards (PDIs) as work 

and communication tools. Thus, it is necessary to educate the new generation on the use of these new 
technologies present in all experiential fields.  

The efforts made to date seem insufficient, as they have been endowed to resource centers 
(computers, projectors, PDAs, etc.), but the training of teachers regarding the introduction and use of 
Information and Communication Technologies (ICT) is undoubtedly unfinished business. Of course, 
the new training includes specific innovation subjects that affect the use of ICT as a motivating and 
supportive tool for teaching-learning processes. For example, the AVI system developed in this 
paper, aims to correct this initial lack of knowledge regarding innovative teaching strategies. 
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Despite the initiatives undertaken, there is still a clear difference between the importance of 
information technology in daily life and in educational context, something that must change if we 
want students to acquire skills for their personal and cognitive development. It would be important 
to know the influence of ICT in our lives, the training possibilities offered and the resources 
available for the improvement of the teaching profession (Davis and Tearle, 1999; Lemke and 

Coughlin, 1998). 
In the specific case of teaching Geography and Archeology, we can say that there is a clear 

lack of integration in the current themes and approaches, keeping the practice inconsistent and rote 
in content of this science associated with routine learning strategies and little motivation.  

The significant advancement of technologies seems to show a new approach to the teaching 
of Geography and Archeology based on new strategies and techniques that are part of this 
educational transformation through Information Technology, thereby promoting the development of 
new skills and abilities of the student and teacher and at a lower cost. 
 

1.1 What is a Geographical Information Systems (GIS)? 
 

One of the first definitions was developed by Dacey (1970): "Anything that works like a map, when 
communicating geographically, is the information requested by the users of the system". According 
to Cebrián and Mark (1986), the GIS is a computerized database containing spatial information", as 
well as, "a computer technology to manage and analyze spatial information". The definition of the 
NCGIA (National Center for Geographic Information and Analysis of USA), emphasizes the 
elements and functionality when considering GIS as: "A system of hardware, software and 
procedures developed to facilitate obtaining, managing, manipulating, analyzing, modeling, 

representing and delivering the spatially referenced data, to solve complex planning and 
management problems." 

Finally, when focusing on the functionality of Archaeology application for a new 
Visualizing and Interacting (AVI), the system must allow the following operations: 

 Reading, editing, storing and, in general terms, managing the spatial data. 

 Analysis of archeological data. This can include simple consultations for the elaboration of 

complex models and can be carried out on the spatial component of the data (location of 
each value or element), as well as, on the thematic component (the value or the element per 
se). 

 Generation of results such as maps, reports, graphs, etc." 

 Models: generation of simulated situations. 

 Using new human-computer interaction techniques to deal with the information on maps.  

 

1.2 Proposed AVI system in Education 
 

This line of research begins with the project of technological linkage that the Santiago de 
Compostela University developed for The Government of Galicia and EU FEDER funds. Under the 
program of consolidating and structuring competitive research units (GPC 2014/037) the 
archaeology application was developed to introduce a new Visualizing and Interacting (AVI) to be 
used in Jordan and is supported by the Royal Jordanian Geographic Centre (RJGC). In preparation 

for the expansion of this project and its use in the Middle Eastern Countries to learn about the 
community and to protect and preserve the heritage and archeological data in all countries suffering 
from the destruction of structured archeology and information due to terrorism and wars. Thus, 
hoping that this will help raise a new generation that is conscious of the archaeological and historical 
data value, which is positively reflected on the communities' education. 

One of the key points of the AVI system is its ability to model reality in layers of 
information to enable the treatment and analysis of different dimensions found at the archaeological 
sites. The conversion of traditional archeological maps into digital forms, which usually contain 
many data that can be extracted, converted and interpreted, would facilitate the progressive 
integration of GIS into the educational context. The AVI system helps you to go beyond mere visual 

exploration to understand its structure and how we can take full advantage of it. In this way, the AVI 
system is based on the resolution of real problems and enables students to face everyday situations 
and act as a critical agent before the reality presented to them, with a look for possible solutions. In 
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other words, AVI system in the educational context provides a simulated environment of reality that 
allows the analysis of spatial and archeological relationships and interactions to attain their 
conclusions. 

 

2. The Archaeological Application for a New Visualizing and Interacting (AVI) 
 

The Archaeology application (AVI) integrates a new visualizing and interacting technology that can 
help students to analyze and understand geographical and archeological information correctly and 
efficiently. This would preserve and protect the heritage of archeological data.  It also enables users 

to engage in virtual tourism without any charge. 
 

2.1 Why use AVI in the classroom 
 

The application of new technologies in the classroom such as AVI system is a real educational 
challenge for current teachers. It would provide greater dynamism and interactivity in classes, from 
both the transfer and production of archeological knowledge. It is essential to use, understand and 
interpret the immense amount of information generated daily in various areas. The use of AVI 
system in the classroom, especially in the GIS domain, is positive because it: 

 Provides a powerful and motivating didactic resource. 

 Breaks with traditional cartography and imaging (static). 

 Allows working at different scales of spatial analysis. 

 Powers meaningful learning through creation and treatment of georeferenced information. 

 Generates skills to select information from varied sources. 

 Facilitates the representation of and dealing with data and results using new techniques. 

 Makes it possible to relate information (database) to geographical locations (map). 

Typically, AVI system is used for a variety of real-world applications, but they can also be 
introduced in the classroom as an important pedagogical tool that allows "an intentional reading, 
integrated and meaningful reality at different scales" to be carried out. In this paper, we will discuss 
some of the visual paradigms and human-computer interaction techniques available in the AVI 
system. 

 

3. System Architecture 
 

Our system can be applied to various GIS applications, but Google Earth has been used in this paper 
as a visual framework to develop a novel dynamic system for visualizing Geo-referenced data. 
Therefore, developing a visual system that deals with dynamic and huge datasets besides being 
applied to educational environments is the main contribution of this paper, which also aims to 
enhance the interactivity of the system. In the AVI system, the required data will be extracted, 

analyzed and then delivered to the archaeologists and students. The system database (as a case 
study) within the current work is provided by the Galician Supercomputing Center (CESGA). 
Moreover, the data excavated from Rocha Forte Castle can be reached through the services of the 
Web, which is supplied by the SDI of CESGA. The VGE field will be enhanced by this system, 
which represents a novel tool to analyze and study the problems regarding the geographical 
environment as well as improve the impacts the system interactivity.  Besides the simplicity of the 
system developed by the authors, it can be applied by archaeologists in various visual ways; see 
(Figure 1_A) which illustrates the system architecture with three Layers (Client, Application, and 
Data). 

 

 

 

 

 
 

Figure 1_A. The architecture of the system 
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A data flow scheme in the system developed by the authors is illustrated 1 in Figure 1_B. As 

shown, the user first sent a request to download the Rocha primary layer (The Main Layer) from the 
website. Then, the server of the website sends the answer, which involves the major placemark.  The 

response is posted through KML file and will be imported into the Google Earth application of 
clients automatically. After that, the user reacts with the primary interface (The Main dynamic 
Interface) within the placemark description to simulate the results of visualization. 

 

Figure 1_B. The data flow of the system 

In summary, the most important requirement for applying this system is installing the 
Google Earth application only. This is a bright idea where the user does not need any extra condition 
apart from installing the Main Layer from the website (see Figure 2_A), and then instantly 
connecting and visualizing any information from the web services created by the authors.  

 

4. Visualization Paradigms in AVI System 
 

The AVI system was developed with information visualization principles to allow data to be 
represented efficiently. The integrated and interactive visualization system would aid students and 
archaeologists to explore, present, collaborate and communicate visually large information spaces 

through applied novel and dynamic paradigms. These can be used in Jordan and Spain in preparation 
for its implementation in Middle Eastern countries such as Syria, Iraq, Lebanon, with support and 
coordination with the Jordanian Royal Geographical Center. This will be an innovative way to 
increase knowledge in this area. 
 

4.1 Paradigm of Sub-Placemark Dialogue Visualization 
 

In the Sub-place dialog paradigm, a web service is called by a script code to show a novel method of 
visualization. Next, the main interface (included in the placemark description) is created by this 

paradigm to effectively display data, where this interface has the ability to dynamically fetch the 
demanded data from the database. Hence, the contents of the interface can be changed by modifying 
the database directly. After that, the user (teacher or student) can select the data required for 
visualization using a set of filters. The data are directly delivered to the system, which reads these 
data from the database and then categorizes them into independent groups. Finally, the system forms 
sub-placemarks to describe and store the dialogues of categorized data as well as their coordinates. 
The user can use the new dialogue according to the results of the primary dialogue to choose any 
data needed for paradigm visualization instead of performing a search on the overall database. The 
advantages of this paradigm in the context of geography and archeology education are: 

 Ability to adjust the data accuracy to fit with a certain Level of Detail (LOD) through the 
reduction of 3D-object representation complexity. 

 Ability to improve the retrieved data within one step to attain continuous visualization or 
appropriate interpolation and recovery of data, where this paradigm is based on the results of 
the primary dialogue through the research process.   

 Ability to represent multiple objects at the identical coordinates to provide the user with clear 
sight. 

 Ability to deal with constructed layers without any overlapping between them, where the 
mechanism of this paradigm separates the layers by displaying them above others. 

 

                                                   
1 To see all images in this paper with more clarity; please download from the following link:https://nextcloud.citius.usc.es/index.php/s/srWtXdaDAYxLkcc 

43



A dynamic interface has been developed as shown in Figure 2 (B) and Figure 3 (A); the 
interface provides the user with a description of the placemark. The description allows the users to 
effectively react with the interface and helps to generate the results of the visualization in a simpler 
way. Figure 3 (A) illustrates that the client can press the ‘Submit and Display’ button within the 
interface to categorize any data for visualization. This action sends a request to the web service to 

transform the data into the format of KML file in order to import it as a layer within Google Earth. 
This operation is visually explained in Figure 3 (B).  

 

 
 
 
 
 

 
Figure 2 (A). Downloading Rocha layer from the website (B). The primary placemark 

 

 

 
 

Figure 3 (A). The primary interface (B). Sub-placemark 

As shown in Figure 3 (B), a KML file is created after choosing the data from the main layer 
that only contains the sub-placemarks where the distinct coordinates satisfy the condition of the 
main layer. As an example, the figure describes only two sub-placemarks that satisfy the condition, 
hence, for the same coordinates that have been checked, creating only the first sub-placemark, where 

any other new sub-placemark for the same coordinates will be included therein, without the need to 
create new sub-placemarks. The counter will adjust this step by automatically adding new 
sub-placemarks. Figure 4 (A) illustrates the sub-placemark icon size, which is flexible and directly 
proportionate to the elements number in the same coordinates. To enhance the system performance 
and to reduce the time of fetching, only the nested-placemarks elements that verify the 
sub-placemark conditions are authorized to appear in the same coordinate. Rather than searching for 
all the elements within different coordinates and to avoid the overlap of layers, the new elements 
(Layer) are introduced in an altitude shape as shown in Figure 4 (B). By selecting the targeted 

element, the client can retrieve the information (metadata) that these elements hold in one and 
two-dimension(s). Figure 4 (C) illustrates an example of the previous case, where a 2D image and 
associated metadata of an archeological piece is shown at the same position where it was found on 
the ground. 
 

 
 
 
 

 
 
 
 

Figure 4(A). Icon to modify sub-placemark (B). Nested placemark (C). Element information 
 

44



4.2 Direct Visualization Paradigm 
 

Large numbers of archeological pieces are located at identical coordinates within the archeological 
excavations. For this reason, a direct visualization paradigm has been used to solve this problem by 
modifying the altitude based on objects and elements presented within the identical coordinates. 

Indeed, the representation of elements that are common at identical coordinates is one of the 
major drawbacks of Google Earth, where this issue can negatively impact the user’s decision to 
select the appropriate elements for visualization. The complexity of this issue would increase with 

the increasing number of elements that demand representation. An instance of this problem is shown 
in Figure 5 (A), where three elements are common in the identical coordinates; element 
“550+551+552” and element “541+542”. The solution of altitude-based shape has been applied to 
overcome this problem. A vertical line has also been used to join the elements that are common in 
identical coordinates together as illustrated in Figure 5 (B). 

 

 
 
 
 

 
Figure 5.(A.) Example of two objects that existed in the identical coordinate   B) Applying direct 

visualization paradigm 

4.3 Equation of Levels Contents 
 

The equation of levels contents paradigm working is dependent on the selection of the main 

placemark interface (the column name of the dataset and the number of layers) for visualizing data 

(Artifacts) and how is dealt with (see Figure 6). 
In this paradigm, there are two cases based on the column names of the data type.  The first 

case is when the user chooses a column with data type for any type of text, so the system will 
deactivate the number of layers (list box) automatically, because the system will distribute the 
created layers based on the items’ names (without redundancy) according to the column which has 
been chosen. The second case is when the data type is numeric. In this case, the system will 
distribute the data at intervals (the First interval starts with a minimum number of the column chosen, 
and the last interval is the maximum number of it). The numbers of the created intervals 

commensurate with the number of layers selected by the user. 

 
 

 
 
 
 
 
 
 

 
 
Figure 6. General diagram of EQUATION OF LEVELS CONTENTS paradigm  

5. Human Computer Interaction Techniques in AVI System  

 

In this section, we focus on how to apply the innovative techniques by the authors to utilize the 
previous new visualization paradigms in conjunction with the GIS by finding attractive and useful 

ways for students and teachers alike. Recently, GISs are playing an increasingly significant role in 
society. For they have not only expanded the abilities of GIS packages, but their spectrum has been 
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broadened by the generalization of software such as Google Earth. These softwares add another 
dimension to navigation, while still using the same interaction method. We argue that conventional 
GIS interfaces would limit productivity by not being intuitive enough to new users and by causing 
extra delay due to the dispensable modality. As an effort to solve these problems, the authors 
propose new Human Interaction Techniques, which have been applied in Galicia Supercomputing 

Center at the University of Santiago de Compostela (Spain) and the Royal Jordanian geographic 
centre (Jordan), which back up our assumptions about the importance of these techniques for 
teachers and higher education students. 

 

5.1 Control Voice Using Kinect and Location (CVUKL_GE) 
 

This method aims to help disabled people in browsing by setting a copy of the keywords for control 
browsing and another copy for the Google Earth program with absolute ease, where it combines 

several mechanisms involving navigations, cities and mouse. These mechanisms are based on the 
voice, except the mouse mechanism, which is based on hand movement. The mechanism ‘cities’ has 
been added to this method to allow the user to select the name of the desired city by vocalization and 
then it will be translated into text. Moreover, the user should firstly open the 'mouse' and 'navigation' 
programs to be able to cruise any wanted mechanism by vocalization of these words. The mouse 
word is used in this method to activate the control of mouse functions, while the navigation word is 
used to activate the navigation and control processes using different keywords. 
  On the other hand, the opening of mouse mechanism allows the user to open and activate 

other mechanisms easily by raising the left hand over the head.  Table 1 illustrates the keywords of 
this method. 

Table 1. 
Keywords of (CVUKL_GE) Method 

 

5.2 CiTIUS_Smart Board for GE (CITIUS_GE) 
 

The initial form of this method has faced many challenges, where patience and scrutiny were 
demanded to dynamically come up with an elastic program, which has the capacity to cope with 
different changes. The key challenges associated with this method are: 

1) The variation in the size of data viewer (projector) from one user to another. 

2) Resolution of the Computer screen from one device to another. 

3) Kinect angle on the tripod. 

4) The distance between wall and the Kinect. 

5) The height of Kinect above the ground. 
A basic form of this method has been set to overcome these challenges, where three angles 

have been formalized to improve the method performance. When the user puts his right hand on set 
button and then press on it, the dimensions will be then calculated and stored. This process will be 
repeated for the remaining two angles, where the X, Y and Z dimensions are found out. After that, 
the average dimension Z will be manipulated to identify the distance between the wall and the 

Actions (Functions) Keywords 

Control the mouse using gesture (Kinect) Mouse 

allow the user to select the name of the wanted city by vocalization and then it will be 

translated into text and go directly to this location name 

Cities 

Make the image of map appear much larger and nearer; execute once and stop after this Zoom in 

Make the image of map appear much smaller and further away;execute once and stop 

after this 

Zoom out 

Finish doing any functions of the keywords Stop 

Towards a higher position (top of the monitor) Up 

Towards a low or lower position (bottom of the monitor) Down 

Go in right direction (right of monitor) Go to Right 

Go in left direction(left of monitor) Go to Left 

Activate the navigation program and control processes by using the different previous 

keywords ( Stop, Up, Go to right,…etc) 

Navigation 

46



Kinect, the fulcrum of the Kinect is located at the middle of the image and it is represented by (0, 0). 
However, the fulcrum of the computer screen is located at the left angle of the image. Hence, the 
angle and the displacement have been evaluated based on the fulcrums of the Kinect and computer. 
Therefore, the fulcrum of the Kinect will be calculated for the place where the user pressures the 

wall and then it will be transferred into the computer screen to attain more accuracy.  The structure of 
the device used to calculate the fulcrum value is shown in Figure 7. Moreover, the structure of 
devices can be changed, but the terminal equipment should be a projector and a Kinect. 

 

 

 

 

        
 

                                                             

  Figure 7. Structure of devices 

The calibration Form (Set_Form) will appear to calculate the fulcrum and correct the 
dimensions; this Form is shown in Figure 8(A). After that, the Google Earth will be automatically 

opened and display the ‘hide top menu,’ which only appears when a hand is raised at the top of the 
screen. The menu involves many buttons as shown in Figure 8(B). These buttons are: drag, reset 
calibration, double click, left click, right click and exit. Therefore, if any of these buttons is pressed, 
a corresponding “operational” sound will be activated. On the other hand, a status menu is presented 
on the lower part of the screen, where it indicates the status of activation. Besides, the order of the 
user's hand clicking a button in the ‘hide top menu’ can be processed when reaching the value of “Z” 
that was calculated by the calibration form, and then activates this button. The functions of these 
buttons are shown in Figure 10 (B, C) and Table 2. 

 
 

Figure 8(A). The Main form of calibration (Set_Form) (B). Hide top menu description  
(C). Hid top menu buttons functions 

As shown in Figure 8(A), while running the program the main Form of calibration, the 
‘Set_Form’, will come out directly, and the user can set the points of corners by putting his hand on 
it and making sure that the skeleton does not move through the ‘Right_Down Stream’ Form. After 
finishing this step the system will show the desktop of the computer and activate the control menu, 
the ‘Hide Top Menu’ at the top of screen to explain more, this is shown in Figure 8(B). Every button 

has a particular action, and Figure 8(C) shows that the display contains the Hide_Top Menu buttons 
functions, where the user can activate any button simply by touching it.   

Table 2 
Activation of Calibration using Different Buttons in CITIUS_GE Method 

CiTIUS smart board for Google Earth "CITIUS_GE" 

Description of button 

selection using figures 
Button name Description of calibration process activation 

 

Set (up-left corner) 

button 

Put your hand on the button (up-left corner on the 

screen) after that click on this button to start the 

calibration process 

 

Set (up-right) corner 
button 

Put your hand on the button (up-right corner on the 

screen) after that click on this button and calibration 
process will start 
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Set (down-left) 

corner button 

Put your hand on the button (down-left corner on the 

screen) after that click on this button and calibration 

process will start 

 

show (hide top) menu 
Raise your hand to the top of the screen and directly 

show the hide-top menu 

 

Click any button on 

the hide top menu 

Put your hand on any wanted button on hiding top menu 

to select it and then it will be automatically clicked 

 

6. Evaluation Usability of the (AVI) System 
 

In this section, we will discuss tests usability of the AVI system; this process occurred in a 
laboratory in collaboration with two types of users (Teachers and Students) at the Royal Jordanian 
geographic center and the University of Santiago de Compostela to evaluate, incorporate and focus 
on the design and implementation. 

 
Usability surveys:  

1) The assessment of the functionalities and design of the app was carried out through the 
development of a usability survey (Table 3) 

2) The design of its questions was based on software usability questionnaires (Cortes, 
2018), especially on the system usability scale (SUS) questionnaire (Brooke, 1998), 
which was developed by John Brooke in 1986 as part of usability engineering 
introduction to the systems of Digital Equipment Co. Ltd.  
 

The survey consisted of 13 items. These items include the assessment of diverse aspects: 
tasks, structure design, terminology, speed and iteration. Each of these items has four possible 
answers, which are ranging from 1 to 4 according to the degree of agreement (1. Strongly disagree, 2. 
Disagree, 3. Agree, 4. Strongly agree). The maximum overall score for the survey is 52. The app was 
evaluated as a proof-of-concept study with ten students and five teachers as users. All users received 
detailed explanations about the goal and the functionality of the app. The scores obtained from users 
(teachers and students) were greater than 75% of the total score, which is therefore considered to 
have been successfully assessed.  

 

Table 3 
Usability Survey 

Items 
Achieved Average Rating 

Teacher Student Total 
AVG(Teacher+Student) 

1. I think it is an easy System to use 3.5 3.6 3.6 

2. The Structure and organization of the System 4.0 3.2 3.6 

3. The tasks I performed were very meaningful to me. 4.0 3.0 3.5 

4. The tasks were usually interesting enough to keep me from getting bored. 3.0 3.0 3.0 

5. I felt the current Techniques and Paradigms structure design is good 

enough for me to perform the tasks. 
3.5 3.8 3.7 

6. The presentation of the product is pleasant and not shabby 4.0 3.8 3.9 

7. I am in general satisfied with the kind of work I performed in the 

different (HCI) Techniques and visualization Paradigms tasks.  
4.0 3.8 3.9 

8.  I felt very satisfied with the amount of challenge in these tasks. 4.0 3.8 3.9 

9. I know at what stage I am in the system 4.0 3.8 3.9 

10. I felt very satisfied with the accomplishment I got from performing the 

tasks.  
3.5 3.6 3.6 

11. I felt very satisfied with the amount of independent thought and action I 

could exercise in the tasks. 
4.0 3.8 3.9 

12. I did not need any help to manage the program  2.5 2.8 2.7 

13. The processing speed of the System is fast 3.5 3.0 3.3 

TOTAL 47.5 45.0 46.3 
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We conclude from the results of the questionnaire about the AVI system that it has achieved all 
requirements, and has advantages such as (good-quality results, flexibility, simplicity, interactivity). 
The visualization paradigms and Human-Computer interaction techniques in the (AVI) system will 
add significantly to the evidence base necessary for the educational community to guide the 

production of high-quality visualization techniques in this field, facilitate adoption by users, 
promote successful commercialization and guide future research tasks.  In summary, based on the 
AVI system assessment, knowledge creation and sharing becomes more convenient. Through the 
AVI system, learners can be a concept map provider or a mentor for their peers. 

 

7. Conclusion 
 

All the literature reviewed show an increasing presence of ICT in various fields, and to a lesser 
extent the use of GISs in educational systems.  Neither higher educational students nor teachers are 
aware of the training potential these tools that they use in their day-to-day lives can bring. Even more 
so, with the introduction of necessary competencies in the curriculum, it presents an excellent 
opportunity to incorporate the information technology and GIS, in the sense that these contributes to 

the acquisition of several competencies, such as digital, mathematical, knowledge of the physical 
world. However, not all resources are applicable for the classroom, it is necessary for teachers to 
perform an analysis to know if these technologies support their objectives and purposes, and to what 
extent they will improve their professional work and teaching-learning processes. Teacher training 
related to information and communication technologies can be key to making the introduction and 
assimilation of these in schools a reality. There are pioneering experiences in the introduction of ICT 
and GIS in education, and although they occur mostly in advanced countries, they are being 
produced in Middle Eastern countries as the current work shows. This represents a new 
advancement in the field of Geography and Archaeology. However, this is an exploratory 

development and there is still much more work to be done, the use of the AVI system would provide 
an inexhaustible source of historical information, especially in Middle Eastern Countries, where 
various contents that were impossible to see can be made possible for the learning and teaching of 
Geography and Archaeology. The use of the tool will help students to play a more participative role 
and enrich the entire teaching-learning process. Among the numerous resources available free on the 
network, we want to recommend the AVI application in education. It is a very applicable GIS for its 
use in subjects associated with Geography and Archeology since it allows new ways to search, treat 
and obtain of geographic information. In addition, it has some simple tools that can encourage 
students to pick up this technology. This will allow the development of practices that can 

complement and deepen the theoretical contents explained in the classrooms without having to deal 
with data from the Human-Computer Interaction framework. 
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Abstract: This study proposes the new classification of analyzing academic emotions and 

facial expressions measured in online video-based learning contexts. To this end, we 

conducted a qualitative single-subject research on a learner to unpack the learner’s academic 
emotions and facial expressions revealed during the online learning process. Drawn from 

the review of relevant literature, seven types of emotions were classified as positive or 

negative. The types of positive emotions captured are: 1) excitement, enjoyment, and 

pleasure 2) confidence, and 3) aspiration, enthusiasm and expectation. The types of negative 

emotions are: 1) fear and anxiety, 2) embarrassment and shame, 3) frustration and 

alienation, and 4) boredom. Recall interview and observation were also used to infer the 

facial expressions matched to each emotion type, which were measured through the 

movements of eyes, eyebrows, lip, and jaw. Overall, 3 to 4 facial expressions were revealed 

per emotion. Based on the results, we propose a new scheme to classify academic emotions 

in online video-based learning, and suggest some areas for future research on utilizing 

affective computing technology in academic emotions, and appropriating emotional support 

in online learning. 

Keywords: Online learning, academic emotion, facial expression, affective computing 

1. Introduction

Recently, research on emotion and affection in various learning situations has received increasing 
attention since learning experiences and emotions are understood as highly interweaved 

(Antonacopoulou & Gabriel, 2001; Norman, 2004; Rosiek, 2003). In online learning, learners have 

more burden to regulate and direct their learning pace because of the physical separation from 
teachers and peers. Previous studies have reported that online learners tend to experience more 

diverse but negative academic emotions (Astleitner, 2000; Marchand & Gutierrez, 2012; Moneta & 

Kekkonen-Moneta, 2007). Detecting learners’ emotions in online learning environments, hence, can 
help design supporting mechanisms that help learners overcome emotional difficulties.  

Research in the field of human-computer interaction has developed effective interaction 

methods utilizing the affordances of affective computing that detects, analyze and visualize human 

emotions in intelligent ways. In affective computing, facial emotion detection is one of the most 
important techniques in recognizing human emotion. Affective computing platforms (e.g., Affectiva, 

iMotions, and Air Class), can be used in online learning situations to automatically measure the type 

and degree of emotions, which can be the indicator of learner’s engagement level (Park, Lee, & So, 
2018). Despite such the potential of affective computing and difficulty that learners encounter in 

online learning, little research has been conducted for the utilization of affective technology to 

classify academic emotions in online learning situation thus far. While basic emotions such as anger, 

sadness, and disgust are easily detectable by the existing affective computing platforms, such 
emotions do not frequently happen in online learning contexts. Further, metacognitive feelings such 

as pride, interest, and shame cannot be easily measured by the existing affective computing 

technology (Ainley & Hidi, 2014), but are important to measure in learning contexts. 
With this backdrop, the present study was motivated by the fact that the classification 

systems of emotions in the existing affective computing platforms are not suitable to detect and 

classify emotions in online learning contexts. This paper, therefore presents an in-depth analysis of 
the emotional experience that a learner encounters in online video-based learning to establish the 

basis for developing a new classification system of learner emotions relevant to online learning 

situations. In sum, this exploratory research aims to examine the following research questions: 
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RQ1. What types and degrees of emotions does a learner experience in an online video-based 
learning situation?  

RQ2. How can emotions be inferred from the learner's facial expressions in an online video-based 

learning situation? 

 

2. Theoretical Background 

 

2.1 Emotions in Affective Computing  

 
Emotions are the most direct and visual expressions of human’s state of mind. Ekman and Friesen 
(2003) argue that facial expressions are universal regardless of racial differences and suggest a 

Facial Action Coding System (FACS) to describe facial changes through the anatomic analysis of 

muscles that cause facial changes. In FACS, each facial action unit can display the degree of 

emotion based on the maximum possible motion of facial muscles. Furthermore, Ekman and Friesen 
(2003) selected six basic expressions of emotions namely anger, disgust, fear, happiness, sadness, 

and surprise and argued that the six expressions are universal in many circumstances. Since then, 

many studies have focused on the detection of these basic emotions through facial expressions. 
Many of the existing algorithms and platforms of affective computing also detect and 

analyze emotions based on FACS. For instance, Affectiva, the most well-known platform, analyzes 

emotional data based on FACS, and automatically calculates the degree of basic emotions (from 

zero to a hundred) by their machine learning system. In Affectiva, emotions are detected through 12 
types of facial expressions; smile, brow furrow, chin raised, lip press, mouth open, lip licking, eye 

enlarged, nose wrinkle, upper lip raised, inner brow raised, brow raised, and lip corner lowered. 

Table 1 shows the matching between the facial expression and the emotions.  
 

Table 1  

Matching between Emotions and Facial Expressions in Affectiva 

Emotion Facial Expressions 

Joy Smile 

Anger Brow furrow, Chin raised, Lip press, Mouth open, Lip licking, Eye enlarged 

Disgust Nose wrinkle, Upper lip raised 

Surprise Inner brow raised, Brow raised, Mouth open 

Fear Inner brow raised, Brow raised, Brow furrow, Mouth open 

Sadness Inner brow raised, Brow furrow, Lip corner lowered 

 

2.2 Academic Emotions in Learning Process 

 
Diverse and complex emotions occur during learning processes, affecting learners’ perceptions and 

behaviors (Yükselir, 2014). According to Pekrun, Goetz, Titz, and Perry (2002), learners’ emotions 
during the learning process are highly related to their motivation, learning strategies, cognitive 

resources, self-regulation, and academic achievement. Facial expression in the learning process can 

predict the outcome of learning. Park, Jeong, Lee & Song (2006) analyzed the learners’ facial 

expressions appeared in the e-learning situation. Learners' states were varied depending on their 
emotional changes. Learners’ facial expression, measured by lip corner raised/lowered or the eye 

enlarged/diminished, could detect the emotional changes from pleasure to displeasure, and from 

arousal to sleep, which can be a clue to determine their interest and engagement that greatly affect 
learning outcomes. Furthermore, positive emotional experiences in learning can help learners better 

manage their task and time, which consequently affect their active participation (Kim & Kim 2011). 

Collectively, prior research suggests that emotion is a vital element that influences the quality of 
learning experiences, and should be considered in learning design. 

Table 2 shows the classification of the learners’ academic emotions experienced in 

traditional learning and online learning situations derived from the previous research studies. Pekrun 

et al. (2002) defined academic emotions as the emotions that are directly linked to academic 
learning, classroom instruction, and achievement.  There are nine types of academic emotions 
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occurring in the learning situations: enjoyment, hope, pride, relief, anger, anxiety, hopelessness, 
shame, and boredom. The criteria of valence are used to classify emotions as positive vs. negative on 

a bipolar dimension. Positive emotions include enjoyment, hope, pride, and relief, while the 

remaining emotions such as anger, anxiety, shame, hopelessness and boredom are categorized as 

negative emotions. The classification of positive/negative emotions is based upon their influence on 
motivation, the learning strategy, self-regulation, and availability of cognitive resources (Pekrun, 

1992; Pekrun et al., 2002). 

While the classification scheme outlined by Pekrun et al. (2002) is useful to cover the basic 
range of emotions that learners are likely to experience in academic situations, it is questionable 

whether this classification scheme can be directly applied to online learning situations where the 

nature of learning processes tend to be self-directed, isolated from instructors/peers, and driven by 
cognitive information. In Table 2, the main emotions in online learning are drawn from the study by 

Park (2015) who proposed the classification of academic emotions in online learning that: 1) the 

positive emotions are excitement, enjoyment, pleasure, aspiration, enthusiasm, expectation, and 

confidence; 2) the negative emotions are fear, anxiety, embarrassment, shame, frustration, 
alienation, and boredom. He excluded some emotions such as technophobia, and envy/jealousy 

because they are measured in the classroom environment where face-to-face communication is 

available. 
 

Table 2  

Classification of Academic Emotions 

 Academic Emotions 

 Positive Negative 

Face-to-face learning 

Enjoyment 
Hope 
Pride 
Relief 

Anger 
Anxiety 

Hopelessness 
Shame 

Boredom 

Online learning 

Excitement 
Enjoyment 
Pleasure 

Aspiration 
Enthusiasm 
Expectation 
Confidence 

Fear 
Anxiety 

Embarrassment 
Shame 

Frustration 
Alienation 
Boredom 

 

3. Methods  

 

3.1 Data Collection and Analysis 

 
This study used a qualitative single-subject research design method to measure and categorize 

academic emotions and facial expressions in an online video-based learning situation. Since this is 
an exploratory study, we designed a single subject research study that allowed an in-depth 

investigation of data. The data was collected through the stimulated recall interview with the 

participant (a female graduate student). In the experiment, the participant watched a video clip 

(4mins 43sec) on the topic of 'Understanding Ballet' provided by one of the open online learning 
platforms in Korea.  The video clip was selected based on the participant’s interest on the topic. 

Wlodkowski (1999) and Kim and Kim (2006) suggest that learners with prior knowledge show more 

academic interests during the learning process and consequently enjoy learning itself. Hence, we 
created the experimental condition where the learner with some prior knowledge could watch the 

online video clip in order to measure diverse types of emotions.  

Data on academic emotions were extracted through the video recording and the recall 
interview. The video recording was done at the same time to collect data on changes in her facial 

expressions during the learning process. The participant had the stimulated recall interview 

conducted by two researchers for 20 minutes. To identify emotional experiences during the learning 

process, the interview questions included 1) the emotion revealed in the process of watching the 
video clip and 2) the potential cause of such emotions displayed. The recall interview data were 
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analyzed by the concurrent data analysis method (Miles, Huberman & Saldana, 2014). Two coders, 
who are also the authors of this paper, used Nvivo 12 to analyze the video recording of the facial 

expressions. The coders categorized the group of academic emotions (Table 2) and facial 

expressions in online learning based on Park’s research (2015). We reviewed the data repeatedly to 

analyze meaningful sentences and keywords, selected meaningful segments assigning primary 
codes, which were grouped based on the relational similarity and generated intermediate codes 

through further comparison, classification, and integration. The relationship across intermediate 

codes were reviewed considering the research problem, and consequently the parent codes were 
generated, categorized and conceptualized (Charmaz, 2014). During the process of coding and 

categorization, we created analytic memos reflecting whether the classification and integration of 

codes and the explanations for the relational similarity are appropriate. In case of inconsistency 
between the researchers during the coding process, they went through the process of explaining and 

discussing the reason until they reached an agreement. 

The facial expressions for the determination of academic emotions were based on the 

interviews. In particular, eye enlargement and smile/laugh were the facial expressions that helped us 
infer academic emotions. Eye enlargement accounts for 18.86% of the total emotions occurred in the 

learning process and smile/laugh for 11.63%. The two expressions appeared almost at the same time 

or partially separated.  The other types of emotions were categorized by cross-validating the content 
of the recall interview.  

 

4. Results 

 
Table 3 summarizes the overall results of the data analysis. In the online learning situation, the 
learner felt various types of positive and negative emotions that resulted in diverse emotional states 

and facial expressions. In subsequent sections, we present and discuss the key findings in (a) the 

positive emotions and (b) the negative emotions. 

 

Table 3  

Result of the Data Analysis 

* P = Positive emotion, N = Negative emotion **Since the facial expressions are overlapped, the total exceeds 100%. 

 

4.1 Positive Emotions 

 
Overall, we found that positive emotions were shown more frequently and longer than negative 
emotions. Positive emotions take a high proportion (about 70%) of the total online academic 

P/N* Emotion Facial Expressions Coverage Frequency 

P 
Excitement Enjoyment 

Pleasure 

Eye enlarged 
30.49% 

18.86% 
7 

Smile/Laugh 11.63% 

P Confidence 

Lip press 

21.25% 

 

12.34% 

8 
Eye enlarged 10.52% 

Lip corner raised 8.01% 

Eye enlarged 0.07% 

P 
Aspiration Enthusiasm 

Expectation 

Chin raised 

18.25% 

11.63% 

10 
Smile/Laugh 2.60% 

Blink 2.69% 

Brow raised 1.50% 

N 
Fear 

Anxiety 

Lip licking 

12.17% 

5.94% 

4 
Eye enlarged 3.68% 

Eye diminished 2.82% 

Brow furrow 2.34% 

N 
Shame 

Embarrassment 

Blink 

11.21% 

8.69% 

9 
Lip press 2.37% 

Lip corner lowered  0.21% 

Brow furrow 0.07% 

N 
Frustration 

Alienation 

Inner brow raised 

9.17% 

6.03% 

3 Brow furrow 3.07% 

Lip corner lowered 0.07% 

N Boredom 
Eye diminished 

8.21% 
7.07% 

3 
Blink slowly 1.14% 

Total 110.75%** 100% 52 
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emotions appeared. Some types of emotions appeared to have same facial expressions. Based on the 
degree of similarity in the facial expression data, we categorized positive emotions into three groups: 

1) excitement, enjoyment, and pleasure; 2) confidence; 3) aspiration, enthusiasm, and expectation. 

As shown in Figure 1, the first group (excitement, enjoyment & pleasure) covers 30.49% of the total 

emotions. The second group (confidence) was 21.25%, whereas the third group (aspiration, 
enthusiasm & expectation) was 18.25%.  

The first group of positive emotions (excitement, enjoyment, and pleasure) includes the 

following facial expressions: a) eye enlarged (18.86%) and b) smile/laugh (11.63%). We speculate 
that the high proportion of the first emotion group (excitement, enjoyment, and pleasure) was due to 

the learning content that was related to the participant's interest and the level of prior knowledge 

about the subject. This speculation was confirmed in the recall interview. When watching the 
explanation of the ballet movements in the video clip, the participant recalled her previous ballet 

experiences, which stimulated to recall the positive experiences in her emotion. The following is an 

excerpt from the interview that the participant described how she felted excited during the learning 

process: 
 “I thought ballet is very interesting and it helped me a lot with improving my physical 

condition”. (excitement) 

 The second group of positive emotions (confidence) consists of the following facial 
expressions: a) chin raised (12.34%), b) lip pressed (10.52%), c) eye enlarged (8.01%), and d) lip 

corner raised (0.07%). Basically, confidence is an emotion driven by the familiarity from the past 

experiences, not by the pleasure of current learning experiences. While other positive emotions 
come out of the pleasure of learning itself or the desire and expectation for future learning, the 

'confidence' emotion appears when the learner's level of prior knowledge is high enough to make 

her/him feel competent. An example is as follows: 

 “I was being confident because I learned it from my last class”. (confidence) 
The third group of positive emotions (aspiration, enthusiasm, and expectation) includes the 

following facial expressions: a) smile/laugh (11.63%), b) blink (2.69%), c) eye enlarged (2.60%), 

and d) brow raised (1.50%) This group of emotions shows more diverse facial expressions than the 
first emotion group. The combined facial expressions, such as eyebrows lifted while the eyes are 

enlarged with blinking, appeared simultaneously or sometimes separately. In addition, smile, coded 

when a facial expression that the lip corner is raised, appeared repeatedly throughout this group of 

emotions. An example from the interview for the third group is:  
 “I thought the move is really beautiful, so I must learn how to do it in the future session”. 

(expectation) 

Similar to the first emotion group, emotions of aspiration, enthusiasm, and expectation are 
based on the prior experiences, and the facial expressions of positive emotions are generated by the 

mixture of the current learning experience with the past memory about the learning subject, and 

expectation for future learning. 

 
Figure 1. Facial Expressions in Positive Emotions 

 

4.2 Negative Emotions 

 
In this study, negative emotions show lower frequencies and retentions, but more various types than 

positive emotions. The negative emotions take 40.76% of the total academic emotions. The negative 

emotions are categorized into four groups based on the collected facial expression data: 1) fear and 
anxiety, 2) embarrassment and shame, 3) frustration and alienation, and 4) boredom. As shown in 
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Figure 2, fear and anxiety (12.17%) were the most observed emotions, followed by embarrassment 
and shame (11.21%), frustration and alienation (9.17%), and boredom (8.21%).  

 The first group of negative emotions (fear and anxiety) was the most expressed when the 

participant faced unfamiliar concepts to learn. Considering that the positive emotions of the 

participant took a higher portion in the total emotional experience than the negative emotions, it can 
be inferred that the participant was quite confident about the whole learning process. She did not 

expect a concept that she would not understand to appear in the learning process, and consequently 

she expressed the negative emotions when facing unfamiliar concepts. This was also seen in the 
interview: 

 “I was thinking Ballet is still amazing after all the lessons I took. I still have a lot to go”. 

(anxiety) 
In general, learners experience fear and anxiety when confronting new learning situations 

that cause cognitive load (Conrad, 2002). The facial expressions that appeared when fear and 

anxiety occurred were coded as follows: a) lips licking (5.94%), b) eye enlarged (3.68%), c) eye 

diminished (2.82%), and d) brow furrow (2.34%). 'Lip licking' is mainly expressed together with 
'eye diminished'. Lip licking is the motion from the nervousness when the participant encountered 

unfamiliar concepts. 'Eye enlarged' mostly appeared with 'brow furrow'. These expressions of 

emotion appeared almost at the same time as a compound facial expression or partially revealed as 
each facial expression for fear and anxiety. 

The second group of negative emotions (embarrassment and shame) came out of the 

recollection of the previous experience or the misconception and wrong action. The interview 
revealed such emotions as: 

 “I got embarrassed because it reminded me of the mistake I had made while I was watching a 

ballet performance”. (embarrassment) 

The facial expressions caused by 'embarrassment and shame' can be categorized as follows: 
a) blink (8.69%), b) lip press (2.37%), c) lip corner lowered (0.21%), and d) brow furrow (0.07%). 

'Blink' appeared most of the time in embarrassment and shame with other remaining facial 

expressions simultaneously. 
The third group of negative emotions (frustration and alienation) can be classified by the 

following facial expressions: a) inner brow raised (6.03%), b) brow furrow (3.07%), and c) lip 

corner lowered (0.07%). When learning about concepts that learners first encounter, it can be 

expressed with 'fear and anxiety'. When learners realize misconceptions, 'embarrassment and shame' 
can happen. Frustration is reported when learners face the interruption of ongoing tasks or goal 

blocking (Rothbart, Ahadi, Hershey, & Fisher, 2001). Alienation is developed when learners go 

through low levels of effort, inattention, poor task persistence, class cutting, and high rates of 
problems caused by other disciplines (Ekstrom, Goertz, Pollack, & Rock, 1989). In this study, 

frustration and alienation less appeared than other negative emotions. 

 “I thought I am unable to do that move…” (frustration) 
The fourth group of negative emotions (boredom) did not appear frequently compared to 

other groups. The facial expressions revealed in boredom are: a) eye diminished (7.07%), and b) 

blink slowly (1.14%).We suspect that boredom was hardly found due to the participant's interest 

toward the topic. Nevertheless, the participant expressed boredom when she felt the instructor was 
conveying irrelevant information or when she was learning about basic concepts that she already 

knew: 

 “It was a waste of time...I just wanted to skip that part. What on earth does it have to do with it 
Asada Mao?” (boredom) 
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Figure 2. Facial Expressions in Negative Emotions 

 
Table 4 present the classification scheme of academic emotions and corresponding facial 

expressions, drawn from the results of this study. We present the proposed scheme along with the 

basic emotions by Ekman and Friesen (2003) and the academic emotions by Pekrun et al (2002) for 

the ease of comparison. The proposed classification scheme can be used to measure and analyze how 
leaners in online learning environments experience various positive and negative emotions with the 

indicators of facial expressions.   

 
Table 4.  

Proposed classification scheme of emotions 

Emotions 

Facial Expressions 
Basic  P/N* Academic  

Online 

Learning 

Joy P 

Enjoyment 

Excitement 

Enjoyment 

Pleasure 

Smile Eye enlarged - - - - - 

Hope 

Aspiration 

Enthusiasm 

Expectation 

Mouth 

open 
Eye enlarged Smile 

Brow 

raised 
- - - 

Pride Confidence Lip press 
Lip corner 

raised 
Smile Chin raised - - - 

Anger N Anger - 
Eye 

enlarged 
Lips licking Mouth open Lip press 

Chin 

raised 

Brow 

furrow 

Lip 

protrude 

Disgust - - - - - - - - - - 

Surprise - - - - - - - - - - 

Fear 

N 

Anxiety Fear, Anxiety Lip licking Lip biting 
Eye 

diminished 
Blink - - - 

Shame 
Embarrassment 

Shame 

Lip corner 

lowered 
Mouth open - - - - - 

Sadness Hopelessness 
Frustration 

Alienation 

Brow 

furrow 

Inner brow 

raised 
- - - - - 

- Boredom Boredom 
Blink 

slowly 
Mouth open - - - - - 

* P = Positive, N = Negative 

 

5. Discussion and Conclusion  

 
In this study, we investigated the characteristics of academic emotions in an online video-based 
learning context through the analysis of facial expressions. As open online learning has become one 

of the main instructional approaches, concomitantly, there should be serious considerations on how 

to provide appropriate emotional feedback to learners who are physically and psychologically 

dispersed in various locations.  In this section, we discuss some implications and areas for future 
research. The classification of academic emotions derived from this study can be used as a 

methodological framework for designing emotional support in online learning programs. In 

particular, this study proposes the structure matrix (Table 4) of academic emotions in online learning 
situations, which can be used as a checklist when integrating diverse components of emotional 

design. Next, the results of this study can inform the development of affective computing platforms 

that can better detect, measure, and analyze academic emotions in online learning situations. While 
recent development on affective computing is promising in automatically detecting and analyzing 
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human emotions, the existing platforms tend to limit their analysis to the basic emotion types and 
cannot capture diverse and subtle types of academic emotions discussed in this study. Lastly, the 

result of this study may inform the design of a recommendation system for the appropriate learning 

material and contents by understanding the learner 's facial expressions in real-time. It can provide 

more personalized learning mechanisms considering individual characteristic and interests and 
eventually support meaningful learning experiences. 

Some limitations of this study should be noted. First, the generalizability of the findings 

should be limited due to the single-subject design. It is necessary to perform repetitive measurement 
of dependent variables with more subjects under various conditions. Next, individual differences in 

the level of prior knowledge and interest toward learning topics, which interact highly with 

emotional states during learning processes, should be considered when interpreting the results. 
Future research can be conducted with learners with various levels of prior knowledge and academic 

interest. Despite the limitations, we believe that this exploratory study makes contributions to 

broaden the measurement of academic emotions in online learning situations, and can be used as a 

basic data for future applications of affective computing and artificial intelligence in learning 
contexts. 
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Abstract: High-achieving language learners’ effective learning strategies have always been 

the research focus in the field of second-language acquisition. In recent years, with the rapid 

development of information technology, the research topic of English language learners’ 

online self-regulation has become increasingly important. This qualitative inquiry 

investigated the features of eight high-achieving students’ online self-regulated learning 

with a focus on how they strategically improve their English listening and speaking 

proficiency from a sociocultural perspective. Participants were English as a foreign 

language (EFL) learner at a comprehensive university in China. Data were collected from 

in-depth and face-to-face interviews. Using the activity theory to interpret these data, four 

types of self-regulatory strategies were identified, namely, artefact-mediated, rule-mediated, 

community-mediated, and role-mediated strategies. The results inform the development of 

pedagogical schemes to enhance EFL learners’ listening and speaking proficiency through 

online self-regulated learning. 

Keywords: Sociocultural theory, activity theory, online self-regulation, high-achieving 

EFL learners, English language learning 

1. Introduction

With the development of globalization and the continuous deepening of China’s reform and opening 

up, there are more and more EFL learners in China. Since it is believed that self-regulated learners 

learn more and better (Pintrich, 2000; Zimmerman, 2000), high-achieving English learners’ 

effective learning strategies have been the research focus for decades in the field of SLA. In recent 

years, the rapid development of information technology has profoundly changed the way language 

teaching and learning, and online self-regulated language learning has become a vital way for EFL 

learners to learn English informally. Many related studies have started to focus on self-regulated 

learning strategies of language learners in online learning environments (e.g., Barnard, Lan, To, 

Paton, & Lai, 2009; Zheng, Mu, Li, & Yuan, 2016). 

2. Literature Review

2.1 Online Self-regulation and Second Language Acquisition 

In the 1970s, Albert Bandura (1977) and his associates proposed the concepts of self-efficacy and 

self-regulation, which has gradually attracted much research attention in the field of SLA. 

Zimmerman (1989) argued that self-regulated learning refers to learners’ actively participation in 

their own learning process. Given the belief that self-regulated learners learn more and better, many 

researchers conducted studies on foreign language learners’ self-regulatory strategies. Besides, due 

to the rapid development of information technology in the past few decades, there has been a 

growing interest in college EFL learners online self-regulated language learning (e.g., Liu, Lan, & 

Ho, 2014; Zheng, et al., 2016).  
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2.2 Sociocultural theory and activity theory 
 

Vygotsky, the former Soviet Union educational psychologist, put forward the sociocultural theory 

(1978) which emphasized that every development of human high-level psychological functions first 

appeared at the social level, between individuals, and later at the psychological level, within the 

individual. It meant that language as a kind of high-level psychological functions must be acquired 

by interaction with the outside world. Broadly defined, the sociocultural theory included four parts, 

the mediation theory, the internalization theory, zone of proximal development theory (ZPD), and 

the activity theory. Drawing on Vygotskian’s notion, Leontive (1981) and Engeström (1987) further 

developed the activity theory, and later, Engeström (1999) developed an activity system, as shown in 

figure 1. There are six elements, subjective, objective and four mediators, namely artefact, rules, 

community and roles. Artefacts refers to the various resources that help subjects interact with the 

outside world, such as online learning platforms, electronic dictionaries, films, etc. Rules refer to 

some criteria or limitations that learners need to follow. Community refers to a social group that 

members have the same goal, and roles mainly refer to their social roles in a community. The four 

mediators interact with each other when acting upon subjects’ activities. 

 

 
Figure 1. Activity system 

 

2.3 Gaps in previous literature 
 

It seems that in the SLA field in China, most previous studies only focused on introducing and 

discussing the sociocultural theory or activity theory, lacking comprehensive and empirical 

investigations yet. As for studies drawing upon self-regulation theory in SLA field, most 

emphasized the relationship between learners’ internal cognition and self-regulation behaviors. 

However, from the sociocultural perspective, self-regulated strategic learning pays more attention to 

social contexts and learners’ interaction with the outside world. Until now, from the perspective of 

sociocultural theory, studies focusing on Chinese EFL learners’ self-regulation, especially about 

learners online self-regulated listening and speaking, is still lacking. To address this issue, the 

present study combined activity theory and self-regulation theory, and explored the features of eight 

high-achieving students’ online self-regulated learning with a focus on how they strategically 

improve their English listening and speaking. 

 

 

3. Research Methodology 
 

3.1 Research context 
 

The present inquiry was conducted in the researchers’ university. It’s a comprehensive university 

with emphasis on Computer Science and Technology, Information Engineering and some other 

disciplines related to computer, providing a good online learning environment for students. The 

university offers a course named “College English Listening and Speaking”, which is compulsory 

for all non-English freshmen and sophomores. The main goal of this course is to develop EFL 

learners’ comprehensive skills with a focus on English listening and speaking, and the teaching 

procedure consists of two parts: face-to-face in-class instruction and learners’ online self-regulated 

learning (Zheng, Liang, Li, & Tsai, 2018). There are two online learning management systems for 

students’ online self-regulated English language learning, called “New Perspective Foreign 
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Language Teaching and Learning Platform (V5.0)” and “Online Teaching and Formative 

Assessment System” respectively. 

 

3.2 Research participants 
 

Eight participants, including five females and three males, were selected by extreme sampling 

method for the study. They were all non-English majors at different departments of the university 

and they came from all over the country. Some detailed information about the participants is shown 

in Table 1. The eight EFL learners were in the second semester of their sophomore year when 

interviewed. In their first year in college, they took the National College English Text-Band 4 

(CET4) in June and scored top ten of all freshmen in the university. In addition, they all participated 

in the College English Listening and Speaking Course taught by Teacher Zheng and performed quite 

well. According to the two criteria, we defined them as high-achieving EFL learners. They were 

expected to have better self-regulation when improving English listening and speaking online. 

 

Table 1 

Detailed information about the participants 

Participants Sex Grade Major Hometown 

S1 F Sophomore Computer Science & Technology Anhui 

S2 F Sophomore Economics and Management Beijing 

S3 M Sophomore Economics and Management Hubei 

S4 M Sophomore Communication Engineering Liaoning 

S5 F Sophomore Economics Shandong 

S6 F Sophomore Electronic Information Science and Technology NA 

S7 M Sophomore Communication Engineering Beijing 

S8 F Sophomore Engineering Management NA 

 

3.3 Data collection and analysis 
 

The study employed a qualitative research method and data were gathered mainly rely on in-depth 

and face-to-face interviews. A total of eight interviews were conducted and audio-recorded 

independently with the participants, each lasting 30 to 60 minutes. In consideration of convenience, 

the native language Chinese was employed. Before the interview was conducted, the researchers 

designed an outline of interview questions which mainly involves three aspects, namely, learners’ 

belief and motivation, learners’ technology acceptance and usage, and their online self-regulated 

learning. However, interviews were not confined to the questions of the outline, and researchers 

made more detailed inquiries based on the interviewees’ response (Cohen, Manion, & Morrison, 

2013). At the beginning of the interviews, the researcher briefly explained the goal of the interview, 

and promised the participants that the data they provided would be kept strictly confidential and 

would be used only for research. After the interviews, all the qualitative data were transcribed into 

English. During the transcription process, the researcher coded the eight participants as S1 to S8 in 

order to ensure that the interviewees’ personal information won’t be revealed. 

 

 

4. Results and Discussions 
 

From the perspective of activity theory, the interview data revealed that high-achieving learners’ 

online self-regulated English language learning strategies could be identified as four categories, 

namely, artefact-mediated strategies, rule-mediated strategies, community-mediated strategies, and 

role-mediated strategies. Subcategories were specified to further explicate their strategical online 

self-regulation. 

 

4.1 Artefact-mediated Strategies 
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The study found that the eight high-achieving students strategically used various artefacts, such as 

online language learning platforms, English news websites, films or television programs, to improve 

their English listening and speaking proficiency when they conducted self-regulated learning online. 

Among them, the online language learning platforms served as very efficient and convenient 

platforms. For example, S1 stated, “our university’s language labs are accessible to us all the time 

and the online English language learning systems enable us to do online self-tests, which helps a 

lot”. S4 also mentioned “In online English language learning systems, there are lots of tests, English 

articles and exercises, which are quite useful resources for English language learning”.  

 In addition to the university’s experimental platform, news websites or WeChat official 

accounts were also widely used. The participants recommended some commonly used websites or 

official accounts, such as New York Times (S2), Voice of America (S3), China Daily Bilingual 

News (S2, S4), Daily English Listening (S5), British Broadcasting Corporation and Cable News 

Network (S6), etc. Almost all the participants said that they would get their daily listening materials 

through these diverse websites or official accounts. 

 What’s more, the most popular approach is watching films and TV programs, because it can 

offer the most native and daily useful English. For instance, S4 expressed, “Sometimes I may search 

for some BBC documentary films or news programs. American TV dramas is also a good choice, for 

the language used in dramas is colloquial and daily life-oriented, which can bring us into a real life 

situation”. In the similar vein, S6 appreciated the authentic and native expression in English movies. 

 Overall, these eight high-achieving EFL learners were good at using various online artefacts 

to regulate their online English language learning. 

 

4.2 Rule-mediated Strategies 
 

The interview data showed that when learning online, the eight high-achieving students would 

regulate their learning behaviors according to certain rules. Two types of rule-mediated strategies 

emerged from the data: evaluation-mediated strategies and time-mediated strategies (Hu and Gao, 

2017; Lei, 2008). 

 

4.2.1 Evaluation Criteria-mediated Strategies 
 

All participants agreed that good oral English was mainly characterized by standard pronunciation, 

authentic expressions, and fluent speaking. The evaluation criteria influenced their online 

self-regulation and promoted them to achieve better performance, and their performance tended to 

be assessed mainly by exams or others’ evaluation. S2 and S3 both reported that they must practice 

their spoken English to pass TOEFL exams or get a higher score. For them, test scores were the 

plainest criteria to reflect their English proficiency. Another important criterion helped learners 

knowing about their English proficiency is others’ evaluation. “In some occasions, as long as I speak 

in English, others will know my English proficiency. If I can speak English fluently, they will be 

impressed by me”, S1 stated. S4 shared his traveling abroad experience, “What’s more important, at 

that time (communicating with local people in English), many people traveling together with me 

expressed their praise and said that this boy was quite excellent. I like this feeling”. S8 had the 

similar experience to S4 when exchanged students stayed at her home. Their reflection suggested 

that others’ evaluation, especially praise can effectively encourage language learners to perform 

better. 

 

4.2.2 Time-mediated Strategies 
 

EFL learners’ English language learning was greatly limited by time. However, the emergence and 

development of mobile technology has overcome the time and space limitations of traditional 

language learning to a large extent. “I usually check the update in official accounts every morning, 

sometimes at noon or in the evening. It’s flexible” (S2). S4 said that he would check his phone at 

night, and S5 reported that she learned English in fragmented time, such as “walking in campus or 

taking the subway”. Besides, S6 told the researcher that she tended to browse the latest news when 

eating. It can be concluded from the data that the participants were good at making full use of 

fragmented time through mobile technology.  In addition, S1and S8 explicitly mentioned that 

62



English language learning is a long process and that persistence and perseverance were basic factors 

to master English. In summary, the eight high-achieving EFL learners made the best use of tiny 

pieces of spare time and persevered for a long time to achieve their great performance. 

 

4.3 Community-mediated Strategies 
 

From the sociocultural perspective, language learning is achieved in the social and cultural context, 

and interaction plays an important role in language acquisition. Echoing the findings reported in 

previous research that learners’ online self-regulation has been mediated by immediate school 

communities and the broad society (Hu & Gao, 2017), community-mediated strategies can be 

subcategorized as two types: campus community-mediated and society-mediated strategies. 

 

4.3.1 Campus Community-mediated Strategies 
 

The eight high-achieving EFL learners were deeply aware of the importance of class groups, 

especially their English teacher. S4 stated, “Our teacher carefully selects appropriate topics, and 

offers us many pictures as well as videos in the online language learning platform. Some group tasks 

give us opportunities to open our mouth to express. More importantly, when we meet any difficulty, 

our teacher will come to us with advice”. Apart from this, S5, S6 and S7 all mentioned that their 

English teacher could “stimulate our interest in English, and inspire us to communicate with her”. In 

a word, from the campus community, EFL learners could get rich communication opportunities and 

individual instructions or advice, which helps a lot in their self-regulated online language learning. 

 

4.3.2 Society-mediated Strategies 
 

Besides the emphasis on English teachers, the interview data revealed that the participants also 

appropriated social resources outside the campus community, such as parents and friends. S3 often 

sought encouragement from one of his friends who “also plans to pursue graduate study abroad and 

takes TOEFL exams”. S6 said that if she met something she didn’t understand, she would “ask my 

friends who are English majors”. Furthermore, S7 stated the influences form his parents who 

“encourage me to speak bravely and talk with me in English”. There is no doubt that interaction with 

parents and friends can also effectively promote the self-regulation of the participants. 

 

4.4 Role-mediated Strategies 
 

The social environments in which the learners live influenced how they identify themselves, and 

further influenced their self-regulation. There were mainly two factors affecting their identification 

in this study. One is their clear awareness of the importance of English in the era of globalization, the 

other is they were all non-English majors. One obvious feature was that they paid great attention to 

the practical of English communication. As mentioned above, S4 realized the benefits of good oral 

English when traveling abroad. This is further echoed by S6, S7 and S8 who emphasized that 

English was a great tool to communicate with others and could “broaden my horizon and make me a 

global person” so that they could “know about the outside world and understand people from 

different culture backgrounds”. 

 Another important feature was that many of them clearly realized that good English 

proficiency can facilitate their professional learning. S4 said, “good command of English can be a 

guarantee which help us obtain more resources and support us to study further in our major field”. S5 

agreed with this opinion, “I think English proficiency can reflect a person’s comprehensive quality. 

It also helps in understanding some economics journals and papers in English (her major is 

economics)”. S8 further confirmed, “Learning English in university is helpful for our professional 

courses”. However, S3 and S7 had different opinions. They thought English as a tool only helpful in 

communication and they said that they “spend more time in professional learning” (S7) and could 

“find the balance between English and major” (S3). 
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4.5 Discussion 
 

To some extent, the findings of present study are in tune with previous research. For instance, the 

artefact-mediated strategies in this inquiry are similar to the internet-mediated strategies in Lei’s 

(2008) study. The rule-mediated strategies and community-mediated strategies echoed with the 

study of Hu and Gao in 2017. However, compare with previous studies, there are two differences 

need attention. First, in this study, when the participants used artefacts to regulate their online 

English language learning, they seldom or never adopted sign-mediated strategies. Previous studied 

showed that sign-mediated, especially L1-mediated strategies were quite important for EFL 

learners’ self-regulation (Hu & Gao, 2017b; Lei, 2008; Yu & Lee, 2016). The inconsistency may be 

caused by different linguistic skills. Compare with writing, reading, or vocabulary learning, EFL 

learners are required to reduce or even avoid the occurrence of L1 in the process of input (listening) 

and output (speaking) in English as much as possible. Of course, more studies are needed to explore 

and verify the specific reasons. Second, the present study considered more about the learners’ social 

role, while previous studies regarded the role learners played in their language learning process. 

From this perspective, the study explored more about the participants’ identification and motivation 

rather than the learning process. 

 The study offered evidence showing that the participants actively used diverse resources and 

strategies to mediate their self-regulated online English language learning, and that the four 

categories of mediators interacted with each other in the regulation process. For example, using 

mobile devices (artefact-mediated strategies) to assist English listening broke through the limitation 

of time (rule-mediated strategies). Others’ evaluation (rule-mediated strategies) is kind of 

interaction in a community (community-mediated strategies) and could influence EFL learners’ 

identification (role-mediated strategies). When the eight high-achieving students actively mediated 

their online English language learning, all these strategies interacted together to facilitate their 

self-regulation. 

 

 

5. Conclusion 
 

This qualitative study provided insights into understanding EFL learners’ online self-regulated 

English language learning strategies. The interview data showed that all the eight high-achieving 

students had clear awareness of their own identifications (role-mediated) and had strong motivation 

to learn English. They were good at using a variety of network resources (artefact-mediated) to assist 

their EFL learning. They set appropriate evaluation criteria (rule-mediated) for themselves and made 

full advantage of fragmented time. Besides, they could seek help from peers and teachers actively 

(community-mediated) to overcome obstacles they encountered when learning online. 

 According to the major findings and the participants’ response in the interviews, some 

pedagogical implications are as follows: (1) English teachers should actively discover appropriate 

learning platforms and technologies and introduce them to EFL learners; (2) English teachers should 

recommend a list of high-quality online learning materials to facilitate EFL learners’ English 

language learning; (3) According to the sociocultural theory, authentic social context and the 

interaction with the outside world are so important for language learning. Hence, English teachers 

should make full use of resources to construct authentic and interactive situations for learners. 

 Certainly, there are some limitations to this study. First, it employed a qualitative method, 

and findings of present inquiry cannot be generalized to a large population. Second, due to the 

limited time, the present study only collected and analyzed one-on-one interview data. Therefore, 

the researchers hope that in combination with learners’ homework and online learning journals, a 

longitudinal empirical study can be conducted to further investigate the use of students’ online 

self-regulated learning strategies in future. 
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Abstract: Virtual reality in language education has been an increasingly important research 

topic in recent years. This study conducted a systemic review of virtual reality in adult 

foreign language education with 12 empirical articles selected from four SSCI journals, 

Computer Assisted Language Learning (CALL), Computers & Education, Language 

Learning and Technology (LLT) and ReCALL from 2013 to 2017. A systematic content 

analysis method was employed to analyze the basic information, research topics, research 

methods, participants, research contexts, and research findings. This research will provide 

some pedagogical implications for language educators, scholars and learners. 

Keywords: virtual reality, virtual environments, literature review, adult foreign language 

education 

1. Introduction

The rapid advancement of emerging technologies presents learners, educators and scholars around 

the globe with unprecedented opportunities to improve teaching and learning. Foreign language or 

second language education in virtual worlds or virtual environments has been subject to a continuous 

research interest since their emergence (Wang, 2015). Plenty of research supported the use of virtual 

reality (VR) in foreign or second language education because of its potential of providing language 

learners with the needed language contexts, immersive and free learning environments without any 

spacial or temporal barrier as well as the potential of enhancing language learners’ language 

performance and language acquisition (Lan, 2014; Lan, 2015; Lan, Kan, Hsiao, Yang, & Chang, 

2013; Me, 2016; Peterson, 2011; Ryu, 2013). A variety of three-dimensional virtual environments 

(3DVEs) have been used in foreign language education, such as Second Life, World of Warcraft, 

Active Worlds, SimCity, and Quest Atlantis (Chen, 2016; Peterson, 2016; Sadler, 2012). These 

3DVEs may hold pedagogical implications for education, evidenced by the fact that educators and 

institutions have increasingly embraced 3D virtual learning.  

This research conducted a systematic literature review of publications concerning the 

application of virtual reality in adult foreign language education from 2013 to 2017. A total of 12 

articles were selected from four SSCI journals, Computer Assisted Language Learning (CALL), 

Computers & Education, Language Learning and Technology (LLT) and ReCALL. A systematic 

content analysis method was employed to analyze. NVivo 11.0 was used to code and analyze the 

basic information, research topics, research methods, participants, research contexts and research 

findings. After analyzing, this literature review tried to answer the following questions: 

(1) What are the general research trends of virtual reality in adult foreign language education?

(2) What are the main research topics of virtual reality in adult foreign language education?

(3) What kinds of research methods were used in the research of virtual reality in adult

foreign language education? 

(4) What are the pedagogical implications of virtual reality for adult foreign language

education? 

2. Method

2.1 Articles Selection 
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Four refereed Social Science Citation Index (SSCI) journals, Computer Assisted Language Learning 

(CALL), Computers & Education, Language Learning and Technology (LLT) and ReCALL, were 

selected in the research. These journals rank Top 60 in SSCI-indexed journals in the field of 

educational technology and language learning with rich representation of international contributing 

authors. The period of time of the selected articles spans 5 years, from 2013 to 2017. First, the 

empirical articles in the four journals from 2013 to 2017 were downloaded from Web of Science. 

Then, NVivo 11.0 was used to select articles related to the research. The terms “virtual reality”, 

“virtual worlds”, “virtual environments”, “virtual community”, “Second Life” and “language 

learning” were employed to article filtering. As a result, 27 articles were identified. Then, after 

further reading, 15 articles unrelated to virtual reality and adult foreign language learning were 

removed. At last, a total of 12 journal articles were selected. 

 

2.2 Coding Scheme 
 

NVivo 11.0 was used to code and analyze the articles. The coding scheme were adapted from the 

systemic reviewing approach advocated by scholars in previous research (e.g., Lee, Wu, & Tsai, 

2009; Tsai & Wen, 2005). For this review, six main aspects as follow were analyzed: 

• Basic information: first author, year of publication, and journals names 

• Research topics 

• Research methods and data collection 

• Participants and research contexts 

• Research findings 

 

 

3. Results and Discussion 
 

3.1 Basic Information 
 

After coding and analyzing of the 12 articles with a content analysis method, the basic information 

included year of publication, name of journals and first author’s country were analyzed and 

concluded. Figure 1 shows the number of articles published from 2013 to 2017. The solid lines 

represent the numbers of published articles from each of the four individual journals each year, and 

the dashed line indicates the total numbers of published articles across four journals each year. The 

research trends were revealed in Figure 1. Overall, the total numbers of VR articles in language 

education published each year showed a rising trend from 2013 to 2016. Especially in 2015 and 

2016, there are 10 articles published, which accounted for 83% of the publication from 2013 to 2017, 

but after 2016 articles of VR in language education plunged and there was even no publication in 

2017. 

 

 

 
 

Figure 1. Numbers of Articles Published by Journal Yearly from 2013 to 2017 
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Figure 2 shows the results of individual journal publications by country based on the first 

author’s affiliation. Taiwan is the most productive from 2013 to 2017, next is the France and 

Australia. It may mean Taiwan paid great attention to the development of VR in language education 

and did many empirical research. 

 

 
 

Figure 2. Country Productivity of Articles by Journal from 2013 to 2017 

 

3.2 Research Topics 

 
Figure 3 shows the research topics of VR in adult foreign language education publication. It can be 

mainly divided into six parts. Many of the research subjects are students. Only 2 of the 12 articles 

from 2013 to 2017 studied language teacher’s roles (Wang, 2015) and teacher training (Kozlova, & 

Priven, 2015) based on VR. The research which studied students mainly focus on learners’ linguistic 

skills and learners’ individual difference, and some are focus on learners’ non-linguistics skills and 

overall language acquisition (Berns, Gonzalez-Pardo, & Camacho, 2013; Tang, Sung, & Chang, 

2016). Some research studied about the task-based language learning (Chen, 2016; Lan, Kan, Sung, 

& Chung, 2016) in virtual environment or virtual world. The research about learners’ linguistics 

skills mainly studies the effects of virtual reality on learners’ reading engagement (Park & Kim, 

2015), reading performance (Park & Kim, 2015), listening comprehension (Levak & Son, 2016) and 

oral interaction (Lan et al., 2016; Melchor-Couto, 2016). Those about learners’ non-linguistics skills 

mainly studied about learners’ culture learning (Shih, 2015) and learners’ communication (Tang et 

al, 2016; Wigham & Chanier, 2013; Wigham & Chanier, 2015). Those researched about learners’ 

individual difference mainly can be divided into the effects of VR on learners’ motivation (Berns et 

al., 2013; Lan et al., 2016), perception (Chen, 2016) and anxiety (Melchor-Couto, 2016). And one 

of the articles also studied about learners’ affordances and acceptance (Levak & Son, 2016) of virtual 

reality.  

 

 

 
 

Figure 3. Research Topics 
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3.3 Research Methods 
 

Table 1 shows the research methods and data collection of the research of VR in adult foreign 

language education from 2013 to 2017. Most of the research used a mixed-methods approach which 

accounted for 50%, while four of twelve used qualitative research methods and only two articles 

used quantitative research methods. Most research tended to combine quantitative data and 

qualitative data together to do research. For the research design, many research used quasi-

experiment design in quantitative research and mixed-methods research. Some of the articles did not 

mention its research design. As for data collection, in quantitative research and mixed-methods 

research, questionnaires and tests are most frequent used. In a mixed-methods research, 

questionnaires or tests, always combine with interview to do research.  

 

Table 1 

Research Methods and Data Collection of the Research from 2013 to 2017 

Research 

methods 

Research 

design 
Data collection References 

Quantitative 

research 

Case study Questionnaires, tests 
Berns et al., 

2013 

Quasi-

experiment 
Tests, questionnaire 

Lan et al., 

2016 

Qualitative 

research 

 

Wikis, journal entries, 

screencasts, 

instructor’s notes 

Kozlova & 

Priven, 

2015 

Action 

research 

Observation, recordings of 

conversation, 

screencasts 

Tang et al, 

2016 

 
Recordings of the course, 

interview 
Wang, 2015 

 
Screen and audio output, 

text chat logs 

Wigham & 

Chanier, 

2015 

A mixed-

methods 

approach 

 

Online questionnaires, 

observation, journals, 

interview 

Chen, 2016 

 Tests, interview 

Levak & 

Son, 

2016 

Quasi-

experiment 

Questionnaires, open-

ended questions 

Melchor-

Couto, 

2016 

Quasi-

experiment 

Questionnaires, tests, open-

ended questionnaire 

Park & Kim, 

2015 

Case study 
Observation, interviews, 

blog entries, tests 
Shih, 2015 

Quasi-

experiment 

Observation, screen and 

audio output, 

questionnaire, 

interviews 

Wigham & 

Chanier, 

2013 

 

3.4 Participants and Research Contexts 
 

Table 2 reveals the participants in the research of VR in adult foreign language education. All the 

research conducted in higher education. And participants in most of the research is small sample size 

with less than 30 participants. Only one research studied more than 50 participants. 
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Table 2 

Participants in the Research of VR in Adult Foreign Language Education 

References Number Gender Age 
Research 

contexts 

Chen, 2016 9 5F4M 21-55  

Berns et al., 2013 85   University 

Kozlova, & Priven, 2015 5 4F1M 31-53 University 

Lan et al., 2016 30  19-24 Universities 

Levak & Son, 2016 35  18-30 Universities 

Melchor-Couto, 2016 14  19-21 Universities 

Park & Kim, 2015 18 16F2M 19.72 Universities 

Shih, 2015 4 3F1M  University 

Tang et al, 2016 11  18-60  

Wang, 2015 
1 teacher 

17 students 
 19-30 University 

Wigham & Chanier, 2013 17 8F9M 21-25 University 

Wigham & Chanier, 2015 17 8F9M 21-25 University 

 

As for the research contexts, the main contexts used in the research of VR in adult foreign 

language education from 2013 to 2017 was 3DVEs. And in that the most frequent used was Second 

Life (Chen, 2016; Lan et al., 2016; Levak & Son, 2016; Melchor-Couto, 2016; Tang et al, 2016; 

Wang, 2015; Wigham & Chanier, 2013; Wigham & Chanier, 2015), while others used Algonquin 

College Campus and Tipontia Island (Kozlova, & Priven, 2015), Virtual Worlds at Universidad 

Autónoma de Madrid (VirtUAM, Berns et al., 2013), Bllue Mars Lite (Shih, 2015). 

 

 
 

Figure 4. Platforms Used in the Research of VR in Adult Foreign Language Education 

 

3.5 Research Findings 
 

These research mainly did an empirical research to study VR’s effects on adult foreign language 

learners’ linguistics skills, non-linguistics skills, language acquisition or language performance and 

individual difference, and on teachers’ training and teacher’ roles. Virtual reality can provide 

language learners free, visual, immersive and linguistic support and facilitate language teaching and 

learning (Berns et al., 2013; Chen, 2016; Shih, 2015). The virtual environments or virtual worlds 

can make language learning easier and faster, and can significantly improve language learners’ 

interest, enjoyment, engagement, attitude and motivation (Berns et al., 2013; Lan et al., 2016; Park 

& Kim, 2015; Shih, 2015; Wigham & Chanier, 2015). VR also can decrease language learners’ 

77



anxiety, but the anonymity should be paid attention to (Melchor-Couto, 2016). In these empirical 

studies, adult foreign language learners’ linguistics skills (Berns et al., 2013; Lan et al., 2016; Levak 

& Son, 2016; Park & Kim, 2015; ), non-linguistics skills (Shih, 2015), language acquisition and 

language performance (Shih, 2015; Tang et al, 2016) all significantly improved. And in virtual 

environments or virtual worlds, more collaborative and meaningful tasks as well as the design of 

activities based on the adaptive learning principles will improve adult foreign language learners’ 

language learning (Chen, 2016; Berns et al., 2013; Lan et al., 2016; Levak & Son, 2016). 

As for communication in virtual environments or virtual worlds, Tang and his colleagues 

(2016) researched about adult foreign language learners’ communication competence, and its 

influencing factors. According to Wigham and Chanier (2013), language learners’ the verbal and 

nonverbal modes of communication is dependent on the role that the student undertook during the 

activity and the particular instructions that the student in each role was given in virtual environments 

or virtual worlds. 

Wang (2015) researched about adult foreign language teachers’ roles in virtual environments 

or virtual worlds. The teacher was found to play four roles consistently in the three task phases: 

monitor role, motivator role, language guide role, and social role. In the research of Kozlova and 

Priven (2015), it is suggested that collaborative situated learning was an effective method of teacher 

training. 

 

 

4. Conclusion 
 

This research conducted a systemic review of virtual reality in adult foreign language education with 

12 empirical articles selected from four SSCI journals from 2013 to 2017. Virtual reality in adult 

foreign language education still is a continuous research subject. And in empirical research, 

researchers tended to do mixed methods research which usually combined questionnaire, tests and 

interview together. The main research topics of VR in adult foreign language education were 

language learners’ individual difference and language acquisition especially linguistic and non-

linguistic skills. Virtual reality has the potential to provide language learners immersive and free 

learning environments which will improve language learners’ language acquisition, learning interest 

and motivation. Virtual reality with more collaborative and meaningful tasks and more adaptive 

activities design were suggested in adult foreign language education. Due to the time limitation, this 

research only selected empirical articles from four SSCI articles from 2013 to 2017. Some research 

directions may not be reveled and analyzed clearly. Future research will analyze more articles 

systematically and thoroughly. 
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Abstract: Teaching social science courses in traditional mode in the higher education 

settings has encountered various problems, and the teaching effectiveness needs to be 

improved. The utilization of information technology in education has become a general 

trend for promoting educational reforms. In order to improve learner autonomy and increase 

learners’ internal interest in subjects they learn, this study conducted a 16-week experiment 

in a social science course at a university in northern China, utilizing blended teaching mode 

with the support of the Blackboard platform. 30 college students majoring in public 

administration took part in the teaching experiment. The feedback of questionnaires showed 

that Blackboard platform has created favorable conditions for carrying out blended teaching. 

It has positive effect on fostering learner motivation, improving their interest in learning, 

and reinforcing their understanding of the course. 

Keywords: Blackboard platforms, social science courses, blended teaching 

1. Introduction

The work guide of the Ministry of Education of the People’s Republic of China instructs for the 

promotion of deep integration of education with information technology in order to realize the rapid 

improvement of education quality. Introducing modern information technology into traditional 

classroom teaching will promote the transformation of traditional classroom teaching strategies, 

methods and evaluation methods. 

The Blackboard platform is a course management and delivery system (Moeller, 2013). It 

can achieve the functions of course creation and management, resource construction and 

management, interaction between the teacher and students, statistical analysis, assessment, 

evaluation, and mobile learning. Currently, the Blackboard platform has been widely used in many 

universities in China, including our university - Beijing University of Posts and 

Telecommunications. A number of previous studies have discussed applications of the Blackboard 

platform. Examples include the effects on EFL students of using Blackboard technology 

(Mekheimer, 2012), students’ perceptions of Blackboard (Carvalho, Areal, & Silva, 2011), collect 

learning data for discussion (Abrams, 2013), the use of Blackboard platform for teaching mode 

reforms such as blended-learning project (Chan, 2014), and collaborative learning based on the 

Blackboard platform (Wand, Shi, & Yang, 2011). However, there are still few studies on the 

application of this platform in social science disciplines. 

The teaching objectives of a social science curriculum should be cultivation of students’ 

ability of applying knowledge to solve practical problems. The curriculums should emphasize the 

combination of theory and practice, encourage students to carry out autonomous and collaborative 

learning.  

This study uses the course “National Civil Service System” as an example. After the teacher 

completed teaching this course, questionnaires are collected to learn the students’ acceptance and 

learning effectiveness when carrying out blended teaching with the support of the Blackboard 

platform. 
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2. Research Method 
 

2.1 Participants 
 

The subjects of this study are 30 undergraduate students (12 boys and 18 girls) majoring in the 

Public Administration at our university. This course, “National Civil Service System”, is an elective 

course for these students. It introduces the content of the National Civil Service System in a 

comprehensive and systematic way. It also introduces relevant material for national civil service 

system examination. Students who have completed this course are expected to not only understand 

the basic concepts behind civil servants and the civil service system, but also be able to apply theory 

in practice. This study collected research data through questionnaires in order to investigate 

students’ learning results and learning experience when utilizing Blackboard platform to carry out 

blended teaching. 

 

2.2 Research context 
 

In the first week of the semester, the teacher gave a tutorial about how to operate on Blackboard to 

make sure that the learning results won’t be affected by lack of information. Furthermore, the 

teacher encouraged the students to use the platform for effective self-study. Then a 15-week blended 

teaching experiment with the support of platform was conducted. The course content was designed 

as three modules: course key knowledge points’ explanation, course practice simulations and flipped 

classroom. Finally, the teacher received feedback on learning results and effectiveness through 

questionnaires. 

 

2.3  Course design  
 

2.3.1 Course design with functional modules. 
 

The course mainly utilizes the five functional modules of the Blackboard platform (see Figure 1). 

 

 
 

Figure 1. Functional modules of the Blackboard platform 

 

 The “Instructional design” module includes homepage designation, menu bar naming and 

learning guides. The teacher names the labels on the menu bar with vivid and interesting names, and 

the learning guides are clear and simple. For example, the "discussion" module is named "Free talk" 

aimed at encouraging students’ learning autonomy and internal interest. 

 The “Resource Management” module is used to upload course syllabus, courseware, other 

documents and video materials. It creates an environment for students to learn independently. In 

addition to documents, video materials create a lively and colorful learning atmosphere for students. 

It helps to improve students’ internal interest in learning. 

 The “Interaction” module is used to establish forums and for group works. The teacher and 

students can interact on the forum with rich topics including current events. It is an effective 

extension of classroom communications. The teacher’s attention to student arguments can provide 

positive feedback to students. This kind of attention can encourage students to work harder, think 

more and promote the interaction between students. The collaboration function allows students to 
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build their own group according to their personal wishes. Team members can share documents, 

make schedules, and establish group discussion forums. The teacher can also view the contents and 

process of group interaction on the platform. 

 The “Homework & Quiz” module is used for homework and quiz management. The 

assignments are divided into group assignments and individual assignments. This enables students 

to develop not only the ability to complete tasks independently, but also teamwork skills and 

promote mutual learning and assistance. 

 The “Assessment” module can extract student learning data. Teacher can analyze students’ 

online learning behavior and achieve process evaluation via these data. For example, the teacher 

uses the statistical data of the students’ participation in the forum to learn the students’ degree of 

participation, thus giving corresponding evaluations and scores. 

 

2.3.2 Course design based on the blackboard platform 
 

The teacher sets up the course content as three modules to implement a blended teaching mode 

experiment based on the blackboard platform. First is the explanation of course key knowledge 

points. Second is the simulation of course practice. Third is the flipped classroom (see Figure 2). 

 

 

 
 

Figure 2. Three modules under blended teaching mode  

 

 (1) Key knowledge points explanation. In the first six weeks of this semester, the course 

key points were taught by the teacher in the classroom. Before class, the teacher uploaded learning 

materials in the order of chapters on the Blackboard platform for students to preview and download. 

After class, the teacher published homework assignments and discussion topics on the platform. 

 In order to improve students' interest in the material, the teacher introduces the game 

concept in this class. For example, the assignment named “Terminology Quick Response” is a game 

where the group which submits a correct answer on the platform first gets the scores. The correct 

answers will be marked on the names of the groups to encourage competition among students. 

 In order to improve students’ learning initiative, problem-oriented learning was introduced. 

For example, the teacher provides videos for case studies with relevant questions. Students publish 

their answers and discussion freely under the discussion board. Students will learn to identify 

problems, solve them, and finally share their insights with their peers. 

 (2) Course practice simulation. From the seventh week to the eleventh week of this 

semester, course practice simulations were done as mock interviews. It is divided into three parts: 

randomized interview, structured interview and group interview. Before practice, students learn the 

relevant material regarding of different kinds of interviews on the platform. Teacher will make some 

comments, suggestions and summaries after watching these mock interviews in class. The teacher 

and students can discuss online by watching the class recording videos posted on the platform.  

 (3) Flipped classroom. In the last five weeks of this semester, the course implemented the 

flipped classroom by taking advantage of the Blackboard platform. The teacher posts materials of 

various topics related to the course on the platform. Each group choose one from these topics, learn 
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the materials, collaborate and share in class to realize flipped classroom. The initiative and 

collaborative learning mode encourages the students to share and assists them in developing 

advanced understanding of the course key points. The teacher uploads the class recording videos to 

the platform for students to watch and review after class. 

 

 

3. Results and Discussions 
 

This is the first time that "National Civil Service System" course utilizing blended teaching mode 

with support of Blackboard platform at the authors’ university. In this study, questionnaires were 

sent to students to get feedback on the learning results and effectiveness under such teaching mode. 

A total of 30 questionnaires were distributed in this study, and 30 valid questionnaires were 

collected to draw the following conclusions: 

 Course practice simulation is the favorite part for students of all three modules in this 

blended teaching mode experiment. 80% of students believe that the mock interview is relatively 

useful - including directly understanding various forms of interviews, improving interview skills, 

and the interview skills taught are very practical. More than half of the students agree that the flipped 

classroom encourages the students’ learning autonomy. Students also report that they use the 

function modules of Blackboard platform, such as resource management, assignments and quiz. 

More than 80% of the students believe that the Blackboard platform is helpful for knowledge 

learning, including easy access to the course materials, the interesting tasks, the convenient forum 

function for the teacher and students to communicate and share ideas. Finally, more than 80% of 

students agree when compared with other courses, this course utilizing blended teaching mode 

provides a richer teaching session with more variety, which improves the students' initiative and 

interest in learning. 

 In summary, Blackboard platform has created favorable conditions for carrying out blended 

teaching for this course. The three modules gradually implement the process from understanding of 

the course content to practice and finally the exploration. The teacher acts as a guiding role in the 

whole teaching and learning process. The blended teaching mode with support of Blackboard 

platform helps increase students’ internal learning interest, improving the ability to learn 

independently and the collaborative learning ability. 

 

 

4. Conclusion 
 

The modernization of education cannot be separated from the strong support of modern science and 

technology. Information technology has a revolutionary impact on the development of education. 

This research has explored the possibility of blended teaching mode reform with the support of 

Blackboard platform. The feedback from the questionnaires shows that, for university social science 

curriculums, blended teaching mode with support of Blackboard platform has positive effect on 

enhancing students’ motivation, improving the interest in learning, and reinforcing students’ 

understanding in the course. It is a useful attempt to “cultivate new people in the new era that can 

adapt to and lead the country’s development and national rejuvenation”. 
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Abstract: The deep-rooted passive learning habits formed by long-term traditional teaching methods 

obviously cannot adapt itself to the requirements of students’ learning autonomy in information era. 

Through questionnaires and interviews with the students and teachers about problems with the English 

learners’ autonomous learning strategies in the information age, the author has found out that the 

problems include their lack of management strategies of online learning, their unawareness of 

autonomous learning strategies, their lack of network cognitive strategies and their poor computer 

skills as well as their negative emotions.  Based on these findings, the author has proposed employing 

information technology to develop autonomous learning strategies such as language skill learning 

strategies, vocabulary learning strategies and network skill training strategies. 

Keywords:  Information technology, strategy development, autonomous English learning, strategies 

1. Introduction

The rapid development of Internet and intelligent mobile phones not only frees learners from the 

limitation of time and space, but also provides abundant resources for English learning and creates 

favorable conditions for multimodal language teaching and learning. The combination of classroom 

teaching and modern technology broadens the path of students’ autonomous learning, and the 

flexible and diverse network technology has become an important way to cultivate students’ 

autonomy in learning foreign languages.  

Cottrell (1999) believes that learners who have received strategic training would 

consciously apply learning strategies to   future language learning process. Wang (2009)’s research 

shows that the general trend of the use of metacognitive strategies in  different groups of college 

English  in the information technology era is that students with better academic performance have 

more strategies and higher frequency, and vice versa,  the greater the difference in academic 

performance, the more obvious the difference in the use of metacognitive strategies. He (2013) 

observes that English autonomous learning in the network environment has gradually become one of 

the main ways of learning. However, the students’ efficiency of network autonomous learning is low 

mainly due to the lack of autonomous learning ability. Wang (2011) points out that metacognitive 

strategies, cognitive strategies, emotional strategies, and communicative strategies are closely 

related to English learning effectiveness o. Training English learners on various learning strategies, 

especially their metacognitive strategies, can more effectively develop their autonomous learning 

ability and improve their learning effectiveness. In Feng’s (2013) discovery, metacognitive strategy, 

“the ways to reasonably and effectively arrange learning time for learners” and “Learners’ 

self-encouragement and self-reward” in emotional strategies have significant predictive power on 

learners’ English scores. Liu (2014) applies self-learning strategy to English vocabulary teaching, 

which is an effective way to change the current situation of much vocabulary teaching time with low 

efficiency. Song (2016) finds, as an important supplementary means of the network autonomous 

learning mode, comprehensive use of metacognitive strategies, cognitive strategies and social 

sentiment strategies on the mobile teaching platform maximizes students’ motivation for English 

through interactive teaching methods, expanding their learning horizons, enriching the autonomous 

learning models and improving the learning outcomes.  
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The findings mentioned above are valuable in enlightening us with the significance of 

autonomous English learning strategies. However, these findings are mainly on the stage of 

theoretical exploration without much empirical research, offering little operational practice. In 

addition, these researches focus on the teaching strategies, not on the learners’ learning strategies, 

which does not represent learner-centered trend. After reviewing  related literature and having an 

in-depth understanding of the theory of  English autonomous learning strategies in the information  

age,  the author has  conducted  a  survey of the learning strategies of students in Panzhihua 

University,  analyzed the problems with their autonomous learning strategies,  and pointedly 

proposed employing information technology  to develop learners’ language skill training strategies, 

vocabulary learning and network skill training strategies to guide students to improve their ability to 

learn independently. 

 

 

2. The Lack of Autonomous Learning Strategies in the Information Era  
 

At present, many colleges and universities take classroom-based and computer-based   teaching 

models. More than two-thirds of college English courses are self-learned in online classrooms, and 

self-learning and self-testing through online platforms. In such a learning mode, students and 

teachers who participate in English online teaching are not able to communicate  effectively because 

they are separated from each other in the teaching process , ie, the students are in the multimedia 

classroom with the teachers  in the direct recording classroom, or  the learning content are recorded 

beforehand. It is impossible to ask questions and get answers and related guidance from teachers in 

the study, which has caused difficulty in their learning.  In order to study the problems with English 

autonomous learning strategies, the author has carried out questionnaires to 986 students from 12 

schools of Panzhihua University, followed by 83 interviews of the students and teachers. Based on 

the result of the questionnaires and interviews, combined with other researchers’ findings, the author 

has summarized English learners’ lack of autonomous learning strategies in the information 

technology era in the following aspects. 

 

2.1 Lack of Management Strategies of Online English Learning 
 

 Cohen believes that “management strategy has a restrictive effect on the use of language learning 

strategies and is at the top of language learning. It includes setting goals, specifying plans, 

self-monitoring, self-evaluation, and self-adjustment. It can be seen that the management strategy is 

excellent. Inferiority directly affects learning outcomes. However, in the new learning model, many 

learners often fall into the details of browsing and forget the subject of learning, ignoring the main 

learning path. Other learners are completely subject to the temptation of audiovisual stimulation, 

roaming in the information of a screen with neither clear goals nor planning. 
 

2.2 Unawareness of Autonomous Learning Strategies  
 

The multimedia teaching model emphasizes autonomous and discovery learning. Because the 

learners have long accepted traditional classroom teaching before participating in English online 

learning, they have long been accustomed to teachers playing a leading role in their learning process. 

Therefore, once they are asked to study on their own, they feel that they have lost their hearts and 

minds in the process of learning, and they are not at a position to learn. They do not know what to 

learn, how and when to learn, which directly leads to low learning efficiency. 
 

2.3 Lack of Network Cognitive Strategies and Their Poor Computer Skills 
 

Many students’ online cognitive strategies are almost blank, and computer technology is uneven, 

especially in rural areas, and they don’t know how to use the Internet. Students with certain 

computer skills often fail to search for the information they need after surfing the Internet. 

Sometimes they don’t know how to retrieve the information in the face of vast amounts of 

information, which wastes a lot of time and effort. According to Yue’s (2002) survey of students 

from Zhejiang University, most of them use English on the Internet for a short period of time. Their 
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cognitive ability to search online English is not enough to ensure that they use the Internet to search, 

acquire and store the information they need.  In addition, once the machine fails, most students are 

not actively looking for the necessary measures to analyze and solve problems, but to ignore and 

avoid problems. 

 

2.4 Negative Emotions  
 

Language learning is related to emotions. If favorable emotional factors predominate, the likelihood 

of success in learning will be greater. However, in the network autonomous learning, because there 

is no contact, continuous attention, and active participation of other students, many students think 

that it is no fun to deal with the cold machine; there is no real communication between the students 

and between the teachers and students. The whole learning process lacks human touch. On the other 

hand, insufficient study preparation leads to serious psychological problems for students. English 

network learners generally lack the necessary mental preparation for the difficulties and problems 

that may arise in online learning, which leads to the psychological problems of students. English 

network teaching content is often prepared in advance and cannot be adjusted at any time. Therefore, 

when the learner finds that the learning content is too difficult or the learning progress is too fast, the 

psychological state of excessive anxiety and self-doubt often occurs, which makes the 

self-confidence of learning suffer. Over time, it is easy to produce negative emotions such as 

rejection and tiredness of new technologies, and will lose interest in English learning and cause 

serious psychological problems in learning. 
 

 

3.  Employment of Information Technology to Develop Autonomous English Learning 

Strategies  
 

Teachers can use information technology to put the guidance into a web page with a campus network 

link. When students need strategic guidance, they can click on the learning strategy at any time; if 

they have any doubts, they can consult other students or teachers in the discussion area. The 

following is our practice and would-be practice in Panzhihua University. 

 

3.1 Basic Learning Strategy Navigation and Practice Dialing 
 

Basic learning strategies include cognitive strategies, metacognitive strategies, and learning 

resource management strategies. Among them, cognitive strategies include rehearsal strategies, 

finishing strategies, and organizational strategies; metacognitive strategies include planning 

strategies, monitoring strategies, and adjustment strategies; learning resource management 

strategies include learning environment management, time management, effort management, and 

brain management in practice. There are also requirements and practical examples of self-study, 

cooperative learning and inquiry learning. 
 

3.2 Strategy to Develop Listening, Speaking, Reading and Writing Skills 
 

3.2.1 Listening Learning Strategy 
 

Listening learning strategies include vocabulary strategies, listening strategies, transcript strategies, 

imaginary strategies, predictive strategies, background knowledge strategies, topic pre-listening 

strategies, auditory image strategies, collation and categorization strategies, inference strategies, 

selection of attention strategies, association strategies, situational strategy, interactive listening 

strategy, strategies concerning how to overcome Chinese interference, how to overcome 

psychological obstacles, and how to change listening methods, and strategies concerning speech 

analysis, semantic analysis, detail analysis, digital analysis,  and location inference, identity 

inference, attitude inference as well.  
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3.2.2 Oral English Learning Strategies 

 

Oral English learning strategies include memorization strategies, personal improvement strategies, 

error correction strategies, media strategies, and social communication strategies. In practice, there 

are also examples of overcoming disadvantages in oral practice, laying a good foundation in oral 

practice, practicing methods, and frequently used topics. 

 

3.2.3 Reading Strategies 
 

Reading strategies include vocabulary input strategy, grammar input strategy, translation strategy, 

dictionary use strategy, word-by-word reading strategy, repeated reading strategy, grammar analysis 

strategy, compensation strategy, logical grooming strategy, judgment strategy, selective attention 

strategy, guess strategy, context strategy, extensive reading strategy. In practice, there are also 

specific examples, such as intensive reading, extensive reading, SQ3R reading, sentence guessing. 

 

3.2.4 Writing Strategies 
 

Writing learning strategies include language input strategies, translation strategies, local structure 

strategies, error correction strategies, imitation strategies, and writing practice strategies. In practice, 

there are also specific examples such as words, sentences, consistency, coherence, expansion, and 

sentence composition and essay composition, graphic composition, situational composition, 

keyword composition, proposition composition, essays, narratives, descriptive texts, argumentative 

papers,.  

 

3.3 Strategies of Vocabulary Learning  
 

Vocabulary is one of the three major elements that make up a language. It is an important element in 

thinking and communication. When David Wilkins, the linguist, sums up the importance of 

vocabulary learning, he says, “Without grammar, only limited information can be passed. Without 

words, nothing can be conveyed.” Therefore, vocabulary learning is one of the important contents of 

English learning. The vocabulary size and proficiency of a vocabulary mastered by a student is one 

of the yardsticks for measuring their language level. When students learn English, they generally 

find that words are difficult to read, difficult to remember, and difficult to write, which directly 

affect their interest and enthusiasm in learning English, and even their success or failure in English 

learning. 

There are many vocabulary learning strategies. Vocabulary learning in the information 

technology era is different from traditional vocabulary learning. Therefore, how can vocabulary 

learning strategies such as memory strategies, cognitive strategies, metacognitive strategies, etc. be 

applied to vocabulary learning in the information technology environment? 

 

3.3.1 Application of Memory Strategies to Vocabulary Learning in Information Technology 

Environment 
 

Memory strategy is a method of linking new materials to known knowledge. Specific strategies 

include constructing semantic graphs, keywords, drawing structure diagrams, memorizing the part 

of speech, analyzing affixed roots, and image-assisted memory, the representation of the meaning of 

the word, grouping of words, pronunciation of words and so on. One of the most important 

advantages of multimedia learning and traditional learning environment is that it can combine sound, 

graphics, animation, graphics and video organically, so the memory strategies that students can use 

to learn vocabulary are much richer than those in the traditional environment. In particular, the 

multimedia environment can take full advantage of the role of trans-sensory channels. Because 

through trans-sensory channels, if learners adopting a combination of visual and verbal material 

content, their learning will be better. Semantic graph strategy is a graphical display process for 

constructing classes and relationships between classes. It is graphically represented as information, 

and in a personalized way, students are allowed to associate new words with known knowledge to 
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build a semantic network. Vocabulary learning is actually the establishment of a semantic network, 

especially when the learner’s vocabulary increases, the organization of such a network is more 

important. Because the multimedia network structure can not only help newcomers learn new 

information, but also help to establish expert knowledge structure. The semantic graph strategy has 

been applied in the multimedia environment. The vocabulary learning software LEXNET-INSITU 

adopts the semantic graph technique. 

The root affix strategy in memory strategy is considered to be beneficial to vocabulary 

learning and is widely used in multimedia environment. For example, the design and production of 

Vocabulary Mystery Software adopts this strategy. Translation strategy is a controversial strategy. 

Because although the translation strategy is very helpful in the early stages of the language learning 

process, it will also suspend the development of vocabulary-related language skills.  

 

3.3.2 Application of Cognitive Strategies to Vocabulary Learning in Multimedia 

Environment 
 

Cognitive strategies are directly related to individual learning tasks and are direct manipulation or 

transformation of learning materials including mechanical memory, memorizing word lists, note 

taking, use of dictionaries, flash cards, and contextual strategies. In cognitive strategies, electronic 

dictionaries and online dictionaries have attracted widespread attention. Lyman et al investigated the 

vocabulary acquisition of students using electronic dictionaries. They studied two groups of 

French-speaking second-language learners, with one using interactive software and the second 

group not using software. The software group use online dictionaries and the other use paper 

dictionaries with the same content. The test results suggest that the scores of the software group 

students are much higher than those of the non-computer group. In addition, although in traditional 

vocabulary learning ,learners can also understand knowledge and collocations of the vocabulary by 

consulting traditional dictionaries, but the cost of time and the fun of the process are not as good as 

those based on multimedia network technology. 

This kind of technology can make learners get rid of the constraints of traditional 

dictionaries and authority, reasonably construct vocabulary cognition meanings that are compatible 

with others, and synchronize with the reality of language development, which is impossible for 

paper dictionaries. Compared with other cognitive strategies, context strategies, word-guessing 

strategies, note-taking strategies involve deeper psychological processing. Among these strategies, 

context strategies are widely used in multimedia environments. 

 

3.3.3 Application of Metacognitive Strategies to Vocabulary Learning in Multimedia 

Environment 
 

Metacognitive strategies are activities that language learners take to promote successful completion 

of learning activities such as planning, monitoring, and evaluation. They are measures taken by 

learners to conduct self-management and are very important strategies for vocabulary learning. 

Studies have shown that metacognitive strategies are very helpful for vocabulary learning. For 

example, students’ self-management strategies play a key role in academic achievement. Successful 

learners can monitor their learning strategies at any time through self-reflection and evaluation, and 

adjust their learning behaviors that may lead to deviations. Metacognitive strategies have also been 

applied in the Collins system, including planning, monitoring, and self-evaluation strategies. 

 

3.4 Network Skill Training Strategies 
 

Experiments in multimedia teaching in English show that students who have received advanced 

computer operation training can achieve better learning results. Therefore before the class, students 

should be trained in computer technology from word processing to online search, so that they can 

understand the basic path and method and learn English better by computer, thus realize the 

combination of extracurricular self-study and classroom teaching, and that of human-computer 

communication and interpersonal communication in the classroom. 
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4.  Conclusion 
 

In summary, English teaching in information era, with its openness, interactivity, autonomy and 

flexibility, has incomparable advantage over that of traditional English teaching. The deep-rooted 

passive learning habits formed in the long-term traditional teaching mode obviously cannot adapt 

itself to the requirements of teaching in information era which demands students’ learning autonomy. 

The overall trend of the use of metacognitive strategies in the network learning environment is that 

students with better academic performance have more strategies and higher frequency, and vice 

versa. The greater difference in academic achievement, the more obvious the difference in the use of 

the metacognitive strategy is. The paper examines the English learners’ problems with their 

autonomous learning strategies in the information era, including their lack of management strategies 

of online learning, their unawareness of autonomous learning strategies, their lack of network 

cognitive strategies and their poor computer skills, and their negative emotions, then pointedly 

proposes   language skill learning strategies, vocabulary learning strategies and network skill 

training strategies. 
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Abstract: The rapid development of computer technology makes the application of virtual 

environments in the field of adult language learning possible, therefore, the technology of 

virtual environments is gaining more and more attention. This paper analyzed eight articles 

which focus on adult language learning selected from four international academic journals, 

namely, Language Learning & Technology, European Association for Computer Assisted 

Language Learning, Computer Assisted Language Learning, and Computers & Education 

between 2015 and 2017 to conduct a literature review. Content analysis method is to employ 

in this paper to explore the following aspects: research topics, research purposes, research 

methodologies, research platforms and research findings concerning adult language learning 

as well as some implications for the further development of virtual environments. 

Keywords: virtual environments, adult language learning, literature review 

1. Introduction

Language learning in 3D Virtual Worlds (VWs) has become a focus of recent research (Kozlova & 

Priven, 2015). Researchers have found that virtual environments can improve adult language 

learners’ linguistic affordance more or less. Because these environments are characterized by their 

high graphic realism and communication capabilities, usually integrating chat and voice options 

(Melchor-Couto, 2016). Adults who depend on virtual environments for language learning can get 

rid of the limitations of time and space for a more convenient way of learning. For example, a 

MUVE (multi-user virtual environment) has been a frequently discussed topic in foreign language 

research and education because of its capabilities of permitting researchers to construct and design 

the contexts according to the educational purposes (Oblinger & Oblinger, 2005) In addition, users 

are represented by avatars, therefore affording a degree of anonymity that has been said to decrease 

the anxiety generated by the environment (Dickey, 2005; Warschauer, 1997) and a virtual 

environment can enhance communication behaviors (Tang, Sung, & Chang, 2016). Furthermore, in 

a virtual class, adult learners’ perception and attitude toward language learning can be observed as 

well as the motivation stimulated by this kind of environment. However, we cannot ignore some 

limitations existing in the process of adult language learning based on virtual environments, so it is 

important to conduct more interdisciplinary research and cooperation to build a maturer discipline 

concerning virtual environments. The new millennium has blurred the conventional boundaries of 

English language instruction in that English lessons are no longer taught solely by means of printed 

books and chalk and blackboard, but via electronic learning management systems (e.g., Blackboard, 

Moodle) or digital tools (e.g., Skype, wikis), which extends learning beyond the classroom.  

The paper focuses on four international academic journals regarding eight articles to give a 

literature review. They are Language Learning & Technology, European Association for Computer 

Assisted Language Learning, Computer Assisted Language Learning and Computers & Education 

which play a vital role in the field of language learning and technology. They are also SSCI journals 

whose places in the academic circles cannot be competitive and exceeding. In recent years, many 

foreign scholars have engaged on systematic literature reviews regarding virtual reality and 

language learning. However, with the fast growth of technology, it is necessary to sort out data 

obtained in the new time. 
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2. Research design 
 

2.1 Research methods and research questions 
 

The paper adopts content analysis method to finish the whole literature review. Content analysis 

method is a data analysis method which shows objectiveness, systematicness and descriptiveness of 

what is spread. It aims to ravel the essential facts and tendency in the analyzed objects and to reveal 

the hidden content so as to predict the development of events (Zhang, 1996). All the data are 

analyzed and classified from different perspectives and will be presented in the following 

description. And through this analyzing method, the paper will talk about the following questions:  

(1) What topics are that virtual environments facilitate adult language learning? 

(2) What are the research purposes of virtual environment-based adult language learning? 

(3) How research is conducted when employing virtual environments? 

(4) In what platforms these researches are operated? 

(5) What can we conclude from researches concerning virtual environments? 

 

2.2 Data selection 
 

After deciding on the final journals, article selection started. First, articles in four journals ranging 

from 2015 to 2017 are all downloaded through database, Web of Science, then they are put into 

NVivo 11.0. After creating key word lists, some key words, such as virtual environments, virtual 

reality, virtual world, adult education and language learning are input to get some related articles. 

Finally, these articles are read in order not to omit articles which this paper really needs. By doing 

manual work, eight articles are chosen to do this research. 

 

 

3. Results and discussions 
 

3.1 Research topics  
 

After analyzing the data, the following topics of adult language learning are talked: learner 

characteristics, linguistic affordance, overall proficiency, nature of interaction, task-based learning, 

language teachers and environment design. In this paper learner characteristics tells about anxiety, 

learners’ perception and motivation. Linguistic affordance involves some language skills such as 

listening, speaking, reading writing. And the eight papers just talk about the first three dimensions. 
Next is overall proficiency, these articles mainly pay attention to learners’ language acquisition 

which is discussed twice. As for nature of interaction, these articles focus on communication 

competence. These articles are very interested in the approach of task-based learning and teaching 

which is mentioned four times, and authors also specifically explain the important method. The topic 

of language teachers is talked once which concerns teacher training such as skills teachers supposed 

to have and acquire, and challenges teachers meeting with in the process of teaching experience 

based on virtual environments. And environment design including situated learning approach, 

learning-by-teaching tutoring environment and virtual situation without explicit instruction is 

discussed. More information is in Table 1. 

 

Table 1 

Topics Discussed in Ten Articles 

Topics    

Learner characteristics Anxiety  Learners’ perception  Motivation 

Linguistic affordance Listening Speaking Reading 

Overall proficiency Language acquisition   

Nature of Interaction Communication competence   

Task-based learning    

Language teachers Teacher training   
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Environment design Situated learning approach Learning-by-teaching 

tutoring 

Virtual situation 

without explicit 

instruction 

 

3.2 Research purposes 
 

It is obvious that scholars’ attention to virtual environments is limited to adult education research. So 

the paper will sum up their purpose generally. First, most articles study the adult language learners’ 

reaction to virtual environments, and then researchers will judge some methods they adopt in their 

research to make some conclusions. Cases like this is for present and future learning suggestions. 

Second, some articles not only observe, compare, analyze and conclude, they also propose some 

new models for adult language learning based on authoritative theoretical foundation, which is 

beneficial and favorable for further research. Finally, it is suggested that finding what adult learners 

really want for language learning can make research purposes more specific, useful and meaningful. 

 

3.3 Research methodologies 
 

Among these eight articles, six articles employ mixed method, one employs quantitative method, 

and one qualitative method. As we all know, quantitative method just collects data, organizes data 

and shows data, which gives us a picture of what happed in this research, while qualitative can 

further demonstrate the essence of the research and it can provides more message for other 

researchers’ work. And mixed method is mostly used in eight articles. Because by combining the 

two methods, researchers are able to find problems and solve problems. Therefore, in the future, 

mixed method should be advised for further develop virtual reality in the field of adult language 

learning. This paper summarizes methods used in every paper, which is shown in Figure 1. 

 

 
 

Figure 1. Research Methods 

 
 In eight articles, the mostly used ways are questionnaires and interviews. Also, some other 

available methods are employed to deeply and clearly figure out what these date want to say. These 

articles all express the research purposes and want to explain the reasons or give suggestions. At this 

point, these data is powerful. Interpretive studies focus on construction and co-construction of 

meanings by individuals who interact in order to come to share some understandings in the specific 

context (Erickson, 1986) and employ several sources of data in order to gain deeper understanding 

of the issues they explore (Davis, 1995). To understand how virtual environments affect adult 

language learning, the way of data collection is also very important. The paper makes a summary of 

the way of data collection in Figure 2. 

 

71%

12%
17%

mixed method quantitative method qualitative method
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Figure 2. Data Collection 

 

University students are the main research objects when it comes to language learning and 

virtual environments, especially concerning adult education research. While some teachers take part 

in researches where they are research objects or research participants. These participants both 

include female and male. As we all know, the cover of research participants should comprise all 

stages of age. And in these eight articles, the participants do not satisfy the age span which can be 

observed. They are college students, postgraduate students, some doctoral students and some 

language learners who are outside the school. And college students take up the main participants. As 

for the number of participants, it seems not to be big enough because of some practical situations. 
More message goes in Figure 3 and Table 2. 

 

 
 

Figure 3. Research Backgrounds 

 

Table 2 

Research Participants 

Participants References 

6 Kozlova & Priven (2015) 
14 Melchor-Couto (2016) 
35 Levak (2016) 
11 Tang et al(2016) 
9 Chen (2016) 
51 Gallego, Bueno & Noyes (2016) 

30 Lan, Kan, Sung & Chang (2016) 

18 Park & Kim (2015) 
 

3.4 Virtual environments 
 

3D VWs are probably the most complex among modern educational technologies on several levels. 

First, 3D VWs support synchronous, multimodal communication via several communication 
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channels including audio, text chat, collaboration boards, and webcam video. Second, 3D VWs 

provide users with a simulation of real-life experiences by embodying them in a graphical form as an 

avatar (Gerhard, Moore & Hobbs, 2004) and with “realistic immersion” in the worlds resembling 

real-life locations that “usually reflect a theme, specific location, or country” (Peterson, 2011, p. 68). 

Third, they create learning spaces conceptually different from the face-to-face classroom and 

web-conferencing environments, (e.g., Blackboard Collaborate). And in eight articles, researchers 

employ different virtual environments to conduct their study. They observe adult language learners 

performance when immersive in a virtual learning situation. Correspondingly, this kind of learning 

model makes difference, so the paper will show them in Table 3. 

 

Table 3 

Virtual Environment Mentioned in Ten Articles 

Virtual environment number 

Second Life 6 

Algonquin College Campus And Tipontia Island 1 

Virtual Tutee System 1 

 

3.5 Research findings 
 

First, these articles express new outcomes regarding virtual environments and adult language 

learning, and the results are also of great value and are worthy of further research. For example, it is 

found that the virtually authentic contexts significantly benefited EFL linguistic affordance, 

especially in syntactic and conversation abilities. Virtual teaching environment is an effective 

method of teaching training. Virtual environments have been said to be a low anxiety environment 

that may be particularly suitable for adult language learning. And it can also mediate adult learners’ 

motivation. Virtual environments can enhance communication behaviors which is so important in 

the process of language learning. The task-based virtual learning experience is significantly different 

from simply reading or unrealistically practicing tasks in a traditional classroom, it can make task 

completion more realistic, leading to heightened engagement and positive learning outcomes 

(Cheng & Chen, 2016). 

Second, these articles have some limitations which should be focused on. The sample of 

participants is small, which cannot persuade most people and do not show applicability in a broader 

sense. These articles lack further study to prove the correctness because of the limited time in the 

research design, which means some important data or messages cannot be obtained. Besides, the 

problem of decreasing internet of participants also influences the research accomplishment. In some 

researches, the control group is not created, the time of research is not enough and the way of data 

collection is single, so the results has minimal internal validity.   

 

 

4. Conclusions and implications 
 

The potential of updated virtual environments has caught much attention in recent years. It is a 

possible way to help adults have a pleasurable and effective experience in language learning. And it 

is a tendency to expand the current study to obtain more solid evidence for approving the application 

of virtual environment in adult education in the future. In this literature review, it discussed the 

employment of virtual learning environment from eight articles selected from international 

academic journals. It is generally a quantitative review which is to tell an objective research situation 

in this circle. Undoubtedly, virtual environments will be in the next future one of the most successful 

tool to help adults learn another language. And it is essential that teachers or scholars have the 

responsibility to make of possible research to demonstrate in which we believe.  

 These articles give some suggestions for potential development. For example, more adult 

learners should have the additional opportunities to experience how social interaction competence is 

improved through virtual contexts, which is different from their regular classes. And it is desirable to 

make researches to observe adults’ language learning anxiety when using VWs. In a word, many 
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researchers recommend more work on virtual environments will help us determine more about the 

advantages and disadvantages of virtual environments in the field of adult language learning. 

 However, the literature review bears some limitations if it wants to further demonstrate 

some findings of adult language learning. First, the sample of articles is not enough. As mentioned 

above, there is only eight articles to present research findings. Besides, the range of topic may be 

limited which cannot makes the paper systematic. Finally, the literature review will become more 

perfect if practical reasons can be eliminated. 

 

 

Acknowledgements 
 

I own my greatest acknowledgements to Professor Chunping Zheng, who spent time guiding me in 

the preparing and writing this paper. I would also appreciate my classmate, Lili Wang who helped 

me modify the format of this paper. 

 

 

References 
 
Cheng, J., & Chen, C. (2016). The Crossroads of English Language Learners, Task-Based Instruction, and 3D 

Multi-User Virtual Learning in Second Life. Computers & Education, 102, 152-171. 

Dalton, G., & Devitt, A. (2016). Action Research: Irish In A 3d World: Engaging Primary School Children. 

Language Learning & Technology, 20, 21-33. 

Davis, K. A. (1995). Qualitative theory and methods in Applied Linguistics research. TESOL Quarterly, 29(3), 

427-457. 

Dickey, M. D. (2005). Three-dimensional virtual worlds and distance learning: Two case studies of active 

worlds as amedium for distance education. British Journal of Educational Technology, 36(3), 439-451. 

Erickson, F. (1986). Qualitative Methods in Research on Teaching. In M. C. Wittrock (Ed.), Handbook of 

Research on Teaching (pp. 119-161). New York, NY: Collier Macmillian. 

Gallego, M. D., Buen, S., & Noyes, J. (2016). Second Life adoption in education: A motivational model based 

on Uses and Gratifications theory. Computers & Education, 100, 81-93. 

Gerhard, M., Moore, D., & Hobbs, D. (2004). Embodiment and copresence in collaborative interfaces. 

Human-Computer Studies, 61(4), 453-480. 

Kozlova, I., & Priven, D. (2015). ESL teacher training in 3D virtual worlds. Language Learning & 

Technology, 19(1), 83-101. 

Lan, Y. J. (2015). Contextual EFL learning in a 3D virtual environment. Language Learning & Technology, 

19(2), 16-31. 

Lan, Y-J., Kan, Y-H., Sung, Y-T., & Chang, K-E. (2016). Oral-Performance Language Tasks For CSL 

Beginners in Second Life. Language Learning & Technology, 20, 60-79. 

Levak, N. (2016). Facilitating Second Language Learners’ Listening Comprehension with Second Life and 

Skype. European Association for Computer Assisted Language Learning, 29(2), 200-218. 

Oblinger, D., & Oblinger, J. (2005). Educating the next generation. Boulder, CO: Educause. 

Peterson, M. (2011). Towards a research agenda for the use of three-dimensional virtual worlds in language 

learning. CALICO Journal, 29(1), 67-80.  

Melchor-Couto, S. (2016). Foreign Language Anxiety Levels in Second Life Oral Interaction. European 

Association for Computer Assisted Language Learning, 29(1), 99-119. 

Park, S. W., & Kim, C. M., (2015). Boosting learning-by-teaching in virtual tutoring. Computers & Education, 

82, 129-140. 

Tang, J. T., Sung, Y-T., & Chang, K-E. (2016). Action Research on the Development of Chinese 

Communication in a Virtual Community. Computer Assisted Language Learning, 29(5), 942-967. 

郑春萍.(2015).计算机辅助语言学习的国际动态与研究热点. China Academic Journal Electronic, 25(7). 

张屹.(1996).教育技术学研究方法[M]. 北京:北京大学出版社. 

 

 

 

 

 

96



Wu, Y.-T. et al. (Eds.) (2018). Workshop Proceedings. 26th International Conference on Computers in

Education. Philippines: Asia-Pacific Society for Computers in Education 

Exploring the relationships between EFL 

learners’ choices of multimedia and their 

approaches to learning English 

Jou-An CHENa*, Ching-Fang JUANa & Jyh-Chong LIANGb 
aGraduate Institute of Information and Computer Education, National Taiwan Normal University, 

Taiwan 

bProgram of Learning Sciences, National Taiwan Normal University, Taiwan 

*annie0130328565@gmail.com

Abstract: In the 21st century, technology-assisted learning is the trend of learning especially for 

English as Foreign Language (EFL) learners. This article is to explore the relationships between the 

EFL learners’ choices of suitable multimedia for themselves and their approaches to learning 

English. In this case, involved totally 244 (44 males and 200 females) English department 

undergraduates in northern Taiwan, their ages ranged from 19 to 26 years old. With utilized one 

questionnaires to respectively survey EFL learners’ approaches to learning English and one 

multimedia form to survey EFL learners’ choosing technology. In particular, the survey of 

approaches to learning English used in this study is a newly designed questionnaire which includes 

two parts, one is internal interest and strategies, the other is external interest and strategies. Besides, 

in multimedia form, realized what kind of media suit for their approaches to learning English. This 

paper presents the findings of exploratory factor analysis revealed the adequate validity of 

approaches to learning English questionnaire (ALEQ). The logistic regression analyses revealed that 

EFL learners’ approaches to learning English were predicted with their multimedia for learning 

English, such as Skype, Facebook, YouTube and so on. This study contributes two things, one is to 

find out what kind of multimedia EFL learners will choose for English learning in the future; the 

other is to realized what kind of User Interface (UI) is appropriate to English learning for media 

designer. 

Keywords: EFL learners, Multimedia, Approaches to learning English 

1. Introduction

In recent years, the literature review points out that the advantages of technology have great 

benefits for teaching and learning (Hussein, 2015). It can provide more learning for learners, and it 

can also lead to learning motivation and interest through the use of technology. Therefore, 

technology plays an important role in learning.  

Nowadays, the most commonly used technologies for learning, such as YouTube, 

Application (apps) and language learning platforms. These common features are that the learning 

environment is not limited by time, space and location (Chun, Kern, & Smith, 2016). Learners can 

practice repeatedly through the multimedia according to their approach to learning. More and more 

appropriate multimedia resources will enhance learners’ motivation and strategies for learning the 

language. 

This study has two main goals: to understand the learners’ possible predictions for 

selecting multimedia and to realize the relationship between learners' approaches to learning 

English and selection of multimedia. 
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2. Literature Review 
 

2.1 Multimedia Resources 

 

Multimedia means that text and images are presented in digital form. The way of presentation is 

audio, video and network resources. Through the tools, such as the pad, mobile phones, desktop 

computers and so on, learners will not be limited by time, space and location. 

With the rapid development of science and technology, the learning style of learners has 

also changed. Obviously, not only technology-assisted learning is used in the classroom, but also 

the most commonly used multimedia resources supported and maintained language learning after 

school. The language learning platforms or learning-related apps, such as Youtube, voice tube, 

TED talks and so on.  

In the research studies, it was pointed out that through multimedia resources, there is a 

positive attitude of learning languages (Alwehaibi, 2015; Orús, Barlés, Blanche, Casaló, Fraj, & 

Gurrea2016; Walter‐Laager, Brandenberg, Tinguely, Schwarz, Pfiffner & Moschner, 2017; Zou, 

Li, & Li 2018). Therefore, it can be determined that by using their own learning methods, 

appropriate resources are selected for learning. This study aimed to reveal the selection of 

technology for approaches to learning by EFL learners. 

 

2.2 Approaches to Learning 

 

Approaches to learning are to use the method of learning to make learning more effective. 

Learning skills enable all students to become stronger, more self- regulated learners. Learning 

methods play an important role in developing good motivations for learners and maintaining 

long-term learning. However, learning motivation can be divided into two types, one is intrinsic 

motivation and the other is extrinsic motivation. Intrinsic motivation is the satisfaction and joy in 

certain activities. This kind of satisfaction will encourage individuals to continue or strengthen 

activities. Intrinsic motivation is internal, not externally induced (Bruner & Goodman, 1947).  

Extrinsic motivation means that individual behavior is influenced by factors other than 

behavior or rewards and punishments, for example students study hard to get a high score, which is 

the external motivation, the opposite of the intrinsic motivation (Kruglanski, Chernikova, 

Rosenzweig, & Kopetz. 2014). In this study, the use of technology-assisted language learning 

provided learners with a lot of choice learning environment, maintaining EFL Learners to learning. 

 

2.3 Relationships between the Multimedia Resources and Approaches to Learning 

 

The aim of this study was to explore the relationships between choosing multimedia of EFL 

learners and their approaches to learning English. 

In this study, approaches to learning can be divided into eight factors, Intrinsic Interest, 

Commitment to Work, Relating Ideas, Understanding, Fear of Failure, Aim for Qualification, 

Minimizing Scope of Study, and Memorization.  Based on these factors, it will help us to predict 

what kind of selecting of technology is the main point. 

 

2.4 Purpose 

 

As mentioned previously, to understand the relationship between EFL learners’ approach to 

learning and choosing technology for learning, in this study we developed an “approaches to 

learning questionnaire in English” to investigate the learners’ learning situation, and to measure 

their learning methods. Second, through the logistic regression of statistical methods, we can better 

to find out the relationship between technology and learning methods, and predict which factors in 

technology affect learners' learning.
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3. Methodology 

 

3.1 Participants 
 

In this study, the participants included 244 undergraduates (44 males and 200 females) from a 

university in northern Taiwan. All of the students were majoring in English department, they are 

kind of expert to study English, the participants studied English for an average of 13 years. Their 

ages ranged from 19 to 26 years (mean = 21 years); 115 were freshman and sophomore students, 

while 129 were junior and senior students. 

 

3.2 Multimedia Form 
 

The term multimedia was first used in the 1960s. It uses a combination of different content forms 

such as text, audio, images, animations, video and interactive content. In this study, we divided 

multimedia into three parts, YouTube, social media and online platform. Social media are 

interactive computer-mediated technologies that facilitate the creation and sharing of information, 

ideas and other forms of expression via virtual communities and networks. It includes some social 

websites and apps like Facebook, LINE, and educational apps. Moreover, online platform is a 

specially developed platform using internet technology for the design and development of teaching 

and learning purposes, such as VoiceTube and MOOEC. Participants choose multimedia suit for 

their needs based on their approaches to learning English and experience. 

 

3.3 Approaches to Learning English  
 

The Approaches to Learning English Questionnaire (ALEQ) is to investigate EFL learners’ 

self-report instrument for measuring how to learning English. The questionnaire is primarily 

targeted at Taiwanese university students, majoring in English department. This questionnaire 

includes 37 items from eight factors measured with a 5-point Likert scale ranging from 1 (strongly 

disagree) to 5 (strongly agree).   

 

 

4. Data analysis 
 

In this study, all the data analysis and screening were conducted by SPSS version 23.0. Our aim is 

to explore the relationships between EFL learners choose multimedia and their approaches to 

learning English. Moreover, each factor’s alpha coefficient of the survey was calculated to ensure 

its reliability. Exploratory factor analysis (EFA) was utilized to explore the relationships between 

EFL learners’ usage of multimedia and their approaches to learning English. We can also know 

which observational variable (ALEQ factors) has the most correlation with latent variable 

(approaches to learning English). Finally, logistic regression analyses were conducted, in which 

the usage of multimedia was considered as the predictors, while their approaches to learning 

English were the outcome variables. 

 

 

5. Results 

 

First, we use EFA to establish the factor structure of the ALEQ. Principal analysis was used as the 

extraction method with the rotation method of varimax with Kaiser normalization (Kaiser, 1958). 

Following the principle stated by Stevens (1996), items weighted higher than 0.50 on the relevance 

factor and lower than 0.50 on all other factors were maintained. The results of the rotated factor 

analyses of the EFL learners’ approach to learning questionnaire will be showed by following 

words description. Each item’s factor loading weighed greater than 0.5 on the relevant factor. 
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Therefore, under seven main factors, we kept 37 items in our final result. According to analysis 

result, the overall alpha coefficient=0.90, and our main factors includes “Intrinsic Interest” (II), 

alpha=0.94, factor loading from 0.72~0.84 (six items), mean=3.87, S.D.=0.84, “Commitment to 

Work” (CW), alpha=0.86, factor loading from 0.55~0.72 (four items), mean=3.48, S.D.=0.94, 

“Relating Ideas” (RI), alpha=0.92, factor loading from 0.57~0.87 (seven items), mean=3.87, 

S.D.=0.78, “Understanding” (U), alpha=0.74, factor loading from 0.69~0.79 (three items), 

mean=3.58, S.D.=0.92, “Fear of Failure” (FF), alpha=0.91, factor loading from 0.87~0.88 (three 

items), mean=2.56, S.D.=1.16, “Aim for Qualification” (AQ), alpha=0.84, factor loading from 

0.62~0.86 (four items), mean=3.98, S.D.=0.93, “Minimizing Scope of Study” (MSS), alpha=0.84, 

factor loading from 0.69~0.82 (five items), mean=3.69, S.D.=1.1, and “Memorization” (MEN), 

alpha=0.87, factor loading from 0.71~0.88 (five items), mean=2.65, S.D.=1.1.In addition, the total 

variance explained is 72.51%. Through all the data above, we can see the results of the various 

fitness indicators are good, so the model has a good compatibility, proved that internal consistency 

was achieved. 

Second, as the result of our descriptive statistics, we can see all the min=1.00, and 

max=5.00. In addition, table 1 presents “Intrinsic Interest” (II), Me=3.83, S=0.73, “Commitment to 

Work” (CW), Me=3.41, S=0.79, “Relating Ideas” (RI), Me=3.83, S=0.63, “Understanding” (U), 

Me=3.55, S=0.74, “Fear of Failure” (FF), Me=3.60, S=1.05, “Aim for Qualification” (AQ), 

Me=3.98, S=0.76, “Minimizing Scope of Study” (MSS), Me=2.75, S=0.89, “Memorization” 

(MEN), Me=2.67, S=0.89. 

 

Table 1  

Descriptive statistics of ALEQ (N=244) 

Item Min Max Me S 

II 1.00 5.00 3.83 .73 

CW 1.00 5.00 3.41 .79 

RI 1.00 5.00 3.83 .63 

U 1.00 5.00 3.55 .74 

FF 1.00 5.00 2.60 1.05 

AQ 1.00 5.00 3.98 .76 

MSS 1.00 5.00 2.75 .89 

MEM 1.00 5.00 2.67 .89 

 

Third, logistic regression analyses were used to analyze and interpret a relationship 

between a nominal-scale dependent variable with an interval-scale independent variable. The basic 

assumptions of logically regression are similar to linear regression. Logically regression is mainly 

used when dependent variables are two-dimensional variable (0,1). We apply this way to analyze 

all the categorical data.  However, the category data is classified as a dispersion type. So before 

we start our logistic regression analyses, it is necessary to convert this data to a continuous data 

between 0 and 1. Moreover, the result of the analyses can help us use continuous variables to 

predict nominal variables. In this study, the data will show the relationship between the predictions 

among EFL learners choose multimedia and their approaches to learning English.  

Table 2 presents the logistic regression model of predicting EFL learners prefer using 

YouTube to learn English. The overall mode is significant showed by results of omnibus test, χ2 = 

18.790*, p = 0.016 (<0.05). Moreover, it showed that EFL learners’“Relating Ideas” (B=0.968, 

Wald=4.006, p=0.045<0.05),“Fear of Failure” (B=0.571, Wald=4.192, p=0.041<0.05), 

and“Memorization”(B=-0.823, Wald=6.750, p=0.009<0.01) was significantly predicted the 

multimedia they chose. In addition,  the numbers of people that got more“Relating Ideas”, have 

2.632 (Odds ratio=2.632) times higher preference of choosing YouTube as their tools to learn 

English. Furthermore, the numbers of people that got more“Fear of Failure”, have 1.769 (Odds 

ratio=1.769) times higher preference of choosing YouTube as their tools. However, the numbers of 
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people that got more“Memorization”, have 0.439 (Odds ratio=0.439) times lesser preference of 

choosing YouTube as their tools to learn English. 

Table 3 presents the logistic regression model of predicting EFL learners prefer using 

social media to learn English. The overall mode is non-significant showed by results of omnibus 

test, χ2 = 6.752, p = 0.564(>0.05), which means this model don’t have predictive ability. 

Table 4 presents the logistic regression model of predicting EFL learners prefer using 

online platform to learn English. The overall mode is significant showed by results of omnibus 

test, χ2 = 26.721**, p = 0.001 (<0.01). Moreover, it showed that EFL learners’“Understanding” 

(B=-4.92, Wald=4.300, p=0.038<0.05),“Fear of Failure” (B=0.316, Wald=4.146, 

p=0.042<0.05),“Aim for Qualification” (B=0.583, Wald=6.307, p=0.012<0.05), and“Minimizing 

Scope of Study” (B=-4.440,  Wald=5.843, p=0.016<0.05) was significantly predicted the 

multimedia they chose. In addition, the numbers of people that got more“Understanding”, have 

0.611 (Odds ratio=0.611) times lesser preference of choosing online platform as their tools to learn 

English. However, the numbers of people that got more“Fear of Failure”, have 1.371 (Odds 

ratio=1.371) times higher preference of choosing online platform as their tools. Furthermore, the 

numbers of people that got more“Aim for Qualification”, have 1.791 (Odds ratio=1.791) times 

higher preference of choosing online platform as their tools. In the end, the numbers of people that 

got more“Minimizing Scope of Study”, have 0.644 (Odds ratio=0.644) times lesser preference of 

choosing online platform as their tools. 

 

Table 2  

Logistic regression model that predicts students prefer using YouTube to learn English (N=244) 

Item B S.E. Wald Significance Odds ratio 

II -.134 .491 .075 .784 .874 

CW .571 .417 1.874 .171 1.770 

RI .968 .484 4.006 .045 2.632 

U -.303 .375 .650 .420 .739 

FF .571 .279 4.192 .041 1.769 

AQ .020 .387 .003 .959 1.020 

MSS .562 .316 3.164 .075 1.755 

MEM -.823 .317 6.750 .009 .439 

Constant -2.258 1.866 1.465 .226 .105 

Omnibus test   χ2 = 18.790* , p = 0.016 

Notes: *p<.05, **p<.01, ***p<.001 

 

Table 3 

Logistic regression model that predicts students prefer using social media to learn English (N=244) 

Item B S.E. Wald Significance Odds ratio 

II .478 .289 2.739 .098 1.613 

CW -.184 .251 .534 .465 .832 

RI .025 .274 .008 .927 1.025 

U .125 .226 .304 .581 1.133 

FF .058 .144 .161 .688 1.059 

AQ -.003 .219 .000 .989 .997 

MSS .138 .171 .647 .421 1.148 

MEM .088 .173 .256 .613 1.092 

Constant -2.144 1.147 3.493 .062 .117 

Omnibus test   χ2 = 6.752 , p = 0.564 

Notes: *p<.05, **p<.01, ***p<.001 
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Table 4  

Logistic regression model that predicts students prefer using online platform to learn English 

(N=244) 

 

 

 

 

 

 

 

 

Omnibus test  χ2 = 26.721**, p = 0.001  

Notes: *p<.05, **p<.01, ***p<.001 

 

6. Conclusion 

 

In this study, our aim is to explore the relationships between EFL learners choose multimedia and 

their approaches to learning English. Approaches to learning can be divided into surface 

motivation and deep motivation (Kember, Biggs, & Leung, 2004), and from our result, we found 

two phenomena. First, students who have both internal interest (“Relating ideas”) and external 

interest (“Fear of Failure”) prefer using YouTube as their tools to learn English. While people who 

have external interest (“Memorization”), won’t take this tool as their first priority. Second, 

students who have external interest (“Fear of Failure”, “Aim for Qualification”) got more 

motivation to use online platform as their tools to learn English. While people who have both 

internal interest (“Understanding”) and external interest (“Minimizing Scope of Study”), won’t 

prefer using this tool to learn. Moreover, all the surface motivations and deep motivations don’t 

have a lot of connections with students choosing multimedia. 

Therefore, there is a high association between students’ approaches of learning English 

and how they choose their suitable multimedia. We realized what kind of media may suit for their 

approaches to learn English. It is expected that we can collect more samples in the future, and have 

a further analysis to understand whether using these multimedia would improve their language 

skills. 
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Abstract: We developed an Academic English Competitive Mahjong Game (AECMG) to 

help learners improve the understandings of academic English via a gaming process. In 

addition, an empirical study was conducted to examine how learners reacted to a 

single-player game (SPG) and multiple-player game (MPG) from the perspective of task 

difficulties. The results indicated that the difficulty of the tasks did not significantly affect 

the learning performance but increased learners’ task time and mistakes during the gaming 

process. On the other hand, learners with the MPG had better task scores and used fewer 

hints, regardless of the easy or difficult tasks. Furthermore, learners with the SPG checked 

the answers at the beginning of the task to collect more information while those with the 

MPG checked the answers after re-ordering the cards `without collecting learning 

information. These findings suggested that learners with the SPG had more intrinsic 

motivation to gain additional understandings while learners with the MPG had extrinsic 

motivation to pay attention to gain external bonus.  Based on the aforementioned findings, 

we developed a framework, which can contribute the understandings of the impacts of 

competition on learners’ motivation.   

Keywords: competitive digital game-based learning, multiple-player, task difficulty 

1. Introduction

English is the main communication language in international academic areas. When writing English 

academic papers, the first step is to make meaningful English sentences. However, learning how to 

make meaningful English sentences is difficult to some students. On the other hand, past research 

pointed out that digital game-based learning (DGBL) can not only improve students' learning 

motivation, but also improve their learning effectiveness. For example, Hwang, Chiu, and Chen 

(2015) used DGBL to support social courses and they found that DGBL could promote students’ 

learning motivation. In addition, Wu's (2018) study used a mobile game to support English 

vocabulary learning and their results indicated that compared to traditional teaching methods, the 

mobile game made students have higher learning performance.  

The above research indicated that DGBL has positive impacts on student learning because it 

contains many game elements, e.g., challenges, competition, feedback, goals, and rules (Presnsky, 

2003). Among these game elements, competition has been also paid much attention. In particular, 

researchers found that multiplayer competitive game learning environments could increase learners’ 

motivation (Cagiltay, Ozcelik & Ozcelik, 2015; Julian & Perry, 1967). For example, Hung (2015) 

claimed that competition could motivate individuals to participate in challenging tasks. Due to the 

above-mentioned benefits, this study integrates competition into DGBL. More specifically, this 

study developed an Academic English Competitive Mahjong Game (AECMG) to help students learn 

how to make meaningful English sentences.  

On the other hand, there is a difference between a single-player game (SPG) and 

multiple-player game (MPG) because the former focuses on self-assessment, while the latter 

emphasizes on fairness among players (Westin, 2016). Due to their different features, the SPG and 

the MPG may different impacts on student learning. For example, Hainey (2016) thought that 

players who liked to play with the SPG and those who liked to play with the MPG may have 
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different motivations. In addition, Song et al. (2013) believed that intrinsic motivation was affected 

by individual differences and their results indicated that a competitive environment could reduce the 

intrinsic motivation of low-competitive individuals. Because of such different impacts, it is 

necessary to examine how students react to the SPG and the MPG from the perspective of learning 

motivation.  

 Regardless of the SPG or the MPG, a digital game may provide tasks with different levels of 

difficulties. Elshout (1987) found that the difficulty of the task that exceeds the learner’s ability 

could affect the learner's problem-solving abilities. Therefore, it is necessary to consider task 

difficulties according to learners’ abilities (Brevik, 2018).  To this end, multiple levels of tasks were 

included in the AECMG, i.e., easy tasks and difficult tasks. Accordingly, the aims of this study are 

two-fold. One is to develop the AECMG to support learning of academic English. The other is to 

investigate the impacts of competitive game-based learning on learners’ motivation, in terms of both 

easy tasks and difficult tasks. 

 

 

2. Academic English Competitive Mahjong Game 
 

Due to the importance of academic English and the benefits of the DGBL, we attempted to develop 

an English DGBL by integrating competitiveness and entertainment of Mahjong together (Figure 1). 

In other words, this study developed an AECMG, where words were presented as the form of cards 

in the AECMG, which was simulated as a real Mahjong table. 

 The AECMG was implemented with the Unity3D and the Unet-Networking engine and 

included two versions, i.e., the MPG and SPG. In the MPG, four learners must use the Internet 

connection to join to play the AECMG (Figure 2), where they needed to enter personal data first 

(Figure 3). Subsequently, four sentences of academic English were broken up into single-word cards 

and were assigned to four learners. During the gaming process, learners had made meaningful 

sentences which did not have any grammatical errors by exchanging cards and reordering the cards 

on the hand. In the SPG, three virtual surrogates were used to replace other three learners. In other 

words, learners needed to compete with the virtual surrogate, instead of three learners.  

 In summary, this AEMMG has the following features: 

 

 SPG and MPG: Regardless of the SPG or the MPG, the game was played in a group of four 

learners. Learners could see the scores of other learners during the gaming process. Based on 

the scores, each player could get a badge, i.e., gold, silver, bronze and iron (Figure 4). 

 Social Interaction: This game also provided a chat tool, with which learners could 

communicate with other learners so that they could help each other complete tasks. For 

example, learners could use the "I need adjectives" dialog option to express the need of having 

a card that presents an adjective. 

 Scaffolding Instruction: In order to help learners, solve problems, the AECMG provided three 

types of hints (Table 1), which learners could use but their scores could be deduced. In 

addition, there were three tools, with which the learners could get additional support to perform 

tasks (Table 2). The purpose of such scaffolding instruction was to allow learners to get help in 

times so that the learners’ interest and motivation could be promoted. 

 Sense of Challenge: To let plays have the sense of challenge, learners needed to hand out a card 

within 60 seconds and complete the task within one hour. Therefore, learners had to think 

about each step and strategically used the hints to achieve the best results at the least cost. 

 Immediate feedback: To help learners get immediate feedback, they were allowed to check the 

answer. The feedback was expressed in 1A2B format. More specifically, if there was a correct 

word and the placement position was correct, it was A. Conversely, if the word was correct, but 

the position was incorrect, it was B. Finally, learners could be informed of the number of A and 

B. By doing so, learners could immediately obtain the feedback so that they could know how to 

adjust the order of the words. 

 
 

 

105



Table 1 

The Scaffolding hints in the AECMG 

Type Item Contents Deduction points 

Hint 

Chinese translation To display the Chinese translation of this word 10 

Missing card To display the current missing word 10 

Sentence meaning To display the Chinese meaning of the sentence. 20 

 

Table 2 

The tools in the AECMG 

Type Item Contents 

Tool 

Answer check 
To check that the answer is correct and show the number of correct 

positions and the correct words. 

Word insertion To insert the selected word into the specified position to sort the words. 

Chat tool 
To use the 10 conversation options available in the game to 

communicate with others. 

 

 
 

Figure 1. Overview of the AECMG 
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Figure 2. The personal score interface (Left) and the chat selection window (Right) 

 

 

3. Methodology design 
 

The research method used in this study was a quasi-experimental method. The independent variables 

were the version of the AECMG, i.e., the SPG, the MPG, and the difficulty of the task, i.e., easy task 

and difficult task, and the dependent variables were learning performance and learning behavior. 

 

3.1  Experimental subject 

 
In this study, 11 master students from northern Taiwanese universities were selected as research 

subjects and all of them had Basic English skills and basic computing skills. More specifically, eight 

people were assigned to play with the MPG, where four people were formed as a group where were 

two groups. Remaining three people were allotted to play with the SPG, where each person with 

virtual surrogates. 

 

3.2  Experimental procedure 
 

At the beginning of the experiment, learners were asked to use a laptop computer to connect to the 

wireless network and played with the AECMG. The experiments were conducted twice a week with 

two easy tasks and two difficult tasks, and lasted two weeks. The easy task included 10 English 

words while the difficult task included 17 English words. When learners performed the easy or 

difficult tasks, their behavior was recorded in a log file. 

 

 

4. Results and discussions 
 

4.1 Learning performance 
 

4.1.1 Task Score 
 

In this study, we used an independent t-test to analyze the differences of task scores between the 

SPG and the MPG (Table 3). The results indicated that the difficulty of the tasks did not have 

significant effects, regardless of either the SPG or the MPG. However, we found that the mean score 

of learners with SPG was lower than that with the MPG. These results suggested that learners who 

used the SPG are less able to complete tasks than those who used the MPG when performing 

difficult tasks. In other words, they might need support from peers to help them complete the 

difficult tasks. 
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Table 3 

Task scores between the SPG and the MPG when performing easy and difficult tasks 

 CS N M SD df t p 

MPG 
Easy 32 939.68 101.233 

62 1.999 .509 
Difficult 32 955.31 86.769 

SPG 
Easy 12 925.83 81.515 

22 2.073 .0513 
Difficult 12 759.16 268.038 

*p<.05 

 

4.1.2 Task Time 
 

An independent t-test was used to analyze the differences of the task times between the SPG and the 

MPG (Table 4). The results indicated that the difficulty of the task had significant effects, including 

the MPG (t = 1.999, p <.001) and the SPG (t = 2.073, p < .05). These findings suggested that learners 

spent more time solving difficult tasks than solving simple tasks. Nevertheless, we found that 

learners with the SPG spent less time completing tasks than learners with the MPG when performing 

the easy tasks. The SPG interacted with the virtual competitor. Thus, this finding implied that virtual 

competitor’s response could speed up learners' efficiency in solving the easy tasks. In contrast, we 

found that learners with the SPG spent more time completing tasks than learners with the MPG when 

performing the difficult tasks. In other words, the virtual competitor was not helpful to learners when 

conducting the difficult tasks. 

 

Table 4 

Task scores between the SPG and the MPG when performing easy and difficult tasks 

 CS N M SD df t p 

MPG 
Easy 32 786.65 421.478 

62 1.999 .000*** 
Difficult 32 1305.75 368.784 

SPG 
Easy 12 475.66 178.221 

22 2.073 .001** 
Difficult 12 1432.33 853.846 

*p<.05, **p<.01, ***p<.001 

 

4.2 Learning behavior 
 

4.2.1 Frequency Analysis 
 

In this study, we used an independent t-test to analyze the usage frequency of hints between the SPG 

and the MPG (Table 5). The results indicated that the usage frequency of hints did not have 

significant effects, regardless of the SPG or the MPG. However, we found that the usage frequency 

of hints of learners with the SPG was higher than that with the MPG. These results suggested that 

learners who used the SPG more relied on hints to complete the tasks when performing the difficult 

tasks. 

 

Table 5  

Hints use between the SPG and the MPG when performing easy and difficult tasks 

 CS N M SD df t p 

MPG 
Easy 32 3.78 7.749 

62 1.999 .747 
Difficult 32 3.15 7.717 

SPG 
Easy 12 5.25 5.446 

22 2.073 .0587 
Difficult 12 17.91 21.322 

*p<.05 
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4.2.2 Lag Sequential Analysis 
 

This study used the Lag Sequential Analysis to explore the influences of task difficulty on learning 

behavior. Table 6 shows the behavioral coding of the sequence analysis, thereby generating the 

results of two sets of sequence analyses (Figure 3 and Figure 4). More specifically, Figure 3 shows 

(a) learning behaviors when learners performing simple tasks, and (b) learning behaviors when 

learners performing difficult tasks. Then we analyze the similarities and differences. 

 

Table 6 

Hints use between the SPG and the MPG when performing easy and difficult tasks 

Behavior Codes Description 

Game Start B Start the game. 

Card Sort Q Move cards to reorder words. 

Use Hints H To use the direct hint, e.g., Chinese hint or Meaning hint. 

Check Answer A 
Check that the current sentence is correct and present it in "1A2B" 

format. 

Send Card S Send the selected card to the next person. 

Auto Send Y 
After 60 seconds of each round, the system will automatically send a 

card. 

Chat Tool F Use the system's 10 preset chat options to communicate with others. 

Game Over D The cards are completely sorted and the game is over. 

 

 
 

Figure 3. The behavioral transition diagram of   

Easy Task (left) 

 

 

Figure 4. The behavioral transition diagram of 

Difficult Task (right) 

 

4.2.2.1. Easy Task 
 

4.2.2.1.1. Similarities 
 

The results from the LSA indicated that learners with the SPG and those with the MPG demonstrated 

some similar behavior sequences when performing the easy tasks, i.e., S→A→Q→S, B→H↔H, 

A→D. The details are, discussed below.  

 

 B→H↔H: Learners repeatedly used the hints at the beginning of the task. 

 A→Q→S→A: Learners checked the answers before sorting the cards. Subsequently, they sent the 

card and checked the answer again. 

 A→D: Learners completed the task after checking the answers. 

 

 These findings suggested that the hints were helpful to learners when they started their tasks. 

This is due to the fact that they tended to repeatedly use the hints (B→H↔H) when starting new tasks. 
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In addition, after checking the answers, they tended to rearrange the cards, and then send out unwanted 

cards before checking the answers again (A→Q→S→A). Finally, they completed the task by checking 

the answers (A→D). These findings implied that they were keen to check the answer. This might be 

owing to the fact that. 

 

4.2.2.1.2. Differences 
 

The results of the LSA indicated that learners with the SPG and those with the MPG demonstrated some 

different behavior sequences when performing the easy tasks. These different behavioral sequences are 

discussed below. 

 

 B→A (SPG) vs. Q→A (MPG): Learners with the SPG checked the answers at the beginning of the 

task while learners with the MPG checked the answers after sorting the cards. 

 H→Y (SPG) vs. None (MPG): Learners with the SPG automatically sent cards after using the 

hints, but learners with the MPG did not have the behavior. 

 None (SPG) vs. F↔F→S (MPG): Learners with the MPG sent cards after repeatedly using the 

chat tool, but learners with the SPG did not have the behavior. 

 

 These findings suggested that learners with the SPG checked the answer at the beginning of the 

task (B→A). In contrast, learners with the MPG checked the answer after sorting the cards (Q→A). 

These findings suggested that learners with the SPG checked the answer at the beginning of the task 

(B→A). In contrast, learners with the MPG checked the answer after sorting the cards (Q→A). Such a 

sequence difference suggested that the former tended to collect more information by checking the 

answer at the beginning of the task. On the other hand, the latter undertook the tasks without collecting 

additional information. This might be due to the fact that the former had high intrinsic motivation 

(Cerasoli et al., 2014) so they were willing to allocate more attention and resources on tasks (Patall, 

Cooper, & Robinson, 2008). Conversely, the latter had lower intrinsic motivation because of 

competition (Deci, 1981; Liang, Wang, Wang & Xue, 2018). Accordingly, they did not pay attention to 

collecting extra information.  

 Furthermore, learners with the SPG automatically sent out cards (H→Y) after they used the 

hints. This finding revealed that learners with the SPG attempted to have some thought after using the 

hints so they could not make decisions in time. This might be due to the fact that there was no 

competitor in the SPG, so they did not have high extrinsic motivation to complete the tasks efficiently. 

In other words, the lack of competition might decrease the extrinsic motivation of learners (Cagiltay, 

Ozcelik & Ozcelik, 2015). On the other hand, learners who used the MPG repeatedly used the chat tool 

before sending cards (F↔F→S). This pattern indicated that the chat tool could help them complete the 

tasks. However, since the SPG did not have a chat partner, no such behavior occurs. 
 

4.2.2.2. Difficult Task 
 

4.2.2.2.1. Similarities 
 

The results from the LSA indicated that learners with the SPG and those with the MPG demonstrated 

same behavior sequences when performing difficult tasks i.e., S→A→Q→S, B→H↔H, A→D. Such 

results were the same as those found in the easy tasks. In other words, Regardless of performing the 

easy tasks or difficult tasks, these behaviors were indispensable or beneficial to learners. 

 

4.2.2.2.2. Differences 
 

The results of the LSA indicated that learners with the SPG and those with the MPG demonstrated some 

different behavior sequences when performing difficult tasks. Among such different behavior 

sequences, B→A, Q→A, H→Y were similar to those found in the easy task so they are not discussed 

here again. Further to B→A, Q→A, H→Y, there were B→Y↔Y and F→S, which are discussed below. 

 

110



 B→Y↔Y (Single) vs. None (Multiplayer): Learners with the SPG automatically sent cards 

repeatedly at the beginning of the task, but learners with the MPG did not have the behavior.  

 None (Single) vs. F→S (Multiplayer): ̀ Learners with the MPG sent cards after using the chat tool, 

but learners with the SPG did not have the behavior. 

 

 Based on the results, it could be observed that learners with the SPG automatically sent out 

cards repeatedly at the beginning when performing the difficult tasks (B→Y→Y). This might be 

because the difficult tasks increased the time they need to think. In other words, the difficult tasks made 

them encounter bottlenecks at the beginning.  

 In addition, learners with the MPG used the chat tool (F→S) before sending the card, which 

indicated that the chat tool could help them complete the task. Unlike the easy task, the chat tool was not 

used repeatedly when performing the difficult tasks. This might be because the difficult tasks increased 

the amount of time they need to think so most of them did not have redundant time to reuse the chat tool. 

 

4.3 Discussions 
 

4.3.1 Intrinsic Motivation vs. Extrinsic Motivation 
 

The results of this study indicated that learners with the SPG or those with the MPG relied on the hints 

at the beginning of the task. However, learners with the SPG also relied on checking the answers when 

they started tasks. In contrast, learners with the MPG checked answer after sorting the cards. This result 

suggested that learners with the SPG tended to collect more information to perform tasks. Conversely, 

learners with the MPG performed the tasks when information was insufficient. These findings 

suggested that competition made learners with the MPG focus on speed so that they could get better 

rankings.  In other words, learners with the SPG had intrinsic motivation to gain additional 

understandings. Conversely, learners with the MPG had extrinsic motivation to pay attention to gain 

external bonus (Cerasoli et al., 2014).  
  

4.3.2 SPG vs. MPG 
 

Regardless of performing the easy tasks or difficult tasks, we found that learners with the MPG had 

higher task scores and used fewer hints than those with the SPG. In addition, learners with SPG needed 

more time to complete the tasks than those with the MPG when performing the difficult tasks. In other 

words, learners with the MPG were more efficient than those the SPG. However, such efficiency might 

let them have a short learning process, where learners perhaps neglected a comprehensive 

understanding of the subject content, which might be the negative impact of the competitive 

environment (Vrugte et al., 2015). 

 

4.3.3 Easy Task vs. Difficult Task 
 

The results from this study indicated that the difficulty of the tasks did not have significant effects on 

either the task scores or the usage frequency of hints. However, learners with the SPG and those with the 

MPG significantly spent more time on the difficult tasks than the easy tasks. In addition, the difficult 

tasks made learners automatically send out the cards, regardless of learners with the SPG and those with 

the MPG. In other words, the difficult tasks made learners encounter bottlenecks and have more 

mistakes in the game. These findings implied that the difficulty of the tasks did not affect their learning 

performance, but game performance. 

 

4.3.4 Cooperation vs. Competition 
 

Cooperation and competition were often considered to be mutually antagonistic, but they could exist 

simultaneously in certain special circumstances. Learners who used the MPG mad exchange the cards 

with other learners to get the words they needed. However, they also had to send the cards that other 

learners need, otherwise they were unable to complete the tasks. In other words, they need to compete 

with each other and cooperate with each other. Therefore, the MPG is not only a competitive learning 

environment, but also has the nature of cooperative learning. 
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5. Conclusions 
 

In this study, we aim to compare differences between the SPG and the MPG from the aspect of the task 

difficulty. The results indicated that learners with the MPG had higher task score and used fewer hints, 

regardless of easy or difficult tasks. In addition, learners with the MPG used less time when performing 

the difficult tasks. Regarding learning behavior, learners with the SPG had a higher intrinsic motivation 

to get more learning information at the beginning of the tasks. On the contrary, learners with the MPG 

had lower intrinsic motivation and did not collect sufficient information at the beginning of the tasks.  

 On the other hand, the task difficulty was not significantly different for the task score. 

However, the difficult tasks made learners spend more time to complete the tasks. In addition, the 

difficult tasks made learners with the SPG automatically send out cards repeatedly. In other words, the 

difficulty of the tasks did not have a significant impact on their learning performance but it made them 

have more mistakes.  

 According to the aforementioned findings, we propose a framework (Figure 5), which yielded 

fruitful results. However, this study also had some limitations. First, the sample is small, so we need to 

extend the sample to verify the results that will be presented in this study in the future. Second, this 

study also considered competition among four people. Therefore, further research should consider 

extending the number of competitors so that comprehensive findings can be obtained. 

 

 
Figure 5. The framework to summarize the findings 
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Abstract: The purpose of this study was to investigate the difference in situational interest 

(Exploration Intention, Instant Enjoyment, Novelty, Attention Demand, Challenge, and 

Total Interest) between a virtual reality (VR) guide and a map guide. The VR guide group 

and the map guide group consisted of 43 and 45 university students. The VR guide group 

used a wearable VR guide device which consisted of the EduVenture VR application and 

Google Cardboard, while the map guide group used tablet PCs to learn the functions of the 

library. Both groups had to complete a prior knowledge test, field tasks and the situational 

interest scale. The study found that the spherical video-based virtual reality application 

EduVenture VR with Google Cardboard used in the library guide had a positive impact on 

the university students. The use of the wearable VR guide device to learn the functions of 

the library raised the situational interest dimensions of Novelty and Challenge more than the 

use of the map guide. In the future, it is expected to introduce spherical video-based virtual 

reality into education to change the students’ way of learning and to achieve more effective 

learning outcomes and motivation by improving situational interest in the learning process.  

Keywords: learning motivation, spherical video-based virtual reality, situational interest, 

library guide 

1. Introduction

Due to the rapid advancements in science and technology, applying technology to improve learning 

motivation has become an important part of innovative instructional design. Incorporating 

technology into the learning process has become our primary aim. The researcher chose EduVenture 

VR because it not only allows learners to use mobile devices for distance learning but also presents 

the virtual scene to the learner with a combination of a 360-degree real environment and simple 

system functions. Merchant, Goetz, Cifuentes, Keeney-Kennicutt, and Davis (2014) also believe 

that Virtual Reality is effective in formal and informal learning in higher education. Moreover, Ray 

and Deb (2016) compared the results of wearable device learning and traditional learning and found 

that using the wearable device VR technology can not only improve the effectiveness of the learning 

process but can also increase students’ interest. 

We chose a university library for our study because a library is an important place for 

knowledge exchange and research assistance (Abel & Newlin, 2002). Therefore, each university has 

its own library. With the rapid changes in educational environments and emerging technologies, 

university libraries face the need for change and adjustment (Jubb, 2010). This research focused on 

improving the library guide functions. A guide indicates a process of interpreting things or places 

that make such things or places easier to understand (Edson & Dean, 1996). The guide to the library 

is also one of the important functions that can help users understand the library. The situational 

simulations of EduVenture VR have the potential to construct new functions and activities in the 

library. EduVenture VR can be implemented with a wearable device such as Google Cardboard. 
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This device can maximize the functional benefits of the mobile device, and users can operate it 

without their hands.  

 This study focused on learners’ situational interest when they used the VR guide to learn the 

library’s functions. Situational interest can help provide an understanding of learners’ direct 

experience of the environment. We examined the difference in their situational interest by 

comparing the spherical video-based VR guide with the map guide. To effectively explore the 

research objectives listed above, this study addresses the following research question: What is the 

difference in the situational interest of the learners in the VR guide group and map guide group in the 

library? 

 

 

2. Literature Review 
 

2.1 Virtual Reality – EduVenture VR 
 

EduVenture VR is an online platform launched by the Centre for Learning Science and Technology 

of the Chinese University of Hong Kong in 2016 (Jong, Luk, Leung, & Poon, 2018). Using the 

EduVenture VR editor would enable the production of a low-cost and interactive 360-degree 

panoramic VR learning video. With EduVenture VR’s built-in object combinations, the system 

environment can be brought closer to the real world for learners to learn or to be guided. To date, few 

studies have been performed on guiding with the EduVenture VR. This study represents a 

breakthrough and is also consistent with the original purpose of developing EduVenture VR, which 

is intended to be applied to campus learning and to improve student engagement and motivation 

(Jong et al., 2018). 

 

2.2 Wearable devices for learning 
 

In 2014, Google Cardboard was announced at Google I/O (Google, 2014). Google Cardboard is a 

VR tool. It is a wearable device made of thick cardboard, and is simply worn like glasses. Users must 

place a mobile device in front of the lens and open the specialized application with an appropriate 

focus adjustment. With this simple piece of hardware, they will be able to experience 360-degree 

panorama VR. Google Cardboard has recently become a popular learning aid. Gutierrez, Vexo, and 

Thalmann (2008) also noted that using wearable devices provides an optimal immersive experience 

that is more conducive to learning than are projection screens or desktop-based VR. The study hoped 

to enhance interest in learning through appropriate learning applications and wearable VR guide 

devices, such as Google Cardboard combined with informal courses. Google Cardboard with a 

mobile device is shown in Figure 1. 

 

 
 

Figure 1. Google Cardboard with a mobile device 

 

2.3 Situational interest 
 

Situational interest refers to interest activated by the environment (Hidi, 2006; Schraw & Lehman, 

2001; Sun & Rueda, 2012), that is, an individual’s attraction to an activity environment or a learning 
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task that is automatically generated in a short time, rather than a personal preference for the activity 

(Hidi & Anderson, 1992; Krapp, Hidi, & Renninger, 1992). It focuses on the interaction between an 

individual and an activity, so the critical factor in developing a student’s situational interest is the 

learning environment (Chen, Darst, & Pangrazi, 2001; Linnenbrink-Garcia et al., 2010). Educators 

can change the learning environment by adjusting their teaching methods, assignments and 

materials, which can in turn enhance the learners’ situational interest (Hidi, 2001). Many studies 

have proved that situational interest can notably improve student engagement (Alexander, Jetton, & 

Kulikowich, 1995), performance (Harp & Mayer, 1997) and effort (Rotgans & Schmidt, 2014). 

Chen, Darst, and Pangrazi (1999) used a series of empirical studies to develop the scale of situational 

interest. This scale also integrates many studies from the past (Harter, 1978; Hidi & Anderson, 1992; 

Krapp et al., 1992) and summarizes six sub-dimensions, namely Exploration Intention, Instant 

Enjoyment, Novelty, Attention Demand, Challenge and Total Interest. 

 

 

3. Methods  
 

3.1 Participants and Procedures 
 

This was a quasi-experimental research study, and 100 university students volunteered to 

participate. The effective sample size was 88 people (88%), and all the participants were university 

students. These participants were randomly separated into the VR guide group and the map guide 

group consisting of 43 (48.86%) and 45 (51.14%) participants, respectively. There were 23 male 

(26.14%) and 65 female participants (73.86%), 63 undergraduate (71.59%) and 25 graduate students 

(28.41%). The average age of the participants was 21.85 years old (SD = 2.12). 

 The experiment included four stages. The participants completed all the questionnaires 

online. In stage I the detailed research process was explained to the participants and they signed the 

consent form. They also needed to complete a basic information form, and to take a prior knowledge 

test which was to determine their understanding of the library. In stage II, the content of the two 

groups was different. The VR guide group used the wearable VR guide device, created by 

EduVenture VR, and Google Cardboard with a mobile device inserted. Then, the researchers 

provided an explanation regarding how to use the device, and the tag and teleport functions would 

help them understand this system. The researchers also helped the participants adjust the focal 

distance and solve any image problems until they could operate the device. The map guide group 

used the tablet PC to see the public floor layout of the library, one floor per page. The two groups had 

the same tasks and there were four tasks on different floors of the library. The VR guide group could 

find yellow marks through the 360-degree panoramic view of the library in thee wearable VR guide 

devices and the map guide group could also find it in the public floor layout of the library on the 

tablet PC. When the two groups had confirmed the four task locations in the VR system or floor 

layout, they then looked for the task location in the actual library and answered the questions in each 

of the tasks, which was stage III. Clues to the answers were provided around the task location and the 

pathway. The participants completed the answer sheet and then entered the final stage in which they 

had to complete the post-test questionnaire of the situational interest scale. A flowchart describing 

the experiment is shown in Figure 2.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Experimental flowchart 
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3.2 Prior knowledge test & Situational interest scale 
 

The prior knowledge test, which consisted of six questions, was conducted to determine whether the 

members in the different groups had a consistent understanding of the library before the experiment. 

The results showed no significant difference (t (86) = -1.54, p > .05) between the VR guide group 

and the map guide group. This result means that the two groups had the same prior knowledge. 

 This study adapted the situational interest scale developed by Chen et al. (1999). The scale is 

divided into six sub-dimensions, comprising 24 items, with four items in each dimension. The six 

sub-dimensions are “Exploration Intention,” “Instant Enjoyment,” “Novelty,” “Attention Demand,” 

“Challenge,” and “Total Interest.” Exploration Intention refers to the tendency for a learner to 

explore and discover during learning (“I like to find out more about how to do it”); Instant 

Enjoyment refers to a learner’s satisfaction during the learning process (“This activity is exciting”); 

Novelty refers to the differences between a learner’s known and unknown information, which is also 

called information deficiency (“This activity is fresh”); Attention Demand refers to the required 

concentration and mentality in a learning activity (“I was focused”); Challenge refers to the feeling 

that reflects one’s ability (“It is hard for me to do this activity”); the last item is Total Interest, which 

represents the degree of entire situational interest (“The activity looks fun to me”). The 

questionnaire used a 5-point Likert scale, with 1 representing strongly disagree and 5 representing 

strongly agree. The Cronbach’s α value of the situational interest scale was .92, and for each 

dimension it was .88, .91, .90, .95, .84 and .89, respectively. 

 

 

4. Results  
 

Table 1 shows the results for the situational interest and sub-dimensions of situational interest. The 

Levene’s test for situational interest and all sub-dimensions was not significant (p > .05), except for 

Total Interest (p < .05). Based on the t-test results, situational interest (t (86) = 1.85, p = .07), 

Exploration Intention (t (86) = 1.03, p = .31), Instant Enjoyment (t (86) = 1.43, p = .16), Attention 

Demand (t (86) = .20, p = .84) and Total Interest (t (80.63) = .38, p = .71) were not significant. 

Novelty (t (86) = 2.40, p < .05) and Challenge (t (86) = 2.06, p < .05) were significant between the 

two groups. The mean Novelty value was 16.47 (SD = 2.28) for the VR guide group and 15.13 (SD = 

2.88) for the map guide group, and the mean Challenge value was 9.72 (SD = 2.62) for the VR guide 

group and 8.58 (SD = 2.59) for the map guide group. These results indicate that using a wearable VR 

guide device to learn the functions of the library, which is helpful for learners’ Novelty and 

Challenge, does not affect other sub-dimensions or situational interest. 

 

Table 1  

Results for situational interest and the sub-dimensions of situational interest 

Variables 

VR guide group 

(n = 43) 

Map guide group 

(n = 45) t df p 

M SD M SD 

Situational interest 89.65 8.30 85.64 11.69 1.85 86 .07 

Exploration Intention  15.44 2.12 14.98   2.11 1.03 86 .31 

Instant Enjoyment  16.35 2.24 15.60   2.66 1.43 86 .16 

Novelty  16.47 2.28 15.13   2.88 2.40 86 < .05 

Attention Demand 15.70 2.77 15.58   2.84 .20 86 .84 

Challenge   9.72 2.62   8.58   2.59 2.06 86 < .05 

Total Interest 15.98 2.08 15.78   2.84 .38 80.63 .71 

 

 

5. Discussion & Conclusion 
 

The research question aims to understand whether using a wearable VR guide device in combination 

with EduVenture VR with Google Cardboard for university library guide learning can enable 
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learners to develop situational interest compared to using a map guide. The result shows that 

wearable VR guide devices can improve the situational interest dimensions of only Novelty and 

Challenge. In other words, wearable VR guide devices are more novel and challenging than map 

guides to learners. EduVenture VR is a newly developed platform (Jong et al., 2018). The overall 

content and operation are not the same as general applications without wearable devices in the past, 

so it is more novel and challenging to users. In addition, the novelty means that the learners were 

very interested in such emerging technology. The VR guide with the wearable device is used to 

experience virtual space through one’s own eyes, which is not a common experience (Carrozzino & 

Bergamasco, 2010) and it thus brings novelty. On the other hand Challenge is the feeling that 

reflects one’s ability and is one of the motivations for attracting students to participate in activities 

(Harter, 1978). The VR guide with the wearable device is not very common, nor is it easily 

accessible to the general public, which is the reason for the challenge. Many learners in the 

experiment even used it for the first time, but the map guide in the study is similar to the existing 

guide method, such as physical floor layout, so the learners do not need to spend more time to learn 

to use it. The EduVenture VR has been successfully applied in the library guide field in this study. 

 The results of this study support that applying wearable VR guide device technology in 

library education is a feasible trend worth promoting in the future. It can improve the use of the 

library and the value of field education. When the library releases or promotes new functions, the 

situation can be simulated, and the effect can be anticipated; even the overall environment could be 

improved through the use of the wearable VR guide device. Not only can the cost of developing new 

functions be significantly reduced, but also because of the high degree of familiarity, students can 

reduce the time of learning and increase the breadth of applications in the future. In addition, 

learners could use their mobile device to view VR anytime without spending time onsite asking or 

searching. 

 This study focused on the learners’ situational interest. Much data and information can be 

analyzed and integrated in the future, including the feelings of the users, the content of the tasks, the 

acceptance of new technologies, the time taken to complete tasks and the effectiveness of the 

performance after being guided. However, the learning content can be combined with EduVenture 

VR to create a more complete learning environment through dynamic teaching methods and the 

integration of technology into the value of field education through the expansion of field tasks. Not 

only will it enrich the learning content but it will also give learners a different learning choice. At the 

same time, the situational interest is increased to enhance the learning motivation. The wearable VR 

guide device combining the EduVenture VR application has provided new opportunities related to 

learning with technology.  
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Abstract: Science argumentation is an essential element for improving students’ science 

literacy. This study adopted a quasi-experimental design to investigate 121 eighth-grade 

students’ learning of science argumentation. An online learning platform was developed to 

collect and interpret data of their argumentation online. Two independent variables: 

students’ prior knowledge (low, middle and high) and form of argumentation approach 

(personal and social) were concerned in this study. The dependent variables included: 

science knowledge, science argumentation, and the outcome of argumentation in the e-

learning platform. The results showed that both the two independent variables have 

significant effect on the students' argumentation. Prior knowledge is a base supports the 

construction of sound argument. Learning with social approach provided opportunities for 

students to share their understanding of science concept and co-construct arguments through 

knowledge reflections. For the suggestions of the teaching for argumentation, to provide 

explicit, sequencing, and clear scaffoldings would be important both for the students’ 

learning of science concept, and their development of argumentation ability. 

Keywords: Online science learning environment, Science argumentation teaching, 

Students’ prior knowledge 

1. Introduction

Scientific literacy is an important goal of science education. As two essential abilities for achieving 

science literacy, science inquiry and argumentation have become significant issues in recent years. 

Based on previous studies, it is reported that argument has a personal and social meaning. (Jiménez-

Aleixandre and Erduran, 2008; Kuhn, 1993). The personal meaning refers to a person’s individual 

and internal discourse. However, the social argumentation refers to a discussion and/or a debate 

between people with different/ opposing of views to an issue (Jiménez-Aleixandre & Erduran, 2008). 

The indication above explains that there are at least two forms of argumentation can be divided in 

the teaching of argumentation, namely personal and social argumentation. First, for the personal 

argumentation, it is explained that the personal argumentation involves self-reflection and inner 

reasoning thinking process in order to produce an argument.  However, the second one means that 

argument can be generated form a group with differences in opinions between people. This study 

attempts to explore the influences of the two kinds of argumentation on students’ science learning, 

including students’ science knowledge construction and argumentation abilities. Except the form of 

argumentation approach, students’ prior knowledge is also an important factor for the 

comprehension of science knowledge (Cook, Carter, & Wiebe, 2008). Zohar and Dori (2003) explain 

that students with high-level prior knowledge may outperform than their peers with low-level prior 

knowledge in various kinds of abilities and skills due to that the low prior knowledge students tend 

to pay more attention to the surface features of learning materials. Nonetheless, when appropriate 

instruction is provided, low-achieving students can perform as well as their peers of high-achieving 

students (Ben-David & Zohar, 2009; Grimberg & Hand, 2009). We were curious whether the student 

prior knowledge effect their argumentation for both personal and social argumentation approach. 

The present study investigated such kind of affections through an online environment we developed 
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for increasing the students’ scientific argumentation abilities and their learning of related scientific 

concepts. We proposed two research questions as follow:  

(1) Does the students’ prior science knowledge and form of argumentation approach online on 

(personal and social) influence their learning of scientific concepts? 

(2) Does the students’ prior science knowledge and form of argumentation approach online on 

(personal and social) influence their learning of scientific argumentation? 

  

 

2. Literature Review 
 

2.1 Science learning through the Internet 
 

In science education, online learning is often used to improve students' ability to understand and 

explore complex scientific concepts (Rutten, Joolingen, & Veen, 2012). One of the reasons why the 

online environment helps students to learn scientifically is to help students construct accurate 

scientific concepts (Trundle & Bell, 2010) in an image. In addition, scaffolds can be embedded to 

train students' high-level scientific ability (Weng & Lin, 2017). However, how to use scaffolding to 

effectively promote the process of producing high-quality arguments is not an easy task for 

designers. The common problem of scientific argumentation learning is that students are not easy to 

propose diverse arguments, do not understand scientific evidence, and lack rational attitudes 

(Koschmann, 2003). 

Nielsen (2013) said that people involved in social arguments are always have more 

opportunities to understand and discuss each other’s ideas to gain diversity of thinking, importantly, 

they tended to rebut and question others' ideas. However, relevant research indicates that the practice 

of cooperative arguments rarely occurs in the general classroom, because the traditional classrooms 

follow the teacher's single teaching model: questions, answers, and evaluation, such model doesn't 

support students’ cooperation, but also easy misunderstanding of science which is only the study of 

knowledge and memory (Kilinc & Demiral &Kartal, 2017). Many scholars develop a scientific 

online social learning environment to improve students' scientific understanding and argumentation 

(Sampson & Clark, 2007; Weinberger et al., 2010). Clark and Sampson (2007) developed program in 

which the students were allowed to describe the data they collect, present claims, explore evidence, 

and collaborate with each other in online activities. This learning process gives students the 

opportunity to form a preliminary theory and refine it through discussion. Weinberger et al. (2000) 

explored online scripting into scientific argumentation learning. They carefully designed online 

social learning situations and applied templates and scripts to suppport students’ construction of 

high-quality arguments (Weinberger et al., 2010). Such scaffolding design concepts have also been 

applied in the present research to promote students' high-quality scientific argumentation 

capabilities. 

 

2.2 Prior-knowledge and Students' Scientific Study 
 

There are various assertions regarding the relationships between the students’ science learning and 

their prior-knowledge (ie, high, middle and low prior-knowledge students).  A number of scholars 

believe that low prior-knowledge students have greater potential; another group of scholars do not 

think so because they basically need more teaching support.  For example, Grimberg and Hand 

(2009) point out that although high and low prior-knowledge students have similar range of cognitive 

operations, students with high achievers can enter the advanced cognitive operation faster than those 

with low achievers. Such a feature explains the main reason why high-achieving students outperform 

low-achieving students in a number of scientific thinking skills. 

For most of the traditional science classrooms, prior knowledge is always overemphasized 

because both teaching and evaluation are based on concepts and memory (Weinberger, Stegmann 

& Fischer, 2010). Some teachers believe that high-achieving students will perform better than low-

achieving students.  In order to challenge such traditional concept, Zohar and Dori (2003) compare 

the scientific thinking abilities (e.g., raising scientific questions, scientific arguments, and scientific 

critical thinking) of high and low achievement students in several different biological topics. They 
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indicated that although high-achieving students scored higher on most scientific abilities than low-

achieving students, low-achieving students showed better progress in one of the study cases.  

3. Method 
 

3.1 Participants and Procedures 
 

Our quasi-experiment was carried out in 4 eighth-grade classes. There were totally 121 students 

arranged to participate in the present study. In terms of the variable of the prior knowledge, this 

study divides the student's knowledge level according to the science total score of the previous 

semester, which is divided into high (N= 41, mean = 84.4), middle (N= 40, mean = 76.7), low (N = 

40, mean = 66.9) three groups. In terms of online argumentation approach variable, they are divided 

into personal argumentation groups (N= 62, mean = 74.7) and social argumentation groups (N= 59, 

mean = 76.1); there is no difference in grouping between them. (p = .158). Based on these two 

variables, we use the 2×3 quasi-experimental design principle. Classes are randomly grouped, and 

each social demonstration team in the social group consists of three to four members.  
Before attending the online learning program, all students conduct scientific concept tests 

[SCT] and scientific argumentation test [SAT] before and after the subject of the experiment. The 

independent sample t-test of the pretest showed that the difference between the two groups of 

students (the social argument and the personal argument) doesn't reached significant difference 

(scientific concept test, p = .421; scientific argument test, p = .782), indicating that the two groups 

were selected Randomly assigned research hypotheses. 

 

3.2 Development of the Online Learning Environment 
 

The OSAE [online science argumentation environment] was developed based on the four topics 

(combustion, heat preservation, chemical reaction, and conservation) from the current science 

content of junior high school. The first part of the online learning platform provides students with 

relevant contexts for the subject of the science unit. The second part contains a series of well-

designed multi-media textbooks, through which students conduct scientific arguments. For example, 

in the conservation unit, we first ask questions that focus on scientific knowledge. Students must 

understand the concepts related to the conservation topic and provide answers. Then, we design an 

argumentation question and ask them to response based on the main scientific concepts of the unit. 

In order to promote students with high-quality arguments, online learning environment provides 

students the definition of four arguments (claim, basis, support, and rebuttal); in addition, a template-

type scaffolding is provided to allow students to learn and apply scientific arguments (Figure 1).   

 

 
 

Figure 1. An interface of the OSAE for students’ collaborative argumentation  
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3.3 Tools 
 

There are two tests included in the present study: SCT and SAT. The SCT is a diagnostic test with 

multi-choice which are used to measure students' understanding of scientific concepts. The validity 

of the content was constructed by two master degree science teachers, which ensured that the 

questions in the test were related to the four selected chemical topics. In terms of content, each 

chemistry topic consists of five questions. Each question has two levels. Students must correctly 

answer the two levels of each question to get a score. The test reliability is 0.81. 

The SAT is used to examine the students' ability to demonstrate scientific evidence. As with 

the scientific concept test, each argument (claim, basis, support, or rebuttal) generated by all students 

is divided into two different levels. The parameters of level 2 and level 1 give points of 2 and 1, 

respectively. The construction of the rating standard is based on the standards of Osborne, Erduran 

and Simon (2004). For example, if a student makes a claim (e.g., the quality of the chemical reaction 

is constant), but there is no data (e.g., experimental data), or a reason (e.g., because of the law of 

conservation of mass), then it will be judged as a level one claim, got one point. Students in the 

online learning environment, the evaluation of the proposed arguments, also scored in the same way. 

The reliability of the SAT is fine (0.92). 

 

3.4 Data Analysis 
 

We applied two-way ANCOVA to analyze the influence of the two factors (online learning 

approaches and the level of prior science knowledge) on the students’ performances on SAT and 

SCT. An argument quality framework was developed by Erduran, Simon, and Osborne (2004) is 

applied and for constructing our coding framework to analyze subjects’ argumentation and their 

statements on the internet for both the personal group and the social group. Through the coding 

framework, we can classify every statement into two grades of arguments for the four components 

of argumentation concerned in the present study (claim, basis, support, and rebuttal) First, for a claim 

with supporting facts, reasons, and data was seen as a high-quality claim (Level one); a claim without 

any supporting facts, reasons, and data was treated as a low-quality claim (Level two). A support 

with (without) some connection to claim and basis was considered as a high quality (low quality) 

support. A basis with (without) some supporting theory was interpreted as a high quality (low 

quality) basis. A clear or identifiable counterclaim was interpreted as a high-quality rebuttal, 

otherwise a blurry or weak counterclaim was treated as a low-quality rebuttal. High and low-quality 

arguments were given two and one points, severally. Inter-rater reliability was fine (0.84). Based on 

the results of statistical analysis, we adopt the strategy of content analysis to explore the learning 

differences of two groups of students (personal and social), as well as students with different prior-

knowledge. 

 

 

4. Results 
 

4.1 The results and improvements regarding the SCT  
 

Table 1 shows the results of covariance analysis of the SCT.  The data indicates that the average 

score of the social argumentation group is slightly lower than that of the personal argumentation 

group.  For example, the average score of the post-test group is 19.54, and the score of the personal 

argument is 20.29.  For the comparison results of the pretest and posttest, the T-test of the dependent 

samples showed significant differences between the two groups (social argument group: t(58)=6.44, 

p<.001; personal argument group: t(61)=7.376, p<.001).  This result continues to show that the 

scientific concepts of both groups have made significant progress. The SCT scores for the three 

prior-knowledge group students (high, middle, and low level groups) were 12.50, 17.18, and 18.61 

respectively. However, in the posttest, the scores rose to 16.38, 20.48, and 22.85. The dependent 

sample T test showed that the three groups of pretest and posttest also achieved significant progress 

(high group: t(40)=5.04, p<.001; middle group: t(39)=4.54, p<.001; low group: t (39) = 4.96, p < .001). 
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In terms of two-way ANCOVA and follow-up Sidak test, we found that the factor of 

argumentation approach had no significant effect on the student's performance of SCT (F(1) = .701, 

p = .756), while the other factor, students’ prior knowledge was found significantly effect on the 

students’ score of SCT (F(2)= 13.741, p <.001). The post-mortem analysis further pointed out that 

the students with high prior-knowledge scored significantly higher in the examination than the 

students with the first-level knowledge, the average difference was 5.71 and reached significant (p 

<.001); the students with the first-level knowledge scored in the exam. Students with significantly 

higher than low prior-knowledge had an average difference of 3.78 and reached significant (p < 

.001).  This result shows that in the scientific concept test, the impact of the prior knowledge is more 

than the social and the personal learning approach. 

 

Table 1 

The results of the two-way ANCOVA analysis of the SCT 

 
Mean (SD) 

   

Source Pretest Posttest df F Post-hoc test 

Approach 
  

1 .701 
 

Social group(N=59) 15.56(5.03) 19.54(4.64)    
Personal group(N=62) 16.65(5.15) 20.29(4.93)    

Level of prior science knowledge 

knowledge 

 2 13.741*** (M) > (L)*** 

Low-level group(N=40) 12.50(4.42) 16.38(4.92)   (H) > (L)** 

Middle-level group(N=40) 17.18(3.87) 20.48(2.90)    
High-level group(N=41) 18.61(4.88) 22.85(3.90)    

Approach × Level   2 2.956  

Note: (L), low prior-knowledge group; (M), middle prior-knowledge group; and (H), high prior 

knowledge group. 

* p < .05, ** p < .01, *** p < .001 

 

4.2  The results and improvements regarding the SAT    
 

Table 2 presents a summary of the descriptive data and two-factor covariance analysis of the 

scientific argumentation test. The T-test of the social argumentation group and the personal 

argumentation group showed significant differences (social argumentation group: t(58)=7.37, p<.001; 

personal argumentation group: t(61)=7.99, p<.001), indicating two significant progress was made 

before and after the group.  In addition, the high, middle, and low prior-knowledge students' sample 

T-tests showed that they all achieved significant progress in the three groups (high group: t(40)=4.53, 

p<.001; middle group: t(39)= 6.79, p<.001; low grouping: t(39)=7.49, p<.001). 

In terms of two-way covariance analysis, we found that the learning pathway has a significant 

impact on the student's scientific concept test (F(1)= 7.61, p <.01), and the Sidak test showed that the 

social argumentation group had significant better performance on the SAT than the personal 

argumentation group. On the other hand, the factors of students’ prior knowledge didn’t reach the 

level of significant effect. 

 

Table 2  

The results of the two-way ANCOVA analysis for the SAT 

 Mean (SD)    

Source Pretest Posttest df F Post-hoc test 

Approach   1 7.61** (S) > (P) ** 

) Social group(N=59) 28.10 39.37    
Personal group(N=62) 26.23 35.24    
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Level of prior science knowledge 

knowledge 

 2 2.33  

Low-level group(N=40) 20.75 33.30    

Middle-level group(N=40) 27.12 37.95    
High-level group(N=41) 33.39 40.44    

Approach × Level   2 2.63  

Note: (S), Social group; (I), Personal group. 

* p < .05, ** p < .01, *** p < .001. 

4.3 The results and improvements regarding the OSAE  
 

The results of the two-way repeated measure ANOVA of the OSAE were showed in the table 3, we 

found that the main effects of the learning pathway (F(1)=13.67, p<.001) and the prior knowledge 

(F(2)=33.73, p<.001) have achieved significant results. The learning pathway Sidak test indicates that 

the students in the social group performed significantly better than the students in the group alone.  

The Sidak test indicates that students with high prior-knowledge perform better than those with 

middle and low prior-knowledge; those with middle prior-knowledge have lower performances. As 

the topic progresses, the performance of the students on each topic is better and better than the 

previous ones (F(3)=48.85, p<.001). 

 

Table 3  

The results of the two-way repeated measure ANOVA for the OSEA 

Source SS df F 

Subject 2435.85 3 48.85*** 

Approach 642.03 1 13.67*** 

Level of prior science knowledge 

 

3167.81 2 33.73*** 

Approach × Level 40.42 2 .43 

Note: (S), social group; (I), personal group; (L), low prior-knowledge group; (M), middle prior-

knowledge group; and (H), high prior-knowledge group. 

∗p < .05, ∗∗p < .01, ∗∗∗p < .001. 

 

 The performance of the online scientific argumentation of the four personal units of the 

personal argumentation group and the social argumentation group is shown in Figure 2. The 

ANOVA indicated that the argumentation approach had a significant effect on the first three modules 

(unit 1, F(1) = 8.76, p < .001; unit 2, F(1) = 9.59, p <.001; unit 3, F(1) = 9.45, p<.01).  However, in the 

fourth unit, the difference between the two is not significant (F(1) = .212). The Sidak test further 

pointed out that the arguments of the social group students were better than those of the personal 

group.  The scores of the two groups of students in the four units gradually increased. 
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Figure 2. The distribution of average scores of students' scientific argumentation online for the 

four topics 

 

 The statistical results of the three sets of students with advanced knowledge level in online 

scientific argumentation are shown in Figure 3. One-way analysis of variance analysis showed that 

the main effects of the prior knowledge were significant on all four units (unit 1, F(1)=12.74, p<.001; 

unit 2, F(1)=16.66, p< .001; unit 3, F(1)=18.86, p<.001; unit 4, F(1)=15.80, p<.001).  The Sidak test 

analysis further pointed out that students with high-priority knowledge in the four units scored 

significantly higher than those with middle and low-priority knowledge. All students scored 

gradually in four units. 

 
 

Figure 3. The distribution of average scores of students' scientific argumentation online for the 

four chemical topics 

 

 

5. Discussion and Conclusion 
 

The results of the present study show that both argumentation approach (social or personal) and 

student prior knowledge had significantly impact on the students’ learning of argumentation. For the 

factor of learning approach, the social group students outperformed than their peers in the personal 

group for both SAT and OSAE scores. Our outcomes are build-up with the studies with emphasizing 

on students’ collaborative argumentation which indicating their communication/critique skills are 

closed related to their argumentation ability (Clark & Sampson, 2008). In other words, dialogue 

interaction in collaboration is very important for students’ knowledge co-construction and peers’ 

evaluation of their arguments, including claim, basis, support, and rebuttal (Berland & Hammer, 

2012). In students’ argumentation of personal version, they tend to construct arguments by using 

reflection that is, they may reflect what they had learned to construct their claim or rebuttal and such 

kind of thinking process is actually a reflection of their prior science knowledge (Hmelo, Nagarajan, 
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& Day, 2000). This reason supports that student’s prior science knowledge is related to the students’ 

production of the arguments. For the factor of prior knowledge, the OSAE program is designed as 

anonymous, the students were allowed to use a pet name for making response and provide 

statements. This design would enable them, expecially for the low or middle prior-knowledge 

students to make statement freely, in other word, they may have lesser peer pressure under the 

anonymous discussion online system (Russell & Aydeniz, 2013). These reasons explain why low 

prior-knowledge students acquired significant improvements regarding their arguments especially 

from topic 3 to 4 in the OSAE. Argumentation in science classroom have both peers’ idea-sharing 

and self-reflection parties, both part of the thinking or learning processes are essential for the 

argument construction, an inner thinking and knowledge reflection process (Crawford, 2000; 

Mcneill, 2009). Thus, it is matter for a science teacher to emphasize such argumentation thinking in 

their science teaching, they should provide more opportunity for students to argue collaboratively. 

It may involve to encourage students to practice how to propose questions, warrants, and reasons to 

back their assertion, importantly, to share their thinking, reasons, and ideas about the talking issue 

and moreover, to explain their knowledge recall, reflection, reevaluation processes about our and 

others’ responses (Herrenkohl, Palincsar, DeWater & Kawasaki, 1999). Another suggestion for 

teaching argumentation would be that the templates and scripts in the online learning environment, 

the OSAE, the templates play important role for the students to generate quality arguments and to 

know that there are various arguments can be used for making response instead of just accept others’ 

asseration. We believe such templates and scaffolds support students’ collaborative argumentation, 

and peers’ interactions which would be an important reason to explain their improvements in the 

present study.    
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Abstract: Students may progress slowly or even abandon an assigned reading task due to 

lack of interest which causes boredom, poor reading comprehension which causes 

discouragement, and disengagement from the reading material. Various studies have 

reported that these negative academic moods can be mediated through having meaningful 

conversations during reading. While interventions such as collaborative reading have been 

proposed to foster reading motivation in the classroom, very few studies have considered the 

application of conversational agents as storytelling peers that can scaffold collaborative 

learning through discussion of the story with the student. In this paper, we describe our 

conversational agent that can plan various dialogue moves through story content elaboration 

and exchange of ideas to address motivational factors that hinder the performance of a 

required reading task. Evaluation of the agent’s performance, humanity and affect showed 

that a child’s interest in the conversation and engagement in the story greatly affect his/her 

response towards the agent. While no positive effect was observed on uninterested and 

disengaged users, the agent was able to fill-in the knowledge gaps of the interested and 

engaged users by allowing them to make sense of the texts on their own, thus showing the 

agent’s potential for motivating as well as addressing the reading comprehension issues of 

children. 

Keywords: Story Reading, Conversational Agent, Dialogue Model, Collaborative Learning 

1. Introduction

Stories of various genre and content are the means by which children learn about their environment. 

Through reading, writing and sharing stories, children can communicate information as well as 

develop their social, emotional, cognitive and language skills. Engaging in storytelling with others, 

whether adults or peers, also promote the ability for children to make meaning of a particular life 

situation and relate the events in the story to their individual context and life experiences.  

While reading plays a vital role in the development of a child, reading motivation in the 

classroom continues to be a problem (Gambrell, 1996), which can cause reading development (Deci 

& Ryan, 1985; Dweck & Elliot, 1983; McCombs, 1989). The reading progress of children are 

affected by factors such as the lack of interest in the reading material which causes boredom, poor 

reading comprehension skills which causes discouragement, and disengagement from the reading 

material which causes task abandonment (Edmunds & Bauserman, 2006; Cambria & Guthrie, 

2010). Classroom interventions include the utilization of peer reading and discussion sessions 

(Pikulski, 1997). Flint (2010) showed that utilizing conversations in reading can be beneficial to 

remediating reading problems of children.  Conversations between an adult and a child play a 

significant role in the latter’s language development and social interaction skills. One way to 

encourage conversations is during reading and story time, where books can be used as the topic for 

interaction.  

In the field of computing, studies have explored the use of conversational agents in 

educational applications. AutoTutor (Graesser et al., 1999) is a virtual tutor designed to incorporate 

discourse patterns and pedagogical strategies of a typical human tutor in teaching students about 

various concepts by facilitating a turn-based conversation. The participants in the study of 

Mahmood and Ferneley (2006) suggested that conversational agents be used in the context of 

elaboration. The study of Doering et al. (2008) identified the features of virtual characters that 
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influence learning. They found that their participants not only perceive the agents they interacted 

with as learning companions, but also as social companions.  

Conversational agents can be designed to assume various roles depending on the types of 

tasks they are expected to perform. They are programmed with intelligence to understand and to 

generate dialogue content. In storytelling sessions with children, a conversational agent can facilitate 

a dialogue with the reader to define the characters and the setting, rationalize a character’s actions, 

describe and explain the occurrence of story events, imagine the varying sequences of events that 

may come next, and even relate one’s personal experiences to that of the story character. 

In this paper, we describe our conversational agent, named CHARM, that has been designed 

to serve the role of a storytelling peer by engaging in collaborative discussion of a reading material 

with the human reader. Section 2 gives a short overview of conversational strategies during story 

reading. Section 3 contains a discussion of the dialogue generation process of CHARM. Section 4 

presents the methodology and performance results of CHARM as a conversational agent. We end 

our paper with a summary of our findings and recommendations for future work.  

 

 

2. Conversational Strategies in Story Reading 
 

The study of Flint (2010) explored how social interactions inside the classroom could facilitate 

emergent readers in a collaborative reading approach. Through peer reading, the students were able 

to cooperatively discuss the reading material to scaffold each other’s learning, and together make 

connections within the text to increase their understanding.  

A recent study by Lowry (2016) further expound on the benefits posed by reading a book to 

a child’s language development, which can be enhanced through conversations about the book. 

Conversations involve the back-and-forth turns between two or more participants. In adult-child 

conversations, this turn-taking enables the child to be actively engaged, while building vocabulary 

and reading comprehension skills. Conversations during story reading can help a child understand 

stories and help him/her become storytellers by providing opportunities for the child to tell his/her 

own stories. To keep the conversation going, adults can make comments about what the child is 

interested in, by encouraging the child to initiate an idea, then providing a response based on his/her 

idea. 

According to the Hanen Early Language Program (Greenberg & Koohi, 2016), a number of 

strategies can be employed to establish high quality conversations. Paying attention to the child’s 

words and responding immediately by including these words in a more complete sentence can help 

the child develop his/her language and grammar. In designing conversational agents, keywords and 

phrases from the child’s response are lifted to determine the content of the agent’s response. 

Instances when a child uses simple words during story reading can also be used as opportunities to 

introduce more sophisticated words to develop vocabulary skills. Additionally, the cause and effect 

relationship of events can be established by encouraging the child to think of an explanation for the 

actions or emotions of a character in the story. Asking questions and making comments to encourage 

the child to predict what might happen next can develop the child’s imagination. Lastly, to develop 

empathy, the child can be encouraged to put himself in the shoes of a character in the story.  

Various studies also determined whether pursuing a dialogue with an agent could promote 

students’ learning. Reeves and Nass (1996) proved with their Media Equation theory that humans 

are predisposed to interact with machines as if the latter were social beings. The study of Moreno 

and Mayer (2000) has also proven that lesson explanation in the form of a conversational dialogue 

with an agent lessens the amount of cognitive effort required in a student to understand educational 

material. 

 

 

3. Dialogue Framework 
 

In a story reading session, the participants can talk about various aspects of the story. We used these 

aspects of the story to classify four types of dialogue content as illustrated in Figure 1. 

Cognitive-based dialogue content focuses on reader’s comprehension of story elements, which 

include the setting, the characters and their actions, and the causal chain of events. Elaborative 
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dialogue focuses on contextualizing character actions and events. Reflective dialogue content 

focuses on the relevance of the story to the reader’s life. Finally, affective dialogue content, which is 

currently not included in our scope, looks at the emotional effect of the story on the reader.  

 

Figure 1. Types of Dialogue Content 

 

CHARM uses a dialogue model, summarized in Listing 1, to understand the reader’s input 

statement and to generate its response to the statement. An example conversation that revolves 

around the story The Hundred Dresses written by Eleanor Estes is illustrated in Listing 2. A story 

world graph model has been defined to represent scenes in the story by connecting story elements, 

namely, characters, locations and items, together to create an event. The agent traverses the story 

world graph to find the necessary knowledge it needs in formulating responses.  

Scenes are defined as groups of events which represent portions of a narrative to move the 

story forward, establish characters’ arcs or cause and effect, reveal consequences of earlier events, 

and make the story easier to follow (McNulty, n.d.). Within each scene, a time attribute is used to 

group all events and to identify their temporal order. An event is a time-bound incident that occurs 

within a scene. It can be executed by a single or multiple characters, and can occur in a single or 

multiple locations. Events are used to represent entities performing actions and affecting the state of 

other entities in the story world as the story progresses. 

 

Listing 1. Dialogue Model of CHARM 

1. Reader poses a statement in the form of an assertion or a question about the story. 

2. Agent generates a response to the reader’s statement using any of the following dialogue 

moves – direct answer, feedback, prompt, pump, hint and elaborate. 

3. User gives a response to the question raised by the agent. 

4. Agent collaborates with the user to improve his/her response to his/her question posed in #1. 
 

 

Listing 2. Example conversation between the user and the agent 

User: Why did the students not notice Wanda? 

Charm:  I think the students did not notice Wanda because of what Wanda has. What causes a 

person to not notice someone? Can you tell me? (Prompt) 

User: Because Wanda has muddy shoes. 

Charm: I don't think that's the answer. Let's try again! I think the reason why the students did not 

notice Wanda has something to do with what Wanda has. How does that affect the 

students' actions? (Pump) 

User: Because Wanda has no friends. 

Charm: Maybe you’re right. I think the students did not notice Wanda because Wanda has no 

friends. How come the girls bullied Wanda? (Direct Question) 
 

 

When formulating a response, the agent needs to ensure that it will not inadvertently 

generate a response containing story details still unknown to the user. Thus, the agent tracks the 

“executed” scenes. A scene is said to be “executed” when the reader reaches (or has read) the 

corresponding story text being modeled by the scene in the system’s interface.  

 

3.1 Generating Answers to the Reader’s Questions 
 

Before CHARM can determine its response type, it first classifies the reader’s input statement 

according to five (5) speech acts: simple WH question, regular WH question, assertion to a question, 
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regular assertion and short response. Inputs that start with “who” and “where” are considered as 

simple questions which can be answered using the story world graph. Inputs that start with “what” 

and “why”, on the other hand, are considered as regular questions as they require the agent to extract 

a number of elements from the story world graph in order to formulate a response. Inputs containing 

3 or less words are considered as short responses. The reader’s answer to a question posed by the 

agent is referred to as an assertion, and is used to assess the reader’s understanding of the story. A 

regular assertion is a statement made by the reader that is outside the scope of the agent’s question. 

CHARM’s response to a simple WH question contains an assert dialogue move and a 

follow-up question. The assert dialogue is the agent’s response to the question that is sourced 

directly from the story word graph. The follow-up question move focuses on initiating or maintaining 

a discussion with the user by asking a question. Follow-up questions focus on exploring why 

characters do certain actions in the story or feel certain emotions, and encourage the child to think of 

an explanation for the actions and emotions of a character in the story (Greenberg & Koohi, 2016). 

Consider the reader’s input statement – “Who is Wanda’s teacher?”. The agent’s response would be 

“Wanda’s teacher is Miss Mason.” (assert dialogue) followed by “Do you think they’re close to each 

other?” (follow-up question). 

Because the agent’s main focus is to collaborate with the reader, it does not focus on 

evaluating the correctness of the reader’s assertion to a question. Instead, the agent responds with a 

short feedback which can be one of three types: positive short feedback such as “I think so too.”; 

neutral feedback like “Okay” and “I see.”; and negative feedback such as “I don’t think that’s the 

answer. Let’s try getting the right answer together.” Short feedbacks mostly include parts of the 

reader’s original statement in accordance to a strategy that proposes using the reader's words in a 

more complete sentence to develop his/her language and grammar (Greenberg & Koohi, 2016). 

 

3.2 Formulating Questions that Encourage Collaboration 

 

 

Figure 2. Learning Process of CHARM 

 

Questions formulated through the dialogue moves employed by the agent focus on a learning 

strategy that aims to achieve the learning goal of assessing the recall of story elements and the 

comprehension of story events by readers, as illustrated in Figure 2. 

The Mental Model and Proposition Theories (Gunning, 1996) posit that asking questions 

can be used as a means to get students to think of information regarding elements in the story which 

can lead to better comprehension. Thus, CHARM does not answer regular WH questions directly. 

Instead, it formulates a response that is designed specifically to draw out the experiences and 

knowledge that the reader has regarding the topics covered in the story (Greenberg & Koohi, 2016). 

A number of dialogue moves, namely prompt, pump, hint, elaborate, aimed at formulating 

responses to probe into the actions, desires and emotional states of the story characters, is utilized for 

this purpose. 
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Through the question circles strategy (Tofade et al., 2013) of encouraging learning by 

asking questions, the agent constructs subject matter questions to elicit answers for story content, 

combined with personal response and external reality questions. Prompts are used to connect the 

story to the reader’s life, e.g., “Do you know anyone who has been bullied before?”, and a question 

encouraging the user to supply the details, e.g., “Can you tell me what happened?” 

Pumps are designed to spur a discussion between the user and the agent through questions 

that encourage the user to see story events in the light of real-world scenarios. To develop a child’s 

empathy, the Hanen Early Language Program (Greenberg & Koohi, 2016) proposed the use of 

questions that encourage the child to put himself/herself in the shoes of the story character, e.g., 

“Wanda is an outcast. How does that affect her actions?” 

Elaboration plays an integral role in encouraging collaboration through discussion. The 

agent provides additional information from the story to make the reader understand the causal 

relationships between events in hopes of scaffolding the reader to derive the answer. Questions that 

ask the reader to provide more details are used since studies (Duffy, Shinjo, & Myers, 1990; Pressley 

et al., 1987) have shown that readers only generate their own elaborations when prompted by 

questions. 

CHARM can also lead the reader to the answer by supplying lexical clues for words used in 

the narrative, for example, “The description for the dress Cecile wears has the definition pleasing by 

delicacy or grace; not imposing. What do you think is this word describing Cecile’s dress?” 

Knowing the meaning of words used in the narrative is important in story comprehension. Thus, the 

agent can generate word definitions that it sourced from WordNet (Felbaum, 1998), e.g., “The 

meaning of the word dress is a one-piece garment for a woman; has skirt and bodice.”  

 

 

4. Validation 
 

Ten children who are 10 to 16 years old participated in a story reading session with CHARM. All 

participants are students with varying reading habits and proficiency levels in comprehending 

English text. Of the 10 participants, only three (3) claimed that they read books for their enjoyment. 

 Prior to interacting with the conversational agent, each participant is given an oral briefing 

on the guidelines for interaction, summarized in Listing 3. The participant is also provided with a 

written handout of the guidelines to read, and is allowed to seek clarifications regarding these. Each 

interaction with the agent lasted for 45 minutes to an hour. Ethical considerations were also 

explained, specifically, participants were allowed to withdraw from the study anytime and for 

whatever reason. 

 

Listing 3. Guidelines in interacting with CHARM (summarized version) 

1. If you are going to ask questions to CHARM, limit your questions to “who”, “where”, “what” 

and “why” only. 

2. CHARM cannot understand which character you are referring to if you do not mention the 

character’s name. For example, CHARM will understand you if you ask “What is the color of 

Wanda’s dress?”, but not if your question is “What is the color of her dress?” 

3. While CHARM can understand short responses such as “okay” and “I agree”, CHARM will 

only know that you already know the correct answer if you give the complete answer. 

4. CHARM will understand you better if you talk to her in complete sentences. Make sure your 

sentences end with a proper punctuation mark: questions must end with a question mark (?), 

and sentences must end with a period (.). 

5. CHARM will know which character or place you are referring to if you observe proper 

capitalization of names. 

6. CHARM reads the story at the same time as you. So, CHARM will not know the answer to 

your question if you and CHARM have not reached that part of the story where the answer to 

your question is given. 

7. If you do not want to talk to CHARM anymore, just type “I don’t want to talk anymore.” 

8. If there is a word in the story that you do not understand, you can ask CHARM for the meaning 

of the word. For example, you can say “What is the meaning of shuffle?” 
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 A debriefing session was also conducted to solicit feedback regarding the student’s 

perception of CHARM’s abilities as a conversational agent, and if the agent has helped address the 

causes of reading problems, such as frustration from poor reading comprehension and lack of 

interest.  

 

4.1 Test Results 
 

The participants evaluated CHARM along three quality attributes – performance, humanity and 

affect – using a four-point scale – 4 for always evident in the interaction, 3 for usually evident in the 

interaction, 2 for sometimes evident in the interaction, and 1 for never evident in the interaction. 

Table 1 shows the average evaluation ratings received by CHARM. 

 

Table 1 

Evaluation scores on CHARM’s quality attributes 

Quality Attribute Rating 

Performance 3.22 

Humanity 2.76 

Affect 3.19 

 

The performance attribute is used to measure the agent’s ability to handle unexpected input 

(Klüwer, 2011) and to avoid inappropriate utterances (Morrissey & Kirakowski, 2013). This is 

reflected through CHARM’s utilization of the story world graph in formulating responses that probe 

and explain character actions and motivations, and raising questions that encourage the participant 

to relate story events to real-life situations. As seen in Table 1, CHARM received an average rating 

of 3.22. Table 2 gives a detailed breakdown of the items used to measure the performance attribute. 

 

Table 2  

CHARM’s evaluation scores for the Performance quality attribute 

Evaluation Item Rating 

1. CHARM can explain to me why characters do certain things in the story. 3.44 

2. CHARM can explain to me why certain events occur in the story. 3.11 

3. CHARM allows me to understand the locations mentioned in the story. 2.44 

4. CHARM allows me to understand the items mentioned in the story. 3.33 

5. CHARM allows me to relate the things happening in the story to my life. 3.11 

6. CHARM understands what I am saying. 3.33 

7. CHARM is easy to talk to about the story. 3.38 

8. CHARM knows what the story is about. 3.63 

 

The first two items in Table 2 highlight CHARM’s ability to rationalize character actions 

and occurrences of events. 70% of the participants responded that CHARM can always explain the 

story content clearly and can answer questions regarding specific characters. However, one 

participant encountered difficulty in fully understanding all of the agent’s responses, while another 

claimed that CHARM never explained to her why characters do certain things in the story because 

“CHARM kept asking questions”. There were instances when CHARM did not know the answer to 

why an event occurred, thus the score of 3.11. Story-related information modeled in the graph was 

limited, and so the agent could not formulate an answer for every question raised by the reader and 

instead throws the question back for the reader to answer. 

Items 3 - 4 in Table 2 highlight CHARM’s ability to explain locations and objects 

mentioned in the story and received mixed feedback. 30% of the respondents claimed they were not 

given any opportunity to discuss the locations, while 20% of the respondents acknowledged their 

reliance on CHARM’S responses regarding locations and objects to understand the story. 

To increase their understanding of the story, CHARM should be able to formulate responses 

that give readers the opportunity to find the relevance of story events to their everyday life. In this 
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aspect, CHARM received an average score of 3.11, as seen in Item 5 of Table 2. Two participants 

commented that CHARM would always relate the story to real-world scenarios, specifically when 

the agent asked how a person can be late for school. One participant thought that she may be able to 

use the learnings she gained from reading the story in her daily life thanks to the agent’s responses. 

A key factor in maintaining the participant’s interest in the conversation is the agent’s 

ability to understand user inputs and the ease of communicating with the agent. Items 6 - 7 focus on 

these two aspects. One participant remarked that even when she misspelled words in her inputs, 

CHARM still managed to understand her. While most participants found CHARM easy to talk to, 

giving the agent an evaluation score of 3.38, one participant remarked that the responses contain 

grammar errors, such as “How come Maddie waited Wanda? What do you think is the reason?”. Out 

of the 236 statements generated by the agent, 14.41% contained grammar errors while 2.12% 

contained lapses. Responses with lapses are those which have missing information that affect their 

readability and coherence, e.g., “What is something that could make you? Maybe that also made 

Peggy be popular.” The grammatical errors were caused by the lack of grammar rules for processing 

multi-word verbs, such as “wait for”. Lapses were caused by the incorrect part-of-speech tag 

returned by WordNet, and thus the incorrect rule being used by the surface text generator in 

generating the textual response. 

Finally, for agents to appear intelligent, they must exhibit an understanding of the story 

itself. While 90% of the participants found CHARM to possess sufficient knowledge about the story 

and can answer any of the questions they raise, thus giving the agent an evaluation score of 3.63, one 

participant claimed that the agent was never able to explain story-related information since it kept 

“asking questions” and the questions it was asking did not contain any substantial information. Since 

some of the agent’s responses were lengthy (≈ 20 - 35 words long), the participants who did not 

obtain anything from the agent’s responses might have ignored the agent’s lengthier responses— the 

responses containing portions of the answer to the question. Because of this, they missed the 

information contained within the responses. 

A study by Moreno and Mayer (2000) showed that learners find a virtual agent more useful 

if it possesses some humane attributes and behavior. This can be measured through the agent’s 

ability to behave like a storytelling peer, and if can facilitate a turn-based conversation. Among the 

three attributes of an agent, CHARM received the lowest rating in the humanity aspect, with an 

average score of 2.76. Table 3 gives a detailed breakdown of the items used to assess humanity. 
 

Table 3 

CHARM’s evaluation scores for the Humanity quality attribute 

Evaluation Item Rating 

CHARM lets me know it is my turn to talk or to ask questions. 3.13 

I can talk to CHARM just like how I would talk to a classmate or a friend. 2.38 

 

While participants found CHARM “easy to talk to”, the agent lacked the pleasantness of 

conversing with a classmate or a friend due to the use of English language, which the participants do 

not use when talking to their human friends. Furthermore, one participant found the experience of 

conversing with a virtual agent very different from having a face-to-face conversation. On the other 

hand, the participants believed they were having a real conversation since the dialogue was not 

one-sided, and the agent often asked for their inputs and responded to their insights and ideas.  

Affect sought to measure the agent's ability to make the reading task enjoyable to children 

and the children's enjoyment after talking to the agent. CHARM received an average score of 3.19 in 

the affect attribute. Table 4 gives a detailed breakdown of the items used to assess affect. Mixed 

feedback were received because of the varying reading habits of the participants. One participant 

claimed that the agent made the reading task fun by asking event-related questions. Another 

participant who enjoys reading admitted that having someone to help her understand more about the 

story increased her enjoyment in the reading task.  
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Table 4  

CHARM’s evaluation scores for the Affect quality attribute 

Evaluation Item Rating 

CHARM makes reading a fun activity for me. 3.38 

I like talking to CHARM. 3.00 

 
As a conversational agent, most participants enjoyed talking to CHARM since they felt that 

they were talking to a friend. As a storytelling peer, one participant found the dialogue with the agent 

enabled her to know the answers to story-relation questions. Despite finding the idea of 

conversational agents “cool”, a participant still prefers the experience of talking to a real person. 

When asked about the role that they perceived the agent to be portraying, the younger participants 

(aged 10 to 12 years old) said CHARM served the role of a teacher who “asked so many questions”, 

while the older participants (13 to 16 years old) treated the agent as a friend. 

 

4.2 Participants’ Response to the Conversational Agent 
 

A key observation during the validation process was the initial hesitation and the lack of eagerness 

among the participants to perform the reading task. Most of the participants admitted that they only 

read stories for their academic requirements. While the novelty of talking to a virtual peer piqued the 

interest of some participants, they skimmed the narrative for character names in order to answer 

CHARM’s “who” questions, and responded with “I don’t know.” when the agent fielded “why” 

questions. A couple of the participants became disappointed and even frustrated when the agent not 

only did not give a direct answer to the student’s question, and instead asked the students to think of 

the answer on their own. This is illustrated in Listing 4. 

 

Listing 4. A disengaged participant responding to the conversational agent’s questions 

Charm:  I think the reason why Bill Byron notice Wanda has something to do with Bill Byron’s 

seat. Can you tell me about Bill Byron’s seat? 

User: what do you think? 

Charm: What do you think? 

User: I am asking you. WHAT DO YOU THINK??? 
 

 

 Another group who showed interest in the reading task was disengaged from the 

conversation. They often terminated the conversation immediately after the agent posed a question, 

as illustrated in Listing 5. These participants enjoy reading during their free time, and felt that it is no 

longer necessary to discuss the story with the agent. The only instance they communicated with the 

agent was to ask for word meanings, e.g., “What is the meaning of Sapolio?”.   

 

Listing 5. A participant terminates the conversation when the agent posed a question 

User: hi. 

Charm:  How come the students did not notice Wanda? What do you think is the reason? 

User: i don’t want to talk anymore 

Charm: I see. I’ll just be here if you need me. 
 

 

 It was also observed that participants who are engaged in the conversation exhibit varying 

behaviors. One participant goes back and forth to the story text in order to copy portions of the 

narrative to answer the agent’s question. Still another was motivated enough to think of the answer 

to the agent’s question on his/her own, as illustrated in Listing 6. 

 

Listing 6. A participant terminates the conversation when the agent posed a question 

User: Why does not Wanda cry if she gets bullied? 

Charm:  Why do you think so? 
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User: Maybe Wanda does not care. 

Charm: I see.  
 

 

 

5. Conclusion and Further Work 
 

Children learn skills and mental processes when they engage in social interactions with peers 

(Vygotsky, 1978). According to Gunning (1996), asking questions taken from past events allow 

students to train their monitoring skills and force them to think of story-related information are 

beneficial to their comprehension. Findings from validating our storytelling peer, CHARM, through 

conversations with children, however, showed mixed results. Interest in the story and engagement in 

the conversation are key factors in determining how a user would respond to the agent.   

Users who were disengaged in the reading task but were interested in conversing with the 

agent were very eager to ask questions and receive answers to their questions. However, since they 

only skimmed the narrative for information to construct questions, they became unmotivated when 

CHARM posed questions. They did not absorb anything from the reading material; thus, they most 

often ended the conversation when presented with a question they could not answer. Users who were 

disengaged in the reading task and disinterested in pursuing conversation became frustrated 

whenever their questions were not answered directly. They expected to receive answers from the 

agent, and so the disappointment they felt from receiving a question for their question festered to 

frustration.  

Users who already enjoy the activity of reading, or users who were engaged in the reading 

task and disinterested in pursuing conversation with the agent, did not converse with the agent much 

because they were absorbing what they were reading. Users who are engaged in the reading task and 

interested in conversing with the agent were encouraged to go back to previous portions of the 

narrative, to read story paragraphs more carefully, to discuss and share their ideas, and to think of the 

answer to their question on their own. Interested and engaged users discussed ideas with the agent 

when asked questions, while uninterested and disengaged users perceived that the conversation with 

the agent was pointless since the agent only asked questions without giving feedback on the 

information they wanted to know. 

Students also benefit when asked to bring their everyday experiences into the task of reading 

to construct their own meaning of the text (Rosenblatt, 1982). Given this, the interaction provided an 

environment for peer reading to flourish through various dialogue moves that lead readers to an 

understanding of the answer. The agent scaffolds the reading task by filling in the readers’ 

knowledge gaps and allowing them to make sense of the meaning of the texts on their own, thus 

showing potential for motivating as well as addressing reading comprehension issues (Murphy et al., 

2009). 

While CHARM currently employs a number of dialogue moves to formulate its response, 

findings show that some participants became “frustrated” at being asked further questions when they 

were already confused. Future studies can explore the use of affective dialogue as a means of 

addressing the negative mood felt by some readers. The study of (Klein et al., 2002) showed that an 

agent's response to the frustrations of users can help mediate some of negative feelings associated 

with interacting with computers by allowing users to manage their own emotional state. 

Some users lost their interest in conversing with the agent due to the agent's inability to 

accept open-ended inputs to “why” questions. Most users tried giving all the answers they could 

think of before eventually giving up. The agent's capability to respond to answers to questions that 

are inferential in nature is vital in maintaining user interest. Currently, CHARM verifies user inputs 

by simply matching these to the assertions in the story world graph. Future studies should look into 

adding an inference engine to enable CHARM to reason over the knowledge found in the graph, 

similar to those reported in ConceptNet (Liu & Singh, 2004) and SUMO (Niles & Pease, 2001). 

Finally, conducting studies on a larger sample size can lead to more conclusive results 

regarding the agent’s ability to perform as a story reading companion. The reading habits of the 

participants and the amount of time each participant spent conversing with the agent can also be used 

for further analysis of the different responses the users have towards a conversational agent that 

scaffolds learning through collaboration. 
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Abstract: This study aimed to examine the effects of prior science knowledge levels and 

computer simulation modes (gesture and button) on the optical learning outcomes of 

students. Fifty-one sixth-grade students were allocated to high-score and low-score groups 

based on their achievements in the natural science course at school. They were randomly 

assigned to the gesture group on a tablet and the button group on a desktop PC. The study 

considered cognitive concepts, learning motivations, and brainwaves (attention and 

relaxation) as dependent variables and prior knowledge levels and computer simulation 

modes as independent variables. The results showed that, irrespective of whether they 

belonged to gesture- or button-based simulation groups, students with different prior levels 

of knowledge showed a significant increase in cognitive concept scores. Gesture-based 

simulations made it easier for the students with high prior levels to relax and improve their 

learning motivation. For students with lower prior levels, gesture-based simulations 

improved attention; however, their learning motivation is not high. The increase in cognitive 

load caused by gesture simulations may have affected the measurement of motivation at the 

end of learning, although students concentrate on learning during the learning process. 

Keywords: computer simulations, prior knowledge levels, brainwave, learning motivation 

1. Introduction

In the process of optical teaching, traditional education has always neglected students’ 

misconceptions, due to which students are frequently unable to connect the concepts taught in class 

with practical applications (Goldberg & Mcdermott, 1987). These misconceptions are based on 

students’ incomplete or incorrect understanding of concepts through daily observations prior to 

scientific study. Since the concept is personal, stubborn, and tough, the misconception is hard to 

change (Pfundt & Duit, 1991). Vosniadou (1994) proposed to create the problem-solving situation 

involving observation, experimentation, and hypothesis in order to correct their original 

misconception. Some studies (Lee, Plass, & Homer, 2006; Rieber, Tzeng, & Tribble, 2004) show 

that learning environments created by computer simulations help students learn complex tasks and 

study phenomena that are difficult to observe and manipulate in real space. Therefore, this study 

used computer simulations to create a scientific situation for students to actively experiment and 

correct their misconceptions. 

Today, due to advanced computer technology, mobile terminals represented by tablet PCs 

are being extensively used. The touch screen, the basic input device for tablets, has intuitiveness and 

convenience. Researches have shown that students find touch screen simulations very attractive and 

immersive (Ardito, Lanzilotti, Costabile, & Desolda, 2013; Furió, González-Gancedo, Juan, Seguí, 

& Rando, 2013; Hung, Kuo, Sun, & Yu, 2014). A study by Furió (2013) showed that students prefer 

using tablet PCs to traditional computers, which means that gesture-based simulation can be more 

motivating for students to learn. In addition, relevant research shows that prior knowledge is an 
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important factor that affects learning effects (Baek et al., 2015; Jie & Hui, 2013; Raghubir, 2010). 

Jie and Hui (2013) conducted an empirical study of 55 sixth-grade students and concluded that prior 

knowledge affects students’ ability to effectively acquire knowledge in game learning. However, 

few studies have explored the impact of these two computer simulations (gesture vs. button) on 

learners with different levels of achievement (high vs. low). This study aims to address this gap and 

used the electroencephalogram (EEG) to observe the changes in students’ attention and relaxation 

values during the learning process by examining cognitive concepts, learning motivations, and 

brainwaves of students with different achievement levels on computer simulations that run on tablets 

and PCs. The following three research questions were examined: 

1. Is there a difference in cognitive concepts among students with different prior knowledge levels 

(high vs. low) through gesture- and button-based simulations? 

2. Is there a difference in learning motivation among students with different prior knowledge 

levels (high vs. low) through gesture- and button-based simulations? 

3. Is there a difference in brainwaves (attention and relaxation) among students with different prior 

knowledge levels (high vs. low) through gesture- and button-based simulations? 

 

 

2. Literature Review 
 

2.1 Computer Simulation 
 

Computer simulation can provide learners with an open, active, and exploratory learning 

environment. Milrad (2002) believed that students can observe, experiment, and interpret or predict 

events in this interactive environment, which results in the constant correction of their original 

misconceptions. Optical knowledge is more abstract for primary students, which easily lead them to 

generate misconceptions. Several studies have shown that computer simulation can help students 

overcome the difficulty of learning physics, improve learning motivation and achieve better 

cognitive performance (Chang, Peng, & Chao, 2010; Nugraha, Kirana, Kaniawati, & Rusdiana, 

2016). With pretest–posttest design, Nugraha (2016) found that compared with traditional teaching 

methods (teacher centered), students can better understand physical concepts through simulation. In 

addition, learning motivation can be improved through computer simulation (Chang, Peng, & Chao, 

2010; Koh et al., 2010). Using the data of 114 students studying simulation systems, Koh (2010) 

discovered that computer simulations enabled students to feel mental satisfaction, as well as 

improving intrinsic motivation. Furió (2013) has shown that tablets based on the touch gesture can 

stimulate students’ learning motivation compared to button-based learning in desktop PCs, through 

84 students (8–10 years old) studying in iPhone game. Therefore, in this study, computer simulation 

was applied in optical teaching to correct their misconceptions, improve cognitive concepts, and 

learning motivation.  

The use and effects of computer simulation are influenced by the student’s prior level. 

Among 72 fifth-grade students, Hung (2014) found that students with high prior levels profit more 

easily in high-interactive simulations, whereas those with low prior levels are more efficient in low-

interactive simulations. The simulation effect can be measured using brainwaves, as well. Derbali 

(2010) used 33 subjects in serious game simulation and examined it using brainwaves. However, 

only a few studies have examined the effects of prior levels of students on simulations in optical 

learning, which is further examined by this study through brain waves. 

 

2.2 Prior Knowledge 
 

Prior knowledge refers to an individual’s existing knowledge reserve before learning, which affects 

students’ learning outcomes (Baek et al., 2015; Raghubir, 2010). By studying a total of 140 students, 

Baek (2015) determined the impact of prior knowledge and learning motivation on students’ 

achievement. Attention is also related to prior knowledge. An eye tracking study showed that prior 

knowledge affects the learning category of students and that attention affects the optimal integration 

of prior knowledge, thus affecting learning outcomes (Kim & Rehder, 2011). Therefore, in this study, 

the effects of prior knowledge on learning achievement, learning motivation and brainware 

(attention and relaxation) were explored. 
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2.3 Learning Motivation 
 

Learning motivation is a complex psychological process that can drive students to learn actively. 

Students with high motivation showed a strong curiosity or interest in learning (Moè, 2015), which 

directly affected their learning effects. A study by Gomez (2010) that involved 73 students found 

that highly motivated students enjoyed the learning process more and achieved better learning 

outcomes than students with lower motivation. Learning attitude can be reflected by the scale, but 

Derbali (2010) believed that brainwaves are also a valid and objective index for measuring it. 

Therefore, in this study, objective biological signals and scales were used to measure the state of a 

student’s learning process and changes in his or her attitude after participating in the study 

Learning motivation is affected by complex factors. From a study involving 182 students, 

Yusri et al. (2012) concluded that students with high levels have higher motivations in language 

learning than those with low levels. Furthermore, computer simulation can influence students’ 

learning motivation (Chang, Peng, & Chao, 2010; Koh et al., 2010), and gesture simulation (on tablet) 

greatly improves learning motivation compared to button simulation (on desktop PC) (Furió, 2013). 

However, studies that examine the combined effects of prior knowledge levels and simulation 

models on learning motivation are lacking, which is the research gap addressed by this study. 

 

2.4 Brainwave 
 

A brainwave is a bioelectric signal generated by the brain. By collecting and analyzing brainwaves, 

one can understand a person’s learning state and improve the learning process. Attention and 

relaxation are the comprehensive manifestations of brainwaves. Attention reflects the degree of 

concentration, whereas relaxation refers to the relaxed state of the mind.  

At present, due to its rapid development, brainwave technology is extensively used in 

education research. The study by Derbali (2010) shows that the brainwave is associated with 

increased motivation. Computer, especially gesture simulations can greatly enhance students’ 

motivation for learning (Chang et al., 2010; Koh et al., 2010; Furió, 2013). Hence, it can be inferred 

that computer simulation has a significant impact on brainwaves. Moreover, since brainwaves have 

complex and variable characteristics, they vary greatly from person to person. However, previous 

studies on brainwaves do not examine the prior levels of individuals. Hence, this study observes 

changes in the attention and relaxation values of students and examines the effects of prior levels 

and simulation models on brainwave values. 

 

 

3. Material and Methods 
 

3.1 Computer Simulation System 
 

 
Figure 1. Control group page: button-based computer simulation for learning light reflection 
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Figure 2. Test group page: simulation-based computer simulation for learning light reflection 

 

This study used HTML5, PHP, and MYSQL to develop a computer simulation system, including 

online theoretical learning, experimental simulation, and evaluation functions, as well as real-time 

recording of students’ learning behavior. Since the concepts that must be mastered by primary school 

students are reflection and refraction propagation of light and the path of light through a plane mirror 

or a convex lens, this system includes three optical parts, which are light reflection and refraction, 

plane mirror, and convex lens with a maximum of 4, 2, and 4 points, respectively. Students in the 

control group (Figure 1) adjusted the angle of reflected light by clicking the blue icon on computer, 

whereas those in the experimental group simulated the path of reflected light through touch gestures 

on a tablet PC (Figure 2). 

 

3.2 Participants 
 

In this study, the participants were 51 sixth-grade students (24 male and 27 female students) from 

two primary schools. According to the test on previous optical knowledge, participants were divided 

into high group of prior knowledge (HPK) and low group of prior knowledge (LPK) and, 

subsequently, distributed into two experimental programs randomly: a test group based on gesture 

simulations (TG) and a control group based on button simulations (CG). The final numbers for each 

group were TG-HPK:13, CG-HPK:13, TG-LPK:13, and CG-LPK:12. From each of the four groups, 

one student was randomly selected to wear an EEG to observe the changes in brainwave values 

during learning. With respect to the cognitive concept scores and learning motivation pretests, the 

two high groups did not show any difference (t = .44, p > .05; t = .81, p > .05), and no significant 

difference was observed between the two low groups (t = .82, p > .05; t = -.58, p > .05). 

 

3.3 Procedure 
 

 
Figure 3. Experimental procedure 
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As shown in Figure 3, prior to conducting the study, students attended a 15-minute explanation of 

the game rules, including instructions regarding the system and studying on the tablet PC or desktop 

PC. Four of them wore an EEG. Then, participants attended an optical concept test and answered a 

motivation questionnaire for 50 minutes. Subsequently, they spent 60 minutes on optical learning. 

Finally, they attended a 50-minute learning motivation questionnaire and a cognitive concept 

posttest. 

 

3.4 Research Tools 
 

3.4.1 Electroencephalograph(EEG) 
 

The EEG used in this experiment was Mindwave Mobile manufactured by Neurosky, which has 

three main advantages: low cost, light weight, and convenience. Yasui (2009) pointed out that this 

device can obtain highly sensitive brain signals and is not obstructed by other noises in the brain. 

The data acquisition software (EmotivPro License) was used to monitor and acquire the brainwave 

data of the participants in real time, and the psychological state of the subjects was quantified as 

attention and relaxation. The parameter values were between 0 and 100 (“40–60” for “normal range,” 

“<40” for “low zone,” and “>60” for “high zone”).  

  

3.4.2 Cognitive Concept Test in Optics 
 

The cognitive concept test (Cronbach’s alpha = .80) comprised 21 basic questions to assess students’ 

knowledge of optical concepts (e.g., “A painting is hung in the classroom. When we stand in a 

classroom that is completely dark, can we see this picture? (a) visible, (b) a blurred picture can be 

seen, (c) a small part of the picture can be seen, (d) completely invisible”). This test, which was 

developed by university researchers and primary school science teachers, included 21 questions, 

with a total of 41 points. 

 

3.4.3 Questionnaire on Learning Motivation 
 

According to the Motivated Strategies for Learning Questionnaire (Pintrich et al., 1991), the learning 

motivation test (Cronbach’s alpha = .90) comprised 18 item questionnaires. For example, “the most 

important thing is to improve my grade; hence, I am very concerned about getting good grades.” 

Participants were required to answer the degree of agreement or disagreement to assess their learning 

motivations (1, strongly disagree and 6, strongly agree). 

 

3.5 Data Analysis 
 

We used two-way analysis of variance (ANOVA) to test the effects of prior levels and simulation 

modes on students’ understanding of cognitive concepts and learning motivation. Subsequently, a 

paired sample t test was performed on the cognitive concept. In addition, the brain wave data of the 

four students were collected, and a line chart was drawn to facilitate the visual observation of 

changes in brain waves. Then, the averages of the attention and relaxation of the four students in the 

process of learning the three optical parts were calculated along with their respective scoring rates. 

 

 

4. Results 
 

To test the influence of prior level and simulation modes on students’ cognitive concepts and 

learning motivation, we performed two-way analysis of variance (ANOVA). Prior levels and 

computer simulation were fixed factors. Table 1 depicts the descriptive statistics of the two fixed 

factors in each group. 
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Table 1 

Mean and Standard Deviation for Cognitive Concepts and Learning Motivation  

 HPK group  LPK group 

N M SD  N M SD 

Cognitive concept        

TG 13 15.46  3.73   13 12.92  3.40  

CG 13 12.38  3.91   12 12.75  4.71  

Motivation         

TG 13 4.85  0.41   13 4.18  0.60  

CG 13 4.27  1.25   12 4.67  0.72  
Note: TG, test group; CG, control group; HPK, high group of prior levels; LPK, low group of prior levels  

 

4.1 Cognitive Concept 
 

By using two-way ANOVA to analyze cognitive concepts, the Levene’s test indicated the 

homogeneity of variance (F = .60, p = .620 > .05), the results demonstrated that the high and low 

score groups did not show remarkable difference (F(1,47) = .96, MS = 15.034, p = .331 > .05, η2 

= .020), and there was no significant difference between the two computer simulations (F(1,47) = 

2.16, MS = 33.628, p = .149 > .05, η2 = .044). No interaction effects were found between high-low 

groups and the simulation modes (F(1,47) = 1.72, MS = 26.846, p = .196 > .05, η2 = .035). 

Subsequently, the paired sample t-test on cognitive concepts showed a statistically significant 

difference between pretest and posttest among students in the high group (t = -7.29, p < .001) and 

among those in the low group (t =  -6.20, p < .001). 

 

4.2 Learning Motivation 
 

By using two-way ANOVA to analyze learning motivation, the Levene’s test indicated the 

homogeneity of variance (F = 2.33, p = .086 > .05), the results demonstrated that high-low score 

groups did not show remarkable difference (F(1,47) = .35, MS = .226, p = .560 > .05, η2 = .007), 

and there was no significant difference between the two computer simulations (F(1,47) = .03, MS 

= .021, p = .858 > .05, η2 = .001). An interaction effect between high-low groups and simulation 

modes was observed (F(1,47) = 5.55, MS = 3.625, p = .023 < .05, η2 = .106). High achievers 

demonstrated higher learning motivation scores in the test group (M = 4.85, SD = .41) than in the 

control group (M = 4.27, SD = 1.25). In contrast, low achievers presented lower learning motivation 

scores in the test group (M = 4.18, SD = .60) than in the control group (M = 4.67, SD = .72). 

 

4.3 Attention and Relaxation 
 

Figures 4 and 5 depict the changes in the attention and relaxation values, respectively, of four 

students during the learning process. The blue, green, gray, and yellow lines represent TG-HPK, 

TG-LPK, CG-HPK, and CG-LPK, respectively. Figure 4 indicates that the overall low group 

attention (LPK) was higher, especially for the second student (TG-LPK), which was significantly 

improved in the process of gesture-based simulation. It is noted that high group students (HPK) had 

low attention. The attention of the first student (TG-HPK) increased during the process of gesture-

based simulation. The attention of the third student from the button-based simulation group 

decreased slightly. It indicates that learning attention is affected by both computer simulation and 

prior level. As shown in Figure 5, low group students (LPK) remained in a state of relaxation, with 

little fluctuation. The first student (TG-HPK) showed more relaxation in learning. The third student’s 

relaxation (CG-HPK) was slightly lower than that of other students. This observation implies that 

computer simulations can be conducive to relaxation. Through different simulation models, 

brainwave maps show that students with different prior levels have greater differences in attention 

and relaxation. 
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Figure 4. Fluctuations in attention over time. 

 

 

 
Figure 5. Fluctuations in relaxation over time 

 

 
Table 2 

The results of brain wave index and scores (accuracy) 

 Optical refraction 

 & reflection 

Plane mirror Convex lens Average 

(4 students) 

Gesture-based simulations(high level)  

attention 33.80 30.61 45.39 36.60  

relaxation 76.39 46.46 55.74 59.53  

score(accuracy) 4 (100%) 2 (100%) 4 (100%) 10 (100%) 

Gesture-based simulations(low level)  

attention 56.94 50.11 61.26 56.10  

relaxation 53.51 47.68 57.31 52.83  

score(accuracy) 3 ( 75%) 2 (100%) 4 (100%) 9 ( 90%) 

Button-based simulations(high level)  

attention 46.39 53.11 42.66 47.39  

relaxation 57.73 56.43 42.70 52.29  

score(accuracy) 4 (100%) 2 (100%) 3 ( 75%)  9 ( 90%) 

Button-based simulations(low level)  

attention 39.12 32.29 46.97 39.46  

relaxation 53.18 56.29 57.53 55.67  

score(accuracy) 2 ( 50%) 1 ( 50%) 0 ( 0%) 3 ( 30%) 

Average values of three sections  

attention 44.06  41.53  49.07  

relaxation 60.20 51.71  53.32   

score(accuracy) 13 ( 81%) 7 ( 88 %) 11 ( 69%)  

 

Table 2 depicts the brainwave index and game scores (accuracy) of the three optical sections. 

First, in terms of the three optical parts, students had the highest relaxation values for the refraction 

and reflection of light, and the accuracy was relatively high, as well. While learning convex lenses, 

although the attention of students was high, accuracy was relatively low. This was probably because 

the concepts of refraction and reflection of light are relatively more easily understood and that of 

convex lens is relatively less easily understood by primary students. In addition, high-group students 

had higher attention values (M=53.33) in this part of the study than low-group students (M=44.82), 

and their accuracy rate was higher than that of low-group students. This shows that prior knowledge 

does have a certain degree of impact on the learning category of students. However, the attention 

value is affected by factors such as difficulty in learning content. Second, the first student (TG-HPK) 

with a very relaxed state showed low attention, but high accuracy (100%). The second student (TG-

LPK) whose accuracy in the game was 90% had the highest attention, but only moderate relaxation. 
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The third student (CG-HPK) had a moderate degree of attention and relaxation, with 90% accuracy. 

The fourth student (CG-LPK) had a low attention and a relaxed state, with a game accuracy of 30%. 

This indicated that students with high prior levels are more relaxed during the learning process based 

on gesture simulations compared to that based on button simulations, and the final game score is 

relatively high. For students with low prior levels, it is easier to improve their attention during the 

learning process by gesture-based simulations. 

 

 

5. Discussion and Conclusions 
 

This study examined the influence of students’ prior knowledge levels and simulation modes on 

their cognitive concepts, learning motivation, and brainwave values. Our results imply the following: 

First, the two-way ANOVA showed that computer simulation modes and prior levels had 

little influence on the cognitive concept. However, t-test showed that computer simulations could 

significantly improve the optical cognition concept of students, regardless of their prior levels. This 

is consistent with previous research findings, which revealed that computer simulations can promote 

students’ scientific concepts (Chang et al., 2010; Nugraha, Kirana, Kaniawati, & Rusdiana, 2016). 

By using the computer simulation, students can intuitively learn about and manipulate optical 

phenomena; this is impossible for traditional education, and students can thus constantly correct 

their original misconceptions engaging with the simulation. Therefore, we recommend that computer 

simulations should be used in optical learning, thus making full use of the active and exploratory 

learning environment that a computer can provide to help students overcome misconceptions and 

gain a better understanding of cognitive concepts.  

Second, experimental results reveal that learning motivation is highly influenced by factors 

such as prior level and simulation mode. This verifies that computer simulations based on gestures 

can improve students’ learning motivation (Furió et al., 2013) and enables the examination of 

differences in learning motivation between students with different prior levels. The two-way 

ANOVA showed that students with high prior levels were more motivated to learn based on gesture 

simulations than button simulations, whereas students with low prior levels were less motivated to 

learn based on gesture simulations than button simulations. The reason for this may be that gesture-

based simulations are more intuitive and closer to life than button simulations. Gesture operations 

can help students recall life experiences and make it easier to combine new knowledge with old 

experiences, thus improving their thinking skills. Students with higher achievement levels may have 

high-order thinking skills and may thus be able to use these gestures more accurately to understand 

optical concepts. Therefore, they can enjoy this intuitive learning method and gain higher learning 

motivation. Students with lower achievement levels may have low-order thinking skills and prefer 

to use traditional learning methods. In gesture-based simulations, their preferred learning methods 

may lead to incompatibility, thus increasing their additional cognitive load and reducing their 

learning motivation. Therefore, when teachers use gesture simulations for teaching, they should pay 

more attention to students with lower achievement levels. On the one hand, teachers can give 

students sufficient time to adapt to such teaching methods during formal classes. However, when 

students encounter difficulties in simulation learning, the computer simulation system can provide 

scaffolding for students in a timely manner, thereby reducing students’ frustration regarding learning 

and increasing their learning motivation. 

Third, the brainwave map reflected the changes in the attention and relaxation of four 

students during the experiment. The results showed that students with different prior levels show 

large differences in their attention and relaxation. Students with high achievement are more likely 

to be relaxed and obtain better game scores based on gesture simulations. Students with low 

achievement find it easier to improve attention based on gesture simulations, and attention is crucial 

to the improvement of game scores. Therefore, it is recommended that teachers should pay attention 

to individual differences in the teaching process. Moreover, in terms of learning content, the optical 

part of the convex lens is more difficult to understand for primary students, and students have higher 

attention values when they study this part of the content. The high-group students have higher 

attention values in this part of the content regarding convex lenses than the low-group students; this 

is consistent with previous research that prior knowledge has a certain degree of impact on the 

individual learning category that each student is concerned with (Kim & Rehder, 2011). Therefore, 
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it is recommended that teachers should identify the convex lens section of the learning content as a 

difficult point for teaching. Furthermore, computer simulations should exhibit more intelligent 

functionalities, such as the functionality to choose appropriate scaffolding and learning resources 

for students with different prior levels in a timely manner; this will help to achieve better learning 

results. 

Finally, the number of students wearing EEG in this study was small; therefore, the 

brainwave data may not be sufficiently comprehensive. Meanwhile, the brainwave threshold was set 

to specific values without considering the differences between individuals. Furthermore, since this 

study does not consider the long-term effects of computer simulation, future research should include 

these aspects to generate more comprehensive findings. 
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Abstract: This study aimed to explore the effectiveness of computer simulations in learning 

optical imaging concepts and mainly studied the effects of different interfaces on conceptual 

learning and students’ learning motivation. Forty primary students, who were randomly 

assigned tablet PCs (gesture-based group) and desktop PCs (button-based group) for learning, 

participated in this study. The research showed that the use of gesture-based computer 

simulations was more effective than button-based computer simulations in providing perceptual 

experiences and helping elementary students understand the principles of optical imaging. In 

addition, compared with desktop PCs, students exhibited higher learning motivation while using 

tablet PCs. 

Keywords: computer simulations, learning optical imaging, motivation 

1. Introduction

Learning optics is often considered by teachers and students to be a difficult pursuit. Students make 

spontaneous efforts to understand the world around them, construct their own interpretations of optical 

phenomena, and then bring this informal knowledge to classroom. Hence, a lot of knowledge naturally 

forms before any formal learning takes place. Students believe that intuitive knowledge is correct, even 

if it is inconsistent with scientific knowledge. According to many studies on optics, students’ prior 

knowledge about optics was usually inconsistent with scientific knowledge (Igal Galili & Amnon Hazan, 

2000). Posner et al. (1982) found that students regard their own intuitive knowledge as more reasonable 

and meaningful than the scientific knowledge they are exposed to in class. Traditional teaching may not 

be effective enough to change the innocent minds of students. In order to address this problem, computer 

simulations are widely used in science classes. De Jong and van Joolingen (1998) defined computer 

simulation as “a program that contains a model of a system (natural or artificial; e.g., equipment) or a 

process.” Their application in science classrooms has the potential to yield higher learning outcomes in 

unprecedented ways (Akpan, 2001). Furthermore, interaction with the environment through hands-on 

operation can facilitate the development of conceptual understanding (Lindgren, 2015). However, few 

articles have examined the impact of computer simulations on optical imaging learning in primary 

schools. Therefore, this study aims to explore the effectiveness of computer simulations, based on 

different interactive interfaces, on students’ learning motivation and learning outcomes and provide 

empirical evidence to support the application of computer simulations in science education. 

2. Literature review

2.1 Computer simulations and science learning 

With the increasing popularity of computers and mobile devices and the wide application of computer 

simulations in various scientific disciplines, simulations have become an integral part of many science 

courses (Rutten et al., 2012). Computer simulations appeal to students in interesting ways, so they are 
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willing to spend the necessary time and energy to experience a concept and acquire a new understanding 

of it (Richards, Barowy, & Levin, 1992). These simulations are based on scientific models and 

combined with practical activities; moreover, they provide students with a series of experiences that 

challenge the way they think about the world, thus enabling students to create simulations based on 

their own interpretation of various phenomena and test them. Simulations have been successfully 

applied in science classes to help students understand abstract concepts (Chiu et al., 2015). Chiu et al. 

(2015) conducted a study on the effectiveness of using augmented virtual science laboratories to 

enhance the understanding of gas properties among middle school students. The results demonstrated 

that augmented virtual science laboratories could enable students to acquire molecular level knowledge 

and alter their previous ideas. Richards et al. (1992) described a science teaching software based on 

constructivist learning epistemology, and found that the use of simulation and practice activities can 

enhance students’ ability to actively participate in learning. Jong et al. (1998) reported that computer 

simulations facilitated students’ scientific discoveries and their learning in conceptual domains. 
Introducing additional support tools into teaching is an effective way to accomplish certain behaviors, 

and it can also be used to reduce cognitive load. It enabled students to study in a relaxed and pleasant 

environment. 

Some studies have found that tablet-based simulations can promote scientific learning more 

effectively. The rapid development of interactive technology has made touchscreens as common as 

mouse and keyboard input devices (Romeo et al., 2003) since they allow people to interact with 

computers through gestures. Schneps et al. (2014) mentioned that on touchscreens, you can zoom using 

pinching gestures, which naturally combines zooming and scrolling, making the interface particularly 

suitable for zooming simulated concepts. Researchers have found that even a brief lesson based on a 

scaled simulation of the solar system can improve students’ understanding of the solar system and more 

successfully address students’ misconceptions (Schneps et al., 2014). Lindgren (2016) also reported that 

implementing concepts and experiencing critical thoughts in physics through the activities that engage 

the entire body would bring significant learning gains, higher participation, and a more positive attitude 

toward science. In recent years, several studies have compared computer simulation to conventional 

instruction; however, little research has focused on comparing the effects of different interactive 

interfaces on students’ science learning. Thus, the study aimed to explore the effects of different 

simulation interfaces on students’ learning motivation and learning outcomes in learning optical 

imaging. 

 

2.2 Learning motivation and science learning 

 
Learning and motivation are very complex aspects of human behavior. Kukkonen et al. (2013) defined 

motivation as an individual’s external behavior and internal learning motivation. Cindy & Douglas 

(2000) argued that motivation is necessary for long-term, effective, and meaningful learning. The 

relationship between students’ learning motivation and learning outcomes has always been the focus of 

educational researchers. Motivation is strongly related to students’ learning behavior and learning 

outcomes (Schunk, Meece, & Pintrich, 2013). Ying et al. (2008) also reported that learning motivation 

has a positive predictive effect on learning outcomes. Wu and Tai (2016) found, through an experiment, 

that there are significant relationships between students’ motivation and learning outcomes. 

In recent years, computer simulation has been widely used to improve students’ learning 

motivation and learning outcomes. Yusrizal and Khairul (2017) studied students learning physics 

through computer simulations; their results revealed that the application of computer simulation in 

teaching can improve students’ learning motivation. However, little research has been conducted on the 

application of computer simulations to improve students’ learning motivation and learning outcomes in 

primary school science courses. Therefore, this study aims to explore the effects of different simulation 

interfaces on students’ learning motivation and learning outcomes. 

 

 

3. Materials and Method 

 

3.1 Computer simulation design 
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This research considered how different interaction interfaces may affect students’ learning and 

motivation. By using the Apache server, the PHP language design, and the MySQL database, online 

digital optical imaging learning materials were developed. It can work on computers and mobile 

terminals (intelligent tablets), and its functions include providing simulated interaction, online testing, 

and automatic recording of the students’ behavior, which is stored in a database. The learning materials 

mainly cover the following learning points: light refraction and reflection, plane mirror imaging 

principle, and convex lens imaging principle. Learners can manipulate objects with a mouse or hand 

gesture to discover how optical imaging works. In Figure 1, students zoom in, zoom out and rotate the 

small turtle using a mouse. In Figure 2, students control the turtle through a touchscreen.  

 

3.2 Participants 

 
Forty sixth-grade students (27 females and 13 males between the ages of 11 and 12) from central China 

participated in this study. The research objects were selected through convenient sampling and none of 

the students had studied optics before our interventions.  

 

3.3 Procedures 
 

Prior to the experiment, a pre-test on optical imaging concepts and students’ motivation (60 minutes in 

duration) was conducted in the classroom. According to the pre-test results, 20 students were randomly 

assigned to the group using tablet computers (gesture-based group), and the remaining 20 students were 

assigned to the group using desktop computers (button-based group). Both groups showed equivalent 

prior knowledge in optical imaging and topics related to this study. To avoid the influence of different 

teachers on experimental results, all students operated interactive simulation learning materials under 

the guidance of the same teacher. Each group took about 30 to 40 minutes to learn optical imaging 

through different devices. After the learning activity, all 40 students spent 40 to 60 minutes completing 

the post-test (designed to test their optical imaging concepts learning) and the second questionnaire 

(designed to assess their motivation for science). 

 

 

 
 

Figure 1. The material of button-based computer simulations for learning plane mirror imaging 
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Figure 2. The material of gesture-based computer simulations for learning plane mirror imaging 

 

3.4 Optical imaging concept test 
 

The optical imaging concepts test consisted of 40 single choice questions (e.g., “According to the law 

of reflection of light, which of the following illustrations is correct? What is the reason for choosing 

this answer?”), with one point given for each correct answer. This mainly tested the effects of computer 

simulations on students’ knowledge of optical imaging concepts. Seven experts, including science 

teachers and researchers, developed the test. The Cronbach’s α was 0.816, thus the Optical imaging 

concepts test had good reliability. 

 

3.5 Learning motivation 
 

“Motivated Strategies for Learning Questionnaire,” developed by P.R. Pintrich (1991), was adapted for 

the motivation questionnaire. It was combined with Likert scale, ranging from 1 (strongly disagree) to 

6 (strongly agree). It consisted of 18 items in five dimensions: intrinsic motivation, extrinsic motivation, 

interest, self-efficacy, and expectation. The Cronbach’s α was 0.903. 

 

 

4. Results 
 

4.1 Analysis of the optical imaging concept test 

 
The paired sample t-test examined the students who studied on tablet computers (T[20]= -7.716, 

p<0.001) or desktop computers (T[20]=-5.004, p<0.001); they made statistically significant progress 

from pre-test to post-test. One-way ANCOVA was employed to examine the effects of two different 

interactive interfaces on the optical imaging concepts test. Students’ pre-test scores were used as 

covariates, the post-test results were the dependent variables, and the two different interactive interfaces 

were the control variables. Regression coefficients showed that there was no significant interaction 

between the pre-test scores and post-test results (F [1, 40]= 1.449, p = 0.248 > 0.05, partial η2= 

0.073).The Levene’s test results were not significant (F [1, 40] = 0.743, p= 0.394>0.05), showing that 

the homogeneity of variance hypothesis was established, and ANCOVA can be used to confirm the 

differences between two groups in the optical imaging concepts test after intervention. As shown in 

Table 1, the ANCOVA results showed that the change in interactive interface has no significant 

influence on the performance of post-optical concepts test (F[1,40]=2.615, p= 0.114>0.05, partial 

η2= .066). Furthermore, students’ post-test scores were 14.90 and 12.75 for the experimental and 
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control groups, respectively. The post-test results revealed that the students in the experimental group 

had higher achievements than the students in the control group. 

 

Table 1 

ANCOVA results of the optical imaging concept test 

Group N M  SD F 

Experimental group    20 14.90 3.782 2.615 

Control group  20 12.75 4.435  

 

4.2 Analysis of students’ motivation 

 

The paired sample t-test revealed that students’ motivation improved from pre- to post-test both in the 

gesture-based group (T[20] =-0.711, p>0.001) as well as in the button-based group (T[20] =-0.292, 

p>0.001). The one-way ANCOVA was employed to examine the effects of two different interactive 

interfaces on students’ motivation. Students’ pre-test scores for optical imaging concepts were used as 

covariates, the post-test results in motivation were the dependent variables, and the two different 

interactive interfaces were the control variables. Regression coefficients showed that there was no 

significant interaction between covariates and independent variables (F [1, 40] =.174, p= 0.841>0.05, 

partial η2= 0.009). The Levene’s test results were not significant (F [1, 40] = 1.520, p= 0.225>0.05), 

showing that the homogeneity of variance hypothesis was established and that ANCOVA could be used 

to confirm the differences between the students’ motivation in the two groups after intervention. As 

shown in Table 2, the ANCOVA results showed that interactive interface has no significant effect on 

students’ motivation (F [1, 40] =0.308, p= 0.582>0.05, partial η2= 0.008). Furthermore, it was found 

that students in the experimental group (M=81.65, SD=13.507) had higher motivation than those in the 

control group (M=78.65, SD=20.21).  

 

Table 2 

ANCOVA results of student's motivation 

Group N M  SD F 

Experimental group    20 81.65 13.507 0.308 

Control group  20 78.65 20.21  

 

 

5. Discussion 
 

The study focused on desktop and tablet-based simulations that can be operated with a mouse, keyboard, 

and gestures. The researchers found that optical imaging concepts post-test scores for all students, 

whether they were in the gesture-based group or the button-based group, had significantly improved. 

The results provided us with empirical evidence to support the application of computer simulation in 

science teaching and learning. In addition, the study revealed that computer simulations had positive 

effects on students’ motivation. In addition, the ANCOVA results indicated that different interactive 

interfaces had similar effects on students’ conceptual understanding and motivation. A possible reason 

for this is that both gesture-based simulations and button-based simulations may contribute equally to 

conceptual understanding and motivation. Another reason is that the two systems are very similar, and 

only the interaction interface is different. Thus, none of them introduced new and helpful features. 

However, the post hoc demonstrated that gesture-based simulations are superior to button-based 

simulations in facilitating students’ learning and increasing students’ motivation. In other words, 

students in the experimental group obtained higher learning outcomes and motivation than those in the 

control group. This implies that the gesture-based computer simulations may be more effective than the 

button-based computer simulations in providing perceptual experiences and helping elementary 

students learn optical imaging concepts. For students, learning on a tablet is more fun than on a computer. 

The results are consistent with previous findings, which showed that students using haptic augmented 

simulations to learn scientific concepts could achieve higher learning outcomes than those using 

equivalent non-haptic simulations (Han & Black, 2011); furthermore, they provide empirical evidence 
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for both groups’ basic understanding of concepts, which can serve as a cognitive basis for understanding 

their conceptual level (Barsalou, 2007). 

 

 

6. Conclusion 
 

This study examined the effects of computer simulations on students’ science learning and motivation, 

and whether different interactive interfaces have different effects on students’ conceptual understanding 

and motivation. The data indicated that the students who learned using tablet PCs achieved better 

performance in optical imaging concepts test than those who learned using desktop PCs; however, both 

types of simulations helped students acquire a conceptual understanding. The study suggested that 

gesture-based simulations could be more effective in helping students learn optical imaging concepts 

than button-based simulations, and could potentially be used in future science courses. Furthermore, the 

students in the gesture-based group had higher motivation than the students in the button-based group. 

This finding implies that there is a positive correlation between students’ motivation and achievement 

and that motivation can be used as a predictor of students’ conceptual understanding. Future researchers 

may be able to improve students’ final grades by improving their motivation to learn using digital 

materials. 

Until now, the research on computer simulations has mainly compared it with traditional 

teaching, without considering the effects of different interactive interfaces. In other words, instead of 

comparing different kinds of simulations, scholars studied the effects of computer simulations as a 

supplement to or substitute for traditional teaching (Rutten et al., 2012). Our research has compared the 

effects of gesture-based simulations and button-based simulations on students’ science learning. 

Therefore, this study breaks through the limitations of previous studies on computer simulations, and 

offers a new way to understand why and how students obtain better understanding of optical imaging 

while also taking motivation into consideration. For this study, the post-test was launched immediately 

after intervention, so the long-term effects of computer simulations could not be measured. In future 

studies, researchers should try to measure the long-term effects of computer simulations. 
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Abstract: The purpose of this research focuses on the learning and teaching effectiveness by 

using web-based instant response system in courses for pre-service teachers. This study presents 

outcomes of research that examined students’ experience using an instant response system, 

ZUVIO, in a couples of pre-service teacher courses at a university in northern Taiwan. We 

conducted semi-structured interviews with students to learn about the extent to which ZUVIO 

influence classroom dynamics, instruction quality and students’ learning process and 

performance. Key findings revealed that ZUVIO enriched the quality of teaching and learning 

in the classroom, with the highest influence reported on all types of assessment, including live 

and formative assessment, ongoing assessment, and self-assessment, as well as improved 

learning experience in content delivery, interaction, engagement and motivation. Our findings 

also suggest that the use of web-based IRS in the classroom is likely to minimize distractions, 

thereby improving the quality of teaching and learning beyond what is provided in conventional 

classrooms. Other factors that contributed to students’ enhanced learning included the creation 

and integration of appropriate content in ZUVIO, providing students with timely feedback, and 

game-play strategies. 

Keywords: Instant Response System, ZUVIO, Motivation, Interaction. 

1. Introduction

Technology is being increasingly integrated into teaching environments in view of enhancing students’ 

engagement and motivation. In particular, instant response systems (IRSs) have been found to foster 

students’ engagement, enhance classroom dynamics and improve overall students’ learning experience. 

With the development of modern technologies, multimedia has been widely used in the teaching field, 

exerting a great influence on classroom teaching (Ding & Li, 2011; Neo & Neo, 2004). The learning 

styles have become more diverse to enhance both self-study and collaborative learning environment 

(Palloff & Pratt, 2005). Nowadays, learners become more active when they use digital devices in the 

classroom, and the classroom also becomes more interactive because of the online instructions 

(Gilakjani, Ismail & Ahmadi, 2011).   

Therefore, this study aimed to explore the use of online IRS, ZUVIO, to examine students’ 

learning experience and teaching quality. The study lasting for one semester (18 weeks) was conducted 

in a University located in northern Taiwan. Three courses were chosen as the sample.  

To understand the effectiveness of online IRS in the pre-service teacher training courses, the 

following research questions were proposed:  

1. Can instant response system, ZUVIO, improve students’ learning experience?

2. Can ZUVIO promote the quality of instruction?

2. Literature Review

2.1 ZUVIO 
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ZUVIO is an online teaching and learning platform designed by Xue-Yue Technology in 2013. It aims 

to improve teaching quality, increase students’ learning motivation, and use digital educational system 

(Yan, 2018). Figure 1 shows the interface of ZUVIO platform. The features of ZUVIO are summarized 

as follows (ZUVIO, 2013): 

1. Course and account management system: Teachers can offer different courses each 

semester and manage the enrollment of each course. 

2. Multimedia question system: Teachers can develop multiple choices, open-ended 

questions, or group questions. In addition, figures can be included in the questions. 

Moreover, teachers can decide whether the individual student or the group should 

answer the questions. Students, could use digital devices, like smartphones, tablets, 

or computers, to answer questions immediately.  

3. Peer assessment system: Teachers can create groups and students can conduct peer 

assessment. Meanwhile, grading rubrics and weighting can be set in the system. 

Besides, teachers can choose whether the students have to give comments. During 

the peer assessment, the system will update scores and rankings among individuals 

or groups. 

4. Grading system: Teachers can observe the dynamic answer process, and receive 

the detailed data and figures. Students, on the other hand, can read the previous 

answering records to review the course. 

 

2.2 Instant Response Instruction 
 

The terms instant response system, classroom response system, classroom communication system, 

wireless response system, and interactive response system are used interchangeably. The term refers to 

a software/hardware system that allows instructors to easily get instant feedback from their students, 

using remote control devices and a portable receiver. The most common use instructions are as follows: 

1. Assessing student comprehension: Accurately assessing student comprehension of 

material in the classroom has always been a challenge for educators. Methods historically 

used by instructors have included calling on a broad range of students to answer questions, 

having the entire class answer questions through visible means, or using volunteers. 

Although these methods have merit in moving toward a more active classroom learning 

environment, they all fail to truly give the instructor an accurate picture of how well or 

how poorly all students have grasped recently taught concepts.” (Czekanski & Roux, 

2008). 

2. Voting to engage students in knowledge construction: Typically, a lecturer may ask 

students to vote in order to engage them later in discussion. “We advocate a model of 

CRS-based teaching that we call "question-driven instruction." In this model, posing 

questions via CRS does more than augment traditional instruction: it forms the very core of 

the instructional dynamic. Our primary in-class goal is not to lecture or present 

information. Rather, we seek to help students explore, organize, integrate, and extend their 

knowledge. Students receive their primary exposure to new material from textbooks, 

multimedia, and other out-of-class resources.” (Beatty et al., 2006). 

3. Data gathering: Lecturers can ask to students to fill in short questionnaires or just a single 

multiple choice question in order to create real data to process in order to illustrate a 

method or a theory. 
 

 

3. Research Design 
 

3.1 Participants   
 

The participants, instruments, and procedure of the study are introduced in this section. Three 

pre-service teacher training core courses participated in this study lasting a semester for 18 weeks. In 

total, 206 Taiwanese college students are pre-service teachers from 3 core courses in the Department of 
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Education. Five students were randomly selected from each core courses, total 15 students were 

interviewed after final exam and provided qualitative comments regarding the use of IRS in the instant 

response learning experience and instruction quality analysis. 

 

3.2 Instruments  
 

In this study, for examining the learning achievement, the student’s t-test was used to compare the two 

types classes’ mid-term and final exam scores for 2 periods in the semester. In addition, for examining 

the quality of instruction, a five-point questionnaire (one being the lowest and five being the highest) 

was distributed to measure students’ attitudes toward Instant Response Instruction by using ZUVIO. 

The questionnaire, the Course Satisfaction Survey, a survey evaluating courses as part of the 

Institutional Self-evaluation of the University, provides students with an opportunity to evaluate the 

course they took in the current semester. This Course Satisfaction Survey used in this study included 20 

questions and covered four categories: motivation (items 1 to 5), interaction (items 6 to 10), learning 

outcomes (items 11 to 15), and assessment system (items 16 to 20), each question is counted from 0 to 5 

points. The interview was designed with an open-ended question to collect qualitative data on the use of 

the IRS, the series of questions is: “What are the advantages and disadvantages of using the IRS in the 

classroom?” including 7 advantage questions and 5 disadvantage questions. 

 

3.3 Procedure  
 

Before midterm exam, the first-nine-week class of each course was designed as the control 

period/group, which was given the traditional teaching instructions. The other nine-week class was 

designed as the experimental one, which had to complete the IRS tasks assigned by the teacher and use 

assessment, voting, peer-review functions in ZUVIO. The same professor taught all 3 core courses, and 

the students in both classes were sophomores and juniors with no ZUVIO learning experience. 

 

3.4 Data Collection  
 

For examining the learning achievement, data was collected from students’ midterm and final exam 

results, after mid-term exam and final exam in the semester. For analyzing the overall quality of 

instruction and learning experience, data was collected from Course Satisfaction Survey, in the end of 

university semester. And the semi-structured interviews were conducted in the end of university 

semester, focusing on students’ personal learning experience, qualitative data was collected from 

interview to understand the strengths and weaknesses of using the IRS in the classroom. 

 

 

4. Results and Discussions 
 

4.1 Learning Achievement  
 

According to the unified both students’ midterm and final exam results in three courses for the semester, 

the experimental group and the control group differed significantly in the scores (p = .000< .05) with 

regard to the use of instant response instruction strategy (please see the following Achievement T-Test 

Output Table). 

 

Table 1   

T-Test Output 

One-Sample Statistics 

 N Mean Std. Deviation Std. Error Mean 

MT_score 206 76.990 20.848 1.453 

F_score 206 82.078 18.147 1.264 

One-Sample Test 

 Test Value = 0 95% Confidence Interval 
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of the Difference 

 t df  Sig(2-tailed) Mean Dif Lower Upper 

MT_score 53.003 205 .000 76.990 74.126 79.854 

F_score 64.915 205 .000 82.078 79.585 84.571 

 

4.2 Overall Instant Response Instruction Quality and Learning Experience  
 

The Course Satisfaction Survey provides students with an opportunity to evaluate the course, to show 

their learning experience or satisfaction in four categories: motivation, interaction, learning outcomes, 

and assessment system, each question is counted from 0 to 5 points. The descriptive statistics output is 

as following table, it shows students’ high satisfactions on motivation, interaction, learning outcomes, 

and assessment system, the teaching effectiveness looks very well.  

 

Table 2  

Course Satisfaction Survey Descriptive Statistics Output 

Semester CourseID Valid  Sample Motivation Interaction Outcomes Assessment Total 

1062 J024 77 83 23.0 22.8 22.9 22.8 91.5 

1062 4942 59 61 23.0 22.9 22.9 23.0 91.8 

1062 8184 59 62 22.9 22.9 23.0 22.8 91.6 

 

4.3 Personal Learning Experience with IRS 
 

The qualitative data was collected by using an open-ended question interview to collect personal 

learning experience qualitatively on the use of IRS, ZUVIO. Five students were randomly selected from 

each core courses, total 15 students were interviewed after final exam and provided qualitative 

comments regarding the use of IRS in the instant response learning experience and instruction quality 

analysis to understand the strengths and weaknesses of using the IRS in the classroom. In the students’ 

responses to the qualitative questions on the advantages and disadvantages of using IRS in the 

classroom, they listed the following advantages:  

1. the IRS enhances interactivity in the class, students were more involved, attentive, and 

participative; 

2. students received better and more timely feedback by using IRS;  

3. the IRS was fun to use in the class, and reduced the distract; 

4. students can vote anonymously using the IRS;  

5. the IRS is easy to use;  

6. the use of the IRS adds technology components to the class;  

7. the IRS promotes learning; and  

8. the use of the IRS helps instructors to understand the students’ level of understanding so 

that they can explain concepts to the students better. 

Interactivity is one of the most highly cited benefits of the IRS. Students highlighted that the 

use of the IRS increased their involvement in the class, helped to promote more class participation, 

allowed them to get immediate feedback, and enabled them to assess their understanding relative to 

those of the other students. Anonymity is one of the advantages provided by the IRS. With the IRS, 

every student has the chance to answer every question without being embarrassed if his or her answer is 

wrong. The anonymity feature of the IRS increases students’ willingness to participate in the class. Fun 

is another benefit of using the IRS system. As the students stated, “the IRS complements the lectures,” 

“introduces activities during the lectures,” and “makes the lectures more interesting.” The IRS uses 

BYOD idea as remote control; therefore, the IRS is fairly easy to use and operate. Also, since the design 

of the courses were technology-integrated, students realized the benefit of using advanced technology, 

such as the IRS in the class. Students also believed that with the help of the IRS, the instructor was able 

to explain course materials better. Overall, they felt that the use of the IRS in the class promoted 

interactivity and learning. 

On the other hand, the main disadvantages of the IRS that were identified by the students are as 

follows: 
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1. sometimes the IRS do not function properly due to an unstable internet connection;  

2. question types are limited to multiple choice questions and true/false questions;  

3. some students do not take voting seriously; and  

4. voting using IRS takes up class time. 

The above identified disadvantages are concerned with technology, instructional design, and 

students’ attitudes. First, the IRS is a new technology and has room for technological improvement and 

advancement. For example, when wireless network is unstable, students’ responses sometimes could 

not be detected and received through the internet. The cloud database was not able to receive more than 

one concurrent response. Second, the IRS can only capture quantitative data, thus limiting the responses 

to multiple-choice or true–false questions. Third, since using the wireless handheld device, the smart 

phone or the tablet, was fun to the students, some of them did not take it seriously—by clicking multiple 

times on purpose, by clicking on answers that were obviously incorrect, or by clicking on answers that 

were out of the range/choices given. Students also raised concerns relating to instructional design. For 

example, the following questions should be considered when designing instruction. How much class 

time should be allocated to voting? What types of questions are appropriate for use with the IRS? And 

will the use of the IRS disrupt the pace and flow of the class? 

 

 

5. Conclusions and Implications 
 

The advantages and disadvantages identified by the students not only provide a more comprehensive 

picture and understanding of using the ZUVIO in the classroom, but also provide additional information 

that is useful to educators planning to implement the IRS. These qualitative comments highlight a 

number of pedagogical and curriculum issues that are valuable to educators.  

1. Interactivity has long been considered one of main pedagogical issues in the classroom, 

especially for large classes and technology-related courses. The results of this study 

suggest that the IRS is an effective way to improve interactivity in the classroom. The 

students’ comments also indicate that interactivity promotes learning. 

2. The success of using the IRS in the classroom also suggests that technology components 

should be part of the curriculum design for classes related to technology. For example, 

adoption of a state-of-art technology can improve students’ interests and motivation in 

learning the course materials. In this study, the IRS was successfully utilized in 3 designed 

classes, which is a technically oriented course. 

3. Technology should be working. Not only must the technology be easy to use, it must also 

be useful and working properly. A technology that is not working properly can create 

frustrations and disrupt the learning process. For example, the internet connection should 

be checked before the class to ensure that it’s on and stable.  

4. Instructors need to integrate the IRS seamlessly into the curriculum design. Although the 

IRS is an effective way for enhancing classroom interactivity, it may disrupt the pace and 

flow of the lecture if it is not implemented with care. Instructors need to design the 

questions carefully to complement the lectures. When designing the instruction, 

instructors also need to consider when to introduce the questions, what questions to ask, 

and how much class time to allocate. Instructors should also be flexible to adjust the pace 

of lecturing based on the students’ responses gathered using the IRS. 

Besides, the implementation of Instant Response Instruction by ZUVIO in courses had 

effective and positive feedback from the Taiwanese college students. According to the results of the 

questionnaire, students’ learning motivation has been enhanced. Moreover, they were willing to apply 

what they have learned interactively. The student-centered approach guided the students to be more 

active in the classroom, and the designed curriculum also created an interactive learning atmosphere. In 

addition, with the use of ZUVIO online peer assessment platform, students could work with others on 

the Internet. Based on the results of the questionnaire, students could listen to their team members’ ideas 

and try to reach a consensus. They paid more attention to the group presentation because they can grade 

their classmates.  

This study has several implications.  

1. Using IRS helps students’ learning skills and collaborative skills.  
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2. Multiple-grading methods increase students’ involvement in the class. Students feel 

positive when they can grade their peers.  

3. Combing ZUVIO’s peer assessment system with the group presentation creates an 

interactive classroom.  

The limitations of the study were that only three courses participated in this study. The results 

would be more valid if there were more participants. Besides, if the study lasted longer, students’ 

learning motivation and learning behavior could be observed more clearly. In the future, more teaching 

approaches could be implemented with multimedia to create interactive and student-centered 

classrooms. 
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Abstract: The Multi-Mouse Puzzle (MMP) is an educational application of Single Display 

Groupware (SDG) developed by Luo et al. With the MMP, multiple users can solve a puzzle 

with a personal computer sharing one display. While it was designed for collaborative 

learning, each player tends to concentrate on his or her own puzzle task. A peer version of 

the Multi-Mouse Puzzle was developed with the intention of improving users’ cooperation. 

In this paper, we describe the design of the system and a comparative evaluation experiment. 

The results showed that the system was not difficult to operate and provided more 

opportunities for users to help each other within a group. Through their cooperation, the 

majority of users felt the puzzles were easier to solve using the peer version compared to the 

single version. 

Keywords: Single Display Groupware, Puzzle Game, Face-to-Face Cooperation, Multi-

Mouse  

1. Introduction

Computer Supported Collaborative Learning (CSCL) is an area that continues to be actively studied. 

A number of ideas in CSCL are based on multiple personal computers connected through the 

Internet. For people who collaborate together, there are many activities that involve simultaneously 

operating on content in a face-to-face situation. Scotte et al. (2003) pointed out that there is a risk 

that this may inhibit learners’ mutual understanding process. Our research aims to support users’ 

collaborative learning in a face-to-face environment. Single Display Groupware proposed by 

Stewart et al. (1999) is a framework that overcomes the risks of connected personal computers as a 

CSCL environment. It can support face-to-face collaboration in which multiple users have their own 

input device, such as a mouse, while they share information on a single display. 
The Multi-Mouse Puzzle is an educational application of SDG developed by Luo et al. 

(2017). They found that while playing the MMP the players wanted assistance from others, and yet 

they did not help the other players. In relation to this problem the authors asked the question, “Does 

the system sufficiently show the possibility for collaboration?” To address this point, the authors 

developed a peer version of MMP and performed a comparative experiment. The results are 

presented in this paper. 

2. Related Work

2.1 A Framework to Support Face to Face Collaboration 

Single Display Groupware (SDG) is a technology in which multiple users control their own input 

devices to work together sharing one display. “One Mouse per Child”, proposed by Alcoholado et 

al. (2012), is a concept belonging to this framework.  

2.2 Systems Designed with SDG Concepts 
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Moraveji et al. (2009) proposed the Mischief system that supported traditional classroom practices 

between a remote instructor and a group of collocated students using SDG. The Exchange system 

designed using SDG concepts was used in teaching the concept of a triangle in elementary school 

(Caballero et al., 2014). Gomez (2013) carried out practice in pre-school using SDG systems. 

The authors previously developed the Multi-Mouse Quiz system (MMQ). It is a SDG quiz 

application that allows up to four players to answer quizzes, simultaneously connecting several mice 

to one PC. This research found that children talk to each other more when they share one mouse 

cursor using MMQ (Zhou et al., 2015). From an educational perspective, the children experienced 

deeper learning than those in a more traditional class (Zhou et al., 2011). 

It is well known that puzzle-based learning approaches are widely used in educational fields, 

from improving children’s brainpower to motivating university students’ mathematics learning 

(Michalewicz, Z. & Michalewicz, M. (2008). Our research achieved a system allowing multiple 

users to solve a puzzle simultaneously with the aims of enhancing users’ awareness of collaboration. 

 

 

3. Multi-Mouse Puzzle 
 

In previous research, a quiz system called the Multi-Mouse Quiz (MMQ) allowed four users to 

answer a quiz simultaneously using four mice. We carried out some experiments in elementary 

schools, in which the school teacher typically used the MMQ in a classroom involving all the 

children. The children were divided into four groups. Children in the same group shared one mouse 

to answer the quiz. 

However, through experience of using the MMQ in school teaching, we found two issues 

with it that could be improved. One issue is that multiple choice type quizzes used in the MMQ 

easily encourage interaction among users than single choice type quizzes. Well-defined quiz 

questions encouraged thinking rather than just recalling the answer. MMP is designed to present 

                                
Figure 1. Start Screen                                              Figure 2. Entry Screen 

 

 
Figure 3. Main Screen 

Puzzle Piece 

Puzzle region Answer region 
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more complicated puzzle tasks to its users. For example, the users have to gather letters or ‘characters’ 

from a shared area to construct words as answers to the quiz questions. 

Another issue is the number of players. MMQ allowed up to four users. Some applications 

in SDG cater for more users to allow all the children in a classroom to have mice, but with that many 

mice further problems arise such as the difficulty for each user to identify their own mouse cursor 

and the hiding of the background by many other users’ mouse cursors. Considering these problems, 

the MMQ limited the number of users and made mouse cursors transparent to reduce obstruction of 

the background. 

However, in the Japanese elementary school, there are around 30 children in one class. In 

addition, elementary school teachers always use the system with the whole class. Considering the 

regular class size in the Japanese elementary school, we needed to increase the number of users 

supported by a SDG application. Multi-Mouse Puzzle (MMP) is therefore designed to allow up to 

six players to answer puzzles simultaneously, making the use of the system more flexible in 

classrooms. 

Figure 1 shows the Start Screen on which the facilitator clicks a button to start the system. 

Figure 2 is the Entry Screen on which each user chooses their own color. (Once a color is chosen, 

the corresponding button disappears.) Figure 3 shows the Main Screen where six users can click the 

puzzle pieces to complete their answer. If they click a puzzle piece, that piece will appear in their 

corresponding answer region. The puzzle pieces line up, in order, in the answer region. The 

facilitator can also use the mouse cursor to give the users some hints (Figure 4). 

 

 

4. Research Question 
 

In previous research, Luo et al. (2017) carried out an experiment to evaluate MMP’s usability. The 

results of a questionnaire showed that, while playing MMP, each player wanted assistance from 

other players, but they did not help other players. This leads us to ask, “Do users have no time to 

answer others’ questions because they are concentrating on their own task?” In other words, “Is the 

system sufficiently indicating the possibility for collaboration?” To address this point the authors 

developed a peer version of MMP (Figures 4 and 5) and compared it with the single version to 

evaluate the interface, the interaction between users, and the perceived difficulty of the quiz content. 

In the original MMP each player independently answers the puzzle questions. Hence the 

relationship among the players is ‘competitive’ rather than ‘collaborative.’ We call the original MMP 

the ‘Single Version.’ The version described in this paper was extended so that several players can 

play in one team. We call this the ‘Peer Version’ of MMP. 

 

4.1.1 Interface 
 

Compared with the single version, the peer version allows up to 12 mouse cursors (two users can 

choose the same color to make six teams of two players). In Figure 5, two users (or two mouse 

cursors) share one answer region. The research question concerning the interface is whether the users 

find it confusing to share an answer area with another user. 

 

4.1.2 Interaction 
 

The research question concerning interaction is whether any function of the system provides 

opportunities for users to collaborate. 

163



 

4.1.3 Perception of the Contents’ Difficulty Level 
 

Concerning the content, the research question is whether there is any difference in user’s perception 

of the difficulty of solving the puzzle between the single and peer environments.  

 

 

5. Experiment and Results 
 

A preliminary experiment was conducted to examine the basic characteristics of the two versions of 

MMP. While the MMP is designed for use in school teaching, the preliminary experiment was 

carried out in a laboratory with 12 research participants. The research participants were graduate and 

undergraduate students. None of them had prior knowledge of the research or of the MMP system. 

The authors explained the operation of the MMP and that the experiment they were assisting 

with was a system assessment experiment. Since the maximum number of users of the single version 

is six, and it is a comparative experiment, we had to arrange for the same participants to gain 

experience with both versions of the system. The participants were therefore divided into two groups. 

Each group played both the single version and the peer version. The details of the experimental 

schedule are shown in Table 1, and both groups conducted the experiment according to this schedule. 

After using the MMP system, all the participants were asked to answer a questionnaire 

survey concerning the differences between their experiences using the two versions of the MMP. In 

this paper we discuss the differences between the two versions of MMP according to the answers to 

that questionnaire.  

 

Table 1  

Experiment Schedule 

Time Plan System Question Set 

5 min 
Author introduces the system; participants 

sign the acceptance of experiment  

Single version;  

Peer version 
Sample set 

15 min Participants play the system Single version Set A or Set B 

5 min Participants answer the questionnaire - - 

15 min Participants play the system Peer version 
B (If Set A already done) 

A (If Set B already done) 

5 min Participants answer the questionnaire -  

  
Figure 4. Entry Screen                                           Figure 5. Main Screen 

 

164



 

 
 

5.1 Contents  
 

Two quiz sets were used in the experiment, set A and set B. Each set has four questions as shown in 

Table 2. The authors designed the two question sets to have the same difficulty and the same question 

format. However, to avoid any influence from the questions’ contents, the experiment swapped set 

A and set B between the groups in the single version system and peer version of the system. 

 

5.2 Results 
 

The results will be described as follows, divided into three parts corresponding to our research 

questions: interface, interaction between users, and perception of the contents’ difficulty level. 
 

5.2.1 Interface 
 

The participants were more confused about the mouse pointers in the peer version compared with 

the single version. However, in the responses to the question “Difficulty to operate” more than half 

of the participants did not think the system was difficult to operate in either the single version or the 

peer version. Two participants answered “Neutral” for the peer version, an opinion which did not 

occur among the responses for the single version (Figure 6). 

 

5.2.2 Interaction 
 

More than half of the participants asked other people for help, regardless of which version of MMP 

they were using (Figure 7). When using the peer version, users asked both the other person in their 

group and all other players for help. In comparison, participants using the single version more 

frequently asked all other players for help (Figure 8).  

Figure 9 shows the responses to the question “Did you cooperate with others” for which 

more than half of the participants answered “Disagree” or “Strongly Disagree” for the single version 

of the system, compared to more than half who answered “Agree” for the peer version. The single 

version therefore received a far more negative response for cooperation. Almost all the participants 

Table 2  

Contents of quiz question 

 Set A Set B 

1 Make sets of capital and small letters 

from the same alphabet, e.g., ‘A a’ 

Collect katakana and hiragana having 

the same sound 

2 Make words naming fruits Make words naming colors 

3 Make sets of capital and small letters 

from the same Greek alphabet, e.g., ‘A ’ 

Make three-letter IATA codes of 

Japanese Airports 

4 Make the names of historical Japanese 

characters 

Make the names of famous places in 

Kyoto 

 

 
Figure 6. Response to the Interface 
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chose “Strongly Agree” or “Agree” in the peer version, indicating also that they cooperated with the 

people in the same group. Two users of the single version answered that they cooperated with other 

players of the same puzzle (Figure 10).  

 

 
 

Figure 8. Results of the question “Who did you ask” 

 

 
 

Figure 9. Result of the question “Cooperate with others” 
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Figure 7. Results of the question “Asked other participants to help” 
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In the responses to the question “Did you help others”, the rate of negative answers and 

positive answers are approximately equal in the single version. However, in the peer version, 

 

 
 

Figure 10. Result of the question “Who did you cooperate with” 

 

 
 

Figure 11. Result of the question “Helped others” 
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Figure 12. Result of the question “Who did you help” 

 
Table 3  

Degree of difficulty 

 Single  Peer 

Mean 3.14 2.84 

SD 0.28 0.63 
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negative answers were received from only two participants, with 70% of the participants giving a 

positive answer (Figure 11). Furthermore, seven of these participants indicated that they helped 

people within the same group (Figure 12).  In the single version, two participants answered that they 

helped the people next to them and two participants answered that they helped all the people playing 

the quiz.  

 

5.2.3 Perception of Contents’ Difficulty Level 
 

The question sets A and B were used for both the single version and the peer version of the system. 

In other words, each question set was used once for the single version and once again for the peer 

version. The participants evaluated the puzzle contents’ degree of difficulty in the questionnaire after 

they played the system. There were five difficulty levels they could assign to each puzzle question, 

from 1 (easy) to 5 (difficult). Table 3 shows the average difficulty scores for the two versions, and 

Figure 13 shows the difficulty level results for every participant.  

 As Table 3 shows, participants felt the content was easier when they used the peer version, 

but the standard deviation of those results is larger than for the single version. Almost all the 

participants evaluated the content of the peer version as being easier than the single version, with 

one person (Participant I) evaluating them as having the same level of difficulty. 

 

 

 

6. Discussion 
 

6.1 Interface 
 

From the questionnaire answers, at least half of the participants indicated that they were not confused 

by the mouse pointers and that they did not have difficulty operating either of the experimental 

systems. However, a few people thought that the peer version was more difficult to operate and felt 

more confused about the mouse pointers compared to the single version. Two opinions written in 

the questionnaire indicated that “In the peer version it was difficult to collaborate with other people” 

or that the user “could not understand what he can do with the system.” 

 Related to the first opinion, as the order of clicking on puzzle pieces in the answers area is 

important, when two users share the same answer area they need to pay more attention to each other's 

click order to construct a correct answer, which was not an issue in the single version.  

 The second opinion relates to the interface design of the system. The system should have a 

more intuitive design, and this is part of our future work. 

 

 

 

 
 

Figure 13. Degree of difficulty indicated by every participant 
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6.2 Interaction 
 

From Figures 7 and 8, we see that more than half of the participants want help from other users when 

they are playing the puzzle system. In the single version, the users asked any one of the other 

participants for help. In the peer version, the replies indicated that users tended to help and cooperate 

with players in the same group (Figures 9 and 10). In the peer version two participants sharing the 

same color share the same answer region. They need to pay attention to each other’s behavior and 

cooperate with each other out of necessity to complete the quiz successfully. 

Furthermore, more than 70% of participants in the peer version indicated that they helped 

others. The system described by Luo (2017) is called the single version in this paper, and we obtained 

the same response to “Did you help others” in our experiments, but there is a huge difference when 

compared to the peer version. Users helped others much more when using the peer version. 

 

6.3 Perception of Contents’ Difficulty Level 
 

Participants felt the contents’ difficulty level in the peer version to be lower than that in the single 

version. However, a t-test was conducted that did not show a significant difference between the 

single version and the peer version. This is also related to the differences between all participants’ 

evaluations. The standard deviation is larger for the peer version than for the single version, meaning 

the perceived difficulty level varied widely from person to person in the peer version. Among the 

evaluations from all participants, only one participant indicated that the content seemed easier in the 

single version.  

 

 

7. Conclusion 
 

The peer version of Multi-Mouse Puzzle (MMP), an educational application of Single Display 

Groupware, was developed with the aim of improving users’ collaboration. The peer version allowed 

two users to select the same color mouse cursor and to share the same answer region. A preliminary 

experiment was conducted to examine the differences between the original MMP and the peer 

version. The results showed the following: 

 The peer version of MMP was not difficult to operate. The mouse pointers were sometimes 

confusing in the peer version due to sharing the same answer region. 

 The peer version of MMP provides more opportunities for helping people in the same group 

and cooperating with one another. 

 Through better cooperation between users, the content was felt to be easier in the peer version.  

The results presented in this paper are based on questionnaire analysis from trails performed 

by university students. We plan next to apply the developed system in actual elementary school 

teaching conditions and to use video analysis for the evaluation of user communication. 
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Abstract: This study explores whether gender differences have significant impact on 

learning outcomes in the course of digital video clips. The subjects of the experiment were 

third-year students of the University of Science and Technology of Southern Taiwan. The 

learning goal of the course is to complete the 18-week course with all function operations 

and the project of digital video clips. The course adopts Project-Based Learning (PBL) 

teaching method. The midterm test includes several digital video clip discipline concepts 

and practical implementation. The final exam consists of several digital video clip works 

and project production. The project scoring method is peer-to-peer evaluation. There are 50 

valid samples, including 25 boys and 25 girls. The experimental results show that girls' 

learning performance are higher than those of boys are. Therefore, in the digital video clip 

course, how to design suitable teaching strategies for different gender students' needs and 

improve the learning performance of students of different genders is a research topic worth 

exploring in the future. 

Keywords: Digital video clip, gender differences, learning performance, project-based 

learning (PBL), peer review 

1. Introduction

Due to the popularity of Internet, the rise of mobile devices, and the increasing diversity of 

messaging, of which video messages play a very important role. Facebook's founder, Mark 

Zuckerberg, also constantly emphasizes that it is the era of “film priority” now (Kalogeropoulos et 

al., 2016), and the world's 2016 statistics will play the videos an average of about three 

mega-minutes per month. On Internet, the average number of people uploading Facebook videos per 

person increased by 75% (Kalogeropoulos et al., 2016). The era of film communication has become 

the mainstream. Understanding the characteristics of video transmission and designing high-quality 

video content become a must-have professional skill (Birbeck et al., 2015; Sergeant, & MacDonald, 

2017).  

Professional production of video includes pre-recorded material and post-production.  The 

post-production includes material selection, light adjustment, editing, special effects synthesis, 

animation production, dubbing, and soundtrack. Professional post-production can make the video 

vivid so that enhance readers’ impression and resonate. The cultivation of video clip related talents 

also needs to have a suitable editing software for teaching. There are a lot of video clip software on 

the market. After comparing the related functions, the current mainstream software is Adobe 

Premiere Pro CC. It is powerful because the functions provided by Premiere Pro CC are enough to 

cope with the needs of video clips. Recently, some scholars used Adobe Premiere Pro CC in their 

researches. For example, Chan, Churchill and Chiu (2017) explored the use of digital storytelling in 

higher education to achieve digital number learning by using Adobe Premiere. Past research has 

confirmed that the Premiere Pro tool has a complete function in the production of videos. Therefore, 

this study used Premiere Pro CC as a software for exploring digital video clip courses for students of 

the University Science and Technology. 
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On the other hand, many studies in the past have used information technology to integrate 

teaching to enhance students' learning outcomes. Some studies have pointed out that the teaching 

process using problem-based learning (PBL) can help students to improve their learning outcomes 

(Jamali, Md Zain, Samsudin, & Ale Ebrahim, 2017; Sedaghat, 2018). The use of PBL teaching in 

digital video clip courses is primarily intended to drive students to explore, collaborate, research and 

create projects that reflect their knowledge (Bell, 2010; Cervantes, 2013; McGrath, 2004). Students 

will experience responding to questions, asking questions or other challenges. Rigorous programs 

help students learn key academic content, practice 21st century skills, such as communication and 

critically thinking (Nordstrom & Korpelainen, 2011). 

However, many digital learning related literatures have confirmed that, with the application 

of information technology in various fields of teaching, boys and girls have a certain degree of 

difference in learning motivation and learning performance. For instance, Wu et al., (2016) pointed 

out boys spend more time completing tasks than girls, and boys pay more attention to the functional 

orientation of the platform, while girls pay more attention to the feeling of animated content when 

using an animated e-book. Chipangura and Aldridge (2017) also explored the impact of students’ 

multimedia environmental cognition in mathematics classroom learning. The results showed that 

boys have maintained a higher intrinsic value in mathematics than in girls in the middle school. As 

mentioned above, through the aid of information technology, learning could effectively improve 

students' learning outcomes and gender differences are an important human factor. We should 

consider the learning differences caused by human factors in the learning process. However, the 

influence of learning effects caused by human differences is rarely discussed in the field of digital 

video editing. 

Based on the mentioned above, the purpose of this study is to explore whether gender 

differences will significantly affect the learning performance of university students by using Adobe 

Premiere CC software and the PBL teaching method to learn digital video editing courses. 

 

 

2. Research Method 
 

2.1 Participants 
 

This study uses quasi-experimental research to explore the impact of gender differences on digital 

video clip courses. The study is aimed at 50 students in the third-grade university students in 

Taiwan. The participants is 25 boys and 25 girls, and their ages are between the ages of 18 and 25. 

Among the students involved, only about one-tenth of the students in the past had the basis of several 

digital video clip courses. Thus, most of them are beginners. 

 

2.2 Instruments 
 

Adobe Premiere Pro CC is very useful. It provides paragraph editing, tone adjustment, volume 

adjustment, noise removal, transition effects, inspection, special effects, and speed adjustment. 

Besides, there is a pen tool, by which students can draw different graphics directly on the movie, 

such as the black background that is often used for subtitles. Students could use the pen tool to finish 

painting, and then change the size according to the subtitles. It is obviously more convenient and 

faster (Jago, 2017; Sampurna, Audira, Juniardi, Lai, & Hsiao, 2018; Xiaolei et al., 2018). In 

addition, Adobe Premiere Pro CC could easily edit different colors, and we could adjust the color of 

the film directly and quickly. Other software, such as Final Cut Pro X, can also achieve the function, 

but not as obvious and direct as Premiere Pro. It is worth mentioning that Premiere Pro CC is more 

accurate when aligning movies. For example, some source videos are often replaced during editing. 

Premiere Pro can be easily adjusted to avoid the film being clearly closed, but some backgrounds or 

drawings are still much more. One or two seconds (Jago, 2017; Sampurna et al., 2018; Xiaolei, 

2018). The new Premiere Pro CC 2018 has officially added support for 360 and Virtual Reality 

movie clips. Now that so many 360 shooting accessories have appeared, it is getting cheaper and 

cheaper. This is another attraction of Premiere Pro CC (Jago, 2017; Sampurna et al., 2018). 
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2.3 Procedure 
 

The experimental process of this study is to use Premiere Pro CC as the software used by students to 

learn digital video clip courses. The curriculum planning uses the Project-Based Learning (PBL) 

teaching method. Through course recording, the content of the class is placed on the teaching 

platform for users to review after class. The course is an 18-week course, including a week for 

midterm, a week for final exam, and 16 weeks for course theme. There are 4 lessons per week, and 

50 minutes per lesson. Course content includes basic functions of video clips, introduction of 

advanced functions, implementation of video clip licenses, and video clip project reports.  

 The midterm examination is divided into the discipline concept test of video clips and the 

project-based practical test. The final grades include the operation test and the final film-editing 

project. The final project score is to invite students to set a digital video film theme, and meet the 

functions covered by the digital video editing course.  The project scoring method is peer-to-peer 

evaluation, using ZUVIO Platform for mutual evaluation. Figure 1 is the teaching activity photo of 

the final exam. 

 

 

 
 

Figure 1. The teaching activity photo of the final exam 

 

2.4 Data Analysis 
 

The semester grades are divided into three parts. The usual scores are given according to the 

progress of the weekly project, which accounts for 40% of the semester results. The results of the 

midterm exam are divided into academic subject and technical subject, accounting for 30% of the 

semester results. The final grades are the final practical test and the final project scores of peer 

review. Grades, accounting for 30% of the semester.  

The usual results are based on weekly progress. Students should finish the unit project and 

upload to the learning platform. The results of the midterm examination are divided into two parts. 

The first part is the midterm academic achievement, which is related to the concept of digital video 

clips. The second part is the midterm operation results. The examination scope includes the teaching 

progress before the midterm examination, and the students are required to complete the relevant 

surgical operations. The final grade is based on the Computer Skills Foundation TQC+ Nonlinear 

Editing Certification. The final grades referred the Premiere Pro CC technical test. The technical 

score is based on the computer foundation license score.  

This study explores whether existing gender differences while college students using Adobe 

Premiere CC software to learn digital video editing courses. This study used independent sample 

t-Test to verify the difference of aforementioned scores between different genders. Moreover, this 

study also used Pearson correlation analysis to analyze the relationship for different genders in 

learning facets, including usual score, mid-term subject score, mid-term practice score, mid-term 
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performance score, final performance score, project performance score, and semester performance 

score. 

 

 

3. Results 
 

As shown in Table 1, girls’ performance is significantly better than that of boys in terms of midterm 

practical (t=2.361, p=.022), midterm performance (t=2.449, p=.018), project performance 

(t=2.889, p=.006), and semester performance (t=2.251, p=.029). Conversely, girls and boys have 

no significant difference in the scores of usual score, midterm subject, and final performance. 

 

Table 1 

t-Test of learning performance in gender difference 

Variables Male (n=25)  Female (n=25)  Independent t-Test 

 M SD  M SD  t p 

Usual score 49.00 33.25  63.12 32.48  -1.519 0.135 

Midterm subject 34.40 18.50  41.20 14.53  -1.445 0.155 

Midterm practice 48.60 41.37  73.80 33.70  -2.361 0.022* 

Midterm performance 45.76 34.54  67.28 27.14  -2.449 0.018* 

Final performance 45.68 44.11  49.16 41.86  -1.931 0.059 

Project performance 62.03 33.16  84.25 19.66  -2.882 0.006** 

Semester performance 49.53 31.00  68.18 27.47  -2.251 0.029* 

**p<0.05, *p<0.01 

 

We used the Pearson correlation analysis to analysis the correlation of usual score, mid-term 

subject score, mid-term practice score, mid-term performance score, final performance score, 

project performance score, and semester performance score in the digital video editing course. As 

shown in Table 2, the results show that there were significant correlations among usual score, 

mid-term practice score, mid-term performance score, final performance score, project performance 

score, and semester performance score. In addition, the mid-term subject scores were significantly 

correlated with the boys' mid-term scores, but were not significantly correlated with others facets, 

while the girls' mid-term subject scores were not significantly correlated with other learning 

outcomes. 

 

Table 2 

Pearson Relationship for learning related constructs 

 Usual Mid Sub. Mid Prac. Mid. Final Project Semester 

Usual 
F 1       

M 1       

Mid Sub. 
F .232 1      

M .050 1      

Mid Prac. 
F .682** .007 1     

M .737** .343 1     

Mid. 
F .683** .114 .994** 1    

M .731** .436* .995** 1    

Final 
F .668** .100 .486* .494* 1   

M .664** -.019 .488* .466* 1   

Project 
F .611** .298 .662** .689** .476* 1  

M .540** .297 .437* .451* .454* 1  

Semester 
F .938** .107 .820** .826** .809** .719** 1 

M .948** .266 .843** .837** .771** .644** 1 

*At a significant level of 0.05 (two-tailed), the correlation is significant. 

**At a significant level of 0.01 (two-tailed), the correlation is significant. 
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4. Discussion and Conclusion 
 

From above results, this study shows that girls have better learning performance than boys do in the 

digital video clip course. The results are similar to some past researches. Due to gender differences, 

different gender students have different physical, psychological and learning characteristics. The 

academic achievement may be quite different (Manero, Torrente, Fernandez-Vara, & 

Fernandez-Manjon, 2017; Garber, Hyatt, & Boya, 2017; Nassaji, 2017). In general, boys have better 

distance, spatial and visual acuity than girls do. Conversely, girls generally appreciate art more than 

boys do (Ariel & Moffat, 2018; Reilly, Neumann, & Andrews, 2017). The digital video clip course 

has many aesthetic and artistic concepts. Girls may be willing to spend more time immersed in it. 

Thus, the learning performance of girls is better than that of boys. 

The final project uses personal reports and peer-to-peer online assessments to maintain the 

objectivity of the ratings. The results of the study confirmed that female students use digital video 

editing software to learn relevant knowledge and practical skills, and girls' performance is obviously 

better than that of boys. This is in line with past research. Women's learning and learning preferences 

for aesthetics are better than those for boys are. In addition, this study also confirms the performance 

of girls in terms of creative thinking, creation, project design and production. 

In this study, PBL learning strategy is used to enhance the learning performance of students. 

However, this learning strategy cannot reduce the difference of learning performance in different 

genders. Therefore, in the digital video clip course, how to design suitable teaching strategies for 

different gender students, and how to improve the learning performance of students with different 

genders are the goal of joint efforts in the future. 
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Abstract: This case study on English reading courses explores the impact of prior 

knowledge on learning effectiveness of competitive game-based learning. This study 

develops a competitive game-based learning system and conducts an eight-week teaching 

experiment. The result of the experiment finds significant progress both for learners with 

high prior knowledge and those with low prior knowledge. Furthermore, the learning 

effectiveness of low prior knowledge learners is significantly higher than that of learners 

with high prior knowledge. Also, in the post-test, the former reach the same level as the 

latter.  

Keywords: Prior knowledge, competitive game, game-based learning, learning 

effectiveness, English reading 

1. Introduction

The traditional method in English learning is tedious; this may reduce students’ learning motivation. 

Also, it leads to less learning effectiveness (Hwang, Lee & Tseng, 2012; Yang, Kao & Hwang, 

2014). Prensky (2001) argued that incorporating games into learning can enhance students’ learning 

motivation because the elements of games include set-goals, competition, and challenges. These 

elements activate students’ learning motivation (Shi & Shih, 2015). Hwang, Hsu, Lai, and Hsueh 

(2017) pointed out that integrating games into language learning can enhance students’ learning 

motivation and effectiveness. However, when games and teaching materials are inappropriately 

combined, it may cause students to neglect the teaching materials (Hsiao, Huang, Hong, Lin & Tsai, 

2010). Competition is another strategy commonly used and moderate competition can enhance 

students’ learning motivation and effectiveness (Davis & Rimm, 1985). Hwang and Chang (2016) 

indicated that mobile learning with competition could increase students’ interests in learning more 

significantly than a traditional one. Nevertheless, some scholars proposed that competition might 

lead to hostile speech or negative feeling among peers (Yang & Chen, 2013). Thus, competitive 

strategies may have different impacts on different students. On the other words, it is necessary to 

consider the impact of human factors on competitive strategies. 

Human factors include gender, prior knowledge and learning styles (Chen & Macredie, 

2004; 2010). Prior knowledge is the primary factor affecting learning effectiveness (Tobias, 1994). 

Wang, Chen, Chang, and Chan (2015) pointed out that game-based learning favors students with the 

low prior knowledge, while it is less favorable to students with high prior knowledge. However, 

what was used in their study is not a competitive game. On the other words, it is worth exploring that 

the impact of prior knowledge on competitive game-based learning. Thus, this study develops a 
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competitive game-based learning system and explores the impact of prior knowledge on learning 

effectiveness of competitive game-based learning. Therefore, this study proposes three hypotheses:  
1. There is a significant difference between pre-test and post-test for high prior knowledge 

learners on competitive game-based learning. 

2. There is a significant difference between pre-test and post-test for low prior knowledge 

learners on competitive game-based learning. 

3. There is a significant difference in the gain score (post-test minus pre-test) for learners 

with high prior knowledge and those with low prior knowledge on competitive 

game-based learning. 
 

 

2. Literature Review 
 

2.1 The Impact of Competition on Learning 
 

Competition is a strategy often used to enhance students’ learning motivation and effectiveness 

(Davis & Rimm, 1985; Hwang & Chang, 2016; Silva, 2010; Yang & Chen, 2013). In the process of 

competition, students can gain a sense of accomplishment (Vorderer, Hartmann & Klimmt, 2003). 

Hwang and Chang (2016) integrated competition into learning. Students get points by completing 

tasks. The points will be shown on a leaderboard. The results show that integrating competition into 

learning can enhance students’ learning motivation. However, there is also a negative impact on the 

competition. Students failing in competition may also have negative feelings of frustration and 

disappointment (Vorderer, Hartmann & Klimmt, 2003; Williams & Clippinger, 2002; Yang & 

Chen, 2013). Yang and Chen (2013) integrated competition into their electromagnetic course. The 

competition includes fighting, racing, and tasks. In the fighting games, students decrease opponents’ 

health points by answering questions. The result shows that students are actively engaged in the 

course, but they may make a hostile speech in competition. Students tend to be too focused on the 

competition rather than understanding the contents of the teaching materials (Van Eck & Dempsey, 

2002).  

 

2.2 The Impact of Game on Learning 
 

In order to eliminate the negative impact of competition, this study adds games. Johnson, Christie, 

and Yawkey (1987) argued that games could keep students in a positive mood. Also, Prensky (2001) 

pointed out that games can enhance students’ learning motivation because they include set-goal, 

competition, challenges, and so forth (Shi & Shih, 2015). Therefore, Hwang, Hsu, Lai and Hsueh 

(2017) showed that integrating games into language learning can enhance students’ learning 

motivation and effectiveness. However, the degree of difficulty of the teaching materials on 

game-based learning can also affect students’ academic performance. If the teaching materials 

appear to be too difficult, students may tend to avoid learning (Tsai, Yu & Hsiao, 2010). 

Furthermore, Hsiao, Huang, Hong, Lin, and Tsai (2010) suggested that inappropriately combined 

games and teaching materials should lead students to focus only on the games. Accordingly, this 

study will integrate competition and games into the learning system. We hope that it can enhance 

students’ learning motivation and effectiveness.  
 

2.3 The Impact of Prior Knowledge on Learning 
 

Human factors influence students’ academic performance. Human factors include gender, prior 

knowledge and learning styles (Chen & Macredie, 2004; 2010). Tobias (1994) pointed out that prior 

knowledge is the main reason that influences learning effectiveness. Chen and Huang (2013) argued 

that prior knowledge has a positive impact on learning descriptive knowledge. Hwang, Lee, and 

Tseng (2012) pointed out that game-based learning favors students with the low prior knowledge, 

but is less favorable to students with the high prior knowledge. Chen, Wong, and Wang (2014) 

indicated that game-based learning improves the learning motivation of students with high prior 
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knowledge and low prior knowledge. Therefore, this study explores the impact of prior knowledge 

on learning effectiveness of competitive game-based learning.  

 

 

3. Competitive Game-Based Learning System 
 

This study develops a competitive game-based learning system which includes three modes: 

“competition game,” “personal practice” and “learning history.” This study incorporates character 

development as the element of the game. Students can gain the experience point by answering 

questions in either a “competition game” or “personal practice” mode. As the experience point 

increases, the game characters will grow. The character’s growth is shown in Figure 1.  
 

 
Figure 1. The Character’s Growth 

 

In the “competition game” mode, students can work with classmates in the classroom. In the 

competition, the system shows the real-time leaderboard of the top ten players. Students thus 

compare their results with one another. It stimulates students’ learning motivation. Please see Figure 

2 provides an example below. 

 

 
 

Figure 2. Competition Game 

 

In the “personal practice” mode, students can preview before class and review after class. In 

this mode, the system does not provide correct answers. Instead, it provides commentary that is 

designed by professional teachers. Please see Figure 3 and Figure 4 provide an illustration. 
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Figure 3. Personal Practice 

 

 
 

Figure 4. Explanation of the Topic 

 

In the “learning history” mode, the system keeps learning records that students have already 

practiced, the time they have spent, and the number of questions they have answered, correctly or 

incorrectly. According to the learning records, students can go back to the chapters where they have 

most of the questions answered incorrectly, and they can spend more time practicing them. Figure 5 

demonstrates example. 
 

 
 

Figure 5. Learning History 
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4. Research Method 
 

4.1 Experimental Participants 
 

The experimental participants are learners of English reading courses at the University of Science 

and Technology in northern Taiwan. Forty-six students participated in the research. This study is 

based on the average scores of the pre-test. Scores higher than the average belong to high prior 

knowledge, while those lower than the average belong to the low prior knowledge. Afterwards, they 

are equally distributed into two groups. There are twenty-three students in each group. Please see 

Table 1 provides an example. 
 

Table 1 

Statistics of the Sample Size of the Prior Knowledge 

Group N Percentage Total number 

High Prior Knowledge 23 50.00% 
46 

Low Prior Knowledge 23 50.00% 

 

4.2 Experimental Tools 
 

The learning effectiveness of this study is based on the scores of the pre-test and mid-term exam 

(post-test). There are twenty multiple-choice questions, and each question is worth 5 points. The 

results of the mid-term (post-test) scores minus the pre-test ones are used to measure students’ 

progress of English reading abilities after using the competitive game-based learning system.  
 

4.3 Experimental Flow 
 

This study conducted an eight-week teaching experiment from March 6, 2018, to April 23, 2018. The pre-test 

was carried out in the first week, and the competitive game-based learning system was introduced in the first 

week as well. From the second week to the seventh one, students can access the competitive game-based 

learning system. The post-test is held on the week of the mid-term exam. The experimental flow is shown in 

Figure 6.  

 

 
 

Figure 6. Experimental Flow 
 

and 
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5. Results and Discussions 
 

This study uses a paired sample t-test to analyze the impact of prior knowledge on the advancement 

of competitive game-based learning. The results show that both students with the high prior 

knowledge and low prior knowledge have made significant progress in learning effectiveness after 

using the competitive game-based learning system. Please see Table 2 and Table 3 offer the details 

for the result. They indicate that competitive game-based learning can effectively improve students’ 

learning effectiveness.  
 

Table 2 

Paired Sample t-test between Pre-test and Post-test for High Prior Knowledge Learners 

High Prior Knowledge N Average score SD t 

Pre-test 23 59.78 11.43 
-9.699*** 

Post-test 23 81.13 12.08 

***p<.001 

 
    

Table 3 

Paired Sample t-test between Pre-test and Post-test for Low Prior Knowledge Learners 

Low Prior Knowledge N Average score SD t 

Pre-test 23 39.57 8.11 
-9.862*** 

Post-test 23 76.43 20.65 

***p<.001     

 

This study further adopts an independent sample t-test to explore whether there is a 

significant difference between the gain score (the scores of the post-test minus the pre-test) of 

students with the high prior knowledge and those with low prior knowledge, and how competitive 

game-based learning influences their academic achievements. The analysis shows that students from 

both groups made significant progress. The average gain score of low prior knowledge learners is 

higher than that of high prior knowledge ones. Table 4 shows the information to support the 

findings. Moreover, this study finds that there is a significant difference in learning effectiveness on 

the pre-test for both learners with high prior knowledge and low prior knowledge, while there is no 

significant difference on the post-test. Please see Table 5 and Table 6 outlined the information. They 

indicate that competitive game-based learning can improve the learning effectiveness of low prior 

knowledge learners to the level of high prior knowledge ones.  
 

Table 4 

Independent Sample t-test for the Gain Score between High Prior Knowledge Students and Low 

Prior Knowledge Students 

Group N Average of gain score SD t 
High Prior Knowledge 23 21.35 10.56 

-3.578** 
Low Prior Knowledge 23 36.87 17.93 

**p<.01     
 

Table 5 

Independent Sample t-test for the Pre-test between High Prior Knowledge Students and Low Prior 

Knowledge Students 

Pre-test N Average score SD t 

High Prior Knowledge 23 59.78 11.43 
6.920*** 

Low Prior Knowledge 23 39.57 8.11 

***p<.001     
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Table 6  

Independent Sample t-test for the Post-test between High Prior Knowledge Students and Low Prior 

Knowledge Students 

Post-test N Average score SD t 
High Prior Knowledge 23 81.13 12.08 

.941 
Low Prior Knowledge 23 76.43 20.65 

 

The result of this study differs from those of previous researches. Hwang, Lee, and Tseng 

(2012) pointed out that game-based learning can enhance the learning effectiveness of students with 

the low prior knowledge, but it is not conducive to learners with high prior knowledge. However, in 

this research, it shows that competitive game-based learning contributes to the learning effectiveness 

of students from both groups. Furthermore, competitive game-based learning can especially enhance 

low prior knowledge students’ learning effectiveness. The reason for this result might differ because 

different types of games are applied. Hwang, Lee, and Tseng (2012) researched leveling games, 

while this study worked on development ones. Students have to practice on developing their 

characters.  
 

 

6. Conclusions and Future Work 
 

This study developed a competitive game-based learning system and conducted an eight-week 

teaching experiment to explore the impact of prior knowledge on learning effectiveness of 

competitive game-based learning. The results showed that: 1. Students with high prior knowledge 

and low prior knowledge both made significant progress in learning effectiveness after adopting the 

competitive game-based learning. It showed that competitive game-based learning can effectively 

enhance students’ learning effectiveness. 2. The advancement of learning effectiveness of low prior 

knowledge learners is significantly different from that of high prior knowledge ones. The progress of 

low prior knowledge learners is higher than that of high prior knowledge ones. Moreover, the 

post-test scores of low prior knowledge learners are comparable to those of high prior knowledge 

ones. It represents that competitive game-based learning can help learners with low prior knowledge 

achieve the same level of learning effectiveness as high prior knowledge learners.  

In the future, this study can be improved from some aspects. First, this study explored only 

the case of English reading. In the future, we may also integrate different subjects to explore the 

impact of different disciplines on competitive learning. Second, this study only takes students’ prior 

knowledge of English reading abilities into consideration. In the future, we can consider 

incorporating students’ prior knowledge of game experiences. Third, apply different teaching 

methods with a control group other than game based learning. Fourth, add more questions and the 

testing types other than multiple-choices. The reason for this study to use multiple-choices was due 

to its popularity for testing student’s knowledge about the vocabulary. However, it may only see 

student’s knowledge but not competence from the reading contents. Therefore, other question types 

should be applied in this study. 
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Abstract: We present 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 which are useful for learning the syntax of a 

programming language, as well as exercises based on real-life contexts which are useful for 

learning abstraction and logic formulation. We present the details of our approach as well as 

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

Computer programming is becoming a core competence in our society. Governments around the 

world, including the USA, EU and Japan are already making efforts to integrate computer science 

into their education system (Digital Promise, 2017; Balanskat and Engelhardt, 2015 & MEXT, 

2016). With the growing popularity of programming, there has also been a surge in the number of 

tools and resources aimed at supporting people who are learning how to code. Online web tutorials 

like Codecademy (https://www.codecademy.com) and Treehouse (https://teamtreehouse.com), aim 

to bring programming to a wide audience. Visual programming languages like Scratch (Maloney et 

al., 2010) and App Inventor (Wolber, 2011) help teach programming concepts to children. 

Intelligent programming tutors like Ask-Elle (Gerdes, Heeren & Jeuring, 2017) and Java Sensei 

(Cabada et al., 2015) teach coding while providing students customized feedback based on their 

performance. 

Personalized feedback is at the heart of many intelligent programming tutors. Previous 

studies have shown that personalized feedback can significantly increase student performance and 

satisfaction in learning (Gallien & Oomen-Early, 2008). Recently, education techniques such as 

flipped learning have also risen in popularity. In this approach, students acquire knowledge at home 

instead of in the classroom (FL Network, 2014). This underscores the need for teachers and 

curriculum designers to provide tools that can attend to specific needs of individual students. 

Previous intelligent programming tutors have sought to provide different types of adaptive and 

personalized feedback. Ask-Elle provides personalized hints based on a prediction of the student’s 

intention in writing code. Java Sensei gives empathetic responses to the student’s affective state to 

help drive motivation.  In our previous paper, we developed an intelligent programming tutor that 

detects and responds to student confusion by giving hints and adjusting the difficulty of the problems 

(Tiam-Lee & Sumi, 2018).  

However, there is little work done on the personalization of coding exercises. In the work of 

Wakatani & Maeda (2016), tracing and debugging exercises are generated with code templates in 

the PHP language. In the work of Prados et al (2005), variations of manually-written exercises are 

generated by using parameterized questions. In the work of Hsiao, Brusilovsky & Sosnovsky 

(2009), object-oriented tracing questions are generated from parameterized code. Although these 

works present approaches to automatically generate exercises, they either focus on non-coding skills 

in programming (tracing and debugging) or do not offer enough flexibility to generate coding 

exercises that vary in terms of difficulty, theme, or solution structure.  
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The type of coding exercise we are concerned with is one in which the student must write 

code to accomplish a specified task. For example, the student may be required to write code to get 

the average of two numbers. To simplify the complexities of handling user input and output, we use 

the format of completing a function, but in practice this approach can be applied to work with 

exercises that require input and output as well. 

Previous works on exercise generation mostly deal with tracing and debugging exercises. In 

the computer science-specific learning taxonomy proposed by Fuller et al. (2007), these types of 

exercises only cover theoretical competency skills such as remembering, understanding, and 

analyzing. Students who wish to attain higher competencies must also learn how to apply and create 

concepts. These skills are covered by such exercises as writing code to solve problems. In this paper, 

we present an approach for generating personalized exercises of this type without using 

parameterized questions. We discuss the generation of two types of exercises that differ by their 

level of abstraction. First, we discuss exercises based on abstract programming computations, which 

test students’ ability to translate computer operations into coding syntax. Then, we also discuss 

exercises based on real-world contexts, in which students must understand which operation to use to 

solve the problem. 

 

 

2. Generation of Personalized Programming Exercises 
 

In this section, we discuss an approach for automatically generating programming exercises. First, 

we discuss the representation of a programming exercises. Then, we discuss how we automatically 

generate exercises using this representation. 

 

2.1 Exercise Definition and Representation 
 

We represent an exercise as a set of nodes arranged in a flowchart-like structure. This flowchart 

represents the sequence of operations in a solution for the exercise. Like a typical programming 

flowchart, nodes can either be an operation node (rectangle) representing a single operation, 

condition node (diamond) representing a true or false condition that branches into two paths, or a 

return node (circle) representing the output of the exercise. Two examples of this are shown in 

Figure 1. 

 
 

Figure 1. Examples of the exercise representation 
 

2.2 Personalization 
 

In this paper, we mainly focus on adjusting difficulty as a point for personalization in the generated 

exercises. For the purposes of this study, we define as the number of operations needed to solve the 

problem. In the examples above, the exercises have a difficulty of 2 (we do not count return nodes). 

Although the number of operations is not the only factor for an exercise’s difficulty or learning 

value, this is the simplest form of metric that we start with for this purpose. Other points of 

personalization, such as the types of computations involved are also possible. 

Using our approach, exercises with varying difficulty can be generated based on the 

student’s ability or affective state. For example, a student who is having difficulty may be given 

easier exercises, while a student who is performing well may be given more difficult exercises. A 

student who is confused may be given exercises with similar operations. Sensing the student ability 

is not covered in this paper, as we focus on the generation aspect alone. In the succeeding sections, 
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we discuss our approach for generating exercises based on abstract computational operations and 

real-world computational operations in which the difficulty could be adjusted dynamically. 

 

2.3 Generating Exercises Based on Abstract Computational Operations 
 

An exercise can be procedurally generated as follows. First, the structure of the exercise is generated 

by the following algorithm. First, an operation or condition node is set as the head of the exercise. 

The head of the exercise is the first operation to be performed. Then, additional nodes are 

continuously added until the structure contains c nodes, where c is the difficulty of the exercise. 

Finally, all paths of the structure are terminated with a return node. The difficulty of the exercise 

could be controlled by changing the value of c. 

Once the structure has been generated, the parameters for each node are assigned. We define 

the depth of a node N as the number of steps needed to reach node N from the head node. Next, we 

define Clist to be a list of critical nodes. We define a critical node as a node whose operation affects 

the return value of the function. For the exercise to be ideal, we want all nodes to be critical 

(otherwise, some operations will be irrelevant to the output). 

Initially, we add all return nodes and condition nodes to Clist. Return nodes directly affect the 

output by their definition, and condition nodes affect which branch to take, affecting which return 

node will be reached. Next, we set a counter variable i = 1. We loop through the remaining operation 

nodes in descending depth. For each operation node N, we create a unique variable Xi, assign it as the 

left-hand side of the assignment in N, and then increment i. Then, we select a random node C from 

Clist that satisfies the following conditions: C has at least one operand that is not yet defined, and C is 

reachable from N. If no nodes satisfy the above conditions, the generation is treated as a failure. 

Otherwise, the variable Xi is assigned as one of the operands of C. Since C is a critical node and Xi 

now affects its operation, it follows that N is now a critical node as well, so we add it to Clist. 

Optionally, Xi may be assigned to more nodes from Clist. This process is repeated until all nodes are 

in Clist. 

For each node that has no operands yet, we attach at least one variable I1,I2,I3, ... to it as an 

operand. These variables represent input parameters of the exercise function. Finally, we fill all 

remaining operands slots that have not been assigned yet with constants. Figure 2 shows the process. 

 

 
 

Figure 2. Exercise generation process. In (a), the exercise structure is generated with c = 4. In (b), all 

nodes are ensured to be relevant to the output. In (c), the remaining parameters are assigned 

 

The exercise text can be generated from a mapping of each node configuration to natural 

language text. Table 1 shows some of these mappings. We use a recursive approach in generating the 

text, starting from the head node. To get the problem text for a node, we get the corresponding text 

for that node, replacing {1} and {2} with the operands and {O} with the left-hand side variable in the 

case of an operation node. We also replace [A] and [B] recursively. 
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Table 1 

English Text for Selected Node Configurations 

Node English Text 

Operation Node (+) Get the total of {1} and {2}. Store the result in {O}. [A] 

Operation Node (-) Subtract {2} from {1}. Store the result in {O}. [A] 

Condition Node (>) If {1} is greater than {2}, [A]. Otherwise, [B] 

Return Node Return {1}. 

 

Further modifications are made to improve the clarity of the generated text. First, we remove 

“store the result in {O}” for operations wherein the result is used only in the immediately succeeding 

operation, and simply refer to the variable as “the result”. Second, use separate labels for nested 

conditional statements to avoid ambiguity with the “if... otherwise” semantic. Table 2 shows some 

exercises generated using the above approach. 

 

Table 2 

Examples of Exercise Generated with Abstract Computational Operations with Difficulty = 1 and 

Difficulty = 2 

[Difficulty: 1] Complete the function. Perform 6 

minus I1. Return the result. 
int func(int I1) { 

 

} 

 
[Difficulty: 2] Complete the function. If I1 and -3 

have different values, return 3. Otherwise do the 

instructions in A. 

A: If 2 is less than or equal to I2, return 5. Otherwise 

return 7. 

 
int func(int I1, int I2) { 

 

} 
 

 

2.4 Generating Exercises Based on Real-World Computations 
 

In this section, we discuss how exercises based on real-world computations can be generated. To do 

this, we perform planning using two phases of backward state-space search on a domain 

commonsense knowledge base. The knowledge base contains a collection of assertions about the 

real world, as well as actions that can cause effects on the state of the world. Assertions are 

represented as predicate logic. Actions are divided into story actions and computational actions. 

Story actions are actions that provide context to the computation, while computational actions are 

actions that directly perform some computation on the data. Table 3 shows some examples of story 

actions and computational actions. 

 

Table 3 

Examples of Story Actions and Computational Actions 

Story Actions Computational Actions 

Action: introduce_hobby(person p, 

hobby h) 

Precondition: ┐known_hobby(p) 

Postcondition: known_hobby(p) ^ 

hobby_of(p, h) 

Action: convert_meters_to_feet(distance_value d, meters 

m, feet f) 

Story Req.: intent_to_convert(d, m, f) 

Pre: in_unit(d, m) ^ ┐ known_in_unit(d, f) 
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Text: The hobby of [p] is [h]. Post: ┐ in_unit(d, m) ^ in_unit(d, f) ^ known_in_unit(d, f) 

Text: Complete the function that converts [d] to feet. 

Action: state_intent_to_buy(person 

p, hobby h, item i) 

Precondition: hobby_of(p, h) ^ 

used_in(i, h) ^ sellable(i) 

Postcondition: intent_to_buy(p, i) 

Text: [p] wants to buy a new [i]. 

Action: compute_area_of_square(item i, square sq, side s, 

distance_unit d, area a) 

Story Req.: intent_to_compute_area(i) 

Pre: property_of(i, s) ̂  property_of(i, a) ̂  shape_of(i, sq) ̂  

introduced(s) ^ in_unit(s, d) ^ ┐ known(a) 

Post: known(a) ^ in_unit_squared(a, d) 

Text: Complete the function that computes for the area of 

[i] in [d]2. 

 

Each computational action has a story requirement, which is a set of assertions that need to 

be true in the story for the system to be able to use this as the target computation of the problem. 

Furthermore, each computational action is also mapped to an exercise representation (discussed in 

Section 2.1) that is used for generating the exercise solution. 

The first phase of the planning aims to determine the computations for the exercises as well 

as the inputs required for the computations. First, the algorithm selects a random computational 

action that will serve as the main requirement of the problem. To create multi-step problems, 

regression may be performed on this action against one or more computational actions. In Figure 3, 

the main computation was to compute the area of a square in feet. This required that the length of the 

side of was given in feet. After regression on another action (convert meters to feet), the requirement 

changed such that the side needed to be given in meters. The union of these requirements along with 

the story requirement, which is for an intention to compute the area of an object to exist, serves as the 

goal state of the next phase of the planning. 

Next, the second phase of the planning takes the goal state derived from the previous step, 

and then attempts to build a story context behind the computation by using a backward state space 

search on the set of story actions in the domain. Backward state space search works backward by 

starting on the goal state and attempting to reduce it by performing regression against other action. 

As an example of this, in Figure 4 the goal is that Julia is not hungry. The planner reduces this goal 

by performing regression on the “eat” action, matching the parameters “Julia” and “ramen”. After 

this, the new goal is for Julia to be hungry and for ramen to be edible. Backward state space search 

attempts to find a sequence of actions until the goal state is reduced to a state that is true in the initial 

state of the world. 

Finally, the text can be generated by concatenating the templates associated with each action 

in the sequence. Table 4 shows some examples of generated exercises with real-world computations. 

 

 
Figure 3. Determining the computation of the exercise through regression 
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Figure 4. Example regression of a story goal 

 

 

3. Initial Evaluation and Discussion 
 

We sought initial opinions from students and teachers of programming with the purpose of 

determining the viability of the generated exercises to be used for learning programming. In this 

pre-evaluation, we do not evaluate the personalization aspect of the exercises yet. Instead, we focus 

only on the quality of the generated exercises in terms of usage in programming education. 

 

3.1 Student Evaluation 
 

For the student evaluation, the participants are 13 students in a Japanese university. Each student 

solved 4 abstract level exercises and 4 real-world level exercises randomly generated by the system. 

The students were asked to rate each exercise on two criteria on a 5-point Likert scale: (1) how easy 

it is to understand the exercises (5 – very easy, 1 – very difficult) and (2) how engaging it is to 

answer the exercises (5 – very engaging, 1 – not engaging at all). They can also qualitative feedback 

on each exercise. Table 5 shows the results. 

 

Table 4 

Examples of Exercise Generated with Real-World Computations of Varying Difficulties 

[Difficulty: 1] Neil likes traveling very much. Neil is planning to 

travel to France for a vacation. France uses the imperial system for 

measurement. Neil is A meters tall. Neil should convert the height 

of Neil to feet. Complete the function that converts the height of 

Neil to feet. 1 meter is 3.28084 feet. 
double func(double A) { 

 

} 

 

[Difficulty: 3] It is a rainy day. Thomas walked to the restaurant. 

Thomas gets sick because of the rain. The body temperature of 

Thomas is A degrees Celsius. Thomas wants to know the body 

temperature of Thomas in degrees Fahrenheit. Complete the 

function that converts body temperature to Fahrenheit. To convert 

Celsius to Fahrenheit, multiply it by 9/5 and then add 32. 
double func(double A) { 

 

} 
 

[Difficulty: 3] Cloud is a doctor. Cloud wants to buy a new 

stethoscope for work. One 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) { 

 

} 

 

190



[Difficulty: 4] 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) { 

 

} 

 
 

 
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. Several students cited the repetitiveness of the exercises in the abstract level as a 

reason for lack of engagement. 

 

Table 5 

Results of Student Evaluation 

  Abstract Real-World 

How easy to 

understand is it? 

Avg. 4.08 3.67 

Std. Dev. 1.57 1.42 

How engaging is it? 
Avg. 3.52 3.75 

Std. Dev. 1.44 1.37 

 

In general, these results show that the exercises can be engaging and easy to understand for 

the students, but considerations must be made with certain factors such as the wording of the 

exercises and the student’s prior familiarity of the concepts used. 

 

3.2 Teacher Evaluation 
 

We also sought the qualitative feedback of 7 programming teachers who are handling university 

programming courses. 4 of the teachers were from Japan while 3 of the teachers were from the 

Philippines. We showed 10 exercises generated by our approach to each teacher, 5 on the abstract 

level, and 5 on the real-world level. We then asked them to fill up a qualitative survey about the 

exercises. 

Most of the teachers have stated that the exercises on the abstract level are usable for 

teaching programming (5), but several have also pointed out that the exercises are too 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 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 generated 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). 

For the exercises generated in the real-world level, several have stated that the real-world 

context of the problems can 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, however, is that the grammar and wording of 
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the sentences sound unnatural (3) at times and could affect understanding. For example, character 

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. 

 

3.3 Discussion 
 

The results of the evaluation show that while it is possible to generate programming exercises that 

are understandable and engaging, it is also important to consider the right time to present the 

exercises. Some students perceived the exercises as less engaging because they are too easy, 

suggesting that it does not match their skill level. On the hand, the lack of familiarity with some 

concepts such as “body mass index” was often cited as a reason for lack of engagement. 

This shows that the preconceptions and understanding of the student must be considered in 

deciding the kinds of exercises to be given. This is also consistent with the teachers’ feedback that 

certain types of exercises are suitable only for certain skills of programming. This highlights the 

need for a system that can adapt to the states of the student, such as skill level or understanding of 

different concepts. 

While students and teachers perceived the contextualization of the exercises into real-world 

settings as engaging in general, it is unclear as to what extent story elements should be used for 

programming exercises. Some teachers have stated that they do not find the story elements of the 

real-world exercises to be necessary apart from the main computation (e.g., convert meters to feet), 

while others have stated these elements are helpful in contextualizing the problem. More research 

must be done to evaluate the pedagogical value of these elements. Nevertheless, generation of 

exercises with a story has the potential for certain types of adaptive feedback such as 

personalization, which can be helpful in learning (Bates and Weist, 2004). 

 

 

4. Conclusion 
 

In this paper, we discussed an approach for generating programming exercises that use abstract and 

real-world computations. Exercise on the abstract level target students’ ability to remember the 

syntax of the programming language, while exercises on the real-world level target students’ ability 

to formulate programming logic based on the relationships of real-world entities. Considerations in 

generating programming exercises include the wording of the problems, the familiarity of the 

students with the concepts presented, and the diversity of the types of computations that can be 

generated. 

Future work can further improve the generation process by incorporating natural language 

processing techniques to increase the quality of the sentence structures generated by the exercise. 

Ways on increasing the knowledge base can also be explored. There is also a need to assess the 

pedagogical value of the exercises in the context of learning. 
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Abstract: Teachers can publish a variety of multimedia learning materials on learning 

management system. Students can freely access these materials for their self-regulated 

learning. Students with different verbalizer-visualizer cognitive style may have different 

engagement levels in accessing different kinds of online multimedia learning materials, and 

thus may affect their learning performance. Therefore, this study analyzed the system logs 

for understanding the effects of verbalizer-visualizer cognitive style on students’ 

engagement levels and learning performance. The results revealed that cognitive style did 

not affect the engagement level of the students. However, students learning performance 

was affected by cognitive style. These results were then discussed. 

Keywords: Cognitive style, learning analytics, video lecture, engagement 

1. Introduction

With the development of internet and the promotion of flipping instruction, more and more teachers 

have used Learning Management Systems (LMSs) to publish a variety of multimedia learning 

materials, such as lecture slides and videos, for students to learn after class.  Learning on LMSs is a 

self-regulated learning process, in which students can freely select the learning materials and control 

their learning path and pace. However, students with different individual characteristics may have 

different preferences, abilities, and motivations in using these learning materials (de Barba, 

Kennedy, & Ainley, 2016). These preferences, abilities, and motivations influence their engagement 

levels and in turn may affect their learning performance (Cheng & Chau, 2016; Graff, 2003).  

Thus, there is a need to consider individual differences. Several individual differences have 

been examined in the past two decades, such as gender (Padilla-Melendez, del Aguila-Obra, & 

Garrido-Moreno, 2013), prior knowledge (Taub, Azevedo, Bouchet, & Khosravifar, 2014), and 

learning style (Graf, Liu, & Kinshuk, 2010), and cognitive style (Graff, 2003). Among these 

individual differences, verbalizer-visualizer cognitive style is the most relevant with multimedia 

learning (Bos, Groeneveld, van Bruggen, & Brand-Gruwel, 2016; Mendelson & Thorson, 2004) 

Students with different verbalizer-visualizer cognitive styles should have different preferences in 

accessing these online multimedia learning materials. Therefore, this study attempts to examine 

whether verbalizers and visualizers have different engagement levels in accessing different kinds 

online learning materials (i.e., lecture slides and video lectures), and whether their cognitive style 

can affect their learning performance. 

2. Related works

LMSs can record learners’ behaviors of online tool uses and navigational paths into system logs. 

These logs can be analyzed to understand students’ online learning behaviors. Studies have analyzed 

system logs to examine the effects of individual differences on the online participation behaviors 

and learning performance (Heffner & Cohen, 2005; Lust, Vandewaetere, Ceulemans, Elen, & 
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Clarebout, 2011) and have explored the relationships between students’ characteristics, online 

participation behaviors, and learning performance (Chang, Chen, & Wang, 2011; Macfadyen & 

Dawson, 2010). However, most of the studies focused on the individual differences of gender, age, 

learning styles (Cheng & Chau, 2016; Huang, Lin, & Huang, 2012), and motivation (de Barba et al., 

2016; Giesbers, Rienties, Tempelaar, & Gijselaers, 2013). We found few studies to examine how 

verbalizer-visualizer cognitive style affect online participation behaviors and performance. 

 Cognitive style refers to an individual’s habitual and preferred way for acquiring, 

processing, and organizing information (Frias-Martinez, Chen, & Liu, 2008; Lei, Sun, Lin, & 

Huang, 2015; Mendelson & Thorson, 2004). Several dimensions of cognitive style have been 

proposed, such as verbalizers/visualizer, field independent/field dependent, and wholistic/analytic 

(Frias-Martinez et al., 2008; Gulliver & Ghinea, 2010). Among these dimensions, 

verbalizer-visualizer is the most related to multimedia learning because multimedia involves 

multiple information representation formats (Bos et al., 2016; Mendelson & Thorson, 2004), which 

include text, pictures and animations. Such different representation formats may be appreciated by 

verbalizers and visualizers differently. For example, verbalizers like to learn from reading text, 

writing text, and listening, while visualizers like to learn from reading text with pictures and viewing 

animations or videos. This is due to the fact that verbalizers prefer to think and process information 

by words, while visualizers prefer to think and process information by pictures, charts, and graph 

(Frias-Martinez et al., 2008; Lei et al., 2015; Mendelson & Thorson, 2004).  

 Students with different verbalizer-visualizer have different preferences in access 

information. These preferences may influence their learning behaviors. Studies have examined how 

cognitive style affect learning behaviors (Liu, Kinshuk, Lin, & Wang, 2012; Massa & Mayer, 2006). 

However, most of the previous studies were conducted in a controlled setting , involved in a shorter 

time (e.g., one hour), and focused on the search and navigational activities (Frias-Martinez et al., 

2008; Graff, 2003; Kinley & Tjondronegoro, 2010) and multimedia learning (Leutner & Plass, 

1998; Massa & Mayer, 2006). Fewer studies have examined behaviors in the field, involved a longer 

time (e.g., one semester), and focused on accessing LMS learning materials.  To address this issue, 

we analyzed a one-semester logs of a LMS, where the course teacher regularly published lecture 

slides and videos and students learned from these published learning materials after class. By doing 

so, we can compare the engagement levels and learning performance of learners with different 

cognitive styles. 

 

 

3. Method 
 

3.1 Participants  
 

Fifty-six third-year undergraduate students participated in this study. Their major was computer 

science and they enrolled a course, named as mobile phone programming. In addition to lecture in 

the classroom, the course teacher published video lectures, lecture slides, and programming 

homework assignments on the 21CS learning management system (http://www.21cs.tw)/. The 

students could use the system to learn from the published slides, videos, and shared submissions, to 

submit their assignments, and interact in a discussion forum. 

 

3.2 Instruments  
 

The students’ cognitive styles were measured by Style of Processing (SOP) scale developed by 

Childers et al.(1985), because it is easy-to-use in field settings and has revealed satisfactory 

reliability and validity(Sadler-Smith, 2011). The SOP scale has two subscales (i.e. the verbal and 

visual subscales), consists of 22-item, and uses four-point Likert scale. The total score is 88. High 

scores indicate a preference for processing visual information; low scores indicate a preference for 

processing verbal information. Reliability of each subscale is .73 for verbalizers, and .74 for 

visualizers. Global reliability of the SOP scale is .82. Overall, the reliability of the SOP scale is 

acceptable. The participants with the SOP scores that are higher and lower than the mean SOP score 

are identified as visualizers and verbalizers, respectively. 
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 The learning performance of the students was evaluated by a final exam. There were 32 

true/false (each correct answer is 0.25 point), 2 single selections (each correct answer is 1 point), 10 

open-ended (each correct answer is 1 point) questions in the paper-based test. The total score of the 

paper-based test is 20. It primarily evaluated students’ cognitive levels of remembering and 

understanding, for example, the syntax of opening a local file and the procedure of setting the 

permission. 

 

3.3 Procedure  
 

The course lasted for 18 weeks. For each week, the teacher taught the slide content and used a screen 

capture software to record what he taught in the classroom. Each lecture slide was published before 

one week of the slide content taught; each video lecture was published immediately after the teacher 

recorded in the classroom. There were 17 slides published and 56 video lectures published.  

 The students’ cognitive style was measured at the 13th week. Their learning performance 

was evaluated at the 18th week by the final exam. The time for the exam was continued for one hour. 

 

 

4. Results and Discussions 
 

4.1 Time spent for accessing the learning materials  
 

Verbalizers prefer to learn from text information and visualizers prefer to learn from visual 

information. Lecture slides that combine text with pictures and video lectures that combine voice 

with dynamic images are visual information, visualizers should spend more time on viewing them 

than verbalizers. In order to understand whether students preferred to use the learning materials that 

match with their cognitive styles, we compared the time that they spent in viewing lecture slides and 

time spent in viewing video lectures between verbalizers and visualizers. Two Mann–Whitney tests 

were conducted. The results did not show any statistical significant differences between verbalizers 

and visualizers, in terms of the time spent for viewing any learning material. Therefore, these results 

represent that the behavior that students demonstrated did not reflect their cognitive styles. 

 

Table 1 

Time length of viewing the learning materials 

 Verbalizer Visualizer p 

 Mean SD Mean SD 

Time spent 

of viewing 

lecture 

slides 

29696.39 25239.13 27086.89 15465.51 0.909 

Time 

spent of  

viewing 

video 

lectures  

13977.29 16993.96 10353.46 8287.99 0.793 

 

4.2 Learning performance between Verbalizers and Visualizers 
 

Because the learning materials published in this system were visual information (i.e. lecture slides 

and video lectures), visualizers should learn better on the system than verbalizers did. Therefore, 

visualizers should have better learning performance than verbalizers. In order to prove this 

assumption, we compared the final exam scores of verbalizers and visualizers. A Mann–Whitney 

test was conducted. The results showed that cognitive styles had a marginally significant effect on 

the final exam score (U=506.00, z=1.869, p=0.040). More specifically visualizers (mean = 10.33) 

gained higher scores in the final exam than the verbalizers (mean =9.45).  
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 Why visualizer have better learning performance than verbalizers in the final exam. There 

may be a reason to explain this result. Visualizers may more easily remember and understand visual 

information than verbalizers (Childers et al., 1985; Darley, 1999; Marks, 1973), so the students with 

visualizer style have better final exam scores when learning from the learning materials. Please leave 

one blank Normal (11 point) line before every table caption or figure. Similarly, please leave one 

blank Normal (11 point) line after every table or figure caption. 

 

 

5. Concluding Remarks 
 

This study conducted a one-semester instructional experiment, where the course teacher regularly 

published lecture slides and videos on a LMS; and students learned from these published learning 

materials after class. In the end of the experimental instruction, the LMS logs were analyzed for 

comparing the engagement levels and learning performance of learners with different cognitive 

styles. The results revealed several interesting findings. Firstly, the behavior that students 

demonstrated did not reflect their cognitive styles. Secondly, the learning performance that students 

demonstrated did reflect their cognitive styles. 
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Abstract: At present, the tour guide methods of historic sites and museums can be divided 

into traditional tour guide and digital tour guide. The traditional tour guide methods have 

labor-consuming problems, while most digital tour guide methods cannot provide users with 

personalized and adaptive tour guide services. Therefore, in order to enable users to have 

better personalized and adaptive tour guide process experience, this research used the 

concept of artificial intelligence machine learning to develop an adaptive digital tour guide 

system, which not only enables users to use gesture recognition to simply operate the 

system, but also provides an electronic map combined with machine learning to develop a 

personalized tour guide process and recommends the next tour guide work to be carried out 

by the user, so that the learner can have better learning effect. This study also hoped to 

provide a more user-friendly tour guide process and mechanism in this way.     

Keywords: Digital tour guide system, Adaptation, Machine learning, Gesture recognition 

1. Introduction

At present, the tour guide method can be divided into traditional tour guide and digital tour guide. 

The traditional tour guide method is when tourists are doing on-site visiting, cultural and historical 

sites guiding or fine arts guiding, the visit is led and guided by the narrator, but the disadvantage is 

that there is a limitation of time and manpower for the tour guide. In addition, the tour guide service 

by the narrator is a labor-intensive and time-consuming task. And it is impossible to provide detailed 

one-to-one consultation services, which may lead to the situations where one cannot see or hear 

clearly (Dong, 2014).  While digital tour guide uses technology to support the work of narrators, so 

that tourists can complete their learning work by themselves with the help of computer equipment, 

such as Papagiannakis, Singh, and Magnenat-Thalmann(2008) that combine mobile devices through 

Augmented Reality (AR). It is provided for visitors to use, and it is also provided for use by the tour 

guide of different historic sites, scientific education and other aspects. Abowd et al. (1997) use the 

handheld mobile device to provide the tourist with the context-aware tour guide system, which is 

hoped to be provided to the user to use the tour guide system. There are also museums that provide 

audio tour guide equipment for tourists.  

As mentioned above, the traditional tour guide method not only consumes manpower, but 

also cannot provide detailed one-to-one service. Although the digital tour guide method can solve 

the problem of insufficient manpower in the traditional tour guide, it is unable to provide users with 

personalized and adaptable tour guide services, as Brusilovsky, Nakabayashi, and Ritter (1997) 

pointed out that adaptive education is an important element in digital teaching; Wang (1980) also 

suggested that adaptive education is a teaching strategy that meets the individual needs of learners 

and enables learners to have better results. Therefore, this study hopes to add the necessity of 

personalized and adaptive learning to the digital tour guide system for learners to have better results. 

The so-called adaptive learning is proposed by Hartmann (1939), who thinks that adaptation is to 

deal with a predictable environment with a little cost. Therefore, Brusilovsky (1996) proposed to add 

the concept of adaptability to learning so that learners can have better learning effect. So, in order to 

enable users to have a better personalized and adaptive tour guide process experience, this study 
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used the concept of artificial intelligence machine learning to recommend users to have a better tour 

guide process that is in line with their interest. By providing an electronic map guiding mode, we can 

help users quickly find their own positions and the prompt of the target object. As long as the target 

object is found and the information of the target object is browsed, the system will automatically 

upload the tour guide history, analyze the tour guide history through the cloud server, and 

recommend the next tour guide work to be carried out by the user through the method of artificial 

intelligence machine learning. This study hopes to provide users with a digital tour guide system 

with adaptive learning mechanism in this way.  

In addition, this study also used Mixed Reality (MR) technology to achieve the effect of 

Virtual reality (VR) and augmented reality through simple Google cardboard assembly and 

matching smart phones. And in order for the user to interact with the 3D object, this study also 

introduced gesture recognition technology to quickly detect the hand position and judge the hand 

posture, so that the user can directly use gestures to give commands, hoping to provide a simpler and 

intuitive interactive way to provide a user-friendly tour guide process.  

 

 

2. Related Works 
 

2.1 Adaptive education 
 

In recent years, with the development of science and technology, digital learning has become the 

most convenient way to acquire knowledge. Therefore, adaptive learning has become an important 

topic. Adaptive learning evolved from individualized teaching which is the rigid teaching methods 

ignoring differences of each learner. Adaptive teaching provides each student with personalized 

educational opportunities, and will not result in inequality in the learning of each learner due to 

various environments, qualifications and preferences in the learning process (Lin, 1999).  

Perkowitz and Etzioni (1997, 1999) pointed out that different users have different needs and 

purposes, so learning websites need to have the ability to adapt. They also believe that adaptation 

must include type adaptation, personalization and transformation, content orientation and access 

orientation, and automation.  Despotović, Bogdanović, Barać, and Radenković (2008) use data 

mining methods to develop an adaptable and personalized online education website and to provide a 

set of adaptive educational methods.  Yaghmaie and Bahreininejad (2011) use the proxy and 

Sharable Content Object Reference Model (SCORM) to propose a ubiquitous personalized and 

adaptive learning system to improve the learning effect of learners. Jones and Jo (2004) also apply 

adaptive and personalized learning strategies to ubiquitous learning, and provide learners with 

personalized learning advice whether on personal computers or handheld devices to meet the 

different needs of learners.  

Most of the current adaptive learning systems use feedback to realize personalized teaching, 

such as Lee and Ouyang (2015), who guided learners in the teaching process to use voting system to 

examine learners' learning status to correct learners' learning attitude and learning effect. Lin (2014) 

combined interactive teaching function with classroom feedback system to understand the situation 

of college students' study concentration, and then grasped the students' study situation according to 

the results of various assessments. As mentioned above, most of the adaptive learning systems use 

feedback to realize personalized teaching, while automated prediction methods are seldomly used. 

Therefore, this study provided a personalized and adaptable tour guide process through artificial 

intelligence machine technology so that learners can have better learning results.  

 

2.2 Support Vector Machine and Support Vector Regression 

 
Machine learning is part of artificial intelligence. Machine learning, as its name implies, is to make a 

computer have the ability to learn like human beings. It is necessary to transfer the process of human 

brain learning and judgment to a computer, which basically means to use data to "train" and 

"predict". This comprises the following four steps: (1) Acquiring data: the human brain collects a 

large amount of data through the skin of the eye ear, nose and tongue to be able to carry out analysis 

and processing. Machine learning must also collect a large amount of data for training. (2) Analysis 
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of data: the human brain analyzes the collected data to find out possible rules. (3) Establishing a 

model: after the human brain finds out possible rules, it will use the rules to establish a "model", 

which is the brain's experience gained through learning. The "model" in machine learning is 

somewhat similar to what we call "experience." (4) Predicting the future: when learning is 

completed, the new data is entered into the model to predict the future (Qu, 2017).  

In many methods of machine learning, support vector machine is usually used in machine 

learning. It is a supervised learning method, which mainly uses the concepts of classification and 

regression. Nowadays, most people call it SVM (Bituzi, 2014) for short. SVM (Hearst et al., 1998) is 

a classifier that has attracted much attention in recent years. SVM has strong classification ability 

and has such advantages as being able to deal with the non-linear classification at the same time. 

There are many ways to identify and classify targets using SVM. For example, Dalal and Triggs 

(2005) used feature extraction technology and SVM classifier to detect pedestrians; Rebentrost, 

Mohseni, and Lloyd use SVM for big data to make SVM faster that can efficiently performing a 

matrix inversion of the training data inner-product (kernel) matrix; Dollár, Belongie, and Perona 

(2016) proposed a new improved method for HOG pedestrian detection algorithm, which combines 

with an improved fast SVM classifier to increase the speed of detection. Therefore, SVM can be 

used as a classification tool. The so-called classification simply refers to the classification of similar 

attributes into one category (Happyman, 2012).  Support vector regression (SVR) is a method for 

SVM to deal with the problem of regression. SVR is an extension of the original SVM. Regression 

refers to that the label corresponding to each instance is a continuous real number, and not a discrete 

distinct category. SVR is applied to classification, grouping and regression fields with statistical and 

machine learning theories.  

As shown above, this study proposed a set of digital tour guide system with adaptive 

learning mechanism, provided a new technology application mode, and used machine learning SVM 

technology to detect and classify the tour guide preferences of users. It is hoped that we can 

recommend the tour guide process that users like, so that users can have personalized experience in 

tour guide, and we hope this can increase the learning effect of users.  

 

 

3. System Overview 

 

 
 

Figure 1. Architecture Diagram of Adaptive Digital Tour Guide System   

   
As shown in Figure 1, Architecture Diagram of Adaptive Digital Tour Guide System, the adaptive 

digital tour guide system includes four modules, namely, gesture recognition module, tour guide 

process module, mixed reality display module and server link module. Through combining the smart 

phone with Google cardboard, the real world and virtual information can be combined to generate a 

new mixed real environment for interaction with 3D objects through intuitive man-machine 

interface interaction, so that users can obtain the information of the target object in a simple and 

convenient way. In addition, this study also provided a cloud server to provide artificial intelligence 

machine learning technology to recommend the user's tour guide process. Figure 2 shows when the 

user uses the proposed system to engage in learning activities, and the following is a functional 

description of each module and cloud server:  
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Figure 2. The Usage Scenario of the Proposed System 

 

3.1 Gesture Recognition Module  
 

 
Figure 3. Gesture Recognition Usage Diagram 

 

As shown in Figure 3, the gesture module mainly uses gesture recognition technology for interaction 

with AR buttons with such technology. First of all, this module enables us to interact with AR 

buttons through the mixed reality display module. In addition, we can also switch the operation 

mode through the gesture recognition module so that the user can operate the adaptive digital tour 

guide system without using the keyboard or touch screen.  

 

3.2 Tour Guide Process Module  

 
Figure 4. Recommended Tour Guide Flow 

 

This study provided a tour guide process module, which provides electronic map and 

commemorative stamp collection functions. The electronic map can let users know their own 

location and the user will be prompted when approaching the target object. If the user finds the target 

object, he or she can obtain the commemorative stamp of the target object. In addition, as shown in 

Figure 4, this study also introduced the technology of artificial intelligence machine learning to 

recommend the user's tour guide process. When the user is conducting tour guide, the system will 

automatically record the tour guide and upload the history record to the cloud server through the 

server link module. The cloud server will automatically predict the user's tour guide preference 

process through the machine learning technology and the result will be transmitted to the tour guide 

process module, so that when the user enters the electronic map, the tour guide  process will be 

provided to the user to guide the user to carry out tour guide activities.  
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3.3 Mixed Reality Display Module  

 

 
Figure 5. Mixed Reality Usage Diagram  

 
As shown in Figure 5, since this study used smart phones in combination with Google cardboard, the 

main purpose of the mixed reality display module is to convert 2D movies into MR usable movies, 

and project the 3D virtual objects on the smart mobile phone after the user scans QR code and 

displays 3D virtual objects on the smart phone. In other words, the mixed reality display module 

generates a new set of mixed reality environment, and displays the 3D virtual object of the items on 

a smart phone.  

 

3.4 Server Link Module  
 

The 3D module provided by the study is placed on a cloud server. Through the server link module, 

the adaptive digital tour guide system can be linked to a remote server. The downloaded information 

is then transmitted to the mixed reality display module so that the mixed reality display module can 

display the 3D object of the item.  
 

3.5 Cloud Server  
 

In order to enable the adaptive digital tour guide system to get 3D objects at any time, this server 

plays the role of providing. The cloud server allows developers to store 3d Object models and 3D 

object map files, so that the adaptive digital tour guide system can obtain 3D object models and map 

files corresponding to the objects, and support the download requirements of the adaptive digital 

tour guide system. In addition, the cloud server also provides artificial intelligence machine learning 

analysis technology. Through machine learning technology, it will automatically analyze each user's 

history tour guide locations, and recommend each user's tour guide process according to each user's 

tour guide location preference.  

 

 

4. Conclusion 
 

This study provided a set of adaptive digital tour guide system, which provides users with a set of 

simple operation and personalized tour guide process, so that users can carry out tour guide activities 

according to their own preferences. In other words, as long as the user end of the adaptive digital tour 

guide system uses the tour guide process module to find the target object and scan the QR code of the 

target object, the commemorative stamp of the target object will be obtained. In addition, the tour 

guide process module will transmit the information to the server link module, which will send a 

request to the cloud server. The cloud server will send back the model and map file information of 

the 3D object as well as the information learned and analyzed by the artificial intelligence machine 

to the server link module, which will process the data and then transmit the data to corresponding 

module. In addition, the mixed reality display module converts the real-world images obtained by 

the smart phone lens into 3D images for the user to have the feeling of experiencing their 

surroundings. The tour guide process module will recommend the tour guide places for the user. 

Also, the user can interact with 3D objects through the gesture recognition module, so that the user 

can experience mixed reality.  

Therefore, in the future work, this study hopes that it can actually introduce the teaching 

field of historic sites and museums, so as to collect many users' information and recommend a more 

accurate and more user-friendly tour guide  process, and it can be integrated into many Taiwan's 
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humanities schools or general education, or the off-campus teaching of primary and secondary 

schools in Taiwan, so that more users can use the adaptive digital tour guide system to learn more 

knowledge in different fields in a personalized way.  
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Abstract: This study examined the effect of game-based design strategies and auxiliary 

mechanisms on learners with varied cognitive styles (field dependence-independence, FD-I). It 

carried out an empirical study on the sixth graders of an elementary school in southern Taiwan. 

The following research questions were investigated through analyzing gaming behavioral data: 

(1) With respect to the improvement of reasoning ability, has the reasoning ability of the

experimental group significantly improved compared to that of the control group? (2) Based on

the game design mechanisms used in this study, does the design mechanisms of adaptive

reasoning games be able to correspond with the gaming behaviors of FD-I learners? The results

showed that in the reasoning ability pre-tests and post-tests, there was significant improvement

in the reasoning ability of the FD (N=30, p=.017<.05) and FI (N=29, p=.014<.05) groups that

had participated in the reasoning activities, while that of those who did not take part in the

activities showed no significant improvement. These results confirm that the main principle,

FD-I-oriented design strategy, formulated in planning and developing the reasoning game of

“Dio’s Wonderland Adventure” have substantial contribution in improving students’ reasoning

ability. With respect to the design strategies, they were mainly based on the behavioral

preferences of FD-I students in information acceptance, information experience, and organizing

information; and the seven design strategies were employed to develop a game model suitable

for FI and FD.

Keywords: Game-based Learning, Cognitive Style, Reasoning Ability, Clustering Analysis, 

Adaptive Reasoning Game 

1. Introduction

While learning takes place in classrooms, playing often provides students with another important 

channel for informal learning. Game-based learning strategies that combine digital games, learning 

contents and learning activities have already drawn the attention of researchers and educators (Gee, 

2003; Hwang & Wu, 2012; Kiili, 2005; Meluso, Zheng, Spires, & Lester, 2012; Oblinger, 2004; Yien, 

Hung, Hwang, & Lin, 2011). The learning environment of game-based learning guides students to learn 

in the virtual gaming world, engendering motivation to learn as they play (Van Eck, 2006). A design 

mechanism is adopted to develop problem solving skills including creative thinking, reasoning and 

critical thinking. (Cheng, She, & Annetta, 2015; McFarlane, Sparrowhawk, & Heald, 2002; 

Papastergiou, 2009). Reasoning is a thinking process that involves deriving new information from old 

materials, enabling an individual to establish the correlation between systematic principles and 

premises. Also, reasoning is considered a high order cognitive ability; it is a problem solving ability 

which assists an individual, through the process of logical reasoning, in gaining a clear understanding of 

the causal events in the environment where she/he is situated (DeLoache, Miller, & Pierroutsakos, 

1998). 

In the studies investigating the ways to cultivate reasoning ability, cognitive styles have been 

considered one of the important factors influencing reasoning ability (Miller, 1987), and the differences 

between various cognitive styles are reflected in the response of individuals towards information 
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experience and the process of organizing information (Lee, Cheng, Rai, & Depickere, 2005). As a result, 

the performance behavior and learning effectiveness of learners with different cognitive styles differ, 

which affects their performance in organizing their learning experiences (Sternberg & Grigorenko, 

1997). Some studies emphasize that during the learning process if an adaptive learning environment can 

be provided and is able to bring learners’ cognitive styles into full play, the learning effectiveness 

among them can be improved (Thomas & McKay, 2010). Riding and Rayner (1998) point out that in 

deploying learning strategies, if consideration is given to reconcile the differences in the cognitive 

styles of learners during the design process, it will be possible to identify the learners’ learning 

difficulties as well as to enhance learning effectiveness. 

Many studies examining education and digital games point out that a well-designed digital 

game should be equipped with adaptive game rules and task objectives (Waraich, 2004), and this 

eventually brings gamers into the storyline of the game, which encourages them to continue to play the 

game. As reasoning ability and new knowledge acquisition have an intimate relationship, and that 

learners’ cognitive styles are an important factor that affects individual and environmental information 

as well as the organization of such information in the reasoning process, developing adaptive reasoning 

games based on the characteristics of different cognitive styles will be conducive to promoting learners’ 

reasoning ability. In investigating the various dimensions of different cognitive styles, Witkin’s field 

dependence-independence (FD-I) is one of the most widely used methods in the teaching field for 

identifying learners’ cognitive styles (Chen & Macredie, 2002; Mampadi, Chen, Ghinea, & Chen, 2011; 

Witkin, Moore, Goodenough, & Cox, 1977). Therefore, based on the FD-I oriented characteristics, this 

study constructed an adaptive reasoning game that makes use of various task objectives in each level to 

allow learners to complete the game tasks by interacting with the learning contents of the game. And 

further to examine the effectiveness in enhancing reasoning ability by comparing the reasoning ability 

pre-tests and post-tests. 

In addition, a clustering algorithm using the big data analysis method based on the students’ 

behavior in the game activity logs is employed. The learning behavior logs generated by digital learning 

environments, by means of the big data analysis method, come to provide research investigations that 

are different from the traditional methods of examining learning effectiveness – and this has become the 

development trend in recent years (Baker & Yacef, 2009; Mohamad & Tasir, 2013). Collecting game 

behaviors in a game learning environment and constructing behavioral models using big data analytics 

can help reveal the correlation between game behavior, game design and learning effectiveness (Hou, 

2015; Hou & Li, 2014). 

In light of the correlation between game-based learning, cognitive style and reasoning ability, 

and the importance of big data analytics, this study aims at developing an interactive digital game, 

through which FD-I learners are able to review the improvement of their reasoning ability following the 

gaming activities, as well as providing a design mechanism for this type of games. Through introducing 

this game in the empirical field and gathering the behaviors of individuals interacting with different 

objects in the game, as well as using the quantitative analysis conducted through the clustering 

algorithm of big data and the pre-tests and post-tests testing the effectiveness of the reasoning ability, 

this study seeks to examine the effects of the design strategies and auxiliary mechanisms on learners 

with FD-I characteristics. 

This study carried out an empirical research on the sixth graders of an elementary school in 

southern Taiwan, and investigated the following research questions: 

 With respect to the improvement of reasoning ability, has the reasoning ability of the 

experimental group significantly improved compared to that of the control group? 

 Based on the game design mechanisms used in this study, does the design mechanisms 

of adaptive reasoning games be able to correspond with the gaming behaviors of 

FD-I learners? 
 

 

2. Research Methods 

 

2.1 Adaptive Reasoning Game 
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The game developed by this study was “Dio’s Wonderland Adventure,” which is a puzzle and 

adventure game that incorporated reasoning techniques. The protagonist of the game is a little boy 

called Dio, who has to solve problems and take adventures in a fantasy journey. To play this game, 

players would engage in dialogues with a non-player character in the game scenes, make use of 

different reasoning techniques, and through collecting props as well as thinking about how to use those 

props, solve the layers of puzzles embedded in each level in order to advance. The game has eight 

independent levels which are sequentially correlated. Players have to overcome the challenge of each 

level before they can proceed to the next level. In addition, the game emphasizes the relationship 

between digital games and cognitive styles when designing games. 

According to the characteristics of FD-I, the game offered nine FD-I-oriented design strategies, 

which respectively were (1) text description, (2) prompt ratio, (3) instructional prompts, (4) feedback 

prompts, (5) prompts for passing a level, tasks and puzzles, (6) types of puzzles, (7) auxiliary prompt 

objects, (8) level sequence, and (9) strengthened props. While (8) and (9) design mechanisms remain 

the same for FD and FI, the display of the remaining seven design principles and mechanisms differed 

in each level. For example, while it is appropriate to provide field-dependent people with a clear and 

definite teaching strategy with a lot of guided information, field-independent people are able to engage 

in learning even with less available information. Therefore, in respect of prompts, the game designed by 

this study provided FD with a gaming process with full dialogues, as well as clear and visible scene 

objects. By comparison, the FI gaming process is designed to have only a few prompts, with hidden 

scene objects that required searching.  

 

2.2 Instruments 

 
In order to evaluate the effects of the design of this study on the reasoning ability of students with FD-I 

cognitive styles, the participants were invited to fill out two scales, the hidden figures test (HFT) and the 

standard progressive matrices-parallel form (SPM-P). 

 Hidden figures test 

This test was developed by Messick and published by the Educational Test Service in the USA 

(Messick, 1984). Its main purpose is to evaluate whether the subjects’ cognitive styles are skewed 

towards FI or FD in order to provide a reference for teaching and counseling. The split half 

reliability of this test was 0.86. 

 Reasoning ability test - Standard Progressive Matrices-Parallel Form (SPM-P) 

The main purpose of SPM-P is to evaluate the reasoning ability of the participants. It includes the 

two cognitive principles which are relationship theory and correlative reasoning. The former 

stresses induction and analogy, while the latter is linked to deductive ability (Raven, Raven, & 

Court, 1998). This scale is designed for people between 7 and 18, and hence can be used on 

participants in this study. The split half reliability of this scale ranged from 0.87 to 0.92 while its 

internal consistency reliability ranged from 0.83 to 0.90. 

 

2.3 Participants and Learning Activity 

 
The participants of this study were 112 sixth graders from an elementary school in southern Taiwan. 59 

students were assigned to the experimental group, and 53 students to the control group. They took part 

in the HFT prior to the activity to confirm whether their cognitive styles belonged to FI or FD. The 

experimental group was further divided in the FI and FD groups, with 29 and 30 students respectively. 

With respect to activity planning, this study arranged for the experimental group to take part in the 

reasoning game activity after school, while the control group did not participate in any gaming activity 

other than the standard curriculum of the school. There was a total of 10 gaming activities, with each 

lasting 35 minutes. Regarding the evaluation of reasoning ability, the participants took the SPM-P both 

before and after the activities, the results of which were used to evaluate improvement of the 

participants’ reasoning ability. 
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2.4 Data Collection and Analysis 

 
In order to fully investigate the effects of the interactive reasoning game developed by this study on the 

reasoning ability of FD-FI students, this study relied mainly on the quantitative data and the behavioral 

logs collected during the learning activities, and further conduct statistical analysis and cluster analysis 

to the data. The data mainly came from (1) the reasoning ability tests, and (2) the behavioral logs of the 

gaming process, which are explained as following. 

 Reasoning ability 

The data was collected from the reasoning ability pre-tests and post-tests completed by the 

participants. A t-test was performed to examine the improvement of reasoning ability among 

participants in the control group and that of the FD-I students in the experimental group 

respectively after the adaptive reasoning game activity. 

 Behavioral logs of the gaming process activity 

The data was collected from the records of each key action committed by the participants when 

they were playing the game. To align with the mechanism of the adaptive reasoning game planned 

and developed by this study, eight key points would be logged by the computer. The eight key 

points were: (1) prop acquisition, (2) use of props, (3) combine props, (4) successful use of props, 

(5) successfully combine props, (6) help with prompts, (7) enter a level, and (8) pass a level. These 

behavioral logs were to serve as the training and testing dataset for performing the clustering 

algorithm. According to the result of cluster analysis, the purpose in revealing the behavioral 

tendency of FD-I participants, and further to uncover whether the design mechanisms of adaptive 

reasoning games are able to correspond with the gaming behaviors of FD-I learners. 

 

 

3. Results and Discussion 

 

3.1 Effects of Adaptive Reasoning Game on Improving the Reasoning Ability of FD-I students 
 

This study hypothesized that after the reasoning activities, the reasoning ability of students participating 

in the reasoning games would be improved. A t-test was performed on the reasoning ability results of 

each pre-test and post-test completed by the three groups in order to identify any significant differences 

among them, as shown in Table 1. The results show that there were significant improvement in the 

pre-tests and post-tests that evaluated the reasoning ability of the participants during reasoning game 

activity, while the control group was not significant. In other words, the reasoning game developed by 

this study is effective in improving the reasoning ability of FD-I participants. 
 
Table 1 

T-test of the pre-tests and post-tests of the students participating in activities 

 Mean SD t value p value 

Control group (N=53)     

Pre-test 94.55 14.21 -1.43 .158 

Post-test 96.85 17.26   

FD group (N=30)     

Pre-test 83.57 12.99 -2.53* .017 

Post-test 89.30 16.41   

FI group (N=29)     

Pre-test 102.62 14.49 -2.61* .014 

Post-test 109.38 15.74   

*p<.05     

 

3.2 Characteristics of the Cluster Analysis via Playing Adaptive Reasoning Game 
 

Based on the game behavioral logs, there were totally 177 records that were further subjected to cluster 

analysis. The input factors were the seven attributes derived from the eight key points, and the output 
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factors were the FD-I cognitive styles. Of the 177 records, three quarters of them were used as training 

dataset, while the rest as testing dataset. In the end, five clusters were obtained as shown in Figure 1. In 

the status column, the black vertical bars indicate the scope of that cluster data in ascending order; the 

light blue rhombus height represents the mean and distribution range of the standard deviation of that 

cluster data; and the red color in cognitive styles (CS) represents FD, while the blue represents FI. 

Figure 1 shows that there are 46 cases in Cluster 1, of which 79.1% are FI students and 20.9% are FD 

students. There are 37 cases in Cluster 3, of which only 42.5% are FI students, while 57.5% are FD 

students. This means that when the dataset is close to Cluster 1, they tend to be identified as students 

with FI cognitive style. 

 

 
 

Figure 1. Specification of the characteristics of each cluster in the cognitive style model 

 

Table 2 shows the characteristics of each factor in each cluster. However, how to define to 

which cluster a dataset belong remains difficult. Only by importing the dataset into the model can the 

cluster it belongs to be determined. In order to interpret the difference between these two clusters, the 

cluster identification tool among the SQL Data Tools was used to perform differential analysis so as to 

present the differences between the factors in Clusters 1 and 3, as shown in Figure 2. 

 
Table 2 

Analysis table of the characteristics of the factors of the cluster analysis model 

Sample Size 
Cluster 1 Cluster 3 Cluster 4 Cluster 2 Cluster 5 

46 37 35 35 24 

Cognitive style (FI/FD) (0.791/0.208) (0.425/0.575) (0.516/0.484) (0.610/0.390) (0.579/0.421) 

Successful use of props 

(times) 
(3.21~7.91) (2.22~8.78) (8.58~15.95) (0.19~5.29) (10.23~23.96) 

Successfully combine  

props (times) 
(0~1.33) (0.58~2.76) (1.68~2.71) (2.05~4.82) (2.13~5.17) 

Use of props (times) (6.09~20.33) (21.15~59.30) (24.80~55.69) (7.53~26.34) (36.64~123.99) 

Help with prompts 

(times) 
(0.16~4.70) (2.70~12.59) (0.06~2.77) (0.12~3.78) (0.26~14.72) 

Time taken in passing  

a level (minutes) 
(5.83~17.96) (11.18~24.02) (7.61~16.48) (4.40~10.64) (6.84~24.48) 

Combine props (times) (0~11.12) (5.35~34.76) (4.25~63.15) (5.74~23.41) (6.22~46.79) 

Acquire props (times) (3.67~11.37) (5.08~11.43) (9.31~16.85) (4.86~10.90) (14.58~35.53) 
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The length of the horizontal bars in Figure 2 represents the conditional probability distribution 

of cluster differences. The greater the probability value is, the longer the length of the horizontal bars is. 

Conversely, the smaller the probability value is, the shorter the length of the horizontal bars is. Thus, 

when the dataset moves closer to Cluster 1, it is more likely that the participants have the FI cognitive 

style; conversely, when the dataset moves closer to Cluster 3, it is more likely that the participant have 

the FD cognitive style. 

 

 
 

Figure 2. Differential Analysis of Custer 1 and Cluster 3 
 

 

4. Conclusions and Recommendations for the Future 

 
The results of this study can be served as a reference for designing digital reasoning games for learners 

with different FD-I characteristics. At the same time, valuable recommendations from this study will be 

useful for subsequent research. First, the sample size of the current research subjects is small, and the 

study largely focused on senior elementary school students. It is therefore recommended that 

subsequent research increase the sample size and extend the subjects to the elementary students of other 

grades. In this way, future research will be able to provide more evidence for verifying the deviant 

behaviors of these seven FD-I game design mechanisms, and provide clearer functional designs and 

auxiliary mechanisms for planning reasoning games. 
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Abstract: The purpose of this study is to explore the effect of using the HiTeach platform to 

support the 5E inquiry teaching method, and to study the learning performance of the 

students in the subject of “natural science and technology aqueous solution”. This study is 

based on the experimental study. The experimental group adopted HiTeach interactive 

platform to support 5E inquiry teaching mode, but the control group didn’t. The results 

indicated that although there is no significant difference between the two groups of teaching 

methods, but can effectively improve the learning effectiveness of the experimental group of 

students in the "memory" type of results to enhance the results have been significant. And 

the experimental group of low achievement students learn better than the control group of 

low achievement students, "memory", "analysis" and "application" has a significant effect. 

Keywords: HiTeach, 5E Inquiry Teaching, Science Teaching 

1. Introduction

It is common that teachers adapt lecture to teach, but neglect the development of scientific inquiry 

ability and problem-solving ability, simplifying many teaching steps, such as causing motivation, 

experimental steps, watching the experimental videos teaching and then experiment. Therefore, in 

traditional teaching can only give students standard answers. The learning goal is only to cope with 

the exams, but the development of scientific inquiry ability and communication argumentation 

ability is neglected.  

“Inquiry” is the core of science education. The 5E learning cycle applied the inquiry 

approach to teaching into a series of planning strategies is proposed by Bybee and Landes (1988), 

not only emphasizes the motivation of learning, the connection of prior knowledge, it also 

emphasizes the student's inquiry prouder, the students' interpretation and extended application of the 

learning. Inquiry is the process that students work collaboratively with others to solve problems, 

plan investigations, and solving problems. It’s also a way of thinking, a process of finding 

information and understanding things. Students can learn science in a way that reflects how science 

actually works. There are five stages in 5E Learning Cycle Instructional Model proposed by BSCS 

(Bybee et al., 2006): Engagement, Exploration, Explanation, Elaboration, and Evaluation. It’s a 

student-oriented teaching activity. Teachers can guide students to explore, verify, summarize, 

discuss and explain problems, and then achieve goals by asking questions, teaching units and other 

relevant materials. 

Inquiry-based approach is beneficial to students and that even young children can learn 

through inquiry processes (Etheredge & Rudnitsky, 2003). In this study we adopt the subject of 

"Natural science and technology aqueous solution" is designed by Nan-yi Science and Technology 

textbook in Taiwan, supplemented by HiTeach system, hoping to enhance their knowledge of 

natural subjects through highly interactive teaching discussions and listening to others' opinions. 
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Figure 1. The 5E learning cycle 

 

 

2. Research Method 
 

2.1 Research Design 
 

A quasi-experiment design was adopted to investigate whether HiTeach system to support 5E 

Inquiry-based learning could bring about improved learning effectiveness. There are 51 students in 

Grade 5 (ages 11 or 12) in two classes participated in our study. The two classes are divided into 

experimental group and control group. Before the experimental teaching, the "Natural science and 

technology aqueous solution" is applied. The experimental group adopted HiTeach interactive 

platform to support 5E inquiry teaching mode, but the control group didn’t. 

 

2.2 Research Tool 
 

2.2.1 Learning effectiveness test 
 

This experiment divided into four categories base on pretest and posttest as memory question type, 

comprehensive type, application type, analysis type. The test questions are reviewed by the senior 

science teachers, determined to meet the teaching objectives and curriculum requirements, and 

revised according to the advice provided by the teacher.  

 

2.2.2 Learning attitude scale 
 

This research questionnaire aims to collect data from the students involved in this experiment. This 

questionnaire is based on the Likert five-point scale design, which includes four aspects: (1) system 

operation (2) cooperative learning (3) individual performance (4) learning attitude, and transforming 

students' opinions into quantitative data to analyze the course. The results of the questionnaire were 

returned to describe the experimental group's views on the experimental activities. 

 

2.2.3 HiTeach interactive platform 
 

The Hiteach interactive teaching system combined with I-pads as the platform shared by teachers 

and students. This platform includes the following functions: 

1. The image transmission and reception. 
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2. Immediately feedback system  

3. Quickly sharing of the student’s group discussions, opinions and collecting contents and images. 

  

 
 

Figure 2. The image of HiTeach IRS 
 

 

3. Results 
 

3.1 Analysis the effectiveness of Pre-test procedures 

  
Before intervention, an independent sample t-test was administered to examine whether the 

experiment class and the control class had equal proficiency. As no significant difference was 

observed(F=1.582，p=.214＞.05), these two classes were considered equally competent. 

 

3.2 Analysis effectiveness of Post-test procedures 
 

The average score after the learning achievement of the Experiment class is 89.42, and the control 

class is 85.00. The number of Experiment class is higher than the control class, however the t value (t 

= .911) and significance (p= .367＞.05). The results with no significant difference. The effect of the 

two groups is improved by the standard deviation. The relevance between the experiment group and 

the control group discovered by the standard deviation which the experiment group increased from 

12.119 to 10.226, the control group decrease from 16.062 to 22.470. 

 
Table 1  

Comparison of Participants’ Posttest Scores: ANCOVA Analysis 

 Experiment class（26） Control class（25） 
t 

P 

(two tailed)  M SD M SD 

Pretest 60.44 12.119 54.71 16.062 1.441 .156 

Posttest 89.42 10.226 85.0 22.470 .911 .367 

 

In the view of the standard deviation, the overall score of the experiment group was 

concentrated and improved. The test results of the students in the control group are more polarized. 

Low-level students have limited progress, which also shows that the Hiteach platform incorporates 

5E inquiry-based learning to help lower-achieving students' learning effective. 

 

214



3.3 Analysis of the effects of students with different achievement 

 
We administered pre-tests and post-tests and performed Paired sample t-test of deferent achievement 

on their results. The learning result of the high, medium and low achievement students in the 

experimental group were significantly different.  

 
Table 2 

Paired sample t-test of deferent achievement 

 Experiment class Control class 

 high medium low high medium low 

Pretest 68.182 58.674 51.34 64.286 54.018 41.84 
M 9.375 9.858 11.121 1.865 15.205 12.663 

Posttest 98.051 90.816 76.34 98.214 91.518 58.67 
M 1.865 1.909 7.127 1.882 1.848 29.223 

Progress 29.869 32.142 25 33.928 37.5 16.83 

Paired 

Sample t 

test 

t=10.595 

p= .000** 

t=9.222 

p= .000** 

t=7.897 

p= .000** 

t=8.013 

p= .000** 

t=7.114 

p= .000** 

t=2.197 

p= .070 

p<.05* p<.01** p<.001*** 

 

The reason for the inference maybe in group learning activities. The students who have 

medium achievement have the opportunity to participate in discussions, used the iPad with the 

Hitech platform or watch the results of other groups, and the progress is improving. The low- 

achievement groups in Experiment class were found to have the highest increase in post-test scores 

at a high level of significance (P=0.000). This indicates that low- achievement of these collaborative 

groups derived the most benefits in this study. 

 

3.4 Analysis of different types of questions 
 

There are significant differences in the learning outcomes of the three types of "memory", "analysis" 

and "application" by analyzing the learning result of different achievement students, among the 

low-level students, High-level students have significant differences in the learning result of the two 

types of "understanding" and "analysis". Inference the reason, High-level’s students are more 

sharing different answers in class than other groups during the class. 

 

Table 3  

Comparison of Participants’ Scores Regarding Different Question Type 

 

 

4. Conclusion 
 

The results indicate: 

       Achievement 

Question Type All high medium low 

Memory .042* .305 .153 .027* 

Understanding .151 .017* .355 .689 

Analysis .076 .048* .961 .029* 

Application .199 .305 .949 .009** 

215



(1) There is no significant difference between the two groups of teaching methods, but can improve 

the learning effectiveness. 

(2) There is a significant difference in "memory" type. The experimental class performs better. 

(3) The experimental class of low achievement students learn better than the control class of low 

achievement students in "memory", "analysis" and "application". 

(4) The experimental class of high achievement students learn better than the control class of low 

achievement students in "understanding" and "analysis". 

(5) The research indicates that using the 5E inquiry-based teaching supplemented by HiTeach 

platform can enhance the interaction and the learning motivation. 
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Abstract: The keyboard-vocabulary-learning-method (KVLM) introduced in this study is a 

method that combines keyboard typing, games and English vocabulary learning together. 

English belongs to the Indo-European language family. Due to the particularity of the 

language itself, it is the language most closely associated with computer keyboards. In 

addition, through the movement of ten fingers on the keyboard, the students’ tactile 

sensation is mobilized, which deepen the students’ memory effect. Based on that, software 

was designed. Game elements were incorporated to stimulate students’ engagement in 

learning. We also did a research to test students’ attitude towards this method. 292 primary 

students from three schools in Shanghai participated in this research. The results of 

descriptive, non-parametric and T test indicated that there was positive attitude towards 

KVLM. Besides, there is a significant difference between the extracurricular class and 

standard class. And there is also a notable disparity between the students of the lower and 

higher grades. 

Keywords: keyboard; typing; English vocabulary learning; game; attitude 

1. Introduction

Technology has found its way into the field of education transcends the national borders. Meanwhile 

the way of learning English has been considerably changed due to the technology. Recent years, 

many researchers (Johnson, 2005; Margo, F., 2009) have been focusing on designing digital 

instructional games based on the idea that it may help learners get involved and increase their 

interests. 

In second language learning, vocabulary plays an important role because insufficient 

vocabulary knowledge may hinder the improvement of language learning. But the problem is that a 

lot of students have difficulty in vocabulary learning due to their low interest or low efficiency of 

memorizing the words. The technology provides a new way of memorizing English vocabulary. 

However, blindly pursuing fancy technology without considering the nature of education or the 

feelings of students using technology may lead to failed learning. In other words, it is important to 

take account of the law of learning and students’ attitude towards the technology that is chosen. 

The keyboard-vocabulary-learning-method (KVLM) is based on the linguistic theory and related 

educational research. Meanwhile, it adds the elements of game, hoping to improve the students’ 

learning interest. 

2. Literature review

Cohen and Wickland (1990) found that whatever the reason, there is a connection between spelling 

ability and working memory. While vocabulary learning has a lot to do with memory, we assume 

that typing may pose influence on vocabulary study. 

American scholar Dunn & (1993) proposed the VAK learning model, which refers to the 

three learning modes: Visual, Auditory and Kinesthetic. This model proposes that Visual type 

students are better at processing visual information and images, and absorbing knowledge through 

217



language and spatial sense; Auditory type students are good at receiving external information by 

listening; while Kinesthetic type students strengthen learning through physical exercise. 

The method (KVLM) in this study is trying to promote the students through the keyboard 

typing (Kinesthesia) and English listening (Auditory), combined with the screen text and picture 

(Visual). The combination of the three learning modes promotes the sensory stimulation and 

deepens the memory of English words. 

Also, Research showed that the finger movements can activate sensorimotor areas in the 

contralateral hemisphere. Indovina, I., & Sanes, J. N. (2001) points out that visual attention alone 

resulted in sparse cerebral cortical and substantial bilateral cerebellar activation. Simultaneous 

performance of visual attention and finger movements yielded widespread cerebral cortical, 

cerebellar, and other subcortical activation, in many of the same sites activated for the movement or 

attention tasks. 

In addition, linguist and educator Stephen Krashen proposed the theory of the Monitor 

Model. According to Monitor Model, there are five hypotheses and the fifth one is Affective Filter 

Hypothesis. It accounts for the influence of affective factors on second language acquisition. Affect 

refers to non-linguistic variables such as motivation, self-confidence and anxiety. According to the 

hypothesis, affect effects acquisition by facilitating or preventing comprehensible input of the 

second language. If the affective filter blocks comprehensible input, acquisition may fail or lead to 

low learning efficiency. Likewise, if students have positive affect, they are more likely to have a 

better academic achievement. 

Researches directly related to typing assistant vocabulary learning are as follows. Gascoigne 

did three empirical studies from 2000 to 2006. The researcher found that students who typed a 

passage in the target language had better recall of the words than those who wrote out the same 

passage by hand. The researcher contributes the results to extra psychomotor steps involved in 

typing, which means more movement equals to better learning. However, Cunningham and 

Stanovich (1990) found that the first graders recalled words better on a spelling test when they had 

learned the words by writing than by typing on a computer keyboard, which contrasts to the former 

study. After that, Vaughn, Schumm, and Gordon (1993) sought to explore their results. No difference 

was found between two types of vocabulary learning. Also, Heift (2003) drew to the same 

conclusion. Dr. Carolee Sormunen did a project focusing on whether language arts skills could be 

learned while students were simultaneously improving keyboarding skills. And the result was 

positive. 

All the above research focused on the test score of two methods of vocabulary learning 

(typing and handwriting). Very little research has been performed to address whether the students 

accept the technology used for their learning, whereas the present study pay attention to students’ 

non-linguistic variables such as motivation, attitude, self-confidence, anxiety and so on.   

Based on the above, the software was designed. This thesis will introduce the concept of the 

software on the basis of substantial theory and the specific functions of the software, and explain the 

results of the research about students' attitude towards this learning method. 

 

 

3. Game Design 

 

3.1 The Concept 
 

Based on relevant theoretical research, developers hope to design software that combines 

vocabulary memory with typing to mobilize learners' visual, auditory, and tactile sensations, 

boosting learners’ interest and attitudes, thereby enhancing vocabulary memory effect. From the 

perspective of education, if adds any game elements into the learning, the focus should still be on 

education itself. The game is just an auxiliary way. Excessive use of the game may cause 

unsatisfactory results. 

 

3.2 The Design 
 

The software was developed using Visual Basic which is a programming environment from 
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Microsoft. It combines typing and game together. It is software that cooperates fingering practice 

with word memory. Language was learned, at the same time keyboarding skill was being developed. 

There two phases of learning. 

The first phase: In order to allow the learner to mobilize more finger movements as much as 

possible, the developer has designed a set of ten-finger typing method. The learner needs to practice 

the fingering before the vocabulary memory learning. Only after reaching the proficiency level, one 

can start to memorize the words. 

After learning the ten-finger typing method, the learner uses the ten-finger game in the 

software to practice. The learner should press the keys on the keyboard in the specified time 

according to the letters on the falling ball. If it is correct, the ball will disappear; if it is wrong, the 

ball will fall on the lower left of the screen. In this way, the students will clearly know which letter 

they has make mistake. 

In addition, the learner can select the corresponding practice stage according to his or her 

proficiency, and can select the speed, number of balls and the time when the ball falls. For example, 

from 1 to 7, the speed at which the ball falls is getting faster and faster; by choosing the number of 

balls, student can control the number of balls that fall at the same time. Through the progressive 

exercises, the learners’ responsiveness at the fingertips is exercised. After the game is over, the 

software will automatically score.  

 

 
 

Figure 1. Different stages of fingering practice 

 

 
 

 Figure 2. Ten-finger practice game 

 

The second stage: after the learners fingering proficiency is up to standard, students begin to 

memorize the words. Under the word memory practice mode, students need to pass through three 

levels: including General Learning, Memorize Learning, and Overall Inspection. The first level: 

General Learning Method (Figure 3), the software provides English words, Chinese translation and 

pronunciation. The learners need to type the word completely without mistakes; if there is a mistake, 

they need to complete correct typing for three times; otherwise learners would keep typing until they 

meet the requirement. At the same time, the software will automatically record the time they use, 

correct rate and so on. The second level: Memory Learning Method, the software only provides 

Chinese translation and English pronunciation; the learners need to use their own memory to type 

the correct words. Similarly, only when the word is spelled out correctly, learners can pass the game; 

the software also records information about the time they use, the number of exercises, and so on. 

The last level, that is, the Overall Inspection, learners should quickly type the English words 

according to Chinese translation within the limited time. The difference is that the software will give 
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the score after the learner completes all the questions.  

In the process of passing the game, the software will automatically recruit the words that the 

learner has made mistakes, and the learner needs to go to the “gas station” to strengthen the memory 

until the word can be remembered accurately.   

 

 
 

Figure 3. General learning method 

 

 

4. Methodology 
 

Like above mentioned, if students have positive affect, they are more likely to have a better 

academic achievement. In order to find out whether the students have positive attitude towards the 

KVLM, we did an empirical research in local primary schools. 

 

4.1 Participants & design 
 

In total, 292 pupils of Grade 3 and Grade 4 took part in the empirical study. Classes were recruited 

from three local primary schools in Shanghai. There are two types of class: extracurricular class 

(students choose this course based on their interest) and standard class (students are obliged to take 

part in the course). The words chosen were from their new semester text book, which means they 

need to make some efforts to use the software to memorize them. 
 

4.2 Questionnaire 
 

This research attempted to figure out students’ attitude towards KVLM through the use of a 

questionnaire. The questionnaire is a 5 point Likert scale ranging from 1 “strongly disagree” to 5 

“strongly agree” with 25 items. The questionnaire items were based on the scales that were 

developed by former researchers (Desmet, P., 2009; Saeed, M., 2014; Cecchini, 2014; Alemi, M., 

2015). We modified the items and then translated them into Chinese. The questionnaire has five 

sections: attitude towards English; attitude towards KVLM; interest; self-confidence; 

concentration. The Cronbach alpha reliability for the scale was .976.  

 

4.3 General Procedure 
 

The students took the course once a week for two semesters at school. The words chosen were from 

their text books. The software was used in the classroom and with the help of the teachers, who were 

trained to teach them typing with ten fingers, and after the students started the second phrase, 

teachers assisted them to use the software. After the whole course finished, the questionnaire was 

assigned to them.  
 

 

5. Result 
 

Out of 290 questionnaires, only 240 were available. The questionnaire was based on a 5-point Likert 

scale from 1-point to 5-point, which means low scores such as one or two provide evidence for 
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negative attitude, low interest or confidence and bad concentration. Table 1 shows the descriptive 

statistics of the mean of the scores based on the collected data.  

The mean for the scores of the five sections are: 4.44; 4.41; 4.30; 4.30; 4.28. The higher the 

scores were on the scale, the more positive attitude was evaluated towards the use of KVLM. The 

total mean of scores showed a very positive affect towards this learning method. From the data, we 

can also tell that students believed they will be better in learning English vocabulary and more 

confident which would boost their motivation. The present research provides the evidence that 

students are technological motivated. According to Affective Filter Hypothesis, they are more likely 

to achieve academic success. The positive attitude may be contributed to finger movements. Also, 

students hold that “memorizing words by typing is much more fun than writing on paper”.  

 

Table 1  

Descriptive statistics of the overall mean  

Section N Mean SD 

Attitude towards 

English 
240 4.44 0.79 

Attitude towards 

KVLM 
240 4.41 0.81 

Interest 240 4.30 1.02 

Confidence 240 4.30 0.97 

Concentration 240 4.28 0.92 

 

In order to see whether there is a significant difference between the extracurricular class and 

standard class, a non-parametric was run as shown in Table2. The results reveal that there was a 

significant difference between different types of class and the score of extracurricular class was 

much higher than that of the standard class. The results reveal that students in extracurricular class 

were more engaged in the keyboard-based vocabulary learning. 

 

Table 2  

Non-parametric test of two types of classes 

Section 
Extracurricular 

Class 

Standard 

Class 
MannWhitney p 

Attitude towards 

English 
4.795 4.248 -5.521 0.000** 

Attitude towards 

KVLM 
4.756 4.023 -6.171 0.000** 

Interest 4.753 4.019 -6.132 0.000** 

Confidence 4.682 4.087 -4.666 0.000** 

Concentration 4.788 4.209 -5.678 0.000** 

 
The non-parametric test was also taken to check the difference between lower graders and 

higher graders. The results show that there was significant difference between different grades. The 

Table3 shows that Grade3 has higher scores than Grade4, which may translate to the idea that the 

younger the age of the students were, the better their results. It is assumed that the younger students 
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are more curious about the technology and typing is a new skill for them. Besides, they don’t need to 

throw the old habit of typing, which makes it easier to learn the ten-finger typing.  

 

Table 3 

Non-parametric test of two graders 

Section Grade3   Grade4   MannWhitney p 

Attitude towards 

English 
4.775 4.325 -3.899 0.000** 

Attitude towards 

KVLM 
4.787 4.077 -5.222 0.000** 

Interest 4.754 4.093 -5.047 0.000** 

Confidence 4.744 4.295 -3.955 0.000** 

Concentration 4.677 4.151 0.92 0.000** 

*P<0.01 **p<0.01  

 

 

6. Conclusion and Future Work 
 

Based on the ground theory and previous research, the research group drew the conclusion that more 

finger movement leads to better learning. The software was designed to improve the English 

vocabulary learning combined with game and typing. The later research data shows that students 

have positive affect towards the use of the software. This positive result is in fact a great leap to 

achieving a positive attitude to learning. 

Future work includes the use of wearable devices to test the frequency of the mistakes they 

make. Also, some pictures of the words will be added to the software in order to increase the visual 

stimulation.  
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Abstract: In recent years, virtual reality educational game has gained much attention 

and has been applied for learning abstract and complex subject like chemistry. 

However, the study of the virtual reality educational game integrating authentic 

manipulation and situated learning assisting chemistry experiment learning is still 

limited. To improve the understanding of how VR can assist learning. This study 

developed a VR integrated educational game – VR Crystal Chamber for learning 

chemistry filtration and evaporation procedure. To evaluate the game, thirty students 

of a senior high school in northern Taiwan participated in this study. Preliminary 

results suggested that the game could be helpful in enhancing students’ learning 

performance. In addition, students’ flow state revealed positive game engagement. In 

terms of gender differences, the result showed there were no significant gender 

differences in male and female students’ flow state as well as their learning 

performance. These preliminary findings suggested that VR Crystal Chamber could be 

an effectively tool in learning chemistry experiment procedure. 

Keywords: virtual reality, game-based learning, authentic manipulation, situated 

learning, flow 

1. Introduction

Chemistry concepts can be abstract and complex. In addition, to better learn chemistry, authentic 

experiments in the laboratory and situated learning strategy can improve students’ acquisition of 

procedural knowledge (Brown 1989; Stein, 1998). Nonetheless, real-world laboratory has many 

limitations. For example, the cost of laboratory experiment can be high as it includes material 

consumption (Limniou, Papadopoulos, & Whitehead, 2009), equipment maintenance, limited 

number of laboratories. Moreover, real-world laboratory can of great risk when conducting 

experiments (i.e. using alcohol burner or handling dangerous chemical compounds) (Koretsky, 

Amatore, Barnes & Kimura, 2008; Sokoutis, 2003; Yalcin & Vatansever, 2016). 

With the assistance of information technology, nowadays, virtual laboratory has been 

widely applied in teaching experiment operation as pre-lab exercises to deal with the limitations 

and risks of real-world laboratory (Yalcin & Vatansever, 2016; Heradio, Torre, Galan, Cabrerizo, 

Herrera-Viedma, & Dormido, 2016; Tüysüz, 2010). Virtual laboratory not only reduces the cost 

as well as the risks of experiment, but also enables students to better learn the procedure and 

concepts of the experiments through repeatedly practicing (Yehezkel, Eliahu & Ronen, 2009).  
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However, repeatedly practicing can sometimes be boring. To promote students’ learning 

motivation, game-based learning has been regarded as an ideal solution in comparison with 

traditional lecture-based approach (González, Collazos, Guerrero, & Moreno, 2017; McLaren, 

Adams, Mayer, & Forlizzi, 2017). Positive results of adapting educational games or computer 

simulation, in terms of learners’ motivation and performance have been reported by previous 

studies (i.e. Antunes, Pacheco, & Giovanela, 2012; Hou, Wang, & Tsai, 2013; Scherer, & Tiemann, 

2012; Hou, &Lin, 2017; Wang, Chen, Hou, Li, 2017). 

Seeking to promote students’ learning motivation and performance, this study developed an 

educational game – VR crystal chamber, which employed virtual reality to create a gamified and 

real-world simulated environment with authentic VR manipulation for learning chemistry filtration 

and evaporation procedure. Virtual reality technology was used in the game to increase the degree 

of authenticity and improve the transfer of learning for students (Bossard, Kermarrec, Buche & 

Tisseau, 2008). 

According, the primary purposes of this preliminary study are what follows: 

(1). To evaluate students’ learning performance with the support of VR Crystal 

Chamber. 

(2). To evaluate students’ perceptions toward the game – VR Crystal Chamber as well 

as their gaming experience in terms of flow. 

(3). To explore the possible gender differences in students’ perceptions toward the game, 

gaming experience, and their learning performance. 

 

 

2. Research Methods 
 

2.1 Game design 
 

The game employed in this study was V R  Crystal Chamber, an educational game 

developed by National Taiwan University of Science and Technology Mini Educational Game 

(NTUST-MEG) research group. V R  Crystal Chamber integrates virtual reality technology with 

authentic manipulation and situated learning. The game story begins with the player kidnapped in a 

chamber by alien. The only way to escape the room is to refine Sodium chloride (NaCl) with the 

material in the room as weapon to defect the monster in 10 minutes. The story provides the learners 

a scenario and a task as a part of situated learning. In this study, there were three players in each 

group (figure 1). The whole game kits were consisted of one joystick, one goggle, two instruction 

sheets, one screen, one computer and a pair of sensors as shown Figure 1. The main purpose of 

this setting was to promote collaborative discussion and complete the task together as a group. 

When playing the game, one player (the main player) in the group wore the goggle and joystick, 

and the rest two players of the group played the observers with joystick instruction sheet to assist 

the focal player. Joystick allowed the main player to perform certain actions in the game, such as 

walking around, searching and obtaining the object, looking for game clues as well as manipulating 

objects to conduct the experiment.  

VR Crystal Chamber included three types of scaffolding for the learners. First of all, 

players’ movement would receive instant feedbacks. For example, when a player put the alcohol 

burner in the right place or angle, green shades would show up indicating that the player have put 

the burner to the right position (figure 2). Before the green shades showed, the player can freely 

try to put the alcohol burner in any position or angle as many times as s/he would like to. Second, 

the whole experiment procedures were shown in a poster on the wall in the chamber in the VR 

game (figure 3), player could check the poster whenever they needed. Third, when players 

performed correct steps of the experiment procedure, sounds would be played as feedbacks. 

With the support of virtual reality, the game – VR Crystal Chamber was able to simulate 

each step of the chemistry filtration and evaporation procedure, such as obtaining the water, 

lighting the alcohol burner, put on filter papers, and so on, with authentic manipulation and situated 

learning. In this manner, VR Crystal Chamber was expected to improve the transfer of learning and 

served as a pre-lab learning activity for students. 
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Figure 1. Game kits of VR Crystal Chamber 
 

 
 

Figure 2. Screen capture of experiment manipulation 

 

 
 

Figure 3. Part of scaffolding of refine the NaCl  
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2.2 Participants 
 

The participants of this study were 30 students including 19 males and 11 females from a senior 

high school in northern Taiwan. The 30 participants involved in the study were grouped into ten 

groups of three members for the learning activity. All students had not yet participated this 

chemistry course before, and played games similar to the one employed in this study. 

 

2.3 Measurement 
 

To evaluate VR Crystal Chamber, this study adapted flow scale for game (Kiili, 2006) to 

measure learners’ perceptions toward the game as well as their game experience while playing 

the game. 

Flow scale for game was consisted of two dimensions, namely the flow antecedents and 

flow experiences. The flow scale was consisted of 22 items. Flow antecedents involves five sub-

dimensions, which were challenge, goal, feedback, control, and playability. These sub-dimensions 

were to measure learners’ perceptions toward the game. Learners’ in-game experience was 

measured by the four sub-dimensions of flow experience, which were concentration, time 

distortion, autotelic experience, and loss of self-consciousness, respectively. All items were 

measured using five-point Likert scale with 1 for strongly disagree and 5 for strongly agree. The 

higher score of a dimension (sub-dimension) suggested the more positive evaluation or experience. 

The flow scale was of high reliability for flow scale (chronbach’s α=0.786). 

To evaluate learners’ learning performance, a learning assessment for pretest and posttest 

was employed. The assessment was firstly developed by an experienced chemistry teacher in 

high school. There were two parts of the learning assessment. The first part was a  sorting 

question. Students were asked to sort the chemical experiment equipment for filtration and 

evaporation of saline.  Each answer of correct order was given one point. There were 9 points in 

total for sorting question. The second part was two illustration question. Students were asked to 

illustrate the whole filtration and evaporation of saline process with drawing and description. In 

this part, students had to employ high level of memory retrieval in order to correctly answer the 

assembling sequence and operating procedure. Each correct answer would be given 12 points. 

The total score of the learning assessment was 33 points. 

 

2.4 Procedure 
 

To evaluate the game VR Crystal Chamber, a 45 minutes learning activity was employed. The 

procedure was shown in Table 1. Each group with three students were given one set of game kits 

including one joystick one goggle, two instruction sheets, one screen and one computer. Due to 

the time constraint and limited sets of VR game kits (three sets in total), ten groups took turns to 

play the game. In specific, three groups played the game at each turn. After all groups completed 

playing the game, all students then took posttest and flow scale for gaming experience survey.  

 

Table 1  

Research procedure 

Procedure Session time Description 

Pretest 15 minutes Students were grouped and asked to complete the pretest. 

Playing game 10 minutes Each group was allowed for 10 minutes to play the game. 

Posttest 10 minutes 
After playing the game, students were asked to complete the 
posttest. 

Administering 
survey 

10 minutes Flow scale for game was administered in this session. 

 
 

227



3. Results 
 

Table 2 – 5 summarized the results of this study. As for learning performance, results shown in 

Table 2 indicated that students’ learning performance has been greatly improved after the game-

based learning activity. This finding suggested the effectiveness of employing the game – VR 

Crystal Chamber to help students to learn chemistry filtration and evaporation procedure. 

 

Table 2 

Learning performance of pretest and posttest 

 Posttest (n = 30) Pretest (n = 30)  

Mean S.D. Mean S.D. t-stat. 

Posttest - pretest 14.66 4.02 20.10 5.92 -4.834*** 

*** p<.001 

 

Regarding the student’s perceptions toward and their gaming experiences of VR Crystal 

Chamber, Table 3 summarized the means and standard deviation of the flow scale for game. As 

Table 3 showed, students positively evaluated the game – VR Crystal Chamber in general 

(Average of flow antecedents exceeded 3.5). 

To further test the plausible gender differences of learning performance, perceptions of 

game as well as gaming experience, Mann-Whitney U test was conducted considering the small 

sample size of different gender group. As shown in Table 4, there was no significant gender 

differences in pretest, suggesting there was no differences in prior knowledge between male and 

female. As for posttest, result showed no significant difference as well. This finding suggested 

the game – VR Crystal Chamber had no particular preference on specific gender. 

 
Table 3  

Means and standard deviations of flow scale for game  

Dimension Mean S.D. 
Flow antecedents 3.65 0.566 

Challenge 3.86 0.753 
Goal 4.10 0.802 
Feedback 3.62 0.690 
Control 3.48 0.885 
Playability 3.18 0.824 

Flow experience 4.07 0.662 
Concentration 4.22 0.758 
Time distortion 4.05 0.994 
Autotelic experience 4.20 0.830 
Loss of self-consciousness 3.51 0.835 

Flow 3.88 0.559 
 
Table 4 

Mann-Whitney U test for pretest and posttest scores of male and female 

 

Dimension 
Male (n = 19) Female (n = 11)  

Mean S.D. Mean S.D. U P 

Pretest   14.88 3.92 14.27 4.33 96.50 0.742 

Posttest 19.43 5.89 21.27 6.08 84.50 0.398 
 

Table 5 summarized the differences test for each sub-dimensions of flow scale for game. 

Results suggested there were no gender differences among students’ overall flow state. As males 
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were regards as typical gamer and generally have better performance in playing games than 

females. Our results showed no significant difference between male and female students in 

terms of flow antecedents (perceptions of the game) and flow experience (gaming experience). 

These findings suggested that the game – VR Crystal Chamber could be employed in a learning 

activity without serious concern for gender difference 

 
Table 5 

Mann-Whitney U test for flow scale for game  

 

Dimension 
Male (n = 19) Female (n = 11)  
Mean S.D. Mean S.D. U P 

Flow antecedents 3.71 0.51 3.53 0.64 79.00 0.281 
Challenge 3.96 0.67 3.68 0.87 82.50 0.344 
Goal 4.16 0.81 4.00 0.80 88.00 0.480 
Feedback 3.61 0.67 3.63 0.74 103.00 0.958 
Control 3.55 0.88 3.36 0.92 92.50 0.614 
Playability 3.29 0.78 3.00 0.89 82.00 0.326 

Flow experience 4.08 0.70 4.05 0.61 96.00 0.727 
Concentration 4.19 0.85 4.27 0.59 104.50 1.000 
Time distortion 3.89 1.11 4.31 0.71 86.00 0.426 
Autotelic experience 4.26 0.87 4.11 0.77 96.00 0.723 
Loss of self-consciousness 3.68 0.83 3.22 0.78 69.50 0.131 
Flow 3.91 0.56 3.81 0.57 90.50 0.559 
 
* p<.05 ** p<.001 

 

 

4. Discussion and conclusion 
 

4.1 Discussions 
 

This study developed a virtual reality educational game – VR Crystal Chamber for chemistry 

learning. The game was to assist students to learn chemistry experiment procedures, the 

filtration and evaporation in this study to be specific. To evaluate the game, this study adapted 

the flow scale for game (Kiili, 2006). Meanwhile, a learning assessment for measuring students’ 

learning performance was developed by an experience senior high school chemistry teacher and 

the researchers. Discussions on the findings are as follows. 

As for flow scale for game, students in general positively evaluated the game – VR 

Crystal Chamber as challenging, provided clear goals and feedback, having a sense of control and 

playable. These positive perceptions of flow antecedents revealed that students’ positive gaming 

engagement. From the positive result of feedback, one of the flow antecedents, indicated that 

authentic manipulation and its instant feedback helped students immerse to the virtual 

environment in that game. One thing to note is that among all flow antecedents, playability and 

control were relatively lower. This finding might be attributed to the nature of educational game. 

Students perceive educational game as less enjoyable, or less playable, after they were aware of 

the learning subject. Furthermore, loss of self-consciousness was relatively lower than other sub-

dimensions of flow experience. This finding might also be attributed to the flow antecedents, 

playability and control. As far as students are concerned, they still were literally having a learning 

activity after all, even they did experience time distortion, fully concentration, or autotelic 

experience. 

As for effectiveness of the game – VR Crystal Chamber, results showed there was a 

significant difference between pretest and posttest. After manipulating the experimental 

procedure through the game, learner had better understanding and were more familiar with the 

experiment procedure. The finding suggested the effectiveness of the game – VR Crystal 

Chamber in supporting students to learn chemistry evaporation and filtration procedure. 
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In conclusion, VR Crystal Chamber could be considered as an educational game that 

promotes authentic manipulation and situated learning. The game took the benefits of novel 

technology to enhance the degree of authenticity, which further enabled student being more 

immersed in the situation and environment to promote transfer of learning.  In this preliminary 

study, we showed the effectiveness and students’ positive evaluation and gaming engagement.  

 

4.2 Research limitation and future research 
 

The small sample size exerted the first limitation of this preliminary study and thus the results of 

this study should be interpreted with cautious. Future research is suggested to conduct research 

with a larger sample size to improve our understand of how VR could improve students’ 

learning performance. Moreover, this study did not analyze the behavioral patterns of students’ 

interaction to explore how scaffolding in the game might help student to learn better (Bakeman 

& Gottman, 1997; Hou, 2015). In addition, what kind of gaming strategy was employed while 

students playing the game. Lastly, for now, virtual reality equipment can still be relatively 

expensive, which impose limitation for conducting a larger scale research. In this study, we were 

only able to employ the learning activity with three sets of VR equipment. Students thus had to 

play the game turn by turn. Future research is encouraged to conduct the research with more sets 

of VR equipment when possible and have all the students play the game concurrently. 
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Abstract: In this study, the university-wide compulsory course Information Technology 

Applications and Literacy at a Taiwanese university is used as an experimental curriculum. 

The experiment is planned over three weeks, with two hours of instruction each week; the 

course serves to introduce the main Arduino circuit and its peripheral modules. The control 

group for this experiment consists of 41 first-year university students from the Foreign 

Language Studies Department, while the experimental group consists of 41 first-year 

university students from the Economics and Management Department. The control group is 

taught using a lecture-based instructional method, while the experimental group is taught 

using the game-based learning method using two board games that were developed and 

designed by this study: the Arduino Board Game Icebreaker Card Activity, and Hello, 

Arduino! In addition, learning outcome tests and flow questionnaires were administered to 

students. The results of this experiment show that the board games used in this study can not 

only improve students’ learning outcomes, but also significantly increase students’ flow 

states. 

Keywords: game-based learning, board game, flow state, learning effectiveness, Arduino 

1. Introduction

Since the beginning of the author’s doctoral program, in order to incorporate existing secondary 

education qualifications and learning expertise into new research, the author has used information 

technology education-related fields as the main axis of their academic research in higher education.  

Currently, aside from being in charge of professional courses, such as microprocessor systems (and 

experiments), digital logic design experiments, electronic circuits, social network analysis, and 

practical and experimental digital technology for the College of Electrical Engineering and 

Computer Science of the University, the author also supports the Foreign Language Studies and 

Economics and Management Departments by offering its Information Technology Applications and 

Literacy course. To date, this course has been offered for thirteen semesters, and is a university-wide 

compulsory course for first-year students. In addition to instructors from departments of the College 

of Electrical Engineering and Computer Science, most instructors for this course in other university 

departments do not have an information technology specialization. The author of this paper is one of 

the few teachers with expertise in information technology, who serves as an instructor for this 

course. While serving as an instructor for the Information Technology Applications and Literacy 

course over several semesters, the author asked students if they had previously taken computer 

programming courses during junior or senior high school, and found that only about 15% of students 

had taken courses related to programming. The author then asked these students about their learning 

outcomes and difficulties in the course, and received mostly negative responses. This shows that 

with regard to computer programming courses, students find these courses difficult and stressful. 

Computer programming has become an important standard for developing national competitiveness, 

and has been identified as a fundamental capability for developing future talent from a young age. 

Because non-electrical engineering and computer science students are unfamiliar with computer 

programming, and because they are intimidated and frustrated by the topic, this paper aims to 

determine methods of managing and improving these problems. In order to improve the 

programming capabilities of non-electrical engineering and computer science students, the author 

has used the time spent providing instruction in Information Technology Applications and Literacy 
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to conduct an experiment on game-based learning. The research objectives of this study are as 

follows. 

(1) To investigate student flow states when studying Arduino using game-based learning. 

(2) To investigate students’ learning outcomes when studying Arduino using game-based learning. 
 

 

2. Literature Review 
 

In recent years, game-based learning has improved learning experiences, and has made gradual 

contributions to education (Connolly, Stansfield, & Hainey, 2011). Researchers argue that games are 

most effective at eliciting student motivation during education. Games themselves are very active 

activities, thus, an ideal learning method can be developed by structuring the learning process to be 

as interesting as a game. 

 

2.1 Game-Based  Learning 
 

Game-based learning refers to the deep integration of computer games with educational content 

(Prensky, 2001). In recent years, games have become ubiquitous throughout society, media, and 

school computers (Căţălina & George, 2012). Games are capable of generating intrinsic motivation, 

increasing interest, preserving memories, providing training and feedback, and causing higher-order 

thinking (Hogle, 1996). Games can also be used as competitions or tests of technical abilities 

(Webster, 1999), which is the key to eliciting flow in the context of flow learning (Massimini & 

Carli, 1988). By introducing some information-based hints in multimedia education, thereby 

offering information to guide learners in the use of multimedia, it may be possible to reduce learners’ 

cognitive load, and improve learning outcomes (Mautone & Mayer, 2001). Many studies related to 

the application of games in education have found that games exert positive influences on learning 

and teaching (Anderson & Barnett, 2013; Hou, 2015; Hsu, Tsai, & Liang, 2011; Mayer, Zhou, Lo, 

Abspoel, Keijser, Olsen, Nixon, & Kannen, 2013). Prensky (2001) stated that digital game-based 

learning has 12 characteristics: they are a form of fun and play, they have rules and goals, they 

feature human-machine interaction, they are adaptive, they provide outcomes and feedback, they 

offer a sense of victory, they provide conflict/competition/challenges, they include opportunities for 

problem solving, and provide opportunities for social interaction. These characteristics are 

explained below. The first characteristic is fun: games can create an interesting context in which 

students are able to enjoy the gaming process, derive pleasure from the activity, and experience 

feelings of delight. The second characteristic is play: game-based learning can offer a form of fun, 

which provides learners with intense motivation to play the game and heightens their level of 

interest. The third characteristic is rules: ordinary rules have their own structure, but learners can 

easily organize fixed game content such that they can interact with the game as they play it. The 

fourth is goals: all forms of games have their own goals and tasks, and designers can use these 

characteristics to guide learners through the game. The fifth is human-computer interaction: game 

design interfaces allow learners to operate or interact with a game through the interface. The sixth is 

outcomes and feedback: the gaming process can provide students with learning opportunities at any 

time. The seventh is adaptiveness: games are designed using distinct difficulty levels, which allow 

appropriate tasks to be offered to students according to their capabilities, thereby allowing learners 

to adapt to the game. The eighth is a sense of victory: after the completion of a stage in a game, 

learners can achieve the experience of success and feel a sense of gratification. The ninth is conflict, 

competition, and challenge: games with appropriate levels of conflict, competition, or challenge 

cause players to feel excited during gameplay. The tenth is problem solving: gaming situations are 

set up during games that can elicit players’ creativity and problem solving. The eleventh is social 

interaction: learners form groups through interaction, thereby generating interactive relationships. 

The twelfth is representation and story: the stories and images within games allow learners to feel 

emotion. Hogle (1996) notes that games have the following four functions. The first function is the 

stimulation of intrinsic motivation and increased interest: games involve curiosity, expectations, 

interactive control, and story plots, which allow learners to increase their interest and intrinsic 

motivation. After learners achieve a sense of accomplishment, they are more willing to make 

multiple attempts in the face of difficulties or challenges. The second function is memory retention: 
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in terms of memory retention, simulated games are more effective than traditional classes. The third 

function is training and feedback: instructional tools used specifically for game-based learning often 

provide opportunities for practice, allowing learners to use this practice and repeated operations, in 

addition to instantaneous feedback, to assess their own learning outcomes, thereby facilitating the 

achievement of learning objectives. The fourth function is higher-order thinking: by integrating 

education into games, students must make judgments during gameplay, which prompts them to 

consider their own needs when searching for solutions to problems. By repeating teaching content in 

the game design, games can provide an ideal learning method. 

 

2.2 Flow Experience 
 

Csikszentmihalyi (1975) defines flow as the phenomenon of an individual perceiving intrinsic 

motivation, such that when they are in the midst of a flow experience, their energy is focused and 

they are nearly oblivious of anything else, and will not observe changes in their surroundings. This 

means that a flow experience refers to situations in which individuals are completely invested in an 

activity and enjoy the process, to the extent that they respond only to the objectives of the activity 

(Csikszentmihalyi, 1985). The Flow State refers to a situation in which an individual uses advanced 

techniques to conquer obstacles encountered during a challenging activity, thereby achieving a flow 

state. In other words, a flow state is a kind of state demonstrated by a person when they perceive 

skills and challenging processes (Csikszentmihalyi, 1975). Flow experiences refer to experiences in 

which individuals are focused on an activity, such that their psychological perception of time and 

space is distorted, reducing their self-consciousness. If an individual responds passionately and 

actively to an activity, they will not notice sensations or information unrelated to the activity; in such 

cases, the individual has transformed the activity into an objective, forming a flow experience 

(Csikszentmihalyi, 1997). Csikszentmihalyi (1990) summarizes the nine traits of flow as follows: 

clear goals, challenge-skill balance, concentration on the task, sense of control, merging of action 

and awareness, external neglect, distortion of time, and the experience of self-accomplishmen t. If an 

individual experiences these nine traits, they will enter a state of flow. In 1997, Csikszentmihalyi 

argued that when an individual generates flow, they will demonstrate three main characteristics. The 

first is clear objectives: if an individual has clear objectives for the task that they aim to perform, 

they can easily enter a flow state. The second is instantaneous feedback: if an individual can derive 

instantaneous feedback from a task, they can easily enter a flow state. The third is balancing difficult 

challenges with advanced skills: challenges must often be balanced against an individual’s 

capabilities, meaning that if a challenge exceeds one’s abilities, the individual will feel anxious. If 

the difficulty of the challenge is lower than an individual’s abilities, they will feel bored. If one’s 

abilities are weak and the challenge is also easy, then a weak state of flow is generated. As such, in 

order for an individual to focus completely on a game and generate a flow state, the difficulty of 

challenges must be appropriate and the individual must have sufficient capabilities. 

 

 

3. Research Method 
 

This study uses the university-wide compulsory course Information Technology Applications and 

Literacy at a Taiwanese university as its experimental curriculum. This course takes place over a 

single semester and two academic credits are awarded upon its successful completion. Over the 

18-week course, ten weeks consist of Computer Programming instruction. Three of these weeks are 

used to introduce the main Arduino circuit and its peripheral modules. The experiment takes place 

over three weeks, for two hours each week. The subjects of this experiment consist of 41 first-year 

university students from the foreign language studies department (control group), and 41 first-year 

university students from the Economics and Management Department (experimental group). The 

control group is taught using the lecture instruction method, while the experimental group is taught 

according to the game-based learning method, using the two unplugged board games developed and 

designed by this study: the Arduino Board Icebreaker Card Activity and Hello, Arduino!  Neither of 

the two groups has studied Arduino previously, and the experiment is conducted over the course of 

three weeks, for two hours per week. During the experiment, the main topic of instruction is the 

introduction of the main Arduino circuit and its peripheral modules. After each group has completed 
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this instruction, a written test on the main Arduino circuit and its peripheral modules is conducted, 

and a flow questionnaire test is administered to the experimental group. In order to determine the 

content of this test, this study consulted the flow experience questionnaire scale constructed by 

Pearce et al. (2005). Questionnaire content includes eleven items, some of which are “interest,” 

“concentration,” and “sense of control” (Cronbach α = 0.907). Scoring was conducted using a 

five-point Likert scale. The cards used in the board game are introduced below:  

(1) Arduino board game icebreaker card, as shown in Figure 1: 

Each student holds one card and randomly finds another student to challenge; whoever finds two 

cards with the same module is the winner, and the loser must sign the winner’s card.  

(2) Arduino peripheral module topic cards (top), as shown in Figure 2: 

These cards show an image of a module, ranked by difficulty using 1-3 stars, where a higher 

number of stars indicates a higher degree of difficulty.  

(3) Arduino peripheral module topic cards (bottom), as shown in Figure 3: 

These cards show a 3D QR code for the module and a textual hint for the correct response.  

(4) Arduino peripheral module response cards, as shown in Figure 4: 

These cards show matching responses.  

(5) Main Arduino circuit topic cards (top), as shown in Figure 5: 

These cards show main circuit topics, ranked by difficulty using 1-3 stars, where more stars 

indicate a higher degree of difficulty.  

(6) Main Arduino circuit response cards (bottom), as shown in Figure 6: 

These cards show matching responses. 

 

 

Figure 1. Arduino board game icebreaker card 
 

 

 
Figure 2. Arduino peripheral module topic cards 

(top) 

 

Figure 3. Arduino peripheral module topic cards 

(bottom) 
 

Card number 

Difficulty level 
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Hint 
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Figure 4. Arduino peripheral module response cards 
 

 

Figure 5. Main Arduino circuit  topic cards (top) 

 

Figure 6. Main Arduino circuit  response cards 

(bottom) 
 

 

4. Results and Discussion 
 

The results of this experiment show that the two board games developed in this study can improve 

students’ learning outcomes and flow states when studying the main Arduino circuit and its 

peripheral modules. With regard to learning outcomes related to students’ understanding of the main 

Arduino circuit, the control group, which was taught using the lecture method, had an average test 

score of 50.00. As shown in Table 1, 24 students had scores lower than 60.00, and five students 

scored 0 points, as shown in Figure 7. In contrast, the experimental group, which was taught using 

game-based learning, had an average test score of 76.74, with only six students scoring lower than 

60 points and 15 students receiving full marks. However, it is worth noting that in the experimental 

group, there were five students who scored 0 points, as shown in Figure 8. With regard to learning 

outcomes related to students’ understanding of Arduino’s peripheral components, the control group, 

which was taught using the lecture method, had an average test score of 71.63; as shown in Table 1, 

six students scored below 60 points, and five students scored 0 points, as shown in Figure 9. In 

contrast, for the experimental group, which was taught using board games, the average test score 

was 96.16, with only one student scoring below 60 points, and 33 students receiving full marks. 

However, one student in the experimental group received a score of 0, as shown in Figure 10. The 

above discussion shows that students find it more difficult to learn about the main Arduino circuit 

than to learn about its peripheral modules. This may be because of the depth and number of 

specialized names of main circuit components, resulting in a heavier cognitive load during learning. 

In addition, the experimental group demonstrated interest in the board games used in this study, with 

Answer 

Question 

Answer 
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85% expressing agreement, as shown in Figure 11. 97% of students indicated that the game could 

generate concentration, as shown in Figure 12. 83% of students stated that they had a sense of 

control, as shown in Figure 13. These results show that the board games used in this study 

significantly increased students’ flow states; this outcome was especially clear for concentration. 

 
Table 1  

Arduino main control and peripheral modules test average score 

 control group experimental group 

Arduino main control circuit  50.00 76.74 
Arduino peripheral modules 71.63 96.16 

 

 

 

Figure 7. The control group test score statistics of 

Arduino main control board 

 

Figure 8. The experimental group test score statistics 

of Arduino main control board 

 

 

Figure 9. The control group test score statistics 

of Arduino peripheral module 

 

Figure 10. The experimental group test score 

statistics of Arduino peripheral module 
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Figure 11. The experimental group is having fun 

with the  game 
 

Figure 12. The experimental group of 

concentration with the  game 

 

Figure 13. The experimental group of control with 

the  game 

 

 

 

5. Conclusions and Suggestions 
 

The purpose of this study is to improve non-electrical engineering and computer science students’ 

fear and frustration related to computer programming. The author of this paper used the instructional 

time in the course, Information Technology Applications and Literacy, to conduct a teaching 

experiment using game-based learning methods to help students to learn about the “Main Arduino 

Circuit  and its Peripheral Modules,” which is prerequisite knowledge for S4A programming. The 

goal of this experiment was to better understand students’ flow states and learning outcomes. The 

results of this experiment clearly show that when using the two unplugged educational board games 

that were developed and designed in this study, Arduino Icebreaker Card Activity and Hello, 

Arduino!, game-based learning significantly improved students’ learning outcomes and flow states. 

In addition to further improving the quality of these board games, the results of this study can also 

benefit a greater number of students by serving as a reference for educational research on 

Information Technology Applications and Literacy curricula. 
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Abstract: We report on a pre-experimental research study that was conducted with 

elementary school students over a month. It chronicles the development and implementation 

of SmartFarm, a game-based interactive simulation for promoting elementary school 

students’ inquiry-based laboratory learning of factors affecting plant growth. In order to 

facilitate the inquiry-based learning with the simulation on the scientific concept of plant 

growth, SmartFarm is a digital card-oriented role-playing simulation that consists of science 

experiment activities involving different factors related to the growth of plant, i.e. soil, light, 

water, and gas. It aims to promote a playful inquiry-based laboratory in science for 

elementary school students, and thus enhances scientific understanding and their science 

motivation. In this paper, we describe the development of SmartFarm mobile game-like 

simulation as an innovative inquiry tool in elementary school science and its 

implementation with 32 of fourth-grade students in a public elementary school located in 

northeastern region of Thailand. We analyzed the students’ scientific understanding by 

comparing before and after receiving the intervention and their performance of scientific 

explanation during participating the inquiry lessons. The results indicated that the mobile 

game-like simulation integrated into inquiry-based laboratory learning could promote Thai 

elementary school students’ better scientific understanding of and support their ability to 

explain scientific phenomena on factors affecting plant growth. Based on this finding, the 

use of mobile game-like simulation as a cognitive tool with the facilitation of inquiry 

learning process by teacher is an effective way to promote science laboratory learning for 

new-generation learners in 21st century education era. 

Keywords: Digital game, simulation, inquiry, science laboratory, primary education 

1. Introduction

During the elementary grades, children are exposed to and build understandings of biological 

concepts through their interactions with the world around them (National Research Council, 1996). 

In the Basic Education Core Curriculum of Thailand, the factors affecting plant growth is 

fundamental biological science concept illustrated in the national science education curriculum, and 

it also plays an important role in international science education standard and framework in 

elementary school science. When examining plant growth needs, students’ ideas and conceptions 

become more complex, resulting in the emergence of various misconceptions (Anderson, Ellis, & 

Jones, 2014). For example, students will often describe that plants need food in the same way that 

people need food (Anderson, Ellis, & Jones, 2013). The difficulty of conceptual learning on this 

scientific phenomenon is related to its highly complicated and abstraction, and we also cannot 

observe the phenomena of plant growth directly because of its long period of time. According to its 

complicated situation, Tunnicliffe and Reiss (2000) have found that student understanding of plants 

and what plants need to grow is often limited. When considering what plants need to grow, ideas can 

become even more complicated for elementary school students (Barman et al., 2003). Additionally, 

student misconceptions arise is in their conflation of ideas around what plant needs are provided by 

people (e.g., house plants, gardens) as opposed to what plants receive from their environment 
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(Barman et al., 2006). To facilitate the learning of abstract and complicated science concepts and 

phenomena, digital technologies has become cognitive tools for enhancing science learning in 

current research and development.  

Over the past few decades, digital technologies and learning resources have important roles 

in science-based education (Dorji, Panjaburee, & Srisawasdi, 2015; Lee & Chen, 2009). Recent 

research found that digital game-based learning could promote students’ interest, motivation, 

attitude, and enhance conceptual learning outcome (Giannakos, 2013; Lokayut & Srisawasdi, 2014; 

Nantakaew & Srisawasdi, 2014). Moreover, researchers reveal that the digital technologies can 

effectively support teachers’ teaching practices in integrating inquiry-based instruction into science 

class (Meesuk & Srisawasdi, 2014; Nantakeaw & Srisawasdi, 2014). Additionally, educational 

researchers mentioned that implementing technology-based learning environment could raise 

students’ cognitive engagement and learning performance (Srisawasdi & Panjaburee, 2015; 

Kanyaprasit & Srisawasdi, 2014). Due to features of technology, the support of students’ 

visualization and imagination skill is important for science learning in school science level. 

Regarding rapid growth of digital learning technology in science, game-like simulation is an 

effective digital media for enhancing science teaching and learning through the combination of 

computer-simulated experiment and digital game. This learning technology could promote students’ 

motivation and attitude as well as increase their comprehensive understanding of science concepts 

(Udomrat & Srisawasdi, 2015; Ruttanasaeng, Srisawadi, & Kanjak, 2015). According to the above 

mentioned, to engage students’ science learning in classroom and prepare new generation to have 

skills in 21st century society, especially children or younger generation who like to play game as a 

favorite activity (Lokayut & Srisawasdi, 2015). So that, the purpose of this study was to develop a 

visual-aid learning technology of game-like science simulation representing plant growth 

experiment as innovative learning tool with guided inquiry learning to study elementary school 

students’ conceptual understanding and their scientific explanation.  

 

 

2. Related Principle and Work 
 

Nowadays, information technologies have changed rapidly. Digital learning becomes a learning 

trend, because it can record students’ learning situation on the learning system and help teachers to 

understand and manage students’ learning portfolio. Owing to the rapid development of digital 

technology, digital games and simulation are popular now. In recent years, a combination of digital 

game and simulation, shortly called game-based simulation, for learning has become an important 

research topic in educational research and development. Now there are many researchers and 

scholars advocate to develop digital game-based simulation for promoting favorable and positive 

learning and enhancing the better learning competency for students. By the game-based simulation 

learning, we can live up to educate children while having fun with them at the same time and 

increase their learning achievement (Meesuk & Srisawasdi, 2014; Ruttanasaeng, Srisawadi, & 

Kanjak, 2015).  

Computer simulations, which contain visualization and features for representing a high 

abstract thing, can help student adjust variable in simulation and observe phenomenon (Chen-Chung 

Liu, 2011), these features have been recognized as an effective tool for teaching and learning method 

in science (Khan 2011; Wellington 2004). As such, computer simulation can be effective 

instructional practices in promoting science content knowledge, developing process skills (Smetana 

& Bell, 2012) and promoting students’ perceptions of learning (Kamtoom & Srisawasdi, 2014). 

Interactive computer simulations allow learners to conduct virtual experiments that cannot easily be 

conducted in real-life situations (Chang, 2016). Learners can change the parameters and values of 

the simulation to test their hypotheses and theories. For the benefit features of digital game is 

challenge, rewarding and enjoyment (Meesuk & Srisawasdi, 2014; Papastergiou, 2009). 

Researchers revealed that digital game-like learning could promote students’ interest, motivation, 

attitude, and enhance conceptual learning outcome (Lokayut & Srisawasdi, 2014; Nantakaew & 

Srisawasdi, 2014). According to both feature above, game-based simulation is an effective digital 

media for enhancing science teaching and learning through the combination of computer simulation 

and digital game. This learning technology could promote students’ motivation and attitude as well 
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as increase their comprehensive understanding of science concepts (Udomrat & Srisawasdi, 2015; 

Ruttanasaeng, Srisawadi, & Kanjak, 2015). 

 

 

3. SmartFarm: A Mobile Game-based Simulation on Plant Growth 
 

In this study, the researchers have developed a visual-aid learning technology of game-like 

simulation representing plant growth experiment. The game-like simulation has been developed to 

use as an android mobile application for mobile devices, both smartphones and tablets. The 

application used for the study, Smart Farm, is briefly introduced here. The game was designed by the 

authors and implemented in Unity 3D with the assistance of a software developer. It is a role-playing 

game that aims to engage elementary school students in science learning of plant growth. The main 

scenario of the simulation is related to smart farming emphasizing how to grow plant in an indoor 

garden environment. The player takes on the role of a smart farmer (the main character in the 

game-like simulation).  

The player must know the goal of the game-like simulation (i.e., to evaluate related factors 

of a plant growth) and what rules to follow, which can be found at any time in the main scene of the 

simulation. With the use of the proposed game-like simulation as an inquiry tool to conduct 

scientific experiment in a smart farm, players can control their own learning from playing the 

simulation representing plant growth experiment by (1) adjusting several variables in the 

experiment, (2) observing the phenomena, and (3) investigating how the plant growth based on their 

own experiment. In addition, the players can have a physical activity by using a smartphone or tablet 

to read QR code from several cards for adding target variables in the plant growth experiment. 

Figure 1 shows example of the mobile game-based simulation on plant growth. 

 

  
 

Figure 1. Screen illustration of the game-like simulation on plant growth: main screen of the 

simulation (left) and the screen of level-based sequence regarding factors affecting plant growth 

(right) 

 

As seen in Figure 1, the game-like science simulation of plant growth experiment employed 

the scenario of smart farm to engage elementary school student for their biological science learning. 

To conduct the science experiment, they need to scan QR code cards to add variables affected to the 

growing of plant or select the type of plants for conducting their own investigation. Figure 2 shows 

an illustration of how to scan the QR code card and the plant growth experiment screen displayed in 

the mobile application. 
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Figure 2. An illustration of plant growth experiment in the game-like simulation: the front-back QR 

code card for cabbage plant (left), an indoor garden environment visualizing cabbage growth 

phenomena (right) 

 

In this game-based simulation, it was divided into four series regarding the factors of plant 

growth. The main factors of plant growth included soil, water, light, and gas. In this simulation, 

students have to play and pass each series in a sequence. Student can get score and it depends on the 

accuracy of the experimental results. After completing the experiment with the game-based 

simulation, students were interacted with a worksheet. 

 

 

4. Context of the Study 
 

4.1 Research Design 
 

The purpose of the present study was to investigate the effect of mobile game-based simulation 

integrated into inquiry-based laboratory learning on elementary school students’ scientific 

understanding of plant growth concepts, and their scientific explanation in a biological science 

course. To investigate the impact of mobile game-based simulation integrated into inquiry-based 

laboratory learning, a pre-experimental research method regarding one group pretest-posttest was 

used for the study. 

 

4.2 Study Participants 
 

The participant of this study included 32 of fourth-grade students, aged between 9 - 10 years old, in 

a local public elementary school located at northeastern region of Thailand. They were 11 boys and 

21 girls from similar economic background and they all have basic skills in using smartphone and 

tablet personal computer, but they have no experience yet using a simulation in science learning. 

This implied that they are heterogeneous before interacting with the experimental study. 

 

4.3 Instrument and Measures 
 

Seven two-tier multiple-choice conceptual questions was produced based on a summary of students’ 

common misconceptions about plant reported by Wynn et al. (2017). The misconceptions related 

factors affecting plant growth has been transformed into conceptual questions for the test in this 

study. For instance, a misconception hold by students is that “Plants always need light.” and then the 

researchers transformed the misconception into a conceptual question that “Can a plant grow only 

under light illumination? and why?”. For the test, the scoring were one and two points for the 

corrected answer on first and second tier, respectively, and the maximum score is 21 points. 

 

4.4 Data Collection and Analysis 
 

The procedure of this study was an investigation of students’ scientific understanding of factors 

affecting plant growth as the result of the inquiry-based laboratory learning with the proposed 
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mobile game-like simulation. The students were assigned to 30-minutes pretest to complete the 

two-tier multiple-choice test before performing the game-based simulation experiment of plant 

growth. Then students were exposed to interact with a guided-inquiry science laboratory learning 

with the support of mobile game-like simulation representing plant growth experiment for 960 

minutes within four weeks. After completing the experiment, they were asked to complete the 

two-tier multiple-choice test again as posttest, as illustrates in Figure 3. In addition, a number of 

students has been asked to volunteer participating in an individual interview.   

 

 

 

 

 

                                                                 

 

 

 

 

Figure 3. A diagram of the experimental procedure in this study 

 

 

5. Results 
 

To examine the influence of guided-inquiry laboratory learning with mobile game-based simulation 

in this study, a comparison between pre- and post-test conceptual understanding scores has been 

performed to reflect its influence on elementary school students’ learning. The comparative results 

of pre- and post-test showed that students showed a significant difference on their scientific 

understanding of plant growth score. The posttest mean score (Mean = 15.53, S.D. = 6.36) was 

significantly higher (t = 15.259, p = .000, p < .05) than the pretest mean score (Mean = 8.72, S.D. = 

1.41), as shows in Table 1. 

 

Table 1 

Descriptive statistics and paired t-test results to compare students’ scientific understanding in 

overall  

Test No. of student Mean S.D. t-score p 

Pretest 32 8.72 1.41 15.259 .000* 

Posttest 32 15.53 6.36 
*significant difference at .05 (p<0.05) 
 

 To be more precise, the pretest and posttest of each concept for all seven scientific concepts 

about factors affecting plant growth has been analyzed using the paired t-test. The t-test was used to 

compare both test scores in order to investigate the particular influence of mobile game-based 

simulation integrated into inquiry-based laboratory learning. Table 2 presents the comparative 

results of individual scientific concept.   

Guided-inquiry science laboratory learning with support of mobile 

game-based simulation (960 minutes) 

 

Pre-Investigation (160 minutes) 

 

Investigation (200 minutes) 

 

Post-investigation (120 minutes) 

 

30-minutes pretest before performing  

the mobile game-based simulation of plant growth experiment 

 

 

30-minutes posttest  
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Table 2 

Descriptive statistics and paired t-test results to compare students’ scientific understanding for each 

concept  

Code Concept Pretest Posttest t-score p 

Mean S.D. Mean S.D. 

C1 Nutrient 1.88 1.18 2.84 0.51 4.360 .000* 

C2 Water 1.28 0.81 2.75 0.62 8.747 .000* 

C3 Light 1.06 0.71 2.78 0.61 10.944 .000* 

C4 Gas 1.06 0.80 2.38 0.83 6.466 .000* 

C5 Combination 

between 

nutrient & 

water 

1.38 0.79 2.69 0.69 7.974 .000* 

C6 Combination 

between 

light & gas 

0.81 0.59 2.25 0.92 8.901 .000* 

C7 Combination 

of all factors 

0.63 0.55 1.88 0.94 7.721 .000* 

 

Table 2 showed reveals the t-test scores of both tests, showing the differences in students’ 

conceptual learning achievement in the guided-inquiry laboratory learning with mobile game-based 

simulation of plant growth. For the nutrient factor concept (C1), the mean score results of C1 

implied that students were more able (Mean = 2.84, SD = 0.51) to learn as compared to the pretest 

(Mean = 1.88, SD = 1.18). The t-test results further indicate a significant difference between the 

pretest and posttest for C1 (t = 4.360, p = .000, p < .05). For the concept of water factor (C2), the 

mean score results of C2 implied that students were more able (Mean = 2.75, SD = 0.62) to 

understand as compared to the pretest (Mean = 1.28, SD = .81). The t-test results further indicate a 

significant difference between the pretest and posttest for C2 (t = 8.747, p = .000, p < .05). For the 

concept of light factor (C3), the posttest score (Mean = 2.78, S.D. = 0.61) was higher than the pretest 

(Mean = 1.06, S.D. = 0.71) that the result implied significantly better understanding of this concept 

(t = 10.944, p = .000, p < .05) as compared to the initial status of understanding. For the last single 

affecting variable of gas factor concept (C4), the mean score results of C4 implied that students 

developed better understanding (Mean = 2.38, SD = 0.83), as compared to the pretest (Mean = 1.06, 

SD = 0.80), at the end of their learning. The t-test results further indicate a significant difference 

between the pretest and posttest for C4 (t = 6.466, p = .000, p < .05).   

In this study, we also investigate the effect of the intervention in a context of multiple 

variables in science experiment. The result on C5-C7 represented students’ scientific understanding 

on the multiple variables experiment regarding factors of plant growth. For the combination between 

nutrient and water factors concept (C5), the mean score results of C5 implied that students were 

more able (Mean = 2.69, SD = 0.69) to learn the multiple variables of plant growth experiment as 

compared to the pretest (Mean = 1.38, SD = 0.79), and the t-test results further indicate a significant 

difference between the pretest and posttest for C5 (t = 7.974, p = .000, p < .05). Similar to the 

learning of C5, students showed better understanding (Mean = 2.25, SD = 0.92) of multiple variables 

of plant growth experiment on C6 as compared to the pretest (Mean = 0.81, SD = 0.59). The t-test 

results further indicate a significant difference between the pretest and posttest for C6 (t = 8.901, p 

= .000, p < .05). To evaluate the students’ big idea of factor affecting plant growth, the C7 was used 

to measure that big idea and the result on C7 implied that students developed better understanding 

(Mean = 1.88, SD = 0.94), as compared to the pretest (Mean = 0.63, SD = 0.55), at the end of their 

learning (t = 7.721, p = .000, p < .05). 

In order to gain better understanding of the influence of mobile game-like simulation 

integrated into guided-inquiry laboratory learning, we have conducted a semi-structured informal 

interview with some of students. According to the individual interview, some of interview data 

reflected their cognitive gaining with the intervention. Some evidences of their attitudes could be 

illustrated as follows. 

245



 

“I think, I would like to conduct the experiment in science subject by using game-like 

simulation again. Because it is the quick way to reach the result and if I made 

mistake I can practice again and again until my practice is correct. Moreover, I can 

understand scientific concept of plant growth quickly. In addition, I can understand 

better about the variables in experiment by try to adjust variables in various ways to 

reach the correct result.” (A female student) 

 

“With the use of game-like simulation to conducting the experiment activity, it is 

better way for me to observe phenomena of plant growth which influenced by adjust 

variables, so it made me more interesting in science learning class, because I can 

understand the lesson from doing the experiment by myself, so it caused to me more 

self-confidence to do the experiment next time.” (A female student) 

 

“I love to learn science by doing the experiment in the simulation. It was very fun, 

and I can finish the experiment faster than conventional experiment. Normally I love 

to play the game every day, then from doing the experiment in this simulation, it 

made me understand the lesson easily. Moreover, I can teach my friends who cannot 

understand how to play the game-like simulation, it made me proud.” (A male 

student) 

 

 

6. Concluding Discussion 
 

This was a pre-experimental research study that examined the technology-pedagogy integration of 

mobile game-like simulation and inquiry-based laboratory learning of elementary school students in 

a Thai public elementary school class setting. In terms of students’ scientific understanding, the 

finding of students’ pretest-posttest comparison shows that students gained much better 

understanding after interacting with the proposed intervention. The fact shows that the posttest mean 

scores of all items of students’ scientific understanding are higher than the pretest. Moreover, the 

interview data also revealed that students felt more competent as they had more opportunities to take 

ownership of their learning with the mobile game-like simulation. The findings are coherent with 

that of Schmitz et al. (2015), whereby a mobile simulation game application can support learners’ 

understanding of content and the learning of the intended process or structure. This finding implied 

that the visual-aid game-based simulation on mobile addressing biological science concept of 

factors affecting plants growth integrated into guided-inquiry laboratory learning could promote 

elementary school students’ scientific understanding effectively. This indicated that the use of 

mobile game-like simulation as a cognitive tool with the facilitation of inquiry learning process by 

teacher is an effective way to promote science laboratory learning for new-generation learners in 21st 

century education era. 
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Abstract: An online system supporting student-generated feedback for student-generated 

questions was extended by including the feature of multimedia shareability. A study examining 

students’ perceived learning usefulness and task difficulties toward the extended multimedia 

capability for feedback-generation was conducted with sixty eight-grade students. Several 

significant findings were obtained. First, the X2 tests on perceived learning usefulness and task 

difficulties were both statistically significant. Second, the majority of the participants felt that 

multimedia-equipped feedback-generation better help their learning, and perceived text-based 

feedback-generation as intrinsically more difficult. Finally, the constant comparative method 

conducted on the explanatory reasons revealed that while added cognitive and affective gains 

were appreciated as the affordances of multimedia-equipped feedback-generation, emotional 

tensions were well noted due to the time-constrain issue. Suggested topics for future studies are 

provided. 

Keywords: Multimedia, online learning system, perceived learning potential, perceived task 

difficulties, student-generated feedback, student-generated questions 

1. Introduction

Feedback to performance is known to affect student cognitive engagement with tasks (Butler & Winne, 

1995), and has been shown to play a pivotal role in improving knowledge and skill acquisition (Shute, 

2008). Despite the widely acclaimed effectiveness of feedback, it is usually the teachers who are 

responsible for providing elaborated feedback to student answers to questions. Under the premise of 

student-generated content, a learning system enabling students to provide feedback to each of the 

options of multiple-choice questions (i.e., named student-generated feedback) has been developed (Yu 

& Liu, 2016). Recent studies found that student-generated feedback for online student-generated 

multiple-choice questions promoted better learning (Yu & Wu, 2017; Yu, Liu, Wu, & Huang, 2018). 

With the considerably supporting evidence of feedback on learning, factors moderating its 

outcomes have been the focus of numerous empirical studies (Narciss & Huth, 2004; Shute, 2008). 

Among these, forms of feedback, specifically the multimedia feature, in the context of student-

generated feedback for online student-generated multiple-choice questions warrant investigation, in 

light of the fact that learners today are used to a media-rich learning environment (Prensky, 2001) and 

the communicative power of multimedia presentation (Clark & Mayer, 2011).  

Several experimental studies have confirmed that multimedia presentation (e.g., combinations 

of text and illustrations) enhances communication and learning than single medium presentation (e.g., 

text only) (Clark & Mayer, 2011; Mayer & Moreno, 2002) because each medium is equipped with 

distinct features and affordances. Although the role multimedia serves in instruction to support diverse 

learners (Clark & Mayer, 2011) is commonly appreciated, its learning potential in the context of student-

generated feedback for student-generated questions is yet to be understood. In other words, despite that 

the value of multimedia for ‘learners as the consumer’ is broadly known, its value for ‘learners as the 

producer’ is less known. To this aim, an existing online learning system targeting student-generated 
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feedback for student-generated multiple-choice questions is extended, and students’ perceived learning 

usefulness and task difficulties toward multimedia-equipped feedback-generation is examined. 
 

 

2. Methods 
 

An existing online learning system (QuARKS) (Yu & Liu, 2016) was extended by allowing multimedia 

files to be included as part of the generated feedback. The multimedia files uploaded can be shared and 

reused by peers to embrace and actualize the ideas of Web 2.0 (e.g., openness of data, collaborating, the 

power of the crowd, and so on) (Anderson, 2007).  

Two eighth-grade classes of students (n = 60) from one junior high school participated. Each 

week after attending five 45-minute instructional sessions on English, the participants headed to the 

school’s computer lab for a 45-minute supplementary online activity. Essentially, on a weekly basis for 

a duration of ten weeks, the participants were directed to generate three multiple-choice questions with 

elaborate feedback in connection with each of the four options (i.e., justifications for the correct answer 

and explanations for the other three incorrect options) on English content covered in the current week 

in QuARKS. To equip the participants with the fundamental knowledge and skills on question- and 

feedback-generation, a 45-minute training session was arranged at the first week. Afterwards, the 

participants were exposed to text-based feedback-generation at the first stage and then multimedia-

equipped feedback-generation at the second stage (Figure 1). At their first encountering with 

multimedia-equipped feedback-generation, the participants were briefed on the operational procedures 

of accessing and including multimedia files in QuARKS. Students were free to create their own 

multimedia, or use any multimedia files already stored and shared by the instructor or their peers in 

QuARKS as part of feedback. At the end of the last session, two selection questions with explanations 

were distributed to the participants to solicit their views on the relative learning usefulness and task 

difficulties of text-based and multimedia-equipped feedback-generation. 

 

  
Figure 1. Online student-generated questions with text-based feedback-generation (left) and 

multimedia-equipped feedback-generation (right) 
 

 

3. Results and Discussion 
 

Data analysis done on the perceived learning usefulness found that the majority of the participants (80%, 

n = 48) regarded ‘multimedia-equipped feedback-generation’ as better promoting their learning. Only 

one participant voted for text-based feedback-generation, and nearly one-fifth of the participants 

(18.33%, n = 11) felt the two approaches with similar learning usefulness. A X2 test on the observed 

frequency distribution among the three options was statistically significant, X2 = 61.30, p < .05. Two 

salient themes emerged as a result of the constant comparative method done on the descriptive reasons 

provided by the participants who rooted for multimedia-equipped feedback-generation. First, half of 

this group of participants (n=24) pointed out that multimedia-equipped feedback-generation enhanced 

the clarity of the message intended to be conveyed and their comprehension of the learned material. 

Second, 21 participants highlighted the positive emotional tone multimedia-equipped feedback-

generation helped to create (e.g., amusing, fun, relaxing, motivating). In sum, added cognitive and 

affective gains were recognized as affordances of multimedia-equipped feedback-generation. The 

results reflected what Narciss and Huth (2004) accentuated regarding the multiple-function nature of 

feedback — cognitive and motivational. 

250



Data on the perceived task difficulties showed that the majority of the participants (53.33%, n 

=32) regarded ‘text-based feedback-generation’ as more difficult, while one-fifth (20%, n = 12) 

regarded ‘multimedia-based feedback-generation,’ and about one-fourth (26.67%, n = 16) felt no 

differences. The results of the X2 test showed a statistical significance of the frequency distribution 

observed among the three options, X2 = 9.1, p < .05. Constant comparative analysis of the participants’ 

rationales revealed four important themes. First, as meaningful feedback entails providing explanations 

and justifications, resorting to text solely for feedback-generation was viewed by twelve participants as 

more draining and demanding, both cognitively and emotionally. Second, with its high reliance on 

descriptive explanations, personal inadequacy in English, typing skills, and overall communicative 

ability was noted by nine participants as drawbacks of text-based feedback-generation. Third, the time 

factor was highlighted by a high percentage of those who felt multimedia-equipped feedback-generation 

as more difficult (i.e., eight; two-thirds), as a result of the extra time needed for locating relevant 

multimedia. Fourth, because graphics or tables combined with text can convey message in a clearer 

way, text-based feedback-generation was considered by seven participants as more difficult, compared 

to multimedia-equipped feedback-generation. As a whole, the results corroborated what more 

multimedia researchers accentuated — multimedia is equipped to convey intended message with clarity. 

To conclude, the pedagogical value of multimedia is well established. Nevertheless, its roles 

and effects for the maker themselves in the maker era are in need of further investigation. In particular, 

the comparative effects of text-based and multimedia-equipped feedback-generation for student-

generated multiple-choice questions on learning (e.g., the quality of student-generated questions and 

feedback) are an important direction for future research. In addition, as the participants perceived the 

task difficulties of multimedia-equipped feedback-generation differently, ‘if there are any moderating 

effects perceived task difficulties have on learning’ would be another topic worth to be pursued to yield 

explicit suggestions for differentiated instruction. 
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Abstract: This paper reports a development and experimental use of a computer-supported 

posing exercise of numerical expressions that can be solved by using efficient calculation 

methods. In arithmetic, a learner usually interprets the numerical expression as a calculation 

procedure. In mathematics, relational interpretation of the expressions becomes 

indispensable. This difference of the interpretations causes of difficulty in introduction 

phase of mathematics. This exercise is aimed 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. The exercise was experimentally conducted for 78 6th grade 

students in an elementary school. The results of comparative analysis of calculation methods 

between pre-test and post-test suggest that the exercise promoted the students 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 reports a development and experimental use of a computer-supported posing exercise of 

numerical expressions that can be solved by using efficient calculation methods. In arithmetic in an 

elementary school, a numerical expression is a target of a numerical calculation. Therefore, a learner 

usually interprets the numerical expression as a calculation procedure (Sfard, 1991, Miwa, 1996, 

Booth, 1998, Miwa, 2001). In a junior high school, however, a mathematical expression usually 

includes variables and it should be interpreted as an expression of relations among numbers and 

variables, not as a calculation procedure. In mathematics, a learner is requested to transform the 

mathematical expression into another expression by using the expressed relations. This difference of 

the interpretations is one of the most important causes of difficulty for a learner in introduction phase 

of mathematics in a junior high school (Sfard, 1991, Miwa, 1996, Booth, 1998, Miwa, 2001). In 

order to relax the difficulty, it is promising to make learners experience relational interpretation of 

numerical expressions in arithmetic. This Problem-Posing exercise is aimed 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. 

Efficient calculation methods that make calculation easier by transferring a numerical 

expression, for example, changing calculation order (Cooper et al., 1996, Heirdsfield, 2004, Suzuki 

et al., 2010) are one of learning targets in an elementary school. The methods are usually taught and 

exercised by solving calculation problems that can be applied to the methods. Such problem is called 

“efficient calculation problem”. Several investigations, however, suggested that the exercise of 

solving the efficient calculation problem was not enough to promote the learning because the 

efficient calculation problem could be also solved by general calculation method that was conducted 

only by interpreting the numerical expression as a procedure (Uesaka et al., 2014, Suzuki & 
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Ichikawa, 2016). Therefore, it is necessary to adopt an exercise that a learner has to pay attention to 

the relations in a numerical expression. 

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, Hirashima et al., 2014). Based on 

these considerations, we have designed and developed a computer-supported posing exercise 

environment of efficient calculation problems (Enomoto et al., 2018). 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. The exercise was experimentally conducted for 78 6th grade students in an 

elementary school. The results of comparative analysis of calculation methods between pre-test and 

post-test suggest that the exercise promoted the students to interpret the numerical expression 

relationally. 

 

 

2. Procedural Interpretation and Relational Interpretation of Numerical Expression 
 

2.1 Numerical Expression and Mathematical Expression 
 

In an arithmetic class in an elementary school, a numerical expression is usually taught as an 

expression of calculation procedure. For example, in the case of "2 × 7 × 3", the expression is 

interpreted as a calculation procedure, and then “2 × 7” is calculated at first, and then 14 × 3 is 

calculated, and the answer of 42 is derived. In a junior high school, however, a numerical expression 

is extended to a mathematical expression including variables and relational interpretation of it is 

required. Relational interpretation is to grasp numerical expression as operational relations among 

numbers or variables in the mathematical expression (for examples, ax + bx + cx = (a + b + c)x). 

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). 

 

2.2 A Way to Teach Relational Interpretation in Arithmetic Numerical Expression 
 

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. An efficient calculation method suggests a 

learner to make calculation easier by transforming a numerical expression, for example, changing 

calculation order. In the case of "2 × 7 × 3", usual calculation method requests a learner to calculate 

from left side and it is necessary to calculate “14 × 3” that is a little difficult to conduct mental 

calculation. An efficient calculation method suggests to change the order of calculation to "2 × 3 × 

7". By this change, the calculation becomes easier ones, that is, "2 × 3" and "6 × 7". To conduct the 

change of the numerical expression, it is necessary for a learner to interpret the numerical expression 

as relations. 

 

2.3 Problem-Posing Exercise to Promote Relational Interpretation 
 

In an elementary school, the efficient calculation methods are usually taught and exercised through 

solving calculation problems that can be applied to the methods. Such problem is called “efficient 

calculation problem”. The exercise of solving the efficient calculation problems, however, it is not 

enough to promote to learn the methods because the efficient calculation problems can be also 

solved by general calculation method that can be conducted only by interpreting the numerical 

expression as a procedure (Uesaka et al., 2014, Suzuki & Ichikawa, 2016). Therefore, it is necessary 

to adopt an exercise that a learner has to pay attention to the relations in a numerical expression. 

In this research, we adopt “learning by problem-posing” to promote the relational 

interpretation of numerical expressions. The problem-posing is a learning method that request a 
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learner to pose problems to understand the problems structurally. Learning by problem-posing is a 

widely practiced as a promising learning method (Silver, 1994, English, 1998, Nakano et al. 1999, 

Kojima et al. 2013, Hirashima et al., 2007, Hirashima et al., 2014). 

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. Since numerical expressions are also calculation procedures, in the 

learning method of solving problems, correct answers can be calculated according to the procedure 

without applying efficient calculation methods. On the other hand, problem-posing to create 

calculation problems cannot answer correctly by executing calculation procedure because students 

must create problems which the efficient calculation methods can be applied based on the 

understanding the methods. Furthermore, since what kind of efficient calculation methods can be 

applied corresponds to the structural operation in the numerical expression, creating a calculation 

problem which efficient calculation strategies can be applied is a structural operation of the learning 

target. Therefore, making calculation problems promotes students to understand the structure of 

numerical expressions. 

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. 

 

 

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). These exercises, diagnosis and 

feedback are explained in this section.  

 

 
Figure 1. Interfaces of Exercises 
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3.2 Details of Exercises 
 

Fig. 2 shows examples of the four exercises constituting the problem-posing learning of efficient 

calculation methods. The first is a calculation exercise (Exercise 1). This calculation exercise 

requests a learner only a correct answer and does not matter how the answer was derived. In this 

problem-posing exercise system, it is assumed that a learner is able to correctly answer a numerical 

expression that used in the four exercises. 

Next exercise is an efficient calculation exercise (Exercise 2). The efficient calculation 

exercise requests a learner to calculate following an example of an efficient calculation that is 

presented in left side of exercise interface as shown in Figure 1 (Exercise 2). In Exercise 2 in Figure 

1, the exemplified efficient calculation problem is "27+8" and its efficient calculation process is 

"27+8=(27+3)+(8-3)=30+5=35”. A learner is requested to solve “27+9” in the same way with the 

example while writing the process of the efficient calculation. This is an example-based learning. In 

the example-based learning, because there is a possibility of only superficial mimicry without 

thinking about meaning of the example, it is important to request a learner to explain why the 

calculation method is applicable. Such explanation task is called self-explanation. In this research, 

because target learners are elementary school students and to express the calculation process with 

language is heavy load task for them, we adopted exercises to pose problems that can be solved by 

the calculation process. The problem-posing exercises in this research request them to write only 

numerical expression, but not able to correctly conduct only by imitating the example superficially. 

So, the problem-posing exercise is expected to be able to conduct, and to promote to recognize the 

example structurally. 

 

 
Figure 2. Details of Exercises 

 

The third exercise is a solution-based problem-posing exercise (Exercise 3). 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. For 

example, the efficient calculation problem that can be solved by the same way as "27+8", for 

example, "27+6". In this exercise, students must make a correct problem and correct calculation 

process and correct final answer, for example, "27+6=(27+3)+(6-3)=30+3=33". 

Here, if a learner performs only the superficial imitation of the presented example, it is 

expected that the learner creates an inappropriate problem which is not applicable the efficient 
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calculation method, like "27+2". If students created a problem that can be solved by the same way as 

the presented example, it is suggested that the learner comprehends the presented example 

relationally. 

Last exercise is efficient calculation problem-posing (negative example) (Exercise 4). 

Unlike the efficient calculation problem-posing exercise, let the learner pose a problem that the 

efficient calculation method is not applicable, for example, in this case, "27+2" is a correctly posed 

problem. Combination of both Exercise 3 and 4, it is expected to promote a learner to interpret 

numerical expression structurally. In this exercise, since it is a problem-posing that the target 

efficient calculation method is not applicable, students only pose a problem and do not make the 

calculation process and final answer. 

 

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. 
Table 1 shows several examples of true / false diagnosis and feedback for the answer 

inputted by the learner. In the first example, the process of the calculation is correct but the answer is 

wrong. Therefore, the feedback indicates the correctness of the calculation process and the 

wrongness of the answer. In the second example, although the answer is correct, but his/her process 

does not follow the efficient calculation method of the shown example. Therefore, the feedback 

indicates that the answer is correct but the calculation process is not fit for the example. 

 
Table 1  

Diagnosis and Feedback 

Exercise 
Upper: Example 

Lower: Leaner's Answer 
Diagnosis and Feedback 

3 
27+8=(27+3)+(8-3)=30+5=35 

27+6=(27+3)+(6-3)=30+3=34 

"Answer is Incorrect. Let's 

recalculate again." 

3 
27+8=(27+3)+(8-3)=30+5=35 

27+6=(27+3)+3=30+3=33 

"Answer is correct but 

calculation is incorrect. 

Let's look the way of the 

example once more." 

4 
27+8=(27+3)+(8-3)=30+5=35 

27+9 

"Incorrect. The way of the 

example can use. Let's look 

the way of the example once 

more. 

4 
27+8=(27+3)+(8-3)=30+5=35 

27+2 

"Correct. The way of the 

example cannot use." 

 

 

4. Experimental Use and Results 
 

4.1 Experimental Use at Elementary School 
 

In order to verify whether the developed system can be used in the class and there is learning effect 

for efficient calculation methods, we conducted an experimental use of the system. The participants 

of experimental use are 78 students of 3 classes in an elementary school 6th graders. The system was 

used in one class time (45 minutes). The time schedule of the class is as follows: general 

introduction (5 minutes), explanation of efficient calculation methods by the teacher (5 minutes), use 

of the system (30 minutes), questionnaire (5 minutes). Pre-test was conducted four or five days 

before the experimental use, and post-test was conducted four or five days after the experimental 

use. By keeping an interval of several days, we tried to check whether the educational effect by the 

system was established. 
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4.2 Questionnaire 
 

Questionnaire on 6 items and 1 free description regarding the usability and effectiveness of the 

system was conducted. 74 children’s data were regarded as valid data. Positive opinions were 

obtained from over 80% of students for the following questions: (1) The system was easy to use, (2) 

When a calculation mistake occurs, mistake points were understood immediately, (3) When a 

calculation mistake occurs, mistake contents were understood immediately, (4) Posing problems 

that same efficient calculation method is applicable as example was easy, (5) By posing problems 

same as example, how to calculate efficiently was understood well, (6) Posing problems not the 

same as example was easy. From this, it is suggested that problem-posing exercises of efficient 

calculation methods realized in this system were accepted as useful activities for students. Among 

the few children who answered, "Strongly disagree", there were some children who were unable to 

complete the exercises, and there were some improvements in support of system use. On the other 

hand, in free description, there was also answer that the children taught each other. 

 

Table 2  

Questionnaire results 

Question 
Strongly 

agree 
Agree Disagree 

Strongly 

disagree 

1 41 27 6 0 

2 39 25 8 2 

3 40 28 4 2 

4 45 17 10 2 

5 45 26 2 1 

6 42 24 5 3 

 

4.3 Pre-test and Post-test 
 

Table 3 shows the categorization of problems used in the pre-test and the post-test. The problems are 

classified into three categories as follows. (1) Non-efficient calculation problem that does not 

require to use an efficient calculation method. (2) The learned problem is an efficient calculation 

problem that is solved by the method learned in the system. (3) The transfer problem is an efficient 

calculation problem but that is not learned by the system. The problems used in the pre-test and 

post-test were the same ones but the order of them in the tests were different. Then, the problems 

themselves are not so difficult for the 6th grade students. Based on these conditions, we assumed that 

the changes of calculation methods were reflecting the changes of learners’ interpretation for 

numerical expressions. 

 

Table 3 

Pre-test and Post-test Problems 

Problem Classification Problems 

Non-Efficient Calculation Problems (4 Problems) 17+2, 3+27, 11+12, 191+4 

Learned Problems (3 Problems) 86+7, 98+5, 197+8 

Transfer Problems (3 Problems) 19+17, 150+37+50, 19+22+18+21 

 

4.4 Changes of Calculation Styles 
 

Table 4 shows the change of calculation styles in pre-test and post-test. Here, we categorized 

calculation styles into following three: calculation by writing, efficient calculation and mental 

calculation. Calculation by writing and efficient calculation were specified by checking the 

description that the learners wrote on the test papers. Figure 3 is an example of calculation by 

writing. If there was only an answer and no other description, the calculation was categorized into 
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mental calculation.  Table 3 shows the ratio of each calculation styles in a problem category. Due to 

absence of one student, n = 77. 

 
Figure 3. Calculation by Writing 

 

In Table 4, as for Non-Efficient Calculation Problems, the number of calculation by writing 

decreased, the number of efficient calculation increased, and the number of mental arithmetic also 

increased. Here, efficient calculation for Non-Efficient Calculation Problems means that the 

calculation was conducted with an efficient calculation method but it did not make the calculation 

easier. So, a learner who conducted this calculation would not understand the efficient calculation 

method. 

Regarding to Learned Problems, calculation by writing decreased, efficient calculation 

increased, and mental arithmetic increased. Regarding to Transfer Problems, calculation by writing 

decreased, efficient calculation increased, and mental arithmetic increased. Summarizing the 

changes in the calculation style before and after system use, calculation by writing decreased, 

efficient calculation increased, and mental arithmetic increased. 

Wilcoxon's signed rank sum test was conducted to analyze the differences of the values in 

Table 4. There were statistically significant differences in decreasing the number of “calculation by 

writing” in Learning problems and Transfer problems. Here, Bonferroni adjustment was performed 

because multiple comparison was conducted. 

 

Table 4 

Changes of Calculation Styles 

Classification Calculation by 

Writing 

Efficient 

Calculation 

Mental 

Arithmetic 

Non-Efficient 

Calculation 

Problems 

6.5(0.229) 

2.6(0.159) 

p=0.5625 

2.3(0.141) 

1.3(0.089) 

p >1 

91.2(0.309) 

96.1(0.180) 

p =0.2812 

Learned 

Problems 

15.2(0.320) 

6.5(0.234) 

p =0.0307 

3.9(0.152) 

5.6(0.224) 

p >1 

81.0(0.389) 

87.9(0.313) 

p =0.3433 

Transfer 

Problems 

15.2(0.297) 

6.9(0.217) 

p =3.5703e-03 

22.9(0.305) 

26.0(0.287) 

p >1 

61.9(0.379) 

67.1(0.325) 

p >1 

Ratio (%) of Calculation for Each Problem Category, SD (Upper: Pre-test, Lower: Post-test), and 

Bonferroni adjusted p value 

 

4.5 Analysis of Change of Calculation Style 
 

In this research, it was assumed that if the problem-posing exercise promoted learners to interpret 

numerical expressions structurally, the calculation style the learners used could change. We 

expected that we could observe following three valuable calculation style changes: Change-1: 

efficient calculation increases, Change-2: calculation by writing decreases, and Change-3: mental 

arithmetic increases. 

As for Change-1, since the learning target in this system is efficient calculation problems, 

this change is valuable. As for Change-2, because calculation by writing is a general calculation 

style to interpret a numerical expression as a calculation procedure, this change is valuable. Because 

the metal arithmetic is usually heavy load calculation style, when a numerical expression is complex, 

it is not easy to conduct calculation as it is. So, Change-3, that is, increase of mental calculation, is 

also valuable. 
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4.6 Calculation Style Transformation 
 

Figure 4 shows the changes of calculation styles between pre-test and post-test. This examined the 

answers of students in each test and organized how the individual problems of pre-test were solved 

by post-test. "CW 20" means that 20 answers were derived by calculation by writing (CW) in the 

pretest. Then, “8” means that 8 answers were derived by calculation by writing (that is, the same 

style with the pretest) in the post test, “1” means that 1 answer was derived by efficient calculation 

style (EC), “11” means that 11 answers were derived by mental arithmetic (MA). Although there is 

only a small part of the decrease in calculation quality (shift from mental arithmetic to calculation by 

writing), overall it is shown that the calculation style is transferring in the direction that the 

calculation quality improves. 

Table 5 shows the calculation method transformation summary. From this table, it can be 

seen that transformation of calculation styles between pre-test and post-test occurs with maintenance 

and improvement computational quality with a few exceptions. 

 
Figure 4. Calculation Method Transformation 

 

Table 5  

Calculation Method Transformation Summary 

Calculation methods 

between 

Pre and Post 

Improvement Decline Maintain 

Non-Efficient 

Calculation 

Problems 

15 1 292 

Learned Problems 30 1 200 

Transfer Problems 52 2 177 

 

4.7 Calculation Style Transformation for Each Student 
 

Table 6 shows the calculation style changes by students in pre-test and post-test. We examined how 

the pre-test and post-test problems were solved and evaluated the transformation of calculation 
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styles to improve, maintain, decline. Furthermore, we summarize the relationship between those 

calculation styles transfer and correct answer rates. This figure shows that except for a few 

exceptional children (one each for Learned problems and one Transfer problems), the 

transformation of the calculation style occurs in the direction of maintenance and improvement 

calculation styles. Furthermore, the transition of these calculation styles involves maintaining and 

improving the correct answer rate of pre-test and post-test. In addition, no students answered all 

pre-test and post-test problems by efficient calculation style. Therefore, number of students who can 

still improve in calculation method is 77. 

 

Table 6  

Evaluation of Calculation Method Transformation by Students 

Learned Problems Correct Answer Rate 

Improve Maintain Decline 

Calculation style 

Improvement 
16 students 0 16 0 

Calculation style 

Maintained 

53 students * 2 42 9 

7 students 0 7 0 

Calculation style 

Decline 
1 student 0 1 0 

Transfer Problems Correct Answer Rate 

Improve Maintain Decline 

Calculation style 

Improvement 
36 students 2 31 3 

Calculation style 

Maintained 

21 students * 3 15 3 

19 students 2 15 2 

Calculation style 

Decline 
1 student 0 1 0 

*: calculated all problems by mental arithmetic 

 

4.8 Summary of Results 
 

In pre-test and post-test which executed before and after learning Efficient calculation methods by 

the system, presented calculation changes occurred in the calculation method of students, and the 

change was accompanied by some significant differences. This change does not occur randomly, but 

mostly it is a change from calculate by writing to efficient calculation and mental arithmetic, and 

there was almost no change in the opposite direction. Furthermore, the change in these calculation 

methods accompanied by retaining and improving the correct answer rate in the post-test, and the 

precision of the calculation did not decrease after efficient calculation learning. Based on the above, 

the data of this research suggests the validity of change of calculation method by Efficient 

calculation strategies learning: increase of Efficient calculation, decrease of calculation by writing 

and increase of mental arithmetic presented as a hypothesis. From this, it is judged that a certain 

effect has been found in the Efficient calculation methods learning using this system, in terms of 

generating a change to calculation method of students in the direction expected by learning the 

efficient calculation methods. 

 

 

5. Conclusions 
 

In this research, we designed and developed a problem-posing system for arithmetic Efficient 

calculation problems and experimentally used in classes at an elementary school 6th graders. As in 

this research, there is no report that the problem-posing of efficient calculation problems was carried 

out in the class, and it was the significance of this research that it was able to show that this is 

possible. Moreover, as a hypothesis, it was shown that the changes of calculation method of the 

efficient calculation increase, calculation by writing decrease, and mental arithmetic increase occurs 
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as the effect of the learning of the efficient calculation, and the effect of the system can be shown by 

the validity verification. 

Tasks in the future, since the system use target was a 6th grade of elementary school where 

efficient calculation methods was already learned, it is necessary to verify the learning effect in 

lower grade, learning efficient calculation methods from now, and quantitative effect measurement 

method at that time. Regarding the practical use period, this research was a short-term class use, but 

from the viewpoint of whether it has an effect on connection from arithmetic to mathematics, 

verification with long-term use will become a future task. Although it is difficult in class, it is also an 

issue to conduct experiments with control groups and to verify the effect in comparison. 
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Abstract: Critical thinking is an important skill in the 21st century. With the awareness of 

the importance of critical thinking skill, schools have invested much effort in including the 

development of critical thinking skill in their curriculum. Yet, there has not been much 

critical thinking assessments available to measure students’ critical thinking skill as an 

independent skill, especially for elementary school students. Past research have venture into 

developing critical thinking skill assessments using children stories and folk stories by using 

different input methods (i.e., written and vocal assessment). However, there was a research 

gap in between these research where the effect of both input method on the critical thinking 

assessment was not explored. Hence, this research utilized a local folk story to design a 

critical thinking assessment, instead of using a conventional written assessment, a vocal 

assessment with a recording function was used to compare the difference of both 

assessments. The results indicates that there were no difference in the different input method 

on the effectiveness of the designed critical thinking assessment in assessing students’ 

critical thinking skill. However, other interesting elements were found in this research, 

including a noticeable difference in the students’ performance on certain questions, and the 

difference in the students’ perception in terms of the difficulty of the questions and their 

intention to have their peers participate in the research. 

Keywords: Critical thinking, assessment, vocal, written, elementary students 

1. Introduction

Critical thinking is an important skill in 21st century, along with other skills such as collaboration, 

communication, and problem solving (Kay & Greenhill, 2011). Critical thinking skill is not 

something new as schools had been including them in their curriculum by applying higher level 

thinking skills of Bloom’s taxonomy in their classes which includes analysis, synthesis and 

evaluation (Krathwohl, 2002; Lee et al., 2016). Although the importance of critical thinking to 

global education has been emphasized repeatedly in different avenues, not enough work has been 

done to measure these skills in a classroom setting, especially among elementary school students. 

Furthermore, with the importance of critical thinking skills increasing in the 21st century, an 

adequate critical thinking assessment become a major focus in recent research (Gelerstein, del Río, 

Nussbaum, Chiuminatto, & López, 2016; Lin et al., 2017).  

According to UNESCO, measuring improvements in critical thinking skills is essential in 

providing a reference to an individual’s progress in enhancing their critical thinking skill, and to 

better improve the quality of education provided to them (Ernst & Monroe, 2004). There are many 

critical thinking assessments available, such as The Ennis-Weir Critical Thinking Essay Test (Ennis 

& Weir, 1985), and the California Critical Thinking Skills Test (CCTST) by Insight Assessment 

(Tung & Chang, 2009). However, these assessments were designed mainly for high school students, 

college students, or adults. As Kuhn (1999) mentioned that young children have the cognitive ability 

to have opinions and ideas like adults, the cultivation of critical thinking skill should begin at a 

young age. Therefore, more research efforts could be invested in the development of critical 

thinking assessments suitable for elementary school students. 

Past research have designed different critical thinking assessments for elementary school 

student, such as Gelerstein’s et al. (2016) and Lin’s et al. (2017) research that involved the usage of 

comic story to assess elementary students’ critical thinking skills level. These research utilized a 
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different approach in assessing students’ critical thinking skills. Instead of using conventional 

multiple choice questionnaires, these research used a mixture of close-ended and open-ended 

questions with questions designed in accordance to the definition of critical thinking skill by Facione 

(1990). However, these research utilized different input methods in supporting the students in 

answering the designed critical thinking assessment. In Gelerstein’s et al. (2016) research, students 

were required to write down their answers on the provided assessment script. With the advancement 

of technology, in Lin’s et al. (2017) research, a vocal critical thinking assessment was designed 

where students were required to speak up and had their answers recorded by the designed computer 

based. With the introduction of the vocal input and improved storytelling features in Lin’s et al. 

(2017) research, as compared to Gelerstein’s et al. (2016) research, it was noticed that there was a 

research gap in between these two research where the effect of the different input method was not 

studied. 

Hence, the research objective of this study was to determine the effect of using different 

input methods (i.e., written and vocal) supported by technology on the same critical thinking 

assessment in assessing the critical thinking skill of elementary school students. The research 

questions of this study are “By using the same critical thinking assessment to assess the critical 

thinking skill of elementary school students, what are the effect of using different input methods in 

answering the assessment?” and “Does gender difference affect students’ performance in the critical 

thinking assessment?” 

  
 

2. Literature Review 
 

Scholars have been defining critical thinking from different aspects. Ennis (2011) mentioned that 

“[c]ritical thinking is reasonable and reflective thinking focused on deciding what to believe or do” 

(p. 1). Harpern (2014) defined critical thinking as “the use of those cognitive skills or strategies that 

increase the probability of a desirable outcome” (p. 8). A critical thinker seeks for evidence and 

supporting argument when making decisions to avoid biasness and unfairness, resulting in a 

desirable outcome which may differ in the values of each individual (Halpern, 2014). Critical 

thinking is described as an attitude of the mind and its character to reply as it is a development of 

successful information-processing (Chen, Tolmie, & Wang, 2017). Facione (1990) provided a more 

structured definition of critical thinking where critical thinking is “purposeful, self-regulatory 

judgment which results in interpretation, analysis, evaluation, and inference, as well as explanation 

of the evidential, conceptual, methodological, criteriological, or contextual considerations upon 

which that judgment is based” (p. 6).  

Based on Facione’s (1990) Delphi report, critical thinking consist of “Interpretation,” 

“Analysis,” “Evaluation,” “Inference,” “Explanation” and “Self-regulation.” “Interpretation” 

involved having one understanding the role and importance of an event or information represented. 

“Analysis” involved having one recognizing the inferential relationships among statements or 

concepts in describing the opinion or belief. “Evaluation” involved having one assessing the 

credibility of statements and assessing the reasoning provided. “Inference” involved having one 

using relevant information to deduce objective conclusions, form hypotheses, and understand the 

flowing consequences of the statement or event. “Explanation” involved having one describing the 

result of one’s reasoning and to prove that reasoning behind the provided result. “Self-regulation” 

involved having one applying the abovementioned critical thinking skill on their own critical 

thinking thoughts and opinions (Facione, 1990). The definitions of each skill are discussed in the 

Delphi report by Facione (1990). 

Past research have utilized Facione’s (1990) definition of critical thinking in developing 

critical thinking skill assessments suitable for elementary school students (e.g., Gelerstein et al., 

2016; Lin et al., 2017). These research utilized children stories and folk stories which were familiar 

to elementary school students in developing their critical thinking skill assessments. Past research 

have shown that critical thinking skill has strong connection between reading comprehension 

(Norris & Ennis, 1989; Tung & Chang, 2009). By introducing the mechanism of storytelling with 

critical thinking skill, it would improve the performance of the assessment and enhance students’ 

experience in answering the assessment (Barker & Gower, 2010; Yang & Wu, 2012; Yeh, 2001). 

Furthermore, past research have proven that the cognitive activity including critical thinking would 

263



had begun to develop at a young age, from the level of K-12, and maybe even earlier than 

kindergarten (Daniel, & Gagnon, 2011; Florea & Hurjui, 2015; Willingham, 2008; Kennedy, Fisher, 

& Ennis, 1991). 

 Past research have utilized difference answering methods on critical thinking assessments, 

such as in written form and in verbal form (Gelerstein et al., 2016; Lin et al., 2017). Past research 

that utilized a written critical thinking assessment in Taiwan had found that elementary school 

students may poses sufficient vocabulary to express their opinions, but when they were required to 

have them written down, these students would face difficulties in writing down their answers as they 

only begin to write the Chinese character at Grade 3 and Grade 4 (Chew et al., 2018). In additional to 

that, it was found that there were research that utilized only written assessments, with other research 

that utilized only vocal assessments in measuring students’ critical thinking skill (Gelerstein et al., 

2016; Lin et al., 2017). Yet, there have not been a research exploring the effects of using these two 

different input methods on the results of the critical thinking assessment. Hence, in order to explore 

this effect, by maintaining the storytelling features introduced in Lin’s et al. (2017) research, the 

research objective of this study was to explore the effect of using different input methods (i.e., 

written and vocal) on the same critical thinking assessment in assessing the critical thinking skill of 

elementary school students. 
 

 

3. Research Design 
 

3.1 Participant  
 

The target participants of this study were from an elementary school from Kaohsiung, Taiwan. 

Students for this study were fourth grade students, with a total of 100 students (43 male and 57 

female). The students were randomly selected to be either complete the written assessment or 

complete the vocal assessment with 50 students assigned to complete the written assessment (22 

male and 28 female) and another 50 assigned to complete the vocal assessment (21 male and 29 

female). 
 

3.2 Assessment Design 
 

Past study have shown that Taiwanese elementary students might face difficulty in understanding 

Western stories (Lin et al., 2017). Hence, in this study, the critical thinking assessment was designed 

using a famous Chinese traditional story, “Chinese Zodiac Signs.” Critical thinking questions were 

inserted in the stories, where the questions were designed based on the story plots. The story was 

selected because of the participants were from Taiwanese elementary school students who were 

familiar with the story. 

 

Table 1 

Distribution of Critical Thinking Skill Questions 

Critical thinking skill Number of questions 

Interpretation 5 

Analysis 5 

Evaluation 4 

Inference 4 

Explanation 4 

Total 22 

 

 After finalizing critical thinking assessment’s context, next step was to design critical 

thinking questions in the assessment to measure students’ critical thinking skills. The designed 

questions were based on Facione’s (1990) definition of critical thinking skills which consist of six 

different dimensions, such as “Interpretation,” “Analysis,” “Evaluation,” “Inference,” 

“Explanation” and “Self-regulation.” The skill of “Self-regulation” was not included in this study as 

the design of the study was not capable to support the assessment of this skill. The distribution of the 

designed 22 critical thinking questions by its designated skills for the story “Chinese Zodiac Signs” 
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were shown in Table 1. As an example, in the story the mouse and the cat was having trouble finding 

a way to cross the river. Students were required to suggest methods that could help the mouse and 

the cat cross the river where this question was designed to measure the “Inference” skill. The follow 

up question for this question required students to explain their reasons in supporting their suggestion 

made in assisting the mouse and the cat cross the river which was designed to measure the 

“Explanation” skill. 

 The designed critical thinking assessment consist of open ended questions, mix and match 

questions, and multiple-choice questions. A Q-sort analysis was conducted with two researchers to 

categorize the designed questions into each critical thinking skill in accordance to the definition of 

Facione (1990). Both researchers completed the Q-sort analysis independently. The Q-sort result 

from both researchers were compared with the study’s initial categories of the designed questions. 

Thereafter, a meeting was conducted with each of the researchers separately in order to understand 

the reason of their categorizing results. Necessary changes and amendments were done in 

accordance to the feedback from both researchers to improve the questions in the critical thinking 

assessment. After finalizing the questions, the critical thinking assessment was reviewed by 

elementary school teacher to make sure students could understand the wordings used in the 

questions. 

 

3.3 System Design 

 

For this study, a computer based application was designed to include the storytelling process, and the 

question and answer process. The application used pictures portraying the scene of the story with 

written dialogues and narrative supported by recorded voice over for the narrative and each 

character in the story (see Figure 1(a)), which was similar with the application used in Lin’s et al. 

(2017) research. The application was designed using Microsoft Visual Studio where the pictures and 

voice recording were aligned to enable to storytelling process. For the questions and answer process, 

the questions were displayed in wordings along with the recorded voice over. For closed ended 

questions, the application provided the relevant selections (see Question 9 in Figure 1(b)). For open 

ended questions, the application required students to record down their answers by clicking on the 

recording button, and to click on the stop recording once they had completed their answers (see 

Question 10 in Figure 1(b)). These questions were inserted in between different parts of the story. 

Once they had completed a question, the application continued on with the storytelling process until 

the next designed question came up.  

 

 
(a)                                                     (b) 

Figure 1. (a) Storytelling process, (b) Question interface of the vocal assessment group 

 

 

 

 

 

 

 

(a)                                                     (b) 

Figure 2. (a) Question interface of the written assessment group, and (b) answer sheet 

265



For the written assessment group, a slight modification of the application was made. Both 

groups were required to listen to the storytelling process using the application via the computer and 

headset provided. The difference between both groups was that the students of the vocal assessment 

group were required to record their answer, the written assessment group were required to write 

down their answer on the answer sheet provided, resulting in a slight modification on the question 

and answer interface for the written assessment group (as shown in Figure 2). The selection buttons 

and the recording buttons were removed, instead a written instruction was provided to guide students 

in writing down their answers on the answer sheet provided. 
 

3.4 Research Process  
 

The study required the usage of a Windows computer for operation of the application, along with 

headsets with microphones. Hence, the study was conducted during the students’ computer class in 

school. Students were randomly assigned to complete the assessment in a written form or by vocal 

input. All students used the designed application for the storytelling process. The difference between 

two groups were during the question and answer process where students of the written assessment 

group answered by writing down their answers on the answer sheets provided, and students of the 

vocal assessment group answered by recording their answers through the application (see Figure 3).  

For each session, a briefing was conducted before the students began using the application 

to inform students on items to expect during the study. The application started by having students 

selecting their basic information, included class, seat number, name and gender. After filling in these 

information, the application entered the story along with the critical thinking questions. The given 

time period for the study was 40 minutes. With the completion of the story, students were required to 

complete a questionnaire on their opinion on the application and their familiarity of the story, where 

there were a total of eight 5-Likert scale questions. 
 

      
(a)                                         (b) 

Figure 3. (a) Student completing the written assessment, (b) Student completing the vocal assessment 

 

 

4. Data Analysis 
 

The academic results from last semester of the students were collected to compare the academic 

performance of the students who completed the critical thinking assessment by writing their answers 

with the students who completed the assessment verbally. The collected academic subjects included 

Mandarin, Mathematics and Science. The average score of these results for both groups were 

compared using t-test. The results indicates that both groups were similar in term of their academic 

performance where t = 0.265, p = .791 (Written assessment: n = 50, M = 92.54, SD = 4.09, and Vocal 

assessment: n = 50, M = 92.30, SD = 5.16). Furthermore, a gender comparison was also conducted, 

where the t-test results showed that there were not significant difference between both genders as 

well where t = -1.449 and p = .150 (as shown in Table 2). This indicates that both groups were of 

similar level for further comparison. 

After the data was collected, two researchers were assigned to evaluate the data received 

from both written and vocal critical thinking assessment. The two researchers were briefed on the 

requirements of each question along with the critical thinking skill in evaluation of the question. A 

guideline was prepared, listing the designated critical thinking skill and the requirement for each 

question. When the students’ answer fulfill the requirement of the critical thinking skill designated 
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for each question, the score “1” was given for that question, else score “0” was given. In order to 

ensure that both researchers had common understanding in evaluating the data, a Kappa coefficient 

was calculated. The Kappa coefficient between both researchers were above 0.80 which was 

considered acceptable (Landis & Koch, 1977).  
 

Table 2 

t-test Results of the Students’ Academic Results 

 

The critical thinking assessment had a total of 22 questions consisting questions covering 

the five critical thinking skills (i.e., Interpretation, Analysis, Evaluation, Inference and Explanation) 

with the distribution shown in Table 1. The t-test results comparing both groups were as shown in 

Table 3. There was no significant difference between both groups in the results of the critical 

thinking assessment. In terms of the critical thinking skills, there were not significant difference as 

well for all skills except for “Inference” skill where t = -3.326 and p = .001. 
 

Table 3 

t-test Results of the Critical Thinking Assessment by Group 

Critical thinking skill Group n Mean SD t p 

Total Written 50 14.44 4.234 -1.417 .160 

 Vocal 50 15.60 3.949   

Interpretation Written 50 3.46 1.313 -0.176 .861 

 Vocal 50 3.50 .931   

Analysis Written 50 3.66 1.118 -0.961 .339 

 Vocal 50 3.88 1.172   

Evaluation Written 50 2.86 .990 -0.796 .428 

 Vocal 50 3.02 1.020   

Inference Written 50 2.46 1.164 -3.326 .001** 

 Vocal 50 3.14 .857   

Explanation Written 50 2.00 1.294 -.227 .821 

 Vocal 50 2.06 1.346   

Note. **p < .01. 
 

For further analysis, since there were no significant difference in the results of the critical 

thinking assessment by each critical thinking skill except for the “Inference” skill, a t-test analysis 

was conducted on the results of each “Inference” skill question. The four questions designed in the 

assessment for the “Inference” skill required students to draw reasonable conclusions on their 

decision to support or to oppose a statement or a description. For example, Question 9 in Figure 1(b), 

students were asked whether in a normal circumstances the mouse would be the fastest animal to 

cross the river (which was designed to measure the “Evaluation” skill), and they were required to 

share the reasons behind their decision which was designed to measure the “Inference” skill. Besides 

that, for the “Inference” skill, the designed questions required students to propose alternatives by 

using different methods or strategies in solving a problem. For example, in the story, the rabbit was 

just behind the tiger and students were required to suggest methods in helping the rabbit cross the 

river given that the tiger was just about to cross. It was shown in Table 4 that for this question, the 

vocal assessment group had performed significantly better than the written group. This was also 

observed for the “Inference” skill question designed that required students to arrive at a valid 

conclusion based on evidence regarding the reason why the dragon was late to arrive, the vocal 

assessment group had also performed significantly better than the written group (as shown in Table 

4). 

 

Variable  n Mean SD t p 

Group Written 50 92.54 4.09 0.265 .791 

 Vocal 50 92.30 5.16   

Gender Female 57 93.00 3.55 -1.449 .150 

 Male 43 91.65 5.72   
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Table 4 

t-test Results of the “Inference” Questions in the Critical Thinking Assessment 

Inference question Group n Mean SD t p 

Please propose other methods that could assist 

the cat and the mouse to cross the river. 

Written 50 .80 .404 -0.793 .430 

Vocal 50 .86 .351   

Please share your reason why you agree or 

disagree that the mouse would be the fastest 

animal to cross the river. 

Written 50 .68 .471 -1.888 .062 

Vocal 50 .84 .370   

Please share what you would do if you were the 

rabbit in this situation. 

Written 50 .32 .471 -2.466 .015* 

Vocal 50 .56 .501   

Could you think of any reason why the mighty 

dragon would be late? 

Written 50 .66 .479 -2.681 .009** 

Vocal 50 .88 .328   

Note. *p < .05; **p < .01. 
 

Since there were no significant difference between the two groups (i.e., written and vocal 

input), a further analysis was conducted to determine whether there was difference in the results of 

the critical thinking assessment by gender. The results in Table 5 indicates that there were significant 

difference in between both genders regardless of the input method of the assessment. This was 

especially visible in questions on the “Inference” and “Explanation” skill where the questions 

designed for both skills were open-ended questions. For these questions, the female students 

performed better than the male students, even though both genders were similar in terms of their 

academic performance. 
 

Table 5 

t-test Results of the Critical Thinking Assessment by Gender 

Critical thinking skill Group n Mean SD t p 

Total Male 43 13.79 3.839 -2.674 .009** 

 Female 57 15.95 4.103   

Interpretation Male 43 3.28 1.120 -1.552 .124 

 Female 57 3.63 1.128   

Analysis Male 43 3.65 1.232 -0.901 .370 

 Female 57 3.86 1.076   

Evaluation Male 43 2.81 .958 -1.092 .277 

 Female 57 3.04 1.034   

Inference Male 43 2.44 1.140 -3.015 .003** 

 Female 57 3.07 .942   

Explanation Male 43 1.60 1.218 -2.916 .004** 

 Female 57 2.35 1.302   

Note. **p < .01. 
 

For the results of the 5-Likert scale questionnaire, the results were shown in Table 6. There 

were a total of eight questions in the questionnaire. The results showed that for six questions in the 

questionnaire, there were no significant difference in the results between both groups. However, 

there were two questions which had significant difference between both groups (Question 5 and 

Question 7, as shown in Table 6). 
 

Table 6 

t-test Results of the Questionnaire 

Question Group n Mean SD t p 

1. Do you like this application? Written 50 3.14 1.262 -0.784 .435 

Vocal 50 3.34 1.287   

2. Do you enjoy using this 

application? 

Written 50 3.30 1.199 -0.564 .574 

Vocal 50 3.44 1.280   

3. Do you find this application 

interesting? 

Written 50 3.42 1.263 -0.318 .751 

Vocal 50 3.50 1.249   
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4. Was this application easy to use? Written 50 3.66 1.189 1.571 .119 

Vocal 50 3.26 1.352   

5. Would you invite your friends to 

use this application? 

Written 50 2.64 .964 -2.321 .022* 

Vocal 50 3.12 1.100   

6. Would you like to use applications 

similar as this one? 

Written 50 2.90 1.249 -1.172 .244 

Vocal 50 3.20 1.309   

7. Do you find the questions in the 

application difficult? 

Written 50 2.72 .904 2.116 .037* 

Vocal 50 3.20 1.325   

8. How familiar are you with the story 

“Chinese Zodiac Signs”? 

Written 50 4.18 1.137 0.173 .863 

Vocal 50 4.14 1.178   

Note. *p < .05. 
 

 

5. Discussion  
 

The study’s research objective was to compare the effect of elementary school students using 

different input methods in answering the critical thinking assessment. The results in Table 3 

indicates that there were no significant difference in the total results of the critical thinking 

assessment between the two groups. This indicates that both written and vocal critical thinking 

assessment could be used to assess the critical thinking skills of elementary school students.  

With further analysis on the results by each critical thinking skill, it was found that except 

for the “Inference” skill, there were no significant difference between the two groups on the 

questions for other critical thinking skills (see Table 3). This may be due to the fact that all the 

“Inference” skill questions were open-ended questions that required student to justify and elaborate 

reason to support their decision, and to propose alternative methods to resolve a problem, as 

compared to the questions of other critical thinking skills. For other critical thinking skill, most of 

the questions designed were closed ended questions (such as, “Interpretation” and “Evaluation”). 

For questions on the “Explanation” skill, students were required to reasoning in justifying their view 

point, explaining their comprehension of a concept, and describing the strategy used in making their 

decision. For questions on the “Inference” skill, students were required to thinking of alternative 

methods, determine what information would be useful to support their argument, and deciding in 

between the advantages and disadvantages of a decision. These questions would require students to 

bring in new ideas, justify its importance in solving a problem, and to argue its relevance in solving 

a problem. Hence, with the additional cognitive activity required by the “Inference” questions, this 

may explain the reason resulting in the difference between the two groups of questions on 

“Inference” skill. Students of the vocal assessment group could speak up freely in answering the 

questions, as speech is a free form of expressing their thoughts and reasoning. On the other hand, for 

the written assessment group, by having to write down their answers, students would require a better 

structure in their thoughts and having their reasoning well organized to enable them to write down 

their answers. 

As there were no significant difference between both of the groups, hence a further test was 

conducted to determine whether there were gender differences in the results of the critical thinking 

assessment. Differing from the results of Lin et al. (2017), this study found that there were 

significant difference between both genders even though there were no significant difference in their 

academic performance (see Table 5). The effect was evident on the designed questions for 

“Inference” and “Explanation” skills where questions were open-ended questions which required 

students to bring in new ideas and share their reasons to justify their answers. This effect could be 

due to the motivation and eagerness of the students when they were answering the critical thinking 

assessment. Through observation during the research, it was found that female students were more 

diligent in completing the critical thinking assessment as compared to the male students. This was 

also reflected in the data received as female students tended to be more meticulous in their answers 

as compared to the male students. This results was further supported by Lim, Han, Uhlhaas, and 

Kaiser’s (2013) research finding that female students’ brain tend to mature faster than male students 

of their age. The effect may be more evident in this research as male students as compared to Lin et 

al. (2017). 
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The results of the questionnaire, it was found that students of both groups enjoyed the 

designed application, and found that the application was easy to use and interesting. There were 

significant difference in between both groups in terms of the difficulty of the questions and whether 

would they invite their peers to try out this application. Although there were no significant 

difference in term of the results of the critical thinking assessment, the results of the questionnaire 

indicates that students of the written assessment group would not recommend this application to 

their peers as compared to the vocal assessment group. This may be due to the extra effort required 

in writing down their answers on the answer sheet, which was perceived as similar with additional 

homework. The vocal assessment group scored significantly higher than the written assessment 

group as the vocal assessment group was not required to write. Furthermore, this was supported by 

the question on whether the question in the application difficult, with the same questions applied on 

both groups, students of the written assessment group found the questions more difficult as compare 

to the vocal assessment group. 
 

 

6. Conclusion 
 

In conclusion, this study had found that both written and verbal critical thinking assessment could be 

used to assess the critical thinking skills of elementary school students, with the difference that more 

effort would be required for students to write down their answers for open-ended questions as 

compared to by saying their answers out loud. There were difference in the performance of the 

critical thinking assessment by gender where female students had significantly higher score as 

compared to the male students, given that both their academic performance were similar. This may 

be due to several factors including female students being more diligent in completing the assessment 

as compared to the male students. Another reason could be that female students’ brain development 

tend to mature earlier than male students which would result in a better performance in the critical 

thinking assessment. 

For future research, it is proposed that in additional of assessing the questions of the critical 

thinking assessment by a “0” and “1” manner (similar with Gelerstein et al., 2016 and Lin et al., 

2017), the critical thinking indicator proposed by Newman et al. (1997) could also be adopted in 

assessing the critical thinking skills of students through content analysis. As Newman et al. (1997) 

suggested in their research, there are indicators of critical thinking skill such as Novelty, Importance, 

Relevance, etc. which are important elements of critical thinking. By using this approach to evaluate 

students’ answer in these critical thinking assessment, it would provide another perspective on the 

critical thinking skills of students by different indicators, such as clarification, assessment 

(credibility), novelty, justification, linking idea, and importance (Lee et al., 2016). 

 Furthermore, with the usage of the recording function instead of a written assessment, 

students tend to be more willing to express their thoughts, although they may not use a complete 

sentence. For written assessments, students are accustomed to answer in a complete sentence as they 

were taught in class, which may hinder students in expressing their thoughts fully. With the 

recording mechanism, students could also practice their speaking skills and expressing their 

thoughts and ideas in a verbal manner. As “Self-regulation” was not monitored in this study, but 

with the recording function and the playback function incorporated in the designed application, the 

application could support “Self-regulation.” With the proper guidance provided, this exercise would 

enable students to evaluate their own answers critically, allowing them to self-examine and 

self-correct. Furthermore, collaborative learning settings could be considered, where students could 

work as a group in evaluating their answers, and listening to different prospective from peers on the 

same question. 
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Abstract: Recent research on education has paid much attention to computational thinking. 

To foster computational thinking, this study proposes an approach that adopts cognitive 

modeling of problem solving processes for a production system. Cognitive models for a 

production system are useful to externalize knowledge used in problem solving processes; 

thus, these models are expected to make hidden assumptions explicit. We conducted 

lectures where undergraduate students created cognitive models of a toy problem. Tests to 

describe the rules necessary in solving this problem were provided to the students. The 

results indicated that the rules described in the pretests omitted many conditions in the 

pretests, whereas the presence of the conditions improved in the posttest. Therefore, the 

effectiveness of cognitive modeling in eliciting and clarifying assumptions in externalizing 

knowledge in problem solving processes was proved. 

Keywords: Computational thinking, cognitive model, production system, problem solving 

1. Introduction

The literature on education has paid considerable attention to computational thinking, the thought 

processes involved in formulating problems and their solutions so that the solutions are represented 

in a form that can be effectively carried out by an information-processing agent (Brennan, and 

Resnick, 2012; Yadav, Mayfield, Zhou, Hambrusch, and Korb, 2014).  The acquisition of 

computational thinking skills has been observed as a side effect of learning to program, and the 

borders between computational thinking and coding or programming are considered unclear 

(Howland, and Nicholson, 2009). Therefore, popular systems used in fostering computational 

thinking are graphical programming environments and web-based simulation authoring tools 

(Grover, and Pea, 2013), which are easy for learners who are not information-engineering students. 

To foster the computational thinking of novice learners, this study proposed an approach 

that adopts cognitive modeling of problem solving processes for a production system, one 

representative architecture that has been long used in cognitive science research. Instead, of 

constructs in general programming languages, such as repetition and selection, production systems 

use if-then rules comprising operations and their conditions. Cognitive models of a production 

system are useful in externalizing the declarative and procedural knowledge used in problem solving 

processes; therefore, they are expected to make hidden assumptions explicit and activate reflective 

thinking or metamonitoring in cognitive processes (Fum, Del Missier, & Stocco, 2007; Miwa, 

Morita, Nakaike, & Terai, 2014). These types of effects can enhance the essential abilities involved 

in computational thinking. As a first step in our approach, this study preliminary investigated the 

effects of creating a cognitive model on externalizing knowledge in problem solving processes.   

2. Method
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We conducted lectures where undergraduate students created cognitive models in a class of 

cognitive science. Although most students had experienced programming in other classes, they had 

not experienced training from experts in information engineering.  

 

2.1.1 Tool and Procedures 
 

To create cognitive models, the students used DoCoPro (Nakaike, Miwa, Morita, & Terai, 2009), a 

production system designed for learning by novice students. Figure 1 shows a screenshot of 

DoCoPro. Representations of the states observed in problem solving processes were shown 

in the working memory in the left frame. The students created their models by editing rules 

in the editor in the right frames and simulated and evaluated problem solving processes by 

executing the models with the controller in the upper frame. 

 

 
 

Figure 1. Part of Screenshot of DoCoPro 
 

Initial State                                                                              Goal State 
(robot door low) 
(box window low) 

(banana center high) 

 

 

 

 

 

 
Figure 2. Initial and Goal States in Robot and Banana Problem 

 

Three lectures for cognitive modeling were conducted. In the first lecture, the students 

learned about a production system with DoCoPro. DoCoPro has instructional texts that enable a 

learner to learn how to construct production system models with an example of creating a 

block-stacking model. The students were asked to complete the instructional texts by themselves 

before the start of the second lecture, which was 2 weeks following the first lecture. 

In the second lecture, the students were given a robot and banana problem, an altered 

version of the famous toy problem monkey and banana. Figure 2 illustrates the initial and goal states 

of the presented problem. The students were also provided with a representation of the initial state 

window center door

high

low robot

box

banana

window center door

high

low
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(Figure 2), asked to design knowledge that enables the robot to obtain the banana and model it with 

DoCoPro, and told that the robot can carry the box and be mounted on the box to ensure the banana 

is within the robot's reach. 

Next, the students were asked to describe the if-then rules necessary to solve this problem 

with natural sentences when the problem was first presented. We refer to this task as pretest 1. They 

were instructed to design general rules adaptable to various initial states and told that the number of 

rules was four. Each student then engaged in creating a model of the robot and banana problem with 

DoCoPro in 60 min. After the model creation, they again described rules of the problem by using 

sentences (pretest 2). 

In the third lecture, which was 1 week after the second lecture, the students were presented 

four different initial states of the robot and banana problem, in which the box is placed in the same 

location as the robot, the box is under the banana, the box and robot are under the banana, and the 

banana is put on the place where the robot stands. The students’ task was to enhance models they 

created in the second lecture in a manner where the models could solve the problem from any of the 

initial states in 60 min. This task was expected to facilitate the sophistication of the conditions in the 

rules of the student models. At the end of the third lecture, the students were provided the task to 

describe rules in the same manner (posttest). 

 

2.1.2 Data Analysis 
 

We assessed whether the rules described by each student in pretest 1, pretest 2, and the posttest 

included the information required for a complete model that can solve the robot and banana problem 

from the five initial states. For each piece of information, the students’ descriptions were categorized 

as present when including corresponding information, incomplete when including corresponding 

information whose conditions and operations were specialized or insufficient, or absent when 

including no relative information. The pieces of information for the four rules were as follows. 

Rule 1 (the robot goes to the box) 

R1C1 (Condition 1 in Rule 1): the vertical position of the banana is high 

R1C2: the horizontal positions of the robot and box are different 

R1O (Operation in Rule 1): alter the horizontal position of the robot to the same as the box 

Rule 2 (the robot carries the box) 

R2C1: the vertical position of the banana is high 

R2C2: the horizontal positions of the banana and box (and/or robot) are different 

R2C3: the horizontal positions of the robot and box are identical 

R2O1: alter the horizontal position of the robot to be the same as the banana 

R2O2: alter the horizontal position of the box to be the same as the banana 

Rule 3 (the robot mounts on the box) 

R3C1: the vertical position of the banana is high 

R3C2: the vertical position of the robot is low 

R3C3: the horizontal positions of the banana and box (or robot) are identical 

R3C4: the horizontal positions of the robot and box are identical 

R3O: alter the vertical position of the robot to high 

Rule 4 (the robot obtains the banana) 

R4C1: the vertical positions of the banana and robot are identical 

R4C2: the horizontal positions of the banana and robot are identical 

R4O: halt (a statement representing the end of the problem solving) 

The following is an example of Rule 1: If the descriptions by a student included the sentence “the 

positions of the robot and box are different,” the R1C2 of the student was categorized as present. The 

descriptions by another student, “the robot is at the door” and “the box is at the window,” were 

categorized as incomplete R1C2, and absent R1C1 because no other conditions regarding Rule 1 

were included.  Sentences indicating R1O, such as “the robot goes to the window” and “the robot 

moves around,” were categorized as incomplete, and “the robot moves to the box” as present.  

 

 

3. Results 
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We analyzed the data of 60 students who participated in all three lectures. Figures 3, 4, 5, and 6 

indicate the categories for each condition and operation of the four rules in the three tests. In pretests 

1 and 2, many conditions were absent, whereas operations were rarely absent. Notably, many of the 

three operations in Rules 1 and 2 were incomplete. Present conditions and operations increased in 

the posttest. We compared the three tests by using the chi-square test; the result indicated significant 

differences in R1C1 (χ2(4) = 35.42, p < .01), R1C2 (χ2(4) = 14.58, p < .01), R1O (χ2(4) = 20.89, p 

< .01), R2C1 (χ2(4) = 27.51, p < .01), R2C2 (χ2(4) = 28.20, p < .01), R2O1 (χ2(4) = 29.36, p < .01), 

R2O2 (χ2(4) = 28.75, p < .01), R3C1 (χ2(2) = 30.67, p < .01), R3C2 (χ2(2) = 10.18, p < .01), R3C3 

(χ2(4) = 23.97, p < .01), R3C4 (χ2(4) = 20.91, p < .01), R4C1 (χ2(4) = 31.43, p < .01) and R4C2 (χ2(4) 

= 30.78, p < .01), and a marginally significant difference in R4O (χ2(2) = 5.35, p < .10). No 

significant differences were found in R2C3 (χ2(4) = 2.43, n.s.) and R3O (χ2(4) = 4.08, n.s.). 

Furthermore, the results of residual analysis indicated the following. 

R1C1: absent was high and present was low (p < .01) in pretests 1 and 2 

absent was low and present was high (p < .01) in the posttest 

R1C2: absent was high (p<.01), incomplete was high (p < .10), and present was low (p<.01) 

in pretest 1 

absent was low and present was high (p < .01) in the posttest 

R1O : incomplete was high and present was low (p < .01) in pretest 1 

incomplete was low and present was high (p < .01) in the posttest 

R2C1: absent was high and present was low (p < .01) in pretest 1 

absent was high and present was low (p < .05) in pretest 2 

absent was low and present was high (p < .01) in the posttest 

R2C2: absent was high and present was low (p < .01) in pretests 1 

absent was low and present was high (p < .01) in the posttest 

R2O1: incomplete was high and present was low (p < .01) in pretest 1 

incomplete was low and present was high (p < .01) in the posttest 

R2O2: incomplete was high and present was low (p < .01) in pretest 1 

incomplete was low and present was high (p < .01) in the posttest 

R3C1: absent was high and present was low (p < .01) in pretest 1 

absent was low and present was high (p < .01) in the posttest 

R3C2: absent was high and present was low (p < .01) in pretests 1 

R3C3: absent was high (p < .01), incomplete was high (p < .10), and present was low (p 

< .01) in pretest 1 

incomplete was high (p < .10) in pretest 2 

absent was low and present was high (p < .01) in the posttest 

R3C4: absent was high and present was low (p < .01) in pretests 1 

absent was low (p < .01), incomplete was low (p < .05), and present was high (p 

< .01) in the posttest 

R4C1: absent was high and present was low (p < .01) in pretests 1 

absent was low (p < .01), incomplete was low (p < .05), and present was high (p 

< .01) in the posttest 

R4C2: absent was high and present was low (p < .01) in pretests 1 

absent was low and present was high (p < .01) in posttest 
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Figure 3. Categories for Rule 1 in Three Tests 
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Figure 4. Categories for Rule 2 in Three Tests 
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Figure 5. Categories for Rule 3 in Three Tests 
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Figure 6. Categories for Rule 4 in Three Tests 

 

 

4. Discussion 
 

As described in section 3, descriptions of the four rules in the robot and banana problem omitted 

many conditions in pretest 1. In pretest 2, the descriptions of conditions did not differ overall from 

pretest 1, although the students had experienced creating models in DoCoPro. In contrast with the 

pretests, presence of conditions was improved in the posttest after the students had experienced the 

enhancement of the models. That phenomenon may be because the students carefully examined the 

conditions in the rules of their models by adapting the rules to various situations. The state when the 

banana is in the high position (R1C1, R2C1, and R3C1) is the prerequisite when the operations in 

Rules 1, 2, and 3 are necessary, and the relation of the positions of the banana, box, and robot must 

be clarified to appropriately use the three rules. Perhaps those can be hidden assumptions in this 

problem, and people can easily solve these problems without an awareness of such assumptions. To 

foster computational thinking, however, support enabling a learner to elicit and clarify such 

assumptions must be indispensable. In conclusion, the results proved the effectiveness of cognitive 

modeling for factors such as support. 

The next task of our study is to further analyze the data collected from the three lectures. 

Although the descriptions to externalize knowledge in problem solving were improved through 

modeling, some of the students could not successfully create models. Another task is to enhance 

support for learning by constructing cognitive models. Although the present conditions increased in 

the posttest, their numbers remained low for R1C1 and R2C2; we regard this as a critical problem to 

be addressed.  
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Abstract: The authors have examined properties of programming tasks and have studied a 

framework for structuring tasks based on their properties. In this paper, we examine what is 

learned from general–special and whole–partial relations among tasks. We also consider a 

method for presenting tasks in a method that is adaptive to learners’ comprehending 

situation using this framework. Under this framework, we propose a system that presents 

adaptive tasks based on the method of utilizing the task sequence. 

Keywords: Programming education, stepwise understanding, structural understanding, 

structured task, graph of microworlds. 

1. Introduction

The demand for programming education has increased in recent years, as evidenced by new 

curriculum standards in Japan (Kanemune, 2018). Meanwhile, there is increased need for 

frameworks that efficiently support programming learning. In particular, frameworks for 

implementing computer support include intelligent tutoring systems (ITSs) and learning 

management systems (LMSs) (e.g., Enomoto, Miyazawa, Miyadera, & Morimoto, 2018; 

Kanemune, Nakatani, Mitarai, Fukui, & Kuno, 2004; Shinkai & Sumitani, 2008; Tomoto & 

Akakura, 2017). 

In ITS and LMS applications, the difficulty and order of presented tasks cannot be 

disregarded. Koedinger & Aleven (2007) described the relation between task difficulty and the 

amount of task support, which they refer to as the “assistance dilemma.” If tasks are difficult when 

learners are provided with less support, making it harder for learners to solve tasks by themselves. If 

tasks are easy when learners are provided with too much support, however, thus learners do not 

consider them fully. Koedinger et al. thus concluded that addressing the assistance dilemma required 

stepwise presentation based on the learner model. To that end, Enomoto et al. (2018) proposed a 

method for determining the difficulty of programming tasks from correct answer rates among all 

learners and making adjustments for individual learners. Through this method, we can objectively 

observe and adjust the difficulty of each task. 

Although such methods allow determining the order of tasks presented to a learner, they 

cannot determine what to learn through the sequence of tasks, in other words, the overall learning 

goals (Hirashima, Niitsu, Hirose, Kashihara & Toyoda, 1994; Horiguchi, Tomoto & Hirashima, 

2015). If the task sequence is meaningful, it becomes possible to diagnose which aspect of the whole 

concept is currently being learned. It has also been reported that properly deciding learning content 

and sequence promotes learning (Scheiter & Gerjets, 2002). One approach toward making task 

sequences meaningful is to focus on both within- and between-task structure (e.g., Hirashima, 

Kashihara & Toyoda, 1995; Horiguchi & Hirashima, 2005). 

To determine appropriate problems for learning programming, it is first necessary to 

analyze the problem to be solved in ordinary programming, then structure the properties necessary 
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for solving the problem. Properties required for programming problem-solving ability can be 

determined by structuring properties included in programming problem-solving. Furthermore, by 

giving learners tasks generated using a task framework that includes structured properties, we can 

contribute to problem-solving ability for programming. 

The authors have previously discussed properties of tasks in programming and the structuring 

of these tasks (Koike, Tomoto, Horiguchi & Hirashima, 2018) with the goal of sequencing tasks 

based on within- and between-task structure. Based on our previous investigations of the properties 

and structure of programming tasks, this paper describes how to adapt to learners’ comprehension 

state when presenting tasks to them. We then propose a learning support system for doing so. 

 

 

2. Structuralizing Programming Tasks 
 

As mentioned in Section 1, adapting to learners’ comprehension state when presenting tasks requires 

defining what the programming task is. Doing this requires structuring in which the programming 

task properties are interpretable. In this chapter, therefore, we describe programming-task properties 

that the authors have investigated for structuring (Koike et al., 2018). 

 

2.1 Related Research 
 

Watanabe, Tomoto, Fujimori, & Akakura (2017) structured programming tasks by categorizing 

properties in task nodes as (i) purpose of the code, (ii) actual processing (code), or (iii) learner tasks 

for confirming task understanding. Watanabe et al. also constructed task sequences by relating task 

nodes as general–special or whole–partial relations. General–special relations associate original 

general tasks with the same purpose with a special task that reduces factors to be considered by 

adding constraints on actual code. In whole–partial relations, whole and partial tasks with actual 

code have an inclusion relation by which different purposes are related. Through these relations, 

Watanabe et al. aimed at improving learner understanding by having learners shift from special to 

general situations, or shift from partial to whole tasks. 

In that study, however, even when specific processes correspond with a specific purpose, 

there is no inherent process for achieving a certain purpose; multiple possibilities exist. A large 

example is rearrangement of arrays. Normally, array rearrangement can be achieved by various 

processes, such as bubble or merge sorts. In small examples, it is possible to swap the values of two 

variables using “a = b, b = c, c = a” or “t = ary [i], ary [i] = ary [j], ary [j] = t.” There are thus multiple 

processes that achieve the same purpose and Watanabe et al.’s definition cannot distinguish between 

them, because doing so requires clarification of relations between multiple tasks for the same 

purpose. To clarify this relation, it is necessary to consider differences in behavior between 

processes. If premised on gradual task presentation, it is desirable that previously learned tasks are 

included in the task to be learned next (Scheiter & Gerjets, 2002). Considering this, learned tasks 

should have an inclusion relation with the next task to be learned, and following this inclusion 

relation will ultimately be the overall task goal. Therefore, identifying the objective of the overall 

task is necessary to identify the objective of the partial task. However, when the partial task depends 

on the whole task in this way, it is not possible to reuse the processing of a certain task in general for 

other tasks. Therefore, to reuse the processing of a certain task, it is necessary to describe what 

function the task has as a part. 

Therefore, in this research we aimed at making programming tasks more reusable by 

separately discussing their function, behavior, and processing properties. 

 

2.2 Properties of Programming Tasks 
 

To structure programming tasks and clarify their properties, we first consider how the programming 

task is usually solved. In the general problem-solving process, an initial state is given first, and the 

learner must achieve the target end state through manipulation using a series of operations. When 

comparing this with problem-solving processes in programming learning, we consider the initial 

state of a variable as given input, and the target end state after manipulation of variables through 

programming code as output (Fig. 1). Here, the difference between pre- and post-processing states 
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can be interpreted as behavior brought about by the processing. Therefore, the behavior exhibited in 

the process can be understood through the difference between the initial and end states of the 

variable. Behavior can also be interpreted as a function according to the human interpretation. The 

definitions and properties of processing, behaviors, and functions are explained below in reference 

to Fig. 2. 

 

2.2.1 Processing 
 

The processing in this research is a manipulation sequence, namely, a set of commands that causes a 

difference between the initial and end states. Thus, the smallest operation sequence is a single 

command. Commands include control statements such as assignment statements, “if” statements, 

and “for” statements. 

Task processing in Fig. 2 is described using pseudocode, because this research focuses on 

general understanding that does not depend on a specific programming language. In that figure, 

variables beginning with “$” are arguments, and variables starting with “%” are local variables. 

Other statements are merely descriptive and not intended to refer to concrete function calls, etc. 

 

 
 

Figure 1. The problem-solving process in programming 
 

 
 

Figure 2. Example of a task 
 

2.2.2 Behavior 
 

“Behavior” is the processing that results in differences between the initial and end states of 

variables, in other words the behavior of the operation sequence. Variables here include iterators 

such as those used in “for” statements. In other words, we do not distinguish specific scopes (such as 

global or local) of variable states. 

In Fig. 1, three constraints (such as "B to A", "A to B", and "A to C") are always satisfied 

between the initial and end state. From this also, the behavior itself is described as a set of constraints 
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that can be read from the change of variables between input and output. In addition, in Fig. 2,%temp 

is assigned to $B as processing, but the value of $temp is $A by "%temp = $A" which is the previous 

processing. Therefore, $A is finally assigned to $B. 

 

2.2.3 Function 
 

A function is a human interpretation, and describes what can be achieved through behaviors. 

Sasajima et al. stated that functions are not interpretations of behavior without excess or deficiency, 

but rather interpretations of a certain behavior (Sasajima, Kitamura, Ikeda & Mizoguchi, 1996). 

They furthermore suggest that when a given function is regarded as part of an overall function, the 

function has meaning as a part only when there exists a function one level higher than the given 

function. For example, if the overall function is swapping two variables, the “temp” variable has 

meaning, but the swapping of the two variables itself has no meaning. This handling of such 

functions is advantageous in that the positioning of the function is certain within the system, so there 

will be no erroneous function positioning. However, when a target system and its function are 

positioned, it becomes difficult to reuse the function in other target systems. Therefore, in this 

research we consider functions as not necessarily connecting with goals on a one-to-one basis, and 

we position functions on the assumption of possible overall goals for each function. For example, in 

Figure 2 at the behavior level, it just repeats the assignment and there are no meanings to these three 

assignments. By semantically interpreting this, we can define a function called “swap”. 

 

2.2.4 Relationship between Processing, Behavior, and Function 
 

The relation between processing, behavior, and function can be described using the example of 

sorting. For example, simple sorting and selective sorting are different processes, but their behaviors 

are similar in that both rearrange an array. Also, when considering each function, they become the 

same in terms of their interpretation as “rearranging an array.” In this way, the properties of 

processing, behavior, and function can be independently related. 

 

 

3. Relationship between Tasks 
 

It is possible to compare tasks by relating them based on their processing property, as defined in 

Chapter 2. When tasks can be compared, they can be related according to the differences between 

them. This also makes it possible to determine which tasks have higher and lower difficulty in 

comparison to tasks that learners have solved. That is, if tasks are related, it is possible to adapt to the 

comprehending state of learners and prompt their transition to another task. 

In this research, we define general–special and whole–partial relations based on differences 

between these tasks (Fig. 3). In Fig. 3, whole–part relations are shown with black arrows starting at 

the part side and ending at the whole side. General–special relations are graphed as white arrows 

starting at the special side and ending at the general side. 

 

3.1 General–special Relation 
 

Focusing on Moderate-1 and Moderate-2 in Fig. 3, we can see that the iterator for array a uses 

variables $I and $J. In this way, we associate the special task in the general–special relation in the 

sense that it can be handled in a more specific situation and the general task in the sense that it can be 

handled in a more general situation. Learners can learn how to make general-purpose tasks by 

shifting tasks linked to this relation. 

 

3.2 Whole–partial Relation 
 

Between Special-1 and Special-2 in Fig. 3, it can be seen that swap-1 includes processing of sort-1. 

Therefore, Special-2 is a whole task including Special-1, and Special-1 is an included partial task. 
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The whole–partial relation associates tasks in such inclusion relations. As a result, the learner 

experiences reusing partial tasks learned while shifting from partial to whole tasks. 

 

 
 

Figure 3. Example task relations 
 

 

4. Functionalization of Tasks 
 

The authors have previously tried to construct a task sequence based on the discussion in Sections 2 

and 3 (Koike et al., 2018). Therefore, in this chapter we propose a task sequence for expansion and 

correction activities as a viewpoint from which to newly construct tasks based on past task 

sequences. 

In task sequences that the authors have examined thus far, from the viewpoint of structuring, 

the function in the task is implicitly treated as having arguments. However, if reuse of exactly the 

same processing is desired, for example when using the exact same process in ten places, the 

processing requires no arguments. In this case, it is more convenient to functionalize the process. 

Adding arguments to the function improves its versatility at the cost of convenience in special 

circumstances. In this way, understanding argumentation for processing as a general–special 

relation explains formation of the function. Therefore, it is possible to contrast whole–partial 

relations with general–special relations. By contrasting these relations, learners can understand how 

general–special relations play a role in learning about general versatility. 

From the above discussion, there is room for reconsideration of handling arguments in tasks. 

Since arguments were not considered until now, we implicitly regarded tasks as functions, though 

we did not specify them as functions. Therefore, in this paper we can discuss the versatility and 

specialty of tasks by newly adding a description of their function. We can furthermore grasp task 

sequences in two dimensions, taking whole–partial and general–special relations as axes. In other 

words, in whole–partial relations it is possible to learn the importance of understanding the behavior 

of partial tasks, and to reuse partial tasks by repeating them for multiple whole tasks. On the other 

hand, we consider that by experiencing multiple special tasks related to the same general task in 

general–special relations, it is possible to learn the importance of providing special tasks with 

flexibility to make them more general-purpose. Therefore, in the following we will describe a 

method for actually utilizing the system by following the two-dimensional task sequence. 
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5. How to Present Structured Tasks in a System 
 

In this section, we discuss how to use a system developed by the authors (Fig. 4) to present tasks 

based on a newly constructed task sequence (Fig. 5) (Koike & Tomoto, 2018). 

 

 
 

Figure 4. User interface of the system (Koike & Tomoto, 2018) 
 

5.1 Presentation of Tasks in a Conventional System 
 

In a learning support system developed by the authors (Fig. 4), the goal is to understand chunks of 

code as parts in a program (Koike & Tomoto, 2018). In this system, programs are constructed 

according to the problem and constraints displayed at the upper right. In addition, previously 

constructed programs are retained in the list on the left as reusable parts, and larger parts are newly 

constructed using them. In other words, learners are to understand two things through use of this 

system: (1) reuse of partial tasks in other tasks in whole–partial relations, and (2) increasing 

versatility by shifting from special to general tasks in general–special relations. 

Until now, however, presented tasks were generated based on task sequences subjectively set 

by the authors, and these did not adapt to the learner’s comprehending state. Task sequences 

determined by the authors included all tasks related through whole–partial relations, in a sequence 

without branches. This does not allow the experience of reusing partial tasks within two or more 

whole tasks. Also, since there is no general–special relation, it is difficult for the learner to learn 

more general task structuring. We thus consider a method for adaptively presenting tasks by using 

the relations defined in this paper. Also, when handling tasks in the system based on the framework, 

a correct answer are prepared on the system that is limited to one out of multiple correct answers. 

 

5.2 Adaptive Task Presentation using Task Sequences 
 

In this section, we consider a method for implementing and practicing task sequences (Fig. 5) newly 

constructed in the system described above. In Fig. 5, the start points of black arrows indicate parts, 

and end points indicate the whole, thus showing the whole–partial relation. The start points of white 

arrows are special and end points are general, thus showing special–general relations. 

We first consider how to implement a single task. By using the “function” label of a task, it is 

possible to produce a sentence “create [function name]” as a system problem statement. When doing 

so, in system processing of the variable name, we have to decide what constraints are imposed upon 

making the function. Then, using tasks, it is possible to generate sentences such as “using [% 

appended variable]” or “using [used function]” as a task constraint. Furthermore, considering the 

judgment of correct answers in the system, it is possible to compare the operation described in the 

“processing” label of the task with the answer from the learner. In this way, implementation is 
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possible by applying the task in this paper to the system. For example, in the case of General-2, “use 

A and B as input variables and use swap functions” can be generated as a constraint on the problem 

statement “make a program that swaps the values of input A and input B.” 

By implementing tasks in the system, it is possible to present tasks in consideration of task 

sequences. For example, when a learner solves the Special-2 task in Fig. 5, Moderate-2 exists as a 

task for more generically learning this concept, and Special-3a exists as a task for learning a new 

concept. This makes it possible to diagnose positioning of the solved problem in the task sequences, 

specifically which task should come next. Therefore, if the goal is learning a new concept, the 

system can selectively present tasks demonstrating whole–partial relations, or if the goal is to learn 

abstract (generic) concepts, the system can selectively present tasks demonstrating general–special 

relations. For example, when shifting from Moderate-1 to Moderate-2 to learn the whole–partial 

relation, the system will assist in learning Moderate-2 by assigning Special-2 to learners for whom 

Moderate-2 would be difficult. Alternatively, to learn general–special relations, when a learner who 

shifted from Special-1 to Moderate-2 next shifts to Moderate-3b, the system would give 

Moderate-3a to learners for whom Moderate-3b would be difficult. To further simplify the task, 

Special-3a might be given to assist learning. In this way, when one task cannot be solved, another 

can be presented as an auxiliary task, and task branching that could not be performed in previous 

task sequences can be represented within the system. 

In these task sequences, if a sequence is composed of general tasks like those in Fig. 5, 

special tasks are generated in the sequence by fixing and diversifying arguments as instances. By 

doing this, we consider that learning via task sequences can be generalized to general tasks by 

learning multiple special tasks based on a certain general task. 

As the number of concepts to be learned increases, the number of tasks that can be expressed 

to assist stepwise learning increases exponentially. Therefore, the example in Fig. 5 is not intended 

to exhaustively express all task sequences. 

 

 
 

Figure 5. Example of a task sequence using the system 
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6. Proposal of an Adaptive Support System for Learning Programming 
 

The proposed system, which is based on a system previously developed by the authors (Koike & 

Tomoto, 2018), performs adaptive task presentation using task sequences. To do that, we first need 

to express the generalized task in the system, as described in Section 5.2. For example, (1) the 

problem statement might be “create [function name],” (2) the constraint might be “using [% 

appended variable]” or “using [used function]”, and (3) judgement of the correct answer might be 

based on comparison of the contents of [processing] and the learner-provided answer. If such a task 

can be expressed in the system, it is possible to present the task as task sequences. For example, if the 

goal is to learn the versatility of the task as in Fig. 6, the system might present problems in order 1, 2, 

3, ..., N, based on the task sequence. In this case, learners who have solved 1 and 2 are expected to 

notice that processing in 1 and 2 have the same structure. By solving 3, learners can learn 3 as a 

generic solution for 1 and 2. Finally, learners will reach task N, through which they will acquire the 

most versatile structure of the swap function. In this example, Problem 1 and Problem 2 can handle 

only variables and arrays. However problem N can handle multiple cases. 

And then, we need to connect each task for whole-part relation in the system. For example, 

if the goal is to learn the new concept or the reusability of the task as in Fig. 7, even to learn like 

when learning the generalized task. 

With the two structures shown in Fig. 6 and Fig. 7, it is possible to present the whole task of 

"Special-" tasks, "Moderate-" tasks or "General-" tasks.  When such a task can be presented, if 

learners cannot solve "General-" tasks then they can learn from "Special-" task to generalization. If 

learners cannot solve the whole task of "General-" then firstly they can learn the whole task of 

"Special-" tasks. 

By utilizing such a framework in the system, it is possible to present task sequences that are 

adaptive to learners' comprehending. 

 

 
 

Figure 6. Example of task presentation using the general-special relations in the system 
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Figure 7. Example of task presentation using the whole-part relations in the system 
 

 

7. Conclusion 
 

This paper organized task sequences that could be applied in practice. Clarifying what is learned 

through whole–partial and general–special relations provided a viewpoint for evaluation of task 

sequence on two axes. 

By doing this, we developed a task sequence on the premise of applied in practice and 

discussed a utilization method of tasks linked through whole–partial and general–special relations. 

We also proposed a system that presents adaptive tasks based on the method of utilizing the task 

sequence. 

In the future, we will consider methods for generating variations on understanding tasks 

within tasks and for detailing functional representations of tasks. Furthermore, in this framework, 

tasks were specialized and partialized based on the meaning. Thus, we would like to deeply discuss 

how to define its meaning on the link. 
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Abstract: We have designed a task to pose a word problem by selecting and combining 

adequate quantity propositions that are provided. The problem posing task requires learners 

to think about their problem-solving of the word problems. We, therefore, call the 

problem-posing task “meta-problem” for the original word problem. In the design of the 

problem-posing task, we modeled the word problem as a structure composed of several 

quantity propositions, and defined the task as a reconstruction of an adequate structure by 

combining several quantity propositions. We call the design method “open information 

structure approach”. This approach that we successfully applied to arithmetic word 

problems has potential as a general method to design meta-problems from an original 

problem and to realize automatic diagnosis and feedback to support the solving process of 

the meta-problem. The problem-posing task in the arithmetic word problem as an example 

of a design of meta-problem with open information structure approach is explained. 

Keywords: Meta-Problem, Metacognition, Open Information Structure Approach, 

Arithmetic Word Problem 

1. Introduction

In order to realize fruitful learning effect of problem-solving exercise, metacognition by learners 

themselves for the problem-solving plays a crucial role (Hacker 1998; Hartman 1998). Many 

investigations of technology-enhance learning have already focused on promoting metacognitive 

activities of a learner (Kapa 2001; Leelawong 2008; Kashihara 2008; Seta 2015) and designed their 

own meta-problems. However, both diagnosis of the process of solving the meta-problems and 

support for the process based on the diagnosis have been difficult issues yet.  In this paper, design of 

meta-problem with open information structure approach is introduced as a solution of the issues.  

In our previous researches (Hirashima 2007), we have designed “problem-posing task” in 

arithmetic word problems with automatic diagnosis and feedback functions. In the problem-posing 

task, learners are provided components of the arithmetic word problems, and required to reconstruct 

an adequate problem by combining several components. Because the problem-posing task promote 

learners to think about their problem-solving, the task is a kind of meta-problem. Then, because the 

task is defined as selection and combination of predefined components, diagnosis and support for the 

solving process have already been realized. In this design method of meta-problem, because learners 

are allowed to operate components of a model of a learning target, that is, an arithmetic word 

problem in this case, we call this method “open information structure approach”. Carbonell 

proposed “information structure oriented approach” that designs learning tasks in an intelligent 

tutoring system based on well-defined information structure of a learning target (Carbonell 1970). 

Because we allow leaners to directly operate the structure, we call the approach “open information 

structure”. 

The open information structure approach that we successfully applied to arithmetic word 

problems has potential as a general method to design meta-problems from an original problem and to 

realize automatic diagnosis and feedback to support the solving process of the meta-problem. In this 

paper, as a preliminary step to extend the design method to general one, we try to explain the 

problem-posing task in the arithmetic word problem as an example of a design of meta-problem with 

open information structure approach. 
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2. A Model of Information Structure of Arithmetic Word Problem 
 

Our problem-posing task is designed based on a model of arithmetic word problems “triplet quantity 

proposition model” (Hirashima 2014). Figure 1 shows an example of a basic unit story and problem. 

Here, a story is a language expression not including unknown quantity. The story is composed of 

three sentences and each sentence corresponds to each quantity proposition. The relative quantity 

proposition expresses the relation between two independent quantity propositions. The 

mathematical expression derived from the story is called story numerical expression. When one of 

the three quantities is changed to unknown, the story becomes a problem that can be solved with 

other two quantities. From a basic unit story, three basic unit problems are made. A basic problem is 

shown in right side of Figure 1. A problem has two numerical expressions, one is problem numerical 

expression and the other is calculation numerical expression. When problem numerical expression 

and calculation numerical expression are the same expressions, the problem is called forward 

thinking problem. When they are not the same ones, the problem is called reverse thinking problem. 

A reverse thinking problem is much more difficult than a forward thinking problem. 

 

 
 

Figure 1.  Basic Unit Story/Problem 

 

Figure 2 shows that from an independent quantity proposition all kinds of problem/story can 

be generated. In Figure 2, “there are 6 apples” is used as a smaller number of the apples in an 

increase story. In a decrease story, then, it is used as a larger number of the apples. By using with 

“there are 3 oranges”, “there are 6 apples” is used in a combination story, more than story and less 

than story. The independent quantity proposition is also used in multiplication by combining with 

relative quantity sentence of multiplication as shown in the right side of Figure 2. Here, “one apple is 

80 cents” is a relative quantity proposition that expresses a relation between the number of apples 

and the number of cents (money). “2 apples on a dish” is also a relative quantity proposition but in 

this case, the “6 (apple)” is divided by this 2 (apple/dish).  

 

 

Figure 2.  Various Combinations of Three Propositions 

 

3. Problem-Posing as a Meta-Problem 
 

Triplet Quantity Proposition Model provides components of arithmetic word problem. Based on 

model, it is possible to design various tasks to operate the components. Because the tasks allow 

learners to operate instance of information structure of arithmetic word problem, we call this 

approach “open information structure”, and then, because the task promotes learners to reflect their 

problem-solving, we call the task “meta-problem”. 
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Problem-posing designed based on the model is introduced with Figure 3. In the upper left 

side of the interface, a calculation “7-3” and a type of arithmetic story (change problem: increase) 

are assigned. A learner is required to pose a problem that can be solved by the calculation and 

belongs to the specific type of an arithmetic problem by using sentence cards provided in the right 

side of the interface. Each sentence card expresses a quantity proposition. The set of sentence cards 

includes not only the necessary ones but also unnecessary ones. In the lower left side, there are three 

blanks where a learner puts sentence cards in order to complete a problem. In Figure 3, two cards 

have been put in the blanks. In this case, correct problem is composed of {“Tom has 3 pencils.”  

“Tom buys several pencils.” “Tom has 7 pencils.”}.  By pushing the “Check the problem” button, 

the posed problem is diagnosed and the learner is able to receive feedback based on the diagnosis.  

 

 

Figure 3.  Workspace of Problem-Posing and a Scene of Practical Use 

In the problem-posing, learners is requested to (1) select of sentence cards and (2) order the 

selected sentence cards to complete an information structure of an arithmetic word problem. In other 

words, the learners operate information structure of an arithmetic word problem by operating 

sentence cards. Therefore, the problem-posing is an example of meta-problem designed based on an 

information structure by allowing learners to operate the structure. An interactive environment for 

the problem-posing has been also implemented and practically used as shown in Figure 3. 

 

 

4. Conclusion Remarks 

 

As a desing of meta-problem with open information structure approach, problem-posing was 

introduced. As our future work, it is necessary to develop various kinds of meta-problem based on 

the information structure in arithmetic word problem and to apply this approach for various learning 

domains, in order to verify contributions of open information structure approach. 
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Abstract: The role of Science, Technology, Engineering and Mathematics (STEM) is 

becoming undeniably important as the world constantly develops to be more technology 

driven. The future workforce universally will be highly STEM-oriented that the majority of 

the jobs will demand more STEM workers. Malaysia will need more than one million 

STEM-related human capital by 2020, especially with the emergence of innovative sectors. 
Malaysia has strived to reach a targeted ratio of 60:40 science-to-non-science students in its 

effort to fulfil industrial demands for sustainable development of the country. Over the 

years, extensive initiatives and strategies have also been implemented in producing qualified 

STEM graduates to meet current and future market demands. However, the goal has yet to 

be achieved. This scenario shows the urgent need to identify the factors that would attract 

more students to enter STEM careers. Previous studies have used the Theory of Planned 

Behaviour (TPB) and Social Cognitive Career Theory (SCCT) to examine career choices in 

STEM, but not comparing both the theories to represent students’ STEM career choices in 

this digital era. Therefore, this conceptual paper proposes a research framework, drawing 

from the TPB and SCCT, to better fit the digital natives who are highly exposed to media in 

a technology-enhanced world. 

Keywords: Media exposure, Digital Natives, Career choice, STEM, Theory of Planned 

Behaviour, Social Cognitive Career Theory 

1. Introduction

According to World Economic Forum (2016), many countries have attempted to increase the 

number of Science, Technology, Engineering and Mathematics (STEM) graduates produced by the 

respective national education systems. A STEM-trained workforce is in high demand worldwide, 

but far too few adolescents intend to choose a career in the STEM fields (Gehrau, Brüggemann, & 
Handrup, 2016). 

In Malaysia, 1.3 million STEM-related jobs in various sectors are expected to be available 

by 2020 (Curriculum Development Division, 2016). However, the Academy of Sciences Malaysia 
(2015) reported that various gaps exist along the STEM talent chain from secondary schools to the 

workforce in Malaysia. This alarming phenomenon has been identified to be a consequence from 

continuous declining number of students in STEM fields over the years (Curriculum Development 

Division, 2016; Shahali, Ismail, & Halim, 2016; Ministry of Education, 2013).  
Since the 1970s, Malaysia has undertaken many initiatives to meet the target ratio of 60:40 

science-to-non-science students in schools (Academy of Sciences Malaysia, 2015; Shahali et al., 

2016). However, the goal has yet to be achieved to supply sufficient talents to pursue careers in 
STEM (Academy of Sciences Malaysia, 2015; Curriculum Development Division, 2016; Shahali et 

al., 2016; Hamid, 2017; Ministry of Education, 2013). It was reported that only 42% of secondary 

school students in Malaysia chose to do Science in 2016, and approximately 41% were enrolled in 
the Science stream in 2017 (Curriculum Development Division, 2016; Hamid, 2017; Ministry of 

Education, 2013). These figures imply that STEM interests among the native digital users to take up 

science and mathematics have been constantly dwindling for many years. If the undesirable trend is 

not addressed effectively, Malaysia will not be able to produce the in-demand future engineers, 
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scientists and innovators for the upcoming challenging years (Academy of Sciences Malaysia, 2015; 
Hamid, 2017). 

Therefore, Malaysia has further strived to ensure the country has sufficient qualified STEM 

graduates. Among the strategies to engage STEM at the school level was involving students in 

STEM career-oriented programmes such as engineering, information technology, innovation and 
design (Curriculum Development Division, 2016). Besides, schools are also committed to 

implement a more technology-enhanced curriculum and modern pedagogical approach to make 

STEM more attractive to the younger generation who have grown up as digital natives (Curriculum 
Development Division, 2016; Shahali et al., 2016).  

Despite much efforts and investments devoted to STEM education in Malaysia, many digital 

natives continue to turn away from pursuing STEM-related careers, leading to depletion in the 
STEM talent pool. The current trend of students enrolling in Science stream also remains 

undesirable, contributing to an even more worrying state as Malaysia advances closer to 2020 

(Academy of Sciences Malaysia, 2015; Ministry of Education, 2013). According to Shahali et al. 

(2016), Malaysia will undergo a deficit of 236,000 professionals in STEM-related fields, while the 
country is in urgent need of 493,830 skilled STEM workers by 2020. Academy of Sciences Malaysia 

(2015) indicated that advanced countries have approximately 30% trained STEM workers in their 

workforce. In contrast, Malaysia, a developing country only targets 3% out of 15 million of the total 
workforce to be STEM workers by 2020 (Academy of Sciences Malaysia, 2015), only one tenth of 

the proportion compared to advanced countries. All these indicators show that Malaysia is facing 

difficulties to supply the much needed STEM talents to support the country’s national aspirations 
and sustainable development.  

 

2. Literature Review 

 
Various types of theoretical models have been used in discussing STEM and career choice. Among 
them were Theory of Planned Behaviour (TPB) and Social Cognitive Career Theory (SCCT). 

TPB suggested that human behaviour can be predicted by investigating the intention to 

perform a particular behaviour (Ajzen, 1991). According to Ajzen (1991), decision-making 
processes are the preludes to making a decision whether an individual intend to perform a specific 

behaviour. These processes are the three motivational factors in TPB, namely attitude towards the 

behaviour, subjective norm and perceived behavioural control (Ajzen, 1991). These factors 

combined will constitute an individual’s intention to execute choices and behaviours (Ajzen, 1991; 
Mishkin, Wangrowicz, Dori, & Dori, 2016).  

TPB has been employed extensively by researchers in the past to predict various types of 

intentions and behaviours (Teo & Lee, 2010; Mishkin et al., 2016). In recent years, it has been used 
to investigate intentions and behaviours in the contexts of career choice (Akmaliah & Hisyamuddin, 

2009; Krupat, Camargo, Strewler, Espinola, Fleenor, & Dienstag, 2017), and STEM (Lin & 

Williams, 2016; Mishkin et al., 2016). 

The SCCT developed by Lent, Brown, and Hackett is based on Bandura’s (1986) Social 
Cognitive Theory, a more general theoretical framework that focuses on psychosocial functioning 

(Lent, Brown, & Hackett, 1994). Meanwhile, the SCCT is a more refined theory used to explain 

research that are related to career choices (Dutta et al., 2015; Lent et al., 1994). It is also used to 
understand the development of academic and career interest, the choice about education and career, 

and the factors that influence academic and career success (Chachashvili-Bolotin, Milner-Bolotin, & 

Lissitsa, 2016; Lent et al., 1994, 2011). The SCCT consists of key components such as self-efficacy, 
outcome expectation, environmental support and barrier, goal, and choice action 

(Chachashvili-Bolotin et al., 2016; Lent et al., 1994). As one of the most prominent career choice 

theoretical models in literature, the SCCT has also been applied in many STEM-related contexts 

(Chachashvili-Bolotin et al., 2016; Dutta et al., 2015; Lent et al., 2011; Sahin, Gulacar, & Stuessy; 
2015). 
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3. Conceptualisation 

 

3.1 Career Choice Intention Models Comparison 

 
Although both the TPB and SCCT are well-established in the literature, it is proposed that the 
existing models used to examine students' career choice intention to be reconsidered. This paper 

emphasises that today’s students are unlike students when the TPB (1991) and SCCT (1994) were 

first developed. The models are regarded to be not sufficient to represent the scenario in the current 
technology driven world. Hence, comparisons and adaptations are proposed in this conceptual paper 

to better fit the current scenario which comprise students who grow up as digital natives.  

Therefore, this paper aims to (i) integrate the overlapping components from TPB and SCCT 

to develop a more convergent model in explaining students’ career choices in STEM, and prove that 
(ii) media exposure is a crucial key when discussing digital natives’ career choices in STEM. 

 

3.2 Integrating TPB and SCCT 

 
The TPB and SCCT are reasonably homologous to each other in terms of structure, particularly in 
their respective core components. This is supported by Sahin et al. (2015) who suggested that the 

TPB is associated with SCCT in career choices because both theoretical models emphasise on 

self-efficacy and societal influences as the precursors to behavioural action. 

 

3.2.1 Attitude towards the Behaviour and Outcome Expectation 

 
In the TPB, attitude towards the behaviour is guided by behavioural beliefs which place heavy 

emphasis on the expected consequences of a particular behaviour (Ajzen, 1991). In other words, an 
individual’s attitude towards performing a given behaviour based on the individual’s evaluation that 

executing a particular behaviour will result in certain consequences (Ajzen, 1991, 2002). Hence, 

attitude towards the behaviour is defined as the degree to which an individual posits a favourable or 

unfavourable evaluation towards performing a certain behaviour (Ajzen, 1991, 2002; Bandura, 

Adams, & Beyer, 1977; Boyd & Vozikis, 1994; Kyle, White, Hydec, & Occhipinti, 2014; Mishkin 

et al., 2016; Solesvik, 2011; Stone, Jawahar, & Kisamore, 2009).  

Likewise, the SCCT defined outcome expectation as an individual’s belief about the 

imagined consequences or outcomes of performing particular behaviour (Bandura et al., 1977; 
Bonitz, Larson, & Armstrong, 2010; Boyd & Vozikis, 1994; Kier, Blanchard, Osborne, & Albert., 

2014; Lent et al., 1994, 2000, 2002). Further, Lent et al., (1994, 2000) explained that outcome 

expectation represents a person’s perceived likelihood or evaluation concerning a future state of 

matters that performing the action will lead to a certain consequence. It can be reflected with 
questions such as “if I do this, what will happen?”, “what will happen if I do this?” (Boyd & Vozikis, 

1994; Lent et al., 1994, 2000, 2002). 

Both attitude towards the behaviour from the TPB (Ajzen, 1991, 2002) and outcome 
expectation from the SCCT (Lent e al., 1994, 2000) are defined similarly as a person's estimation 

that a given behaviour will produce particular outcome. Hence, this study integrates attitude towards 

the behaviour and outcome expectation as both denote the same concept. 
 

3.2.2 Perceived Behavioural Control and Self-efficacy 

 
Ajzen (2002) explained that perceived behavioural control and self-efficacy are indeed similar terms 

that conceptualise a person’s perceived ability to perform an action or a series of behaviours. Both 

the term perceived behavioural control and self-efficacy were used in general discussions of the 
relations among other constructs within the TPB (Ajzen, 1991).  

In the TPB, perceived behavioural control refers to the extent of perceived ease or difficulty 

of performing a certain behaviour. It is also defined as an individual’s perception of whether he or 
she has the ability and control over the execution of a behaviour (Ajzen, 1991, 2002; Bandura, 1986; 

Kyle et al., 2014; Mishkin et al., 2016; Stone et al, 2009). According to Ajzen (1991), control beliefs 

which constitute to the basis of perceived behavioural control explain the presence of factors that 
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facilitate or hinder the occurrence of certain behaviour. It speaks the perception of ease or difficulty 
of performing the behaviour of interest. 

The definition of self-efficacy in the SCCT is consistent with perceived behavioural control 

in TPB. According to (Ajzen, 1991), self-efficacy refers to an individual’s personal beliefs in 

regards with his or her ability to perform a particular behaviour or action (Lent et al., 1986, 1994, 
2002). Self-efficacy in the SCCT is also linked to the perception of having the power to produce 

effects based on one’s actions (Bonitz et al., 2010). In the SCCT, Lent et al. (2002) elaborated that 

self-efficacy is likely to vary across individuals according to different occupational domains. 
Evidently, both perceived behavioural control and self-efficacy entail an overlapping concept. Thus, 

it is proposed to assimilate these two terms into one construct in the integrated model. 

 

3.2.3 Subjective Norm and Immediate Proximal Context 
 

Contextual influences proximal to choice behaviour in the SCCT is collectively named as the 
proximal environmental influences (Lent et al., 2002). Lent et al. (2000) defined it as the levels of 

support and barriers such as financial and emotional support from family, inadequate financial and 

education support, and opportunities available to the individual. Besides, this term also refers to the 
supports or barriers that may aid or hinder one’s ability in making choices (Kier et al., 2014). In 

essence, the concept of proximal environmental influences encompass a wide spectrum of 

contextual factors that facilitate or obstruct an individual’s ability to perform a behaviour.  

Lent et al. (2000) employed the concentric circles to further explain environmental 
influences in the SCCT. The concentric model consists of three layers: an individual locating in the 

innermost circle, surrounded by the individual’s immediate proximal context, followed by the larger 

societal context (Lent et al., 2000).  
Immediate proximal context is an individual’s immediate environment consisting of the 

individual’s proximal referents or significant others such as family, friend, teacher, role model, 

school counsellor and prospective employer (Lent et al., 2000). Lent et al.’s (1994, 2000) immediate 
proximal context shows a conceptual overlap with Ajzen’s (1991, 2002) subjective norm which is 

defined as an individual’s perceived social pressure from important others to perform or avoid a 

certain behaviour (Ajzen, 1991, 2002; Kyle et al., 2014; Mishkin et al., 2016; Shevlin & Millar, 

2006; Solesvik, 2011; Teo & Lee, 2010). Subjective norm is resulted from normative beliefs which 
are related to the normative expectations of significant others (Ajzen, 1991, 2002). The referents 

could be friends, parents, siblings, role models and other family members (Ajzen, 1991).  

Therefore, the researchers proposed that both subjective norm and immediate proximal 
context are conceptually alike. The two terms similarly emphasise the importance of significant 

others, particularly the proximal referents (e.g.:  parents, friends and teachers) in influencing an 

individual’s decision to perform a behaviour. 

 

3.2.4 Intention and Goal 
 
A goal plays an important role in the self-regulation of behaviour, and it helps to shape or guide a 

behaviour (Lent et al., 1994). According to Bandura (1986), a goal is ‘‘the determination to engage 

in a particular activity or to effect a particular future outcome” (as cited in Lent et al., 1994, p. 85). It 

involves intended behaviour such as a plan to fulfil the enactment of a behaviour. Fryer and Elliot 
(2008) also defined a goal as a cognitive representation of a future object that the organism is 

committed to approach or avoid. 

Equal to goal, intention is described as the most proximal determinant that will lead to a 
behaviour (Ajzen, 1991, 2002; Kyle et al., 2014; Stone et al., 2009). According to Ajzen (1991), 

intention captures motivational factors that influence a behaviour. It is an indication of how hard 

people are willing to try, and how much of an effort they are planning to exert, in order to perform 
the behaviour.  

Furthermore, Lent et al. (1994) defined a choice goal as the intention to commit in a specific 

action. Both of goal and intention refer to an individual’s determination or willingness to exert effort 

or commitment in order to execute a behaviour. The researchers identified a conceptual overlap 
between goal (Lent et al., 1994) and intention (Ajzen, 1991), in which the two terms symbolise the 
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same concept. Therefore, it is proposed that these overlapping constructs in the TPB and SCCT can 
be integrated as well.  

 

3.3 Media Exposure on Digital Natives’ Career Choice Intention in STEM 

 
Another contribution of this paper is the proposed inclusion of media exposure as an important 

factor in predicting students’ career choice intention. In many cases, the influence of media was 
often overlooked in the literature. This is surprising because studies have reported connections 

between media effects and occupational aspirations since 1980s (Gehrau et al., 2016). 

As a result, students’ career choices in STEM remains unclear in this digital era despite the 
rising impact of media among the adolescences. This is supported by recent studies which have 

reported that career choice has become more complicated in the twenty-first century (Saleem, 

Hanan, Saleem, & Shamshad, 2014; Sharma, 2015). Individuals have become more 
technology-oriented, in which mass media has become the main source that impart information to 

the users and has the capability in influencing personal choices (Saleem et al., 2014; Sharma, 2015). 

Sharma (2015) explained that media is powerful in influencing an individual’s career 

choice. Similarly, Hoag, Grant, and Carpenter (2017) also suggested that media exposure can change 
the adolescents’ perceptions towards the careers that are portrayed through the media. According to 

Saleem, Ahmad, Irfan, & Shamshad, (2014), television, the internet and social media websites, are 

some common technologies that adolescents use to seek information about career-related matters. 
Hence, media is regarded to be the main source in adolescents’ occupational learning, and 

subsequently influences their career choices and aspirations (Gehrau et al., 2015; Saleem et al., 

2014; Sharma, 2015).  
Hoag et al.(2017) reported that communication technologies and the media have taken over 

modern lives. In this digital era, the media is used extensively for communications and exchange of 

information through technology devices. The young generation, in particular, is more media prone 

because they grow up with high frequency of media exposure, hence shaping how they perceive the 
surrounding world (Sharma, 2015). However, existing literature has not fully explored the influence 

of media exposure on students’ choices of careers (Hoag et al., 2017). It is reasonable to inquire 

whether the existing models are effective in explaining students’ STEM career choice intentions in 
this technology-enhanced world. This paper therefore proposed the inclusion of media exposure in 

discussion of students’ career choices to better fit the current phenomenon (Figure 1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Integration Model of the TPB and SCCT: Digital Natives’ Career Choice Intention in 

STEM 
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Figure 1 is a visual representation of the conceptual model in this study. It entails the 

comparison of the TPB and SCCT based on the overlapped constructs in explaining students’ career 

choices in STEM. This study proposed to assimilate the TPB and SCCT based on the overlapped 

constructs and literature review of past studies. The proposed integrated constructs are attitude 
towards the behaviour and outcome expectation, perceived behavioural control and self-efficacy, 

subjective norm and immediate proximal context, and intention and goal.  Besides, Figure 1 shows 

that media exposure is a potential factor that influences the digital natives’ career choices in STEM. 
This study also proposed the inclusion of media exposure in discussing students’ career choices as 

they are highly influenced by media in their daily lives. 

 

4. Conclusion 

 
This conceptual paper has reviewed the current STEM phenomenon in Malaysia and revealed the 

urgent need to produce more skilled STEM workers for the current and future technology driven 

workforce. In view of the scenario, it emphasised today’s students as the future workforce members 
who grow up as native digital users.  

 A review of literature on the TPB and SCCT indicated that the two theoretical models have 

been widely used in examining students’ career choices in the context of STEM. It was found that 
the TPB and SCCT shared identical core constructs, thus can be integrated collectively. Besides, 

media exposure should be incorporated when discussing students’ STEM career choices as digital 

natives’ interaction with media largely influence their perceptions and choices of career.  

 The proposed integrated model with inclusion of media exposure would help to develop a 
more convergent model that is tailored to study digital natives’ career choices in STEM. 

Reconsidering the fitness and adaptability of the existing theoretical models also offers new insights 

to improve the tools to measure the students’ career choices in STEM in this technology-oriented 
world. This study would provide the education policy makers and education stakeholders at all 

levels to understand the digital natives’ career choices in a well-tailored context. Overall, the 

ultimate aim of this research is to identify the factors that would inspire more students to join the 
STEM careers and to overcome the challenges of continuous depletion of STEM talents in Malaysia. 

This paper conceptualised the integration the TPB and SCCT, and introduced media exposure as a 

potential factor that influence career choices in STEM. Further research on this proposed integrated 

model will be tested empirically in the future.  
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Abstract:  Traditional instruction of science knowledge may lead to low motivation in 

science learning. Science inquiry may improve students’ science concept knowledge and 

insights about science. However, the teaching of science inquiry is a complex process which 

involves multiple inquiry steps. Therefore, this study designed an inquiry map system for 

supporting inquiry-based instruction, and investigates the impact of the use of inquiry map 

system in teaching on students’ conceptions of learning science. Participants were 49 junior 
eighth-grade students from two classes randomly one of which was assigned as 

experimental group (N=25) teaching with inquiry map, while the other one as control group 

(N=24) lectured in traditional instruction. Data collection including the questionnaires and 

learning test were analyzed with ANCOVA. The results showed that the use of the inquiry 

map system in teaching reduced students’ conception of ‘memorizing’, and ’ calculating and 

practicing’, and enhanced the extent of ‘seeing in a new way’, ‘deep motivation’, and ‘deep 

strategy’ in learning sciences.  

Keywords: inquiry-based instruction, computer simulations, conceptions of learning 
science, approaches to learning science 

1. Introduction

Science inquiry has become essential ability in the 21st century. It helps students construct science 

concept through science practice such as observing, experiment, and analyze (NRC, 2011). 
Inquiry-based instruction narrows down the achievement gap of learning science, not only improves 

learners’ concept knowledge, but also helps students gain the insights about science (Bilgin, 

Karakuyu, & Ay, 2015). However, previous studies indicated that students experienced difficulty 

without guidance during the inquiry process, and the difficulties they encountered during the inquiry 
may have negative effect on the attitude to science learning (Jiang, & McComas, 2015). 

Inquiry-based instruction is highly complex pedagogy act (Bilgin et al., 2015). One of the 

obstacle to apply the inquiry-based instruction is the time constraint as it  requires students to go 
through each of the inquiry process including observation, experiment and analysis which consume 

more time than regular lecture (Fitzgerald, Danaia, & McKinnon, 2017; Tairab, & Al-Naqbi, 2017). 

Therefore, even the inquiry-based instruction has been advocated to enhance science learning, 

teachers tend to lecture in the traditional teacher-center way (Koksal, Berberoglu, 2014), which 
viewed transferring knowledge and passing assessment as the most important goal. In such a 

teaching context, students often hold low level of learning motivation to in learning sciences 

(Tairab, & Al-Naqbi, 2017). 
Hence, this study designed an inquiry map system as a supporting tool for teacher to 

integrate science inquiry into instruction. Each inquiry step and the relationship between two steps is 

clearly displayed via inquiry map system. It is expected to facilitate learners to reflect on the inquiry 
process, and improve their attitude of students to science learning. A pilot experiment was 

conducted to discover the impact of the instruction with inquiry map. The research questions of this 

study is: 
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 What is the impact of the use of the inquiry map system in teaching on student’s conceptions of 
learning science? 

 

2. Method 

 

2.1 Participants and the modeling-based instruction 

 
A quasi-experimental design was conducted to investigate the effect of inquiry map system 
instruction on learning science. The participants of this study, aging from 14 to 15, were 49 

eighth-grade students from two classes in northern Taiwan. One of the intact classes was randomly 

assigned to control group (N=24) while the other is experimental group (N=25). The two groups 
were taught by the same teacher with an interactive whiteboard. They were divided into teams of 3-5 

students to complete learning tasks. None of the students in both groups had learned Buoyancy 

related knowledge in science course, and neither had experience about using computer simulation 

and the inquiry map system. Thus, these students are suitable as participants for this study to 
investigate the effect of the instruction with inquiry map on students’ perceptions of learning 

science.  

 

2.2 The inquiry map instruction and procedure 
 

Both control and experimental groups learned the same concept of buoyancy, including the 
definition of buoyancy, the cause of floating and sinking, and the factors affecting buoyancy. The 

control group received the tradition instruction in which the teacher lectured with the textbook. 

Students had to complete the learning sheet designed by the teacher. The major content of learning 
sheet consisted of the guidance on experiment steps, data collection and record, and great number of 

exercises. The teacher demonstrated the hands-on buoyancy experiment in the class. However, 

students were asked to collect data and record on the learning sheet, and completing the exercises. 
On the other hand, the teacher instructed for the experiment group using the inquiry map system. 

Teacher demonstrated the inquiry map in advance to guide students to experience each phase of 

science inquiry. The goal of the use of the map is to promote students’ awareness about the science 

inquiry process. The teacher pre-designed the teaching materials using the inquiry map system 
which divided the key concepts of the buoyancy into the main inquiry steps: including generating 

question, designing experiment, collecting and analyzing data, and forming conclusions. Each 

student team would be equipped with an iPad, and use it to design and conduct experiment by the 
buoyancy simulation provided by this study. Students were asked to record data collected from the 

simulation on the learning sheet. The student teams had to discuss and form conclusions based on the 

experiment results. 
A questionnaire of conceptions of learning science was given to both experiment and control groups 

before and after the intervention. The duration of instruction to both groups was four sessions (45 

minutes per session).  

 

2.3 Instruments 

 

2.3.1 Inquiry map system design 
 
The study developed an inquiry map system based on web-based collaborative simulation (Chang, et 

al., 2017) to support inquiry-based instruction. The system was designed for enhancing students’ 

meta-cognition of inquiry process, followed the principles proposed by Järvelä et al. (2015). The 
inquiry map system provided instructors with control panel (the middle part of Fig. 1), referred as 

inquiry map, for supporting and developing material of inquiry-based instruction. Each node with 

different shape on the map represents one of the corresponding inquiry phases. For instance, the 

circular node represents the formulating questions and hypotheses phase, and the trapezoidal node 
represents the designing experiments phases. Nodes of different inquiry phases on the map could be 

created by following the inquiry process. Furthermore, the system would generate links between two 
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nodes automatically. It displays the inquiry cycle in a visual manner, which helps students build the 
awareness of inquiry process. 

In addition, a detailed page with guidance of inquiry phase would be shown when the teacher clicked 

the node, supporting the teacher to guide students to go through each phase (the left part and the right 

part of Fig. 1). For example, when the teacher creates a node of designing experiments, an unique 
page would be generated at the same time, providing information of relevant experiment variables 

and the input box for recording the values would be provided to the students to conduct the 

experiment in next phase. 
It should be noted that the teacher could create new node, formulating questions and hypotheses, for 

restarting inquiry cycle with different questions and hypotheses. Therefore, students could follow 

the inquiry process designed by the teacher to participate in the inquiry activity.  

 
Figure 1. The modeling map system to support modeling-based learning 

 

 The types of the nodes which represent each of the inquiry phase are detailed as followed: 
 

 Problem description (top of the left part in Fig. 1): Such a page consists of the description of the 

task, in which the teacher introduced the buoyancy inquiry context and described the learning 
task and demonstrated the simulation. 

 Formulating questions and hypotheses (middle of the left part in Fig. 1): A page supported the 

teacher to guide students to select the inquiry question of interest and generate their hypothesis. 
That is, the teacher would ask students to select one of the hypotheses from candidate 

questions. Example inquiry questions the teacher provided are “In the condition of the same 

volume, the heavier is the mass, the greater is the Buoyancy.”, and “In the condition of the 

same mass, the larger is the volume, the greater is the Buoyancy.” 
 Designing experiments (bottom of the left part in Fig. 1): The page supports the teacher guide 

students design experiment. Relevant variables required in the experiment would be displayed. 

 Executing experiment and collecting data (top of the right part in Fig. 1): Such a page displays 
the buoyancy simulation, Students were guided to conduct experiment by manipulating the 

simulation with the designed experiments, and collected data for verifying their inquiry 

questions. 

 Analyzing and explaining data (middle of the right part in Fig. 1): This page displays data 
recorded in previous phase, and provide tool for students to organize, analyze and explain data, 

such as generating chart to understand the relationship between any two variables. 

 Writing conclusions (bottom of the right part in Fig. 1): Such a page supports the teacher to 
guide students to reflect upon the experiment result and their response on the hypothesis 

selected from the beginning, and write down their conclusion. If the result is not consistent 

with the pre-identified hypothesis, the teacher would guide students to restart a new inquiry 
cycle based on the conclusion. 
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2.3.2 Questionnaire 
 

The conceptions of learning science (COLS) questionnaire, developed by Lee, Hohanson, and Tsai 

(2008), was applied to investigate participants’ perceptions of learning science before and after the 
learning activity. The questionnaire is presented in a five-point Likert scale. It consists of seven 

dimensions, including memorizing (8), testing (7), calculating and practicing (6), increase of 

knowledge (7), applying (6), understanding (6), and seeing in a new way (6). The over Cronbach’s 
alpha value of COLS was .82, indicating that the questionnaire were sufficiently reliable. 

 

2.3.3 Data analysis 

 

To explore the effect of the modeling map system and traditional instruction on students’ 

perceptions of learning science, an analysis of one-way covariance (ANCOVA) was used to 

compare the perceptions of the two groups. The ANCOVA using the pre-test scores as the 

covariate compared the post-test scores of the two groups in terms of the questionnaire 

result of participants’ conceptions of learning science.  

 

3. Results and discussions 

 

3.1 Student’s conceptions of learning science 
 

Table 1 shows that the result of the control and experimental groups students’ perceptions on the 

COLS questionnaire with ANCOVA. The results display that experimental group had a significantly 
lower extent of using memorizing (F(1, 47)=4.18, p<.05) to learning science than control groups did. 

Although the control group held a lower extent of using calculating and practicing to learning 

science (F(1, 47)=3.49, p=.068) and higher extent of conception of seeing in a new way (F(1, 
47)=3.06, p=.087), the differences were only marginally significant. The results implied that inquiry 

map system instruction may improve participants’ conceptions of learning science in ‘memorizing’ 

and ‘calculating and practicing’, and ‘seeing in a new way’.  

 

Table 1. The result of the two groups’ conceptions of learning science 

COLS Group N Adjusted Mean Std. err. F p 

Memorizing 
Control 24 3.23 .09 4.18* .047 

Experimental 25 2.96 .09 

Testing 
Control 24 3.12 .11 2.46 .124 

Experimental 25 2.89 .10 

Calculating and 
practicing 

Control 24 3.46 .10 3.49 .068 

Experimental 25 3.21 .10 

Increase of 
knowledge 

Control 24 3.45 .10 .39 .535 

Experimental 25 3.54 .09 

Applying 
Control 24 3.25 .10 2.52 .119 

Experimental 25 3.48 .10 

Understanding 
Control 24 3.53 .10 .39 .534 

Experimental 25 3.62 .10 

Seeing in a new 

way 

Control 24 3.40 .10 3.06 .087 

Experimental 25 3.65 .10 

*p<.05 

 

4. Conclusion 

 
This study developed an inquiry map system for supporting instructors to integrate inquiry with 

science instruction as an attempt to improve students’ perception of learning science. To discover 

the influence of the instruction with the system, the difference of the conceptions of learning science 
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between traditional and the proposed instructional approach were compared. The results showed that 
students received inquiry map system instruction held a lower extent of using ‘memorizing’ and 

‘calculating and practicing’, and a higher extent of using ‘seeing in a new way’ when learning 

science than those in the traditional instruction. The results reflect that teaching with inquiry map 

has positive influence on improving students’ perception of science. It is hopeful to help teacher 
guide students to doing inquiry with inquiry map system for accessing more concrete inquiry ability. 

However, how the perception of science was improved and their learn progress during the 

instruction with inquiry map system is still not clear. Therefore, further investigation is still required 
to understand the interactions of the inquiry-based instruction and the assessment.   
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Abstract: This study explored the effectiveness of integrating adaptive learning platform 

with flipped classroom in students’ learning performance and self-learning approach in an 

elementary Biology course. A quasi-experimental research design was conducted to the 

participants of 110 elementary school students from Northern Taiwan. An adaptive learning 

platform integrating flipped classroom instruction was applied in the experimental group, 

and a relatively lecture instruction was conducted to the control group. The instruments of 

achievement test and self-reported questionnaire were used to assess the students’ learning 
performance and self-learning approach. A series of t-tests were used to examine the 

differences of prior knowledge, learning performance and self-learning approach between 

the groups. The findings revealed that students in the experimental group had higher 

learning performance and lower test anxiety than the others in the control group. 

Keywords: Adaptive learning, flipped classroom, self-learning 

1. Introduction

Adaptive learning aims to provide every learner personalized course in response to their learning 

needs. The mechanism of adaptive dynamic assessment has been employed to detect learners’ 

knowledge base at first, which provides the guidance of remedial instruction according to one’s 
learning needs. To amplify the benefits of 1-on-1 mentorship in adaptive learning, instructional 

videos should be carefully designed to support learners’ own personalized course. Oliver and 

Trigwel (2005) proposed that multimedia tools should be appropriately integrated with different 
instructional plans adopted in traditional teaching to support hybrid learning. Form the cognitive 

perspectives, many studies contended that the implement of video could enhance students’ 

motivation, memorization, content understanding and decision-making (Choi & Johnson, 2007; 
Tamim, Bernard, Borokhovski, Abrami, & Schmid, 2011). The three-stage learning cycle involving 

the stages of concept exploration, introduction and application is a science teaching model 

developed for the first time by the US science curriculum improvement study (SCIS), originally 
known as Exploration-Invention-Discovery (Karplus & Their, 1967). Many empirical studies have 

shown that the three-stage learning cycle teaching model not only enhances students’ understanding 

and memory of scientific concepts, but also scientific thinking, process skills, reasoning ability and 
enthusiasm for scientific practice (Lawson, Abraham, & Renner, 1989; Musheno & Lawson, 1999; 

Gerber, Cavallo, & Marek, 2001). 

In contrast to teacher-centered instruction in the conventional classroom, the teaching 
method of “Flipped classroom” addresses a learner-centered environment that learners can 

determine the pace, sequence, and content of one’s own learning (Hamid, 2002). The basic concept 

of the flipped classroom advocates that students can preview the course materials on video 
according to one’s own learning pace, and take notes to record any problems for further clarification 

in the conventional classroom (Bergmann & Sams, 2012). While the students get the initial 

understanding of course content, teachers can help students clarify their questions about the course 
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topic and content, and engage them in classroom activities addressing inquiry and problem-solving 
in practice. In the scenario of flipped classroom, students are encouraged to self-study through the 

video-enhanced platform, and the time in the classroom is used for a wide range of practical 

activities and problem-solving (Bergmann & Sams, 2012). Consequently, teachers will put more 
time and attention to students’ clarification of alternative concepts and development of individual 

knowledge (Bergmann & Sams, 2012). 

With the growing attention on STEM education, basic science education requirements 
would be critical to the application of science to real-world problems and challenges, especially for 

those non-science-major students. While exposing diverse student populations to STEM topics, the 

application of adaptive learning can help them learn in ways that best meet their learning preferences 
and trajectories. Various modes of learning available in the classroom may bridge achievement gap 

in STEM education. Moreover, students’ management and control of their effort on the 

learner-centered environment is critical to their learning and academic performance. While students 
have plenty of opportunity to control their learning process, they would be responsible for 

behavioral motivation and cognitive understanding through self-learning (Pintrich, 1999). Students’ 

perceptions of self-learning may reveal their behavioral and cognitive engagement with the involved 
learning activities to reach the completion of and the success in learning (Schunk, Meece, & 

Pintrich, 2012). Research findings also reveal that the students with self-learning approach could 

have better learning performance (Boekaerts, Pintrich, & Zeidner, 2005). Thus, instructional method 
and environment may help students regulate one’s own learning and develop self-learning approach, 

which can be critical to students’ engagement in STEM-related subjects. In this regard, the purpose 

of this study is to integrate an adaptive learning platform with the flipped classroom in an elementary 
Biology course, and then examine its effectiveness in supporting students’ self-learning approach. 

 

2. Methodology 

 

2.1 Participants 

 
The 110 participants were recruited from four classes of an urban elementary school in Taiwan. Two 

of four classes were randomly assigned as an experimental group (n=54), and the other as a control 
group (n=56). The students were instructed by a same female teacher majoring in Biology and 

having 15 years of teaching experience. 

 

2.2 Research procedure 

 
A quasi-experimental design was conducted in this study. The instruction integrating adaptive 

learning platform with flipped classroom was conducted to the experimental group students, 
whereas a conventional lecture was conducted to the control group students for the same Biology 

course unit. Before entering the one-week Biology course, all students in both experimental group 

and control group took a pre-test to assess their prior knowledge. The post-tests of assessing learning 
performance and self-learning approach were conducted to all students in the end of curriculum.  

 

2.3 Instruments  

 
An adaptive learning platform shown in Figure 1 was employed to support the students’ Biology 

learning in the experiment group. While logging into the system, the instructional videos were 

assigned to each student based on the pre-test performance, as shown in Figure 2. The instructional 
videos were developed in light of learning cycle theory, including the phases of questioning for 

concept exploration, lecture for concept clarification, and extended application for concept 

consolidation. In addition, the Chinese-version questionnaire of self-regulated learning (Pintrich & 
De Groot, 1990) was exploited to assess students’ perceptions of and approaches to self-learning 

toward science. The questionnaire includes 43 items categorized into five dimensions of 

self-efficacy, intrinsic value, text anxiety, cognitive strategy use and self-regulation. All of the items 
were presented on a 1-5 point Likert scale, from 1 (strongly disagree) to 5 (strongly agree). Students’ 

Biology exam score was used to represent their prior knowledge. In addition, a post-test including 25 
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multiple-choice items was employed to assess the students’ learning performance of Biology after 
the courses.  

 

 
Figure 1. The student’s interface of adaptive learning platform 

 

  
Figure 2. The assignment of instructional videos 

 

 

2.4 Data collection and analysis  

 
The participants’ responses to the questionnaire of self-learning were initially analyzed for the 
instrument reliability. The reliability (alpha) coefficient score for each scale is .90, .92, .90, .93, .90, 

and the overall alpha is .95. The results reveal that the questionnaire has satisfactory reliability in the 
assessment of students’ self-learning. To explore the effectiveness of the instruction integrating 

adaptive learning platform with flipped classroom in self-learning, the method of independent t-test 

was conducted.  

 

3. Results 

 
A series of t-tests were employed to examine the differences of learning performance and 
self-learning approach between the groups. Table 1 reveals the data on students’ prior knowledge, 

post-test performance and responses to the dimensions of self-learning approach. An insignificant 

difference of prior knowledge between the groups (82.65 versus 82.77, n.s.) reveals that the students 
in both groups have a similar level of knowledge base. Accordingly, a further comparison of 

post-test performance reaches a statistically significant level of difference (t=5.66, p<0.001) 

between the groups. The results reveal that the students in the experimental group have better 
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learning performance than the others in the control group (26.15 versus 19.84), which informs the 
effectiveness of integrating adaptive learning platform with flipped classroom. 

Moreover, the results in Table 1 also revealed that these two groups of students had 

significant differences in test anxiety (t=-2.34, p<0.05); however, no significant difference was 
found in other dimensions of self-learning approach. The students in the experimental group 

expressed lower test anxiety than the other students in the control group. The result suggested that 

integrating adaptive learning platform with flipped classroom may be helpful to reduce students’ 
anxiety about science examination in light of the remedially customized instruction. 

 
Table 1. The comparisons of students’ prior knowledge, post-test performance and self-learning 

approach between the groups.  

 Experimental Group 
(n=54) 

Mean/S.D. 

Control Group 
(n=56) 

Mean/S.D. 

 
 

t-value 

Prior knowledge 82.65/10.71 82.77/9.73 -0.06 

Post-test Performance 23.15/2.27 19.84/3.72 5.66*** 
Self-efficacy 3.74/0.60 3.63/0.75 1.53 

Intrinsic Value 3.78/0.73 3.88/0.76 -0.77 

Test Anxiety 3.21/0.97 3.66/0.93 -2.34* 
Cognitive Strategy Use 3.57/0.79 3.65/0.81 -0.52 

Self-Regulation 3.47/0.78 3.54/0.91 -0.44 

 

 

4. Conclusion 

 
This study investigated the effectiveness of integrating adaptive learning platform with flipped 

classroom in supporting students’ Biology learning and self-learning approach. The initial empirical 

results provided some evidence that adaptive learning platform could be helpful to students’ science 
learning and self-learning approach in the aspect of test anxiety. By use of dynamic assessment and 

customized videos in adaptive learning platform, students could understand one’s weakness in 

science knowledge and learn more efficiently. Furthermore, it could be suggested that a relatively 
learner-centered learning scenario (i.e., flipped classroom) may shape the development of students’ 

self-learning approach. Appropriate knowledge base and proactive self-learning approach would be 

prerequisites for preparing various student populations in pursuing STEM education. Future studies 
could focus on exploiting adaptive learning platform to support various learning modes 

corresponding to different STEM fields. 
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Abstract: STEM education is an educational concept that encourages learners to learn and 

integrate the knowledge of science, technology, engineering, and mathematics. If we 

consider an in-service teacher as a learner, then we can apply the STEM concept using 

computer engineering techniques to build tools to promote the learning of scientific 

knowledge for them. This research proposed the design and development of an adaptive 
mobile learning through computer engineering processes. We designed algorithms to select 

learning media by analyzing data consisting of a learners' learning styles, learning problems, 

learning media attributes, mobile device capabilities and network quality to create a 

personalized learning environment. This study focused on the development of teaching 

knowledge regarding TPACK framework in a domain of digital science learning 

approaches, where 78 in-service secondary school science teachers participated in this 

study. The results of our study indicated that the algorithms can work effectively with more 

than 65% of user satisfaction in at least good level, and more than 90% user satisfaction in at 
least moderate level. The learners have significantly improved learning achievements in 

almost all kinds of knowledge based on the TPACK framework with 95% confidence level. 

The results show that our system is promising to provide learning tools to improve STEM 

teachers’ proficiencies under the TPACK framework. 

Keywords: Adaptive learning, personalized learning, mobile device, TPACK, STEM 
education 

1. Introduction

At present, the conceptual learning in various scientific phenomena still have some limitations and 

difficulties, such as they cannot be observed by naked eyes, e.g. visualizing molecules, or lack of 

learning resources in classrooms. Moreover, other subjects other than Science in STEM: Science, 
Technology, Engineering, and Mathematics education also face the same problems since many 

concepts in these fields are abstract. Therefore, the technology has been applied to create tools to 

support these science and STEM learnings, such as using animation to demonstrate molecules, and 
using simulation to conduct virtual experiments in classrooms. Therefore, teachers must have 

knowledge about various technologies that help distribute STEM knowledge to students effectively. 

Teachers must improve their teaching strategy and also teaching quality, thus supporting STEM 
education, by bringing technology into the learning and teaching process (Srisawasdi, 2011). As a 

result, it is necessary that an in-service teacher must have good understanding of how to apply or 

create technological learning tools for science and STEM lessons, in addition to having the 
traditional pedagogical and content knowledge.  

Having knowledge of how to apply technology in class effectively plays important role in 

teacher professional development and this kind of knowledge related to the three teaching-specific 
knowledge domain, that is the integration among content knowledge, pedagogical knowledge, and 

technological knowledge, as it called Technological Pedagogical and Content Knowledge (TPACK) 

(Mishra & Koehler, 2006; Srisawasdi, 2012a). TPACK can be applied to promote the quality and 
effectiveness of teaching and learning activities for both pre-service and in-service teachers in the 

21st century education. In Thailand, the TPACK framework has been adopted for teacher 

309



professional development (e.g. Srisawasdi, Pondee, & Bunterm, 2017; Srisawasdi, 2014; 
Srisawasdi, 2012b, 2012c; Srisawasdi, 2011). However, there is still no convenient tool to diagnose 

TPACK cognitive problems for teachers. Moreover, there is a lack of experts capable of analyzing 

the problems for a wide-range of in-service teachers. These problems are very challenging since 
lacking the proper understanding of TPACK knowledge bases will directly affect the quality of 

teaching in Thailand.  

Should a teacher lack on some knowledge bases of the TPACK framework, the teacher 
needs to “learn” to become proficient in the knowledge. Nevertheless, due to a heavy work load of 

in-service teachers, they might not have time and resources to improve their TPACK literacy. A 

mobile learning technology, which is known to promote personalized and ubiquitous learning, has a 
big potential to mitigate this problem. Moreover, using computer engineering techniques, we can 

craft the mobile learning system to suit teachers’ varied device capabilities, such that the system can 

be widely adopted and make a large impact. 
 In order to have a personalized, ubiquitous, and device-suitable mobile learning system, we 

proposed algorithms to select appropriate learning media that is relevant to a learner’s situation, 

meets a learner's needs, suits a learner’s learning style, and supports the capabilities of a device and 
the quality of the network. The algorithms analyze data from a learner’s TPACK problem(s), a 

learners' learning style, the learning media attributes, the device capabilities and the quality of the 

Internet connection. In addition, we proposed the design and development of an adaptive mobile 
system that utilizes the proposed algorithms to create a personalized learning environment. In this 

paper, we aimed to find answers to the following questions:  

1) What are the efficiencies of algorithms designed to select appropriate learning media by 
analyzing data from multiple dimensions, in the context of learning problems, meeting the needs of 

learners, appropriate learning styles, appropriate mobile device capabilities, and the quality of the 

user's Internet connection? 
2) what are the effects of the proposed adaptive mobile learning system to motivate and 

encourage learners to acquire knowledge based on the TPACK framework? 

The paper is divided in to six sections. Section 2 discusses related work. We discuss the 
system and algorithm designs in details in section 3. Section 4 describes research methodology, 

while section 5 discusses results. We conclude our paper in section 6. 

 

 

2. Relevant work 

 

2.1 Mobile Learning and Teacher Professional Development  

 
Mobile learning (Korucu & Alkan, 2011) is a system that integrates mobile technology into 

e-learning (Pal et al., 2013). It takes advantages of the portability and wireless networking 

technology to deliver learning media to learners anywhere, anytime to provide more learning 
opportunity (Pal et al., 2013). However, mobile learning technology still has limitations due to 

device variations and limitations (Hashemi et al., 2011), such as small screen sizes and different 

screen ratio, storage capacity, processing efficiency, quality of connections (Korucu & Alkan, 
2011). Our work tried to mitigate these limitations by designing a system that can support various 

types of mobile devices and qualities of networks. 

 Mobile devices have become attractive learning devices for education, and teachers’ 
adoption of mobile technologies have been recognized as a potential way for transforming 

traditional teaching into student-centered approach (Srisawasdi, Pondee, & Bunterm, 2017). In 

context of teacher education and professional development, mobile learning has been recognized as 
a strategy to foster teachers’ teaching competencies and enhance their professional knowledge of 

modern teaching with the support of mobile technology. In term of teacher development, there are 

two methods for integrating mobile learning into teacher education contexts; (a) teacher training 
about mobile learning, where teachers learn how to integrate mobile tools into their classrooms, and 

(b) teacher training with mobile learning, where teachers interact to learn with mobile technology 

(Baran, 2014). This study emphasized on how teachers learn how to teach science with the support 
of digital technology with mobile learning delivery.  
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2.2 Adaptive Mobile Learning System 

 
An adaptive learning is a learning environment that fits in well with the different learning goals and 
learning capabilities of different learners. An adaptive mobile learning is a concept of creating a 

personalized learning environment on mobile devices. It allows a learner to learn by him/herself 

through a learning environment that is adapted for the learner’s specific needs, on his/her mobile 
device anywhere, anytime. The Intelligent Tutoring System (ITS) (Phobun & Vicheanpanya, 2010) 

was introduced to encourage self-learning through such system. ITS has four main components: 1) 

the Expert Model that assesses the learner's level of comprehension and ability by processing a 
learner’s behavioral data, 2) the Learner Model that identifies individual learner’s basic knowledge 

and thinking skills, 3) the Instruction Model that decides on a teaching technique that is relevant to 

each learner, and 4) the Interface Model that interacts with a learner as a learning environment. 
 However, the variety of mobile devices and network connections used by different learners 

is an important factor that should be considered when designing an adaptive mobile learning system 

that can fully support users. Therefore, our work incorporates mobile device and network connection 
parameters with adaptive learning (Park & Lee, 2004) and ITS to create an adaptive mobile learning 

system that supports personalized learning environment that can work adaptively in different mobile 
devices and network connection qualities. 

 

2.3 Technological Pedagogical Content Knowledge (TPACK) 

 
TPACK (Koehler & Mishra, 2008) is the framework of a combination of three main areas of 
teaching knowledge including 1) Content Knowledge (CK), a knowledge of theories, principles, 

facts of the lesson and the ability to gather knowledge to create content that facilitates the learning of 
learners, 2) Pedagogical Knowledge (PK), a knowledge about teaching processes and the ability to 

use technical skills and teaching strategies for effective teaching and learning, and 3) Technological 

Knowledge (TK), a knowledge of applying technology or creating tools using technology. This 
framework promotes the quality of instructions for the 21st century education personnel.  

In addition, the integrations of the 3 knowledge areas create four other skills, including 

Technological Content Knowledge (TCK), Pedagogical Content Knowledge (PCK), Technological 
Pedagogical Knowledge (TPK), and Technological Pedagogical Content Knowledge (TPACK) 

which is a knowledge of integrating TK, CK and PK to apply technology to support learning 

activities, apply technology and theory or basic knowledge to create learning media, create tools to 
help make the work more convenient, and encourage learners to learn effectively. 

 

 
 

Figure 1. TPACK framework (Koehler & Mishra, 2008) 
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3. System Design 

 

3.1 System Overview  
 

This research has designed an adaptive mobile learning system that creates learning environment 
based on learner's difference and difference of equipment and network quality. A user interacts with 

the system via an Android mobile application, while most data processing happens at the server. In 

the mobile application, a user takes the learning style test, takes TPACK diagnostic tests for various 
topics, and selectively learns TPACK knowledge based on the test performance. The server 

evaluates the test results and suggests TPACK knowledge lesson(s) on which the user needs to 

improve. It selects and sorts different types of learning media by the user’s learning style and the 
device’s capabilities. This is to ensure the personalized and uninterrupted ubiquitous learning. In 

addition, a user can view his/her learning styles and view the progress in TPACK knowledge tests 

for each topic in the mobile application. 
 

3.2 System Architecture 

 
The system consists of two main parts: the mobile learning application (client) and the server. In 

general, the mobile learning application collects data such as questionnaire and test answers, and 
sends the data to be processed at the server. The server sends results back to the mobile application 

for a user as shown in Figure 2.  

The Index of Learning Style (ILS) Test module on the application side is a module for 
collecting answers of an index of learning style questionnaire. It sends the data to the Learner Model 

on the server to analyze learning patterns. TPACK Test module is a module on the application side 
for collecting answers of the TPACK knowledge assessment. It sends the data to the Expert model 

on the server to assess learners' knowledge. The learner-specific information in the Learner 

Personalized Data, coupled with the attributes from the Device Information Reader on a mobile 
device, will be analyzed by the Instructional Model. It provides an adaptive learning environment 

for the learner by selecting and sorting suitable learning media items for the learner. Finally, the 

Content Presenter downloads media from Content File Storages according to the adaptive learning 
environment, and show to the learner. 

 

 
 

Figure 2. System architecture 

 

3.3 Attributes for a Learning Environment 

 
To create a personalized learning environment, the system collected key data attributes from a 

learner: learning style, TPACK test analysis, and user device data. Although, we adopted the 

Felder-Silverman Learning Style model (Felder & Silverman, 1988) which has 8 learning styles, in 
this study, we only analyzed a learner based on two learning styles: visual and verbal styles. This 

was due to the limitations of resources to properly produce online learning materials. For the 
TPACK knowledge test, we used a TPACK assessment test that was designed by educational 

experts. We used the same set of questions for pre-test and post-test to access and analyze the 
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learner’s improvements after using our system. For the results, we classified leaners into 5 
proficiency levels: excellent, good, moderate, low and deficient. If a learner scored under the 

moderate level in any TPACK knowledge, they must learn the materials until they can pass the test. 

 The special feature of our system is that we also used the user device capabilities to aid the 
user’s mobile learning: a device's available storage, Internet connection type, wireless signal 

strength, and data download speed, which differ by devices and situations. For example, in a location 

with poor connection quality, learning from streaming video will be often interrupted. Moreover, it 
will not be preferable if the media file occupies much space on a device that does not have much 

available storage. 

 

3.4 Media Selection and Sorting Algorithms 

 
The goal of our system is to select suitable media files for an individual learner according to their 

learning style, TPACK problems and device properties. Therefore, we needed to label each media 
files upfront such that we could match appropriate media files with these three personal attributes. A 

learning media have difference relevancy to learning styles value (CLS) ranging from 0 (not relevant) 

to 1 (most relevant), indicating how well each type of learner can learn from the media. For example, 
a text-and-picture media has the CLS of 0.5 for a visual learner and 1 for a verbal learner. The 

learning media file types used in this work include video (streaming), video (downloaded), pdf, ppt 

and html, having different resource consumption (CFT). The CFT value ranges from 5 (requiring 
heavy resource such as video streaming) to 1 (requiring low resource such as an html file). 

An effective personal learning environment must be able to reduce the learning load of 

learners. There should not be unnecessary components, thus confusing or overwhelming learners. 
Therefore, we proposed an algorithm for selecting necessary learning media for a specific learner. 

The algorithm identifies the TPACK knowledge problems of a learner, and searches for 

corresponding learning media as follows. First, if there is only one media item for the given topic, 
pick that item. Second, the file size must be less than that of the available storage size on a learner’s 

device. Third, if the learning media is a streaming video, the learner's network quality must support 

the minimum effective access. Lastly, The learning media must be corresponding to the learner’s the 
learning style.  

 If there are more than one suitable learning media screened from the media selector, the 

system sorts the media with the “lowest cost” for the learner. We proposed an algorithm to calculate 
the media file cost for each file. Our algorithm utilized all of collected personal data and media 

information: learning style, media file resource consumption and file size, wireless signal strength, 

device’s storage space, and download speed, as shown in equation 1. The cost of learning media 
(content cost) is calculated as follows: 

    
 (1) 
We denote:  

CLS  as the relevancy of the media to the learning style DFSS  as the device free storage 
CFT  as the resource consumption of the media file   CFS  as the media file size 

DNSS  as the internet signal strength level   DDS  as the download speed 

 
From equation 1, each media file is calculated a content cost by the following concept. The 

content cost will be small if 1) the relevancy to the learner’s style (CLS) is high, 2) if the media file 

requires high resource consumption (CFT), but the network signal (DNSS) can support the file transfer, 
3) if there is a plenty of available storage (DFSS) compared to the file size (CFS), and 4) if the file size 

(CFS) is small or the download speed is fast (DDS). We can see that the cost of the media depends 

heavily on the available resources of the user’s mobile device, in addition to learning style. If there is 
a low resource, media that requires low resources will be given to a learner. This algorithm allows 

users with various range of mobile device to use our system efficiently, anytime, anywhere. 
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3.5 User Interface Design 
 

We implemented the system as an Android mobile application. As Figure 3 shows, there is a toggle 
menu bar that contains graphic icons with short menu names on the left side of a screen. All the tests 

in this application are multiple choices with a standard user interface style. In the learning style 

analysis page, we use a radar chart to represent the results as shown in Figure 3 a). This will clearly 
indicate the trend of the learner's learning styles and there is learning style explanation below the 

chart on the page. 

 

     
a)      b)   c) 

Figure 3.  a) Learning style results b) TPACK test results c) Personalized learning materials 
 

In the TPACK learning page as shown in Figure 3 b), the application shows another radar 

chart on a learner’s progress of each knowledge category of TPACK. Pre-test and post-tests scores 
progresses are also shown in color tag bars. A tag bar displays a learner knowledge in 5 proficiency 

levels: green is excellent, yellow is good, orange is moderate, red is low and gray is deficient. Figure 

3 c) shows the TPACK knowledge title(s) that a learner needs to learn, along with the media types 
selected and sorted by our algorithms. The media is shown in a corresponding standard file type icon 

which makes it easy for a user to understand. 

 
 

4. Experiment Methodology 

 

4.1 Data Collections 

 
We tested our system with 78 in-service secondary school science teachers in the Northeastern 

region of Thailand, who participated in the Khon Kaen University Smart Learning Academy. We 
collected data twice on 31 October 2017 and 13 May 2018. During the experiment, participants used 

the system through their mobile devices. We first instructed them on the system usage. After that, we 

let them complete the learning style test, take TPACK pre-test on the topic of solution concentration, 
learn corresponding TPACK lessons, and take TPACK post-test. Finally, we asked them to evaluate 

the system. The whole session took 1 hour and 30 minutes. 

 

4.2 Data Analysis 

 
After getting data from in-service teachers, we cleaned the data by eliminating faulty or incomplete 

data. To analyze data, we used inferential statistics, with the 95% confidence level of the 
significance of the differences. We first used data from the satisfaction survey to analyze the 

performance of the algorithm to select learning media. The survey questionnaire was adapted from 
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TAM3 model (Venkatesh & Bala, 2008), measuring the users’ acceptance of the software by asking 
the level of user agreement with the question statements. Then we presented the results of the 

learning achievement analysis from pre-test and post-test scores for each knowledge of the TPACK 

framework, to analyze the overall effectiveness of the system. 
 

 

5. Results and Discussions 

 

5.1 Analysis of the efficiency of the algorithm for selecting learning media 

 
According to Table 1, we found that 67.50% of the sample population satisfactorily recognized that 

the application offered learning media that was corresponding to their problems. However, there 
were 28.75% of the population with the moderate level of satisfaction, which was not a small 

number. These results indicated that although the algorithm for selecting learning media was 

effective at an acceptable level, further research is needed to find out the reasons the media 
selections were not consistent with the some of the learner’s problem. 

As for the learning styles, we found that 66.25% of the participants indicated that the learning 

media selection algorithm was able to select the learning media that met their needs and was 
consistent with their learning style at least at a good level. Similar to the learning problem matching 

satisfaction, very few teachers were unsatisfied with the selection, while 28.75% of learners were 

moderately satisfied with the results. In this case, further study is also needed to improve the system. 
To evaluate the effect of the appropriate mobile device capabilities and the quality of the 

user's Internet connection in selecting proper media for learners, we inferred from the last two 

questions in Table 1. There were 35% of users agreeing that the application did not recommend the 
kind of learning media that they wanted. This could be due to the capabilities of their devices and 

Internet connection. For example, a visual learner is better off learning from a video media. 

However, if his/her device did not support the delivering of such media, the program would not 
select the video for him/her, thus lower the level of satisfaction. To solve this problem, the system 

should show all learning media for users, but in the appropriated order organized by our algorithm. 

There were 80% of the users agreed with this solution, as seen from the last question in Table 1. 

  
Table 1 

Satisfaction ratings score on topics related to algorithm performance. 
Questions Percentage of user agreement (%) 

5 4 3 2 1 

The application recommends learning media that 
corresponds to my problem 

16.25 51.25 28.75 2.50 0.00 

The application recommends learning media that 

corresponds to my learning style or needs 

17.50 48.75 28.75 3.75 0.00 

I feel that the application does not recommend the 

kind of learning media that I want 

7.50 27.50 31.25 28.70 3.75 

I agree if the application would show all learning 
media in ordered according to the learning style 

and consistent with my problem. 

27.50 52.50 16.25 2.50 0.00 

 

5.2 Analysis of the effectiveness of the mobile learning system 

 
Table 2 

Comparison of pre-test and post-test scores by knowledge based on TPACK. 

Knowledge N  S.D p-value 

Pre Post Pre Post 

TK 71 1.1831 1.6338 0.9803 1.8640 0.0226 

PK 56 0.8929 1.1786 1.0065 1.7130 0.1457 
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CK 56 1.0714 1.7857 0.6130 1.0805 0.0000 

TCK 49 0.0000 1.7959 0.0000 4.0408 0.0000 

PCK 47 0.0000 1.7872 0.0000 4.0407 0.0000 

TPK 66 0.0000 0.9091 0.0000 2.8531 0.0000 

TPACK 66 0.0000 0.2424 0.0000 0.9249 0.0446 

 

We have analyzed the learning improvement after users used our system by examining the TPACK 

pre-test and post-test scores in each knowledge in the TPACK framework (TK, PK, CK, TCK, PCK, 
TPK, and TPACK). Table 2 shows that learners have significantly improved their learning in almost 

all knowledge categories with 95% confidence. The improvement for PK scores were not significant 

with the p-value of 0.1457. In the future, it may be necessary to improve the learning media used in 
the system or to increase the concentration of the pedagogical knowledge (PK) process. 

Note that in each knowledge category in Table 4, the numbers of user (N) were not the same. 

This is because users who had passed the pre-test would not be taking the post-test, thus having no 
data to be compared. Examining the Ns, we can see that out of 78 in-service teachers, 71 teachers did 

not pass the TK pre-test, and 66 teachers did not pass the TPK and TPACK pre-tests. This 

emphasizes the importance to educating all teachers about how to apply technologies in teaching and 
learning science. Yet this study shows that our system has a good potential to help them learn to 

incorporate technologies into their classrooms. 

 However, because our experiment process took only 1 hour and 30 minutes, there might not 
be enough time for teachers to learn the TPACK concepts in time, thus affecting post-test scores. In 

the future, to gain more insightful results of the effectiveness of our system, we will need to let 

teachers to learn materials in their convenient time, also taking advantages of our anytime and 
anywhere learning system.  

 

6. Conclusions 

 
This research integrated education and computer engineering fields to design algorithms for 
selecting personalized learning media, and to design an adaptive mobile learning system to solving 

the lack of knowledge in the TPACK framework. Although we aimed for science in-service 

teachers, this system can be viewed as a platform for teachers in other subjects, including STEM in 
which science is a part. 

 Our system utilized a user’s different learning styles, different TPACK problems, and 

different capabilities of mobile devices to create a personalized mobile learning environment for an 
individual learner. The results showed that the algorithms presented by this research could select the 

appropriate learning media efficiently. The mobile learning system proposed by this research 

significantly improved learners' outcomes in almost all knowledge in TPACK framework. 
Therefore, with further improvements, this system is a promising tool for teachers to be ready for the 

21st century learning.  

 In the future, there should be an increase in learning time, which may result in learners’ 
learning more effectively. We also have to assess the reliably and validity of the TPACK tests. 

Moreover, we need to design additional experiments with a control group and an experimental group 

to identify important parameters that affect learner’s performance. We will analyze correlations 
between the variables that could affect learners' learning. Finally, in addition to the selection of 

current device variables such as memory and the amount of data downloaded, researchers should 

provide technical analysis to point out the differences and significance of the hardware and software 
variables that could affect learning achievement. 
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Abstract: In this paper, we introduced a prototype collaborative and interactive online 
simulation system that will help learning STEM by simulation experiments. It especially 

benefits for studying phenomena that cannot be seen easily or requires unattainable 

resources. Our system supports self-learning process by guiding learners with systematic 

science experiment process: making claims, gathering data and results, and making 

conclusions. Learners can also collaborate with others to learn from each other. The system 

supports third-party simulations (currently PhET interactive simulation) using developed 

integration components. The primarily usability testing results showed potential of using the 

system in school. More than 50% of teacher participants were satisfied with our system and 
perceived that our system to be useful for their students. However, one third of participants 

needed more support on using the system, which seemed to be a little complex for them. 

Nevertheless, the study showed that the system is promising after little adjustment to the 

system. 

Keywords: Web application, Interactive simulation, Inquiry-based learning, Science 
experiment 

1. Introduction

Currently the Internet is the mainstream way to deliver contents, information, and various 

applications, including web application. With good user interface and design, web application can 

catch user attention and boost user motivation (Krug, 2014; Yan & Guo, 2010). There are various 
purposes for web applications: e-commerce, government, public/customer relations, entertainments, 

or even education. There are several educational materials that can be accessed and shared 

throughout the Internet. Many of these online materials potentially aid studies that require 
hardly-obtained resources to effectively demonstrate phenomena for students to understand the 

subjects; for example, in Science, Technology, Engineering, and Mathematic (STEM) study. 

Therefore, incorporating the right web application technology education is one of the method to 
enhance STEM learning in the 21st century. 

Inquiry-based learning is one of effective learning methods in science study. Inquiry-based 

learning starts by asking an inquiry question and having students explored answer(s) for the question 
on their own (EducationalBroadcastingCorporation, 2004). Conducting experiments is one of 

methods in finding inquiry answers. By doing a hand-on experiment, students learn first-handed 

about phenomena and tend to understand the topic better. However, not every school can provide 
students with sufficient sets of lab equipment, resources, and time required to complete meaningful 

and varied experiments. Moreover, some phenomena such as light refraction is practically 

impossible for learners to experience with naked eyes (Niwat Srisawasdi & Siriporn Kroothkeaw, 
2014). Therefore, to mitigate these practical limitations, science simulations can be used in place of 

real life experiments.  
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Computer simulation programs can model certain experiments and show learners results 
without requiring real equipment and resources. It can also reduce time to see the effects of scientific 

phenomena. In addition, it can visualize concept or phenomena that cannot be seen by naked eyes. 

This aspect of computer simulations helps student construct their scientific concept knowledge 
better than some real life experiments.(Emily B. Moore, Julia M. Chamberlain, Robert Parson, & 

Katherine K. Perkins, 2014; Niwat Srisawasdi & Siriporn Kroothkeaw, 2014) 

Nevertheless, letting learners interact with computer simulations alone might not be fully 
effective as they might not have clear guidelines of how to adopt the technology into their learning. 

To help students focus on inquiry-based learning, systematic guidelines are needed. In this paper, we 

introduced a prototype of an interactive online simulation system for secondary school scientific 
experiments. The system helps guide students through a systematic scientific experiment method: 

making claims, finding evidences to support the claims, and reasoning to conclude their findings. 

We implemented a web application that a student can use to conduct experiments in or outside 
his/her classroom. Our system supports personalized and collaborative learning. Students can 

interact with the system on their own paces, while they can share their work for the group members 

to see and learn from each other. The system supports simulation entities developed in HTML5. We 
retrieved and recorded parameters in the simulations for a student as the student interacts with the 

simulations. Hence, the student can focus on doing the experiment itself to learn the subject, not on 

recording the right values from the experiment.  
In this early stage of developing the system as a tool for students to learn science, we set our 

usability research questions to  

1) How would teachers perceive the potential usability of the system as a tool to help 
students conduct collaborative and interactive scientific experiment? 

2) How would we need to revise the system to make it effective to help students conduct 

collaborative and interactive scientific experiment? 
The paper is organized as follows. Section 2 discusses related works. We explain the design 

of the system in details in section 3, and explain experimental method in section 4. Section 5 shows 

primary results and discussions. Finally, we conclude and suggest improvements in section 6. 
 

 

2. Related Works 

 

2.1 Inquiry-based learning with experiment 

 
Inquiry-based learning is activity learning driven by learners. Inquiry-based learning usually starts 

with a teacher stating questions, problems or scenarios. Then learners have to plan their own 
investigations to find answers to the inquiry questions, problems or scenarios. This should make 

learners construct knowledge from what they find during the inquiring process.  
Experimenting is the one of the methods to find answer in an inquiry process. This research 

uses the 3-step experiment process: pre-experiment, experiment and post-experiment (Niwat 

Srisawasdi & Siriporn Kroothkeaw, 2014) as a base. In the pre-experiment, a teacher asks an inquiry 

question, then gives students scientific background essential to do an experiment. Then students start 
making hypotheses. Next, during an experiment, students must design the procedure of the 

experiment, then collect data from the experiment. In the post-experiment step, students discuss and 

share their findings. Then they reason, by using their claim(s) and experimental data to make 
conclusions. Our system was designed to allow students and teachers to follow this process easily.  

. 
2.2 Interactive simulation 

 
An interactive simulation is a simulation that a user can interact with a simulated environment and 
see the consequence of that interaction in real time. An interactive simulation can be used to fix 

misconception problems in difficult topics with using simulation-based learning strategies 

(Yu-Lung Chen, Pei-Rong Pan, Yao-Ting Sung, & Kuo-En Chang, 2013). An interactive simulation 
also helps students construct scientific knowledge on invisible phenomena such as light refraction 
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by using simulation along with a scientific experiment (Niwat Srisawasdi & Siriporn Kroothkeaw, 
2014).  

Currently, there are many interactive simulations available, such as algodoo, a 2D physic 

simulation software (“Algodoo,” n.d.), HTML5 simulations from Boston University (“Simulation 
list,” n.d.), PhET HTML5 simulations from University of Colorado (“PhET Interactive 

Simulations,” n.d.). However, in this work, we focused on incorporating simulations developed 

using HTML5 technology that can be displayed on a webpage. We chose PhET simulation as a pilot 
simulation because they are designed to be easily comprehended. PhET simulations also provide 

many HTML5 opensource science and mathematics simulations that has been research and tested 

(Emily B. Moore et al., 2014; “PhET Development Overview,” n.d.; “PhET Interactive 
Simulations,” n.d.). Moreover, they are also available in Thai language; thus we can test with local 

teachers and students.  
 

2.3 Usability testing 

 
A usable system is a subjective term that depends on the context of the system. Usability testing is 

developed to measure how much system is usable for targeted users. Usability testing becomes an 
important process in developing a system that requires human interaction, to find out whether the 

developed system is matched with user needs and expectations. Great usability of a system are 

usually effective, easy to learn, easy to remember, less problem and satisfaction (Yan & Guo, 2010). 
The standard ISO 9241-11 has a process to evaluate usability from effectiveness, efficiency, 

satisfaction (“ISO 9241-11:1998(en), Ergonomic requirements for office work with visual display 

terminals (VDTs) — Part 11: Guidance on usability,” n.d.). 
This research use System Usability Scale (SUS) as a usability testing method. SUS had 10 

short simple questions that measure usability of the system (Bangor, Kortum, & Miller, 2009; John, 

n.d.). It consists of positive and negative questions placed alternatively to prevent bias responses. 
These questions provoke user’s extreme response, covering various aspect of usability such as 

complexity, need of support and training. SUS should be administered to participants right after they 

finish their task(s). This should give us an instant responses of participants’ impression about a 
system. We are using SUS because of its short 10 questions which should put less work for 

participants. Moreover, we have enough participant required for SUS questionnaire. 

 

 

3. System Design 

 

3.1 System overview  
 

The collaborative and interactive online simulation system was designed as a web application. It 
guides a student on a systematic science experimental process: making claims (setting hypotheses), 

conducting experiments to gather evidences by using simulations, and finally justifying reasons to 

conclude findings. Students can do the simulated experiments as a group or individual. If done in 
group, students in the same group can explore topics using simulations, and share claims, simulation 

results, and conclusions to learn from each other. Moreover, teachers can monitor individual 

student’s work, and can make suggestions outside of the system to help students understand better 
on the topic. 

 There are three main tabs (pages) within the web application: introduction, experimentation, 

and conclusion. The web application was designed as a single page application (SPA), which 
requires a client to request for pages only once instead of making many individual requests for 

pages. This method reduces response time when changing a page within a website and also reduces a 

server load. In the introduction tab, there is information about a particular experiment, such as 
objectives and a summary of the involved theories. In the experimentation tab, a student needs to 

make his/her own claim(s), interact with a simulation and save desired results in the data table. 

Finally, in the conclusion tab, a student can match the claim(s) and experiment result(s) (evidences) 
they saved previously and justify reasons to make conclusion(s) to the experiment.  
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 On a separate page, a teacher can inspect student experiments from a student list. If a student 
did an experiment as a group, a teacher can see experiment details of individual students. We can see 

that our the collaborative and interactive online simulation system can guide students through 

scientific experimental process, with teachers’ monitoring and coaching, whether they are in 
classroom or outside. Since the system can integrate third-party HTML5 simulations, this system is 

also useful for other fields in STEM, not only for science experiment.  

 

3.2 System architecture  

 
The system consists of two main parts: server side and client side. The server side contains server 

script, database, simulation files and simulation configuration files. The client side contains a web 

application for students and teachers, and client scripts as experiment integration components, as 
shown in Figure 1. 

 There is an authentication process before one can access the system. If a user logs in as a 

teacher, the server will send a list of students the teacher can examine. If a user logs in as a student, 
the server script will generate and send a webpage with a single-page application (SPA) to the client. 

The default page is the experiment list for a student to choose to do an experiment individually or as 
a group. When the client accesses the experimentation tab, the client’s simulation integration 

component downloads a specific simulation file and a simulation configuration file from the server. 

Then the client initializes a script for that simulation to start fetching pre-defined parameters. It then 
shows the parameter values so that students can record parameters from the experiment. Data in this 

table can be shared among students in the same group as well as to responsible teachers. Having the 

system automatically fetched result values from the simulation helps students focus on learning 
phenomena itself rather than worrying about manually recording correct result values. 

 

Server scripts DatabaseWeb page

Simulation fileClient scripts Sim configuration

 
 

Figure 1 The framework overview 

 

The system supports the integration of a third-party HTML5 simulation such as PhET 
simulation. To integrate a simulation into the system and fetch parameter values from the 

simulation, the client downloaded the simulation configuration file along with other files (html, 

JavaScript, CSS) from the server. The simulation configuration file contains labels, units and 
JavaScript codes of all parameters. On the client, the simulation is running inside an iframe tag, 

while the JavaScript code is periodically accessing labels, units, and parameter values from the 

simulation. Then it shows the values for a student to learn and save them into the system. As the 
system can retrieve parameters directly from an iframe object, any HTML5 media should be able to 

be integrated into our system. Currently, a developer needs to examine the simulation code and 

extract desired parameters from a simulation to automatically show and record relevant parameter 
values in a result table. However, in the future, we need to define APIs for a simulation developer to 

automatically deliver relevant values to be shown and/or recorded in the result table 

 As for the claims and the conclusion, the system provides textboxes that can be saved into 
the database. A student will finally matched claims made earlier and evidences recorded from the 

simulation to make conclusions to the particular experiment. As well as other information, group 
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members and responsible teachers can fetch conclusions to view and mutually learn from the 
database. 

Once the web page, client script and simulation files are downloaded for the first time, these 

files are cached in the client web browser. This means that the next time the client opens the web 
page or do the same experiment, almost everything is already on client side; thus, saving data 

transfer time and resources.  

 

3.3 User interface design  
 
We designed the system such that each learning task is contained within a single page: introduction, 

experimentation, and conclusion. Necessary information can be found on a corresponding page so 

that a user does not have to switch pages back and forth. As shown in Figure 2, making a claim (b1) 
and experimenting with simulations (b2) are on the same page. This is to allow a student to focus on 

how he/she should conduct an experiment according to the claims he/she made earlier. Same as in 

Figure 3, which shows the conclusion page, a student can access the claim(s) and evidence(s) he/she 
made earlier, such that the student has all information necessary to conclude the experiment. 

Moreover, in the experimentation and conclusion pages, a student can explore the group member’s 
experiments and conclusions via the button “member” in corresponding sections to support 

collaborative learning.  

 

 
 

Figure 2 Experimentation page - claim, simulation, parameters and results 
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Figure 3 Conclusion page - reasoning and conclusions 
Besides, we designed the system’s user interface with a conventional layout and kept 

elements on pages to minimum. This design choice should reduce a cognitive load and learning 

curve for users when starting to use the system. For the color schemes, our system uses mostly blue 
and turquoise. Blue color represents feeling of reliability, and it also associates with science (Jiang, 

Feng, Liu, & Liu, 2008). Turquoise is a color in a shade of green which give feeling of freshness and 

youth (Jiang et al., 2008). In addition, throughout the system, we consistently used buttons and 
colors to represent specific tasks. For example, we use blue buttons for main functions such as 

recording results (with “+”) and editing experiments, and red buttons with “x” for data deletion.  

Figure 4 shows a teacher page, in which a teacher can click on each student name to inspect 
the student’s experiments, whether done in group or individually. If the chosen experiments were 

done in group, the teacher will see information of all group members. In the current implementation, 

a teacher cannot give feedback within the system yet. He/she needs to give feedbacks to students 
outside of the system. The feature may be available in the future. 

 

 
 

Figure 4 Teacher page - experiment report 
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4. Experimental Method 

 

4.1 Participants and data collection 

 
Since the system was in the early stage of development, in this paper we tested the system usability 

with teachers first to assess initial feedbacks for improvement. Moreover, this group of teachers will 

need to adopt the system in their science class in the future. Teacher participants were from schools 
in the North-Eastern region of Thailand who have participated in the Khon Kaen University Smart 

Learning Academy program (KKU-SLA). There were 289 teachers, who were 241 females and 48 

males. The participant’s ages were ranging from 22-59 years old with teaching experience from less 
than 1 year to 44 years. Participants are teaching science in secondary schools (grade 7-9). The data 

were collected in May 2018 and July 2018. 
In our experiment, we first gave instructions on how to use the system, while the participants 

were exploring the system along. They used the system as a student role first, then a teacher role. We 

conducted the experiment for approximately 1 hour and 30 minutes. The SUS usability test was 

administered at the end of the session. There was also an open-ended question at the end of 
questionnaire for participants to openly give their feedbacks that the questionnaire may not cover. 

Age, gender and teaching experience were also collected.  

4.2 Data Analysis  
 

We analyzed our data by using quantitative statistics on SUS scores collected from participants. 

There were 10 questions for the SUS evaluation. Each question was scored from 0-4. We summed 
scores from all 10 questions and multiplied by 2.5 to get the full 100 SUS scores. We also analyzed 

individual questions to obtain specific feedback for precise improvements. We cleaned invalid data 
out, such as invalid ages and the numbers of years in service.  

 

 

5. Results and Discussions 
 

As mentioned before, we conducted user tests to primarily find out how teachers would perceive the 
potential usability of the system as a tool to help student conduct collaborative and interactive 

scientific experiment, and how we would need to revise the system to make it affective to help 

student conduct collaborative and interactive scientific experiment. 
To measure the overall usability of our system, we looked at the overall SUS scores. The 

average SUS score was 51.53, while the median and mode were at around 50. The standard deviation 

was 11.295. The distribution of the score was non-skewed bell graph with scores are mostly 
concentrated at the center. According to (Bangor et al., 2009), if the mean score is between 51-68, 

the SUS score is considered just “ok”. To find out more details about potential improvements, we 

examined scores for each SUS question in Table 1.  
According to Table 1, our SUS questions are divided into positive and negative statements 

in the alternate order. Agreeable scores are ranged from 1 to 5, where 1 is strongly disagree and 5 is 

strongly agree with the given question statement. At a glance, users answered questions with mostly 
neutral opinions toward the system. We suspected that it might be because there was not sufficient 

time during the experiment for participant to carefully evaluate the system. Therefore, we will focus 

on analyzing the 1, 2, 4, and 5 scores.  
 

Table 1  

SUS responses from positive and negative questions 

Positive questions 
Agreement Score 

1  2  3  4  5  

1. I think that I would like to use this system 

frequently. 3.46% 17.65% 38.41% 24.91% 15.57% 

3. I thought the system was easy to use. 7.27% 30.80% 36.33% 19.03% 6.57% 
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5. I found the various functions in this system 

were well integrated. 3.11% 21.11% 32.87% 33.22% 9.69% 

7. I would imagine that most people would learn 

to use this system very quickly. 6.92% 28.37% 37.37% 20.76% 6.57% 

9. I felt very confident using the system. 7.61% 27.68% 38.06% 20.42% 6.23% 

Negative questions 
Agreement Score 

1 2  3  4  5  

2. I found the system unnecessarily complex. 5.88% 30.10% 42.56% 14.88% 6.57% 

4. I think that I would need the support of a 

technical person to be able to use this system. 5.19% 21.11% 36.33% 24.22% 13.15% 

6. I thought there was too much inconsistency in 

this system. 15.92% 39.10% 29.41% 12.46% 3.11% 

8. I found the system very cumbersome to use. 8.65% 30.45% 37.02% 17.99% 5.88% 

10. I needed to learn a lot of things before I could 

get going with this system. 5.19% 18.34% 36.68% 21.80% 17.99% 

 

We analyzed the usability of the system by groups of related questions. There were 40.48% 
of users would like to use this system frequently. There were 42.91% and 55.02% of users perceived 

that each of our system feature and design were well integrated and consistent. These showed that 

our system has a good potential to be accepted as a tool to help student conduct collaborative and 
interactive scientific experiment.  

On the complexity of the system usage, there were 38.07% of users at least disagreed that 

the system was easy to use (positive question), but 35.98%  at least disagreed that it was not 
unnecessary complex (negative question). This contradiction means that users thought that the 

system might have to be complexed by nature. There were 37.37% of users needed more support. 

Therefore, to make the full use of this system, we need to modify the system to be more intuitive and 
arrange more supports for users.  

We speculated that the complexity problem might be caused by the collaborative feature 

(creating an experiment as a group experiment). The collaborative feature requires more of group 
member communications when creating an experiment. This process might be viewed as excess 

complexity for users. But the main feature of the system, which is an interactive experiment, should 

have positive impression on usefulness, as 40.48% of participants would like to use this system 
frequently. 

During our experiment, we found that participants’ technological skill was quite lacking. 

Many participants were struggling with basic e-mail authentication, and even with browsing through 
their web browsers. In the previous usability research, (Yan & Guo, 2010) stated that the important 

of usability is context. In our context, the user model is teacher using the system from the student’s 

perspective so that they can point out the problem that their students might have. So, the lacking of 
the teacher technological skill might have also affected our experiment results in that they found the 

system complex. 

On the learning curve of using the system, users’ feedbacks were mixed. This means that 
although users thought the system should not be cumbersome to use, they needed to learn a lot 

before they can use the system efficiently. These results are consistent with the complexity 
evaluation. We also asked users to evaluate our system openly. The results were consistent with the 

SUS results. That is, participants stated that they wished to use the system in their classes, but it 

might be a little complex to use. Therefore, we need to provide better instructions for users. One of 
the solutions could be adding more visual cue and an on-page live tutorial where the system 

explicitly guides users what to do. 
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6. Conclusions 
 

We proposed the prototype of the collaborative and interactive online simulation system. It was 
developed to support inquiry-based learning by using experiment process. The system is a 

web-based that guides students through a systematic science experiment using interactive 

simulation. It also supports collaboration among students and the system can integrate any HTML5 
simulations.  

In our primarily usability testing, we found that participate teachers had positive views on 

the system but they still had a problem learning how to use the system due to its complexity. This 
evaluation gave us a good direction on how we should improve the system in the future. In addition 

to improve the system, we need to conduct experiments in real classrooms to assess the effect of the 

system on students’ learning.  
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Abstract: Digital literacy is imperative for digital citizens to live in a world full of information 
and ever-changing tools.  College students need digital literacy skills to live and work in the 

future.  It is necessary to develop a digital literacy evaluation tool that is consistent with an 

international conceptual framework, and to assess such a tool.  The present study aimed to 

develop a mobile application for evaluation of college students’ digital literacy.  We first 

synthesized various conceptual frameworks for developing a mobile application and, 

subsequently, a mobile application was designed and created.  Internal validity of the mobile 

application was established by experts investigating consistency between the developed mobile 

application and the conceptual frameworks, and external validity was ensured via a survey of 
students’ opinions on using the mobile application.  The developed mobile application was 

consisted of the following assessment components: find and use, create and innovate, identity 

and wellbeing, teach and learn, tools and technologies, and communicate and collaborate.  It 

was also composed of three levels of assessment: beginner, intermediate, and advanced. 

Regarding student's digital literacy assessment, findings indicate that most of them have a high 

level of digital literacy. 

Keywords: Digital literacy, mobile application, global citizenship, emerging skills 

1. Introduction

Technology is now part of world citizens’ everyday lives – from teachers to students, from farmers to 

traders. The pace in which new technologies emerge from their initial concept to widespread adoption is 

also much faster than ever before. New technology-related words are being added to the dictionary each 
year (All Aboard, n.d.). There are ever increasing tons of new websites and mobile applications that 

facilitate our everyday lives: from paying bills to ordering meals; from watching the latest movies to 

speaking with distant relatives; or for learning a new skill and collaborating with others (Organisation 
for Economic Co-operation and Development, 2011). 

There is also no shortage of hype, with the pitch for new systems often becoming quite 

extravagant in their claims: some of these claims might be justified, but many might not.  Somehow, we 
are to make sense of all this – judging claims, looking at what might or might not work in our context or 

what hybrid mixtures of approaches can bring to addressing some long-standing challenges we have 

faced as learners or teachers (Ng, 2012). Keeping up to date is not always easy, nor is feeling confident 
that one has really grasped the limitations as well as the capabilities of each system or each device. For 

the great majority of people, it is difficult to be aware of what kind of information out there that might 

be relevant or useful to their work, study, or lives (Digital Literacy European Commission, 2015). 
Therefore, technology learning management is crucial. Students must improve their 

technological knowledge, skill, and literacy, i.e., their “digital literacy.” Digital literacy has been taught 

as a separate subject or been integrated in other subjects in order to make sure that students possess 
sufficient digital literacy skills, including: finding and using, creating and innovating, identity and 

wellbeing, teaching and learning, using tools and technologies, and communicating and collaborating 
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(Mackey & Jacobson, 2011), as well as problem solving and innovation creating (Organization for 

Economic Co-operation and Development, 2011).   

Based on a study by Tuamsuk (2017), 66.28 percent of high education institutions in Thailand 
had stipulated information literacy as a desirable characteristic of their graduates, and 79.07 percent had 

offered information literacy as a general education course or an elective course.  However, no 

institution has initiated a concrete and inclusive set of goals for advancing students’ digital literacy. 
There are merely schemes that aim to partially develop students’ digital literacy in some limited aspects, 

e.g., information literacy, communication literacy, or collaboration literacy. The study argued for a 

comprehensive framework for digital literacy advancement as well as the development of digital 
literacy evaluation tool. 

The present study aimed to develop a mobile application for the evaluation of college students’ 

digital literacy (New Media Consortium, 2015).  In addressing the objective, we synthesized various 
conceptual frameworks for developing a mobile application and, subsequently, a mobile application 

was designed and created (Johnson, 2012). 

 

2. Definitions of Digital Literacy in Key Frameworks 

 
Digital literacy involves obtaining, understanding, evaluating, and using information in a variety of 

digital technology contexts. Extending beyond traditional definitions of “mere literacy” (JISC, 2012) as 
a set of linguistic skills enabling reading (i.e., decoding and comprehension) and writing (i.e., 

transcription, composition) to build knowledge and communicate with others, digital literacy 

encompasses the knowledge and skills required for critically and effectively using digital information to 
achieve personal, civic, or workplace goals (Petronzio, 2013). However, the definitions of this construct 

vary depending on the extent to which they emphasize particular dimensions of proficiency within 

Digital Literacy, such as a focus on the use of specific technologies (e.g. the use of e-mail or web 
browsers) versus the ability to critically evaluate and apply specific information contents to answer 

questions or solve problems. For the purposes of designing an assessment of Digital Literacy as an SLO, 

examining the points of consistency and discrepancy among the definitions or frameworks for Digital 
Literacy helps ensure that the assessment will provide evidence of valued aspects of the construct (i.e. 

construct validity). The definitions of Digital Literacy were drawn from frameworks developed at state, 

national, and international levels. These frameworks serve as a basis for our proposed operational 
definition of Digital Literacy to propose a Digital Literacy assessment that serves the needs of higher 

education institutions (Mackey & Jacobson, 2011). 

Based on the previous synthesis of existing definitions of Digital Literacy, we propose that 

Digital Literacy is defined as the ability to function in a knowledge society through the appropriate use 

of information and communication technologies to solve information problems, including the ability to 
research, organize, and synthesize information through digital technologies (New Media Consortium, 

2015) and have a fundamental understanding of the ethical/legal issues surrounding the use of such 

information (Johnson, 2012). 
Based on the synthesis of digital literacy frameworks from JISC, SCONUL, UNESCO and 

OECD as well as the contextual analysis of the performance of higher education students, Digital 

Literacy can be summarized into six domains as follows (OECD, 2005).  
First, Information Literacy Skills:  These refer to skills needed to find relevant information and 

data and how to apply such information in an effective way and subject it to scrutiny, whether for 

effective learning or for research, scholarship and professional purposes. Second, Creation and 
Innovation Skills: Being confident and empowered over the use of technologies to make new resource, 

express yourself, and take the opportunities to develop new approaches and ways of interpreting ideas 

and the world around us (SCONUL, 2011). Third, Communication and Collaboration Skills: 
Connecting with each other and sharing, regardless of distance or time. Fourth, Digital Technology 

Skills: The technical and practical aspects of the range of tools and technologies available and useful in 

the support of learning, teaching, research, managing and thriving in the digital age (UNESCO, 2006). 
Fifth, Digital Learning Skills: How to get the most out of technologies and materials to encourage 

engaged learning and make sense of new knowledge. Sixth, Ethical and Social Skills: understanding the 

nature of your online self, data and information, privacy and protection, and taking care of yourself, 
others and information, in ways that are ethical and respectful (JISC, 2012). 
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Figure 1. Framework of digital literacy for higher education students. 

 
 

3. Methodology for the Design and Development; 
 
The research team synthesized digital literacy evaluation frameworks from related studies and papers 

involving digital literacy learning management. Digital literacy evaluation frameworks were utilized to 
create Android mobile application evaluation tools. In terms of internal validity, the application was 

sent to expert application developers who are in the field of technology teaching management and 

instructional design in order to assess the application comparing to digital literacy evaluation 
framework. External validity, participants, who were 93 teachers and 218 students, were interviewed 

and answered questionnaires in order to evaluate the external validity. 

 

4. Evaluating Internal and External Validity of the Mobile Application Development 

 

4.1 Internal validity 

 
Internal validity of the mobile application development was examined to assess the created mobile 

application in comparison with the framework by presenting the conceptual framework of design of 
assessment and the mobile application to seven experts in the fields of mobile application development, 

technology-based instruction and instructional design. Based on all experts’ assessment, it was 

discovered that the framework of design of Digital Literacy assessment was consistent with the 
developed mobile application. Moreover, they offered some recommendations to enhance its efficiency 

and functionality such as enlarging the font size for better readability, designing the application with the 

same color scheme and using language and words to closely match international contexts. 

 

4.2 External validity 

 
External validity of the mobile application development was investigated through a survey on students’ 
opinions about using the mobile application. The results are as follows:  

 Its interface was suitable in all aspects, namely font size, font colors, the background of the 

application and the menu position.  
 In terms of its speed and interaction, the application could be used effectively, despite the slow 

internet speed, while its menus could interact with each other and function well.  

 Finally, in respect of its language use, some words were academic and technical, so it may cause 
students’ misunderstanding about the assessment. However, most students were able to read and 

understand the language used in the application. 
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5. Designing Mobile Application for Assessment Digital Literacy 

 
The developed application comprises a number of pages and functions: introduction, sign up or login, 
test, questions and choices, and result of the test. Figures 2 and 3 exhibited the components of the 

application. 

 

     

(a)        (b)    (c) 

Figure 2. (a) The ‘Home’ page of the application is composed of Introduction, Login, and Sign Up 

menus. (b) On the ‘Sign Up’ page, on their first use, students have to sign up to create their accounts by 

entering their email, password, and their basic information including name, last name, and faculty 
affiliation. (c) On the ‘Log in’ page, students have to log in using their registered email and password. 

                        

(a)     (b) 

Figure 3. (a) On the ‘Test’ page of the application is composed of a questionnaire and related choices. 
(b) On the ‘Result’ page, after students finish all the items in the test, the result will be presented. 

Students who pass the Beginner Level will gain access to the Intermediate and Advanced Levels. On the 
other hand, if students do not pass the test, they have to retake the test. The application will also report 

the evaluated topics whether they are correct answers or incorrect answers. 

 
The application includes questions that aim to assess students’ digital literacy in the 

aforementioned six areas. For example: 

 Your brother wants to create an online journal to document a special event so that all of your 
friends can view the pictures and illustrations. Which of the following online communities will 

help him create this online journal? (a question on digital technology skills). 
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 Bundi wants to understand the concept of resolution in a digital camera. He needs your help. 
Which of the following options will you use to define the term "resolution" to Bundi? Select two. 

(a question on digital learning skills). 

 

6. The Results of Student's Digital Literacy Assessment 
 
The analysis of data obtained from the digital literacy assessment was conducted via interpretation of 

means and percentages. The findings indicate that most of them have a high level of digital literacy. 

Table 1 exhibits the percentage of students’ level of digital literacy in each of the six dimensions. 

 
Table 1  

The percentage of students’ level of digital literacy. 
 

Dimension 
Percentage of students 

Beginner Intermediate Advanced 

Information Literacy Skills 5.02 8.22 86.76 

Creation and Innovation Skills 7.95 10.65 81.4 

Communication and Collaboration Skills 7.43 13.69 78.88 

Digital Technology Skills 13.69 16.44 69.87 

Digital Learning Skills 15.45 19.34 65.21 

Ethical and Social Skills 17.24 20.11 62.65 

 
As shown in Table 1, most students have a high level of comtetency in terms of inforation literacy skills 

(86.76), creation and innovation sklls (81.4), and communication and collaboration skills (78.88).  These 

findings imply that students might be familiar with or employ these skills on their regular basis.  On the 

contrary, students have lower competencies in terms of ethical and social skills, digital learning skills, and 

ditigal technology skills.  Thus, it is essential for teachers to focus on the improvement of these skills via a 

more integrated instructional approach. 

 
7. Discussion and Conclusion 

 
In developing the application for assessment of students’ digital literacy, conceptual frameworks of 

assessment and the mobile application development were reviewed and synthesized. Subsequently, the 

study team designed and created the mobile application for the assessment, complete with the 
examination of its internal and external validities. The results showed that the development of the 

mobile application was consisted of these assessment aspects: accessing, evaluating, managing, 

integrating and communicating information. In the assessment aspect, there were three levels of digital 
literacy, namely beginner, intermediate and advanced. The development of the mobile application 

corresponded to Microsoft Digital Literacy Assessment and the Northstar Digital Literacy Project and 

Digital Literacy Assessment by ISTE in respect of conceptual frameworks, the assessment standard, 
and the classification of assessment levels. More importantly, this development of the mobile 

application applied the mobile technology and designed the assessment to closely match students’ local 

contexts specifically as in Thailand.  
It is hoped that the development of the mobile application for assessment of students’ digital 

literacy would serve as a guideline for teachers’ instruction in order to reinforce and enhance students’ 

Digital literacy in each subject. Moreover, it would enable students to assess themselves and set a goal 
of self-improvement. Using this application in a real setting would promote effective learning, 

operation and resolution using digital technology. 
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Abstract: The important limitation of understanding mathematics because of its difficulty, 
complexity, and abstractness of mathematical content. These lead learners lack motivation, 

unable to create problematic representations, effective mathematical solutions and 

transform them into mathematical models. As a result, the game integration into learning 

Mathematics are capable of generating motivation and stimulate mathematical model. 

Mobile technology is also applied in game-based learning environment and support lifelong 

learning. This study applied the mental model as the basis for learning environment design 

on mobile. It employed game based to promote mental model in mathematics.  The target 

group of this study comprised of 24 students. The research method was to 1) synthesis 
conceptual framework by studying the context of the learners with game-based learning 

environments, and state learning context. Theoretical analysis prototyping game-based 

learning environments, 2) quality evaluation of game-based learning environment. The 

result revealed that game-based learning environment on mobile to enhance mental model 

on topic ratio was comprised of five components are following: (1) Problem base (2) 

Intensive system (3) Resources and (4) Scaffolding. 

Keywords: Game-based learning, mobile learning, mental model, mathematics, 

technology-enhanced learning 

1. Introduction

Technology plays an important role in human life and makes changes in the pattern of education. 

The teaching development with various methods enables to increase learning effectiveness. The 
technology used in teaching is a way to help learners to build knowledge, understanding to the 

content and develop the potential skills in learning. The introduction of smartphones as a learning 

aid allows students more access to information and they are able to employ it for interacting with 
others both inside and outside the classroom. This response to a learning approach in the 21st 

century that learners construct their own knowledge. According to the digital economy survey of the 

Digital, Economy Promotion Agency (DEPA) in 2016 found that Thailand’s education is changing 
with the influence and emerging technologies Teachers and students have a widespread use of 

smartphones. But not all technologies can integrate with teaching and learning to enhance content 

understanding. (Office of Digital Economy Promotion, 2017). 
Mathematics is a complex subject to learn. It is difficult to understand the learning process 

because learner must transform situations into a mentally challenged model that is used to explain 

and understand. Hyper-skilled learners can create, but normal learners can make it difficult. As a 
result, students do not like to learn Math when teaching methodology focused on memorization. 

The students are unable to link their knowledge to the daily life.  Based on the PISA 2015 

assessment on Mathematics. The ability of thinking, use, and interpretation of Mathematics in a 
range of situations, including mathematical reasoning, uses concepts and mathematical processes 

to explain and predict phenomena. Assisting students to understand the role of Mathematics and 

use it in life. It needs to emphasize on applied Mathematics in real life situations. The average 
score was 415 points (OECD average 490 points), compared to PISA 2012, scores were lower. 

Integrating technology into the creation of a learning environment to respond to the development 
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of cognitive processes. It requires to develop cognitive or menthol skills to create a representation 
to understand game-based learning content. It is a teaching science that encourages good 

motivation and encourages students to continually improve their knowledge, especially unlike 

content. They can also use the features of the technology simulation. To ease difficult content to 
more understanding of the representation model, interact with lessons, it needs to focus on learning 

performance aligned with the situation set in the game. According to situation solutions (Kanjug, 

2015) and Jonassen’s (2012) meaningful learning-based design emphasizes the use of technology 
to help learners to learn. This helps students to have the following five qualities: 1) Learning to be 

active by observing and observing. 2) Creating knowledge - have the clear presentation and 

thoughtful thinking. 3) Collaborative learning - the collaboration with others and discussion. 4) 
Learning by doing. It is complex and contextual, and 5) Think carefully and take into account the 

rules.  Mobile technology has a feature that responds to meaningful learning and builds a mental 

model. It can present phenomena in the real context that is associated with the message in the 
content immediately. In addition. Studies show that test results are higher in classes where students 

have access to mobile devices. As a result, mobile learning is on the rise, growing by 18.2%* a 

year around the globe. Mobile learning enables schools and teachers to offer student’s greater 
choice in how and when they learn, which has a direct impact on students’ intrinsic motivation. 

The problem and importance as mentioned. It has been designed with the principle of game-based 

learning. Mobile Learning is integrated with educational management using game-based learning 

to encourage students to learn meaningfully and to integrate knowledge into everyday life.  

2. Literature review 

 

2.1 Game-Based Learning 

 
Game-based learning helps learners to develop memory and increase comprehension. It motivates 
learners to learn. It is important for learner to get involved in the learning process and to learn by 

himself by repeating the situations in game-based learning. It is an educational innovation that 

blends fun and lessons together. Students receive both knowledge and enjoyment simultaneously. 
Particularly, in the role of simulation games that create a fun learning environment, challenging, and 

attractiveness. (Plass J.L., Homer B.D., & Kinzer C.K., 2015) 

 

2.2 Meaningful learning and Mobile Learning 

 
Learning can be learned anywhere, anytime. Convenient access to learning occurs when students are 

on the go. (Ryu, 2007) Acquiring knowledge and skills through the technology of portable devices 
wherever and whenever it results in behavioral changes. (Geddes, 2006, Kanjug, I, Chaijaroen, S, & 

Chamat, C., 2015)  

 

2.3 Mental Model in Mathematics 

 
Knowledge structures are built to understand and describe experiences or create knowledge instead. 

It consists of 3 parts: creating abstract representations of meaning, expressing ideas or speech. 2) 
Structure 3) The perception of the model is perceived by the characteristics of the object, view or 

detail. (Johnson Lairds, 1983) What the students created for knowledge within the brain. To 

understand what a class is, it creates a link between an object and an event, true to the abstract. 
Characteristics of learners the specificity of the subject matter will influence the creation of the 

menthol model. (Kanjug, 2009). Mental Mathematical Model assist learners to form knowledge in 

the brain by linking object, event and abstract content together. 

 

3. Material and Method 

 

3.1 Contextual study 
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This study investigates the context of developing game-based learning environment on mobile. To 
promote mental model in Mathematics for grade VIII students. The process used in the design based 

on research methods, research papers, exploratory research, and analytical synthesis of theoretical 

principles related research. As well as studying the context of teaching and learning management, 
the characteristics of the learners and their knowledge assessment. By observing the learner or 

watching the results of the past. The learning activities in the class were also analyzed. The 

classroom atmosphere, such as the role of the learner, the role of the instructor, and the style of the 
student-centered activity is important. Make observations, tutorials, and interviews. Content is an 

analysis of the nature of the content is how complex. Need any learning skills to support? What is the 

concept that learners need to gain knowledge? Surveyed through traditional knowledge 
measurement. And technology is an analysis of the availability of technology in the classroom that 

will suit the ability of students. Infrastructure, support, knowledge creation, and skills of subject 

matter. Surveyed by questionnaire. The target group was 24 students in grade VIII. 
Srisemawitthaysoem School, Ban Fang District, Khon Kaen Province, Thailand. 

 

3.2 Synthesis of designing framework 
 

Table 1 

Components of game - based learning environments for mobile to enhance mental model  

Principles and theories Design principles Example of design shot 

1) Activating Cognitive 
Conflict and 

Supporting Mental 

Model 

it illustrated the 
relationship between 

theories and the 

components as follows 
theory: mathematical 

content knowledge; 

concept, cognitive 
constructivism (Piaget, 

1992); cognitive conflict, 

mental model theory 
(David H. Jonassen, 

2009); modeling mental 

model, meaningful 
learning (David H. 

Jonassen, 2009); active, 

constructive, cooperative, 
authentic, intention, 

game-based learning; 

scenario learning. The 
composition of the 

problem base and 

intensive system. This 
may help cognitive 

conflict and mental model 

of the students.  

Problem base 
 

 
 

Intensive system 
 

 
 

 
 

2) Supporting 

Cognitive 
Equilibrium 

It illustrated the 

relationship between 
theories and the 

components as follows 

theory: mathematical 
content knowledge (); 

concept, mental model 

theory (David H. Jonassen, 

 

Resources 
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Principles and theories Design principles Example of design shot 

2009); modeling mental 

model, open learning 

environments (Hannafin, 
1999); static resources of 

the component of which 

was called resources and 
cognitive tools. This can 

help the students 

understand easily.  

 
 

3) Enhancing 
Knowledge and 

Mental Model 

It illustrated the 
relationship between 

theories and the 

components as follows 
theory: mental model 

theory (David H. Jonassen, 

2009); modeling mental 
model, open learning 

environments (Hannafin, 
1999); conceptual 

scaffolding, metacognitive 

scaffolding, procedural 
scaffolding, and strategic 

scaffolding. The design of 

the component was called 
scaffolding.  

Scaffolding 

 

 
 

 

 

4. Result and discussion  

 
According to the study of the context of the learners, it was found that the characteristics of the 

learners in learning activities were poor. Teaching methodology mostly focused on content in the 
textbook, and it is unable to fulfill learning performance. In terms of technology, the technology 

employment ability of students in the classrooms was at a moderate level. 

 

5. Conclusion 

 
The design of game-based learning environment for mobile to enhance mental model on ratio in 

Mathematics. The finding of this study showed that students need technology skills to support 
learning with the game. They need the motivation to demonstrate their ability and so construct the 

right tool to develop their mental capacity to deal with Mathematical problems was taken into 

account of an effective tool construction. Content adaptation in the form of game playing arises 
comprehension to Mathematics content. Additionally, well-designed game activities are able to 

grow to understand of Ratio in learning Mathematics. 
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Abstract: Research or capstone subject is not in the curriculum of ICT strand, but it is only 

offered in the Academic track. However, given the current technology trends, it can be 

deduced that research is also essential to help the students become active and creative 

professionals in their respective fields in the future. In this paper, we present the use of 

chatbots for teaching research concepts to senior high school students. The students were 

tasked to create chatbots for the different domains that they were interested in through the 

use of Dialogflow. This paper also discusses the teaching methodology that was used to 

deliver the course. 

Keywords: Conversational agents, natural language dialogue, STEM learning, Pedagogy 

1. Introduction

The standard duration of acquiring basic education as recognized by most countries around the 
world is 13 years from Kindergarten to Grade 12 (K-12). The Philippines is the last country in Asia 

that implemented the K-12 program and is previously one of the only three countries worldwide that 

requires 10 years of basic education before going to university. With the intention to equip the 
students with the standard knowledge, skills, and competencies that are essential for college, the 

K-12 program was implemented last 2011 with the first batch of Senior High School students (i.e.

Grade 11 - 12) accepted last 2016 (The K to 12 Basic Education Program, 2013). With the K-12
program in its early stage, several preparations are needed to be done to cope up with the worldwide

standards for basic education.

In the K-12 program, the students may choose between the following tracks: Academic, 
Technical/Vocational, Sports, Arts and Design, etc. This research will focus on Information and 

Communications Technology (ICT) strand which is under the Technical/Vocational track 

(Sarmiento & Orale, 2016). Perusing the curriculum guide of the Department of Education, ICT 
strand does not have a research or a capstone. However, looking at the possible career paths of the 

ICT graduates, it can be deduced that research is necessary and beneficial in some of the jobs or 

degrees listed. Hence, the participating school of this research believes that the students must 
experience research or capstone for at least a term. 

In this research, the process of creating a chatbot is used to simulate the research process in 

a short period of time. This approach can also be used in STEM to give them an early exposure to 
research methods so that they can be ready to a higher level of research. 

2. Related Work

2.1 Chatbots for Education 

Ranoliya, Raghuwanshi, & Singh (2017) created a chatbot that could be used by any university to 
provide answers to questions that students frequently ask, in an interactive manner. It provides 

information such as rankings, availability of services, university environment, other academic 

information and many more They used a combination of Artificial Intelligence Markup Language 
(AIML) and Latent Semantic Analysis (LSA) to provide accurate answers for any query based on 

the FAQs dataset. AIML was used to handle template based and general questions like greetings. 
LSA was used provide responses to other service-based questions. 
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Another chatbot created by Argal, et al. (2018) was designed to answer user queries in the 
travel domain. They implemented their chatbot on the Amazon Echo platform to trigger Alexa, 

which is Amazon’s own chatbot. They then used a backup server hosted by Amazon Web Services 

for processing the requests. They also used their deep neural network engine, which implements the 
Restricted Boltzmann Machine, to generate responses. 

Chatbots can also be used in the field of health informatics as shown in the work of Madhu, 

Neeraj, Sebastian, Shaji, & Ajayakuman (2017). Their chatbot acts as a personalized medical 
assistant by predicting diseases based on symptoms and by giving a list of available treatments. It 

can also give information about different medicine and their uses. 

 

2.2 Chatbots for Different Domains 
 
Chatbots have been used in tutoring systems for teaching many courses and not just Computer 

Science. Some of these systems include the work of Kerly, Hall, & Bull (2007). Oscar is another 

chatbot that is an adaptive online intelligent tutoring system. It is capable of leading tutoring 
conversations and adapt to the learning styles of students. AutoTutor is another chatbot that was 

designed to mimic a human tutor by conversing with learner in natural language. Over a dozen 

experiments were conducted using AutoTutor to teach concepts on Newtonian Physics and 
computer literacy. 

The work of Benotti, Martinez, & Schapachnik (2018) presented their own software 

platform Chatbot which was designed to introduce Computer Science concepts to high school 
students. Their work differs from the usual model of using a chatbot as an intelligent tutoring system 

because in Chatbot, the students have to program their own chatbots and learn the concepts by 

programming and not by chatting with the chatbot. A few other researchers like Keegan, Boyle, & 
Dee (2012) and Shaw (2012) also used chatbot programming as a method to increase engagement in 

Computer Science. They used to teach artificial intelligence concepts and to explain the Turing Test. 

Bigham, et al. (2008) conducted a workshop for blind students, wherein they were tasked to create 
personalize instant messaging chatbots. They designed this course in order to inspire blind students 

to take up Computer Science. 

 

3. Course Design and Implementation 

 

3.1 Course Outline Design  
 
The research or capstone project course is intended as a specialized course for the Science, 

Technology, Engineering, and Mathematics (STEM), Humanities and Social Sciences (HUMSS), 

and Accounting, Business and Management (ABM) strands under the Academic Track. The ICT 
track is under Technical, Vocational, and Livelihood track; thus, it does not have a course about 

research or capstone project. In this regard, the contents of the course are adapted from the sample 

syllabus of the Capstone project course of the Academic Track. 
In the Capstone course, the students are introduced to the research process and are guided by 

an adviser throughout the whole capstone process to produce a scientific paper to be presented as an 

output. The course is taught in the second year of Senior High School and runs for the whole 
academic year. The contents of the course are the following: scientific problem, scientific literature, 

hypothesis, methodology, data collection, data analysis, conclusions, recommendations, and 

scientific paper (K to 12 Basic Education Curriculum, n.d.). 
Since it is not supposed to be part of the specialized courses of ICT track, the participating 

school decided to reduce the duration from 1 academic year to only a term or a total of 4 months. The 

instructors adapted the software development life cycle, specifically waterfall, in teaching the 
students about the research process since the two processes are similar. The waterfall model focuses 

on early and detailed planning which reduces issues in the design later on. It is similar to research 

wherein the scientific problem, scientific literature, and hypothesis stages are done early as it is 
crucial in the whole process. 

The waterfall model can be mapped to the content of the research course. It has 5 steps: 

requirements definition, system and software design, implementation and unit testing, integration 
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and system testing, and operation and maintenance (Munassar & Govardhan, 2010). Refer to Table 1 
for the mapping of the steps in research/capstone to the waterfall model. 

The scientific problem focuses on identifying a scientific problem or question and 

determining if the research problem is applied or basic. The scientific literature focuses on 
reviewing, analysing, comparing, and setting relevance criteria of other studies related to the 

research problem. The hypothesis focuses on formulating possible outcomes of the investigation or 

solutions to the research problem. These three stages are equivalent to requirements definition of 
waterfall which includes determining the expected functionalities that could solve a problem. 

The methodology and implementation focus on designing the concrete steps to be taken to 

implement the solution. This is equivalent to system and software design, and implementation and 
unit testing wherein the major components of the solution and their interaction are defined and 

programmed. 

The data collection includes gathering data and determining whether the data collected is 
sufficient. The data analysis involves drawing insights from the data collected. Its equivalence is 

integration and system testing which focuses on gathering insights from testers if the system follows 

the system requirements. 
The conclusions and recommendations include drawing conclusions from the data that were 

gathered and making suggestions that could improve the study. Its equivalent is operation and 

maintenance which focuses on coming up with the list of issues and/or enhancements that can be 
applied for the improvement of the system. 

With this, the research/capstone course for the ICT strand entails a small-scale research 

and/or project development. The proposed course outline is patterned after the waterfall model. 
Table 2 shows the proposed course outline and its mapping to each step in the waterfall model. 

 

3.2 Course Activities Implementation 
 

Since the students are not yet knowledgeable in programming a software and the course is taught for 
4 months only, they are tasked to create a chatbot instead of creating a software from scratch. 

Students are first introduced to the concept of chatbots. They are then asked to choose a domain that 

they would like to work on. Although all the students were on the ICT track, there was still a lot of 
variety in terms of what they wanted to take up in college so they were allowed to choose a domain 

that piques their interests. Since conversations can be about almost anything, the chatbot creation 

allows the students to learn research while focusing on conversations about the topic that they like. 
 

Table 1 

Proposed Course Outline mapped to Waterfall 

 Waterfall Lecture Topics/Activities 

 Requirements Definition Introduction to Research and Systems Development 

Ethics in Research and Software Engineering 

 Requirements Definition Requirements Engineering 
 Problem Analysis 

 Requirements Specification 

 System and Software Design Design 
 User Interface 

 Implementation and Unit 

Testing 

Project Implementation 

 Integration and System Testing Validation 

 End user testing 

 

3.2.1 Requirements Engineering  
 

From the chosen domain, they identified a research problem that can be solved through the use of a 
chatbot. After identifying the research problem, they had to do requirements analysis in order to 

identify the components and requirements of their solution. They are given the task to research usual 

conversations about the topics that they used. They can check different mobile and web applications 
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where they can infer the information that they need in the construction of the conversations. For 
example, if their solution is a chatbot for medical diagnosis, the students can check the contents of a 

medical website to derive the common questions of people who visit that website and analyze what 

questions they can ask the user to arrive at a diagnosis. Their output for this phase is a software 
requirements specification that contains the possible flow of conversations and the possible 

responses of the users. 

 

3.2.2 Design 
 
After they have finalized the software requirements specifications, they are tasked to design the user 

interface of the chatbot. The user interface must match the topic that they chose to engage the users 

in the conversation. For example, if their solution is a chatbot for travel planning, they can show 
images of the scenic spots instead of just plain text or for the fitness chatbot, they had to show the 

meal plans in a format that would make it appetizing. 

 

3.2.3 Project Implementation 
 
The students used Dialogflow to create their chatbots. Dialogflow is an end-to-end development 

suite by Google, for building conversational interfaces for websites and mobile applications. It can 

be used to create interfaces, such as chatbots, that are capable of natural and rich interactions. It uses 
machine learning to recognize the intent and context of what a user says thus allowing the chatbot to 

give accurate responses. Natural language understanding enables it to recognize a user’s intent and it 

is also capable of extracting pre-build entities such as time, date and numbers. Developers can train 
their agents to identify custom data types and they can also use pre-built agents as a template. 

Dialogflow supports more than 20 languages and it has integrations with over 14 different platforms 

such as Google Assistant, Viber, Facebook Messenger and more (Dialogflow Enterprise Edition, 
n.d.). After creating their chatbots, they integrated it to Facebook Messenger by creating their own 

app and page so that users can chat with the chatbot that they created. 

 

3.2.4 Validation 

 
The students validated the performance of their chatbots through a survey from at least 30 

participants. They formulated survey questions to draw out whether the responses of the chatbots are 

convincing for the users. Then, they recorded the conversations of the participants with the chatbot. 
They have gathered the responses on the survey questions afterwards. 

 

4. Results 
 

There were 19 students in the class and they were split into six groups. They created chatbots for the 
following domains: travel, university applications, fitness, games, restaurants and shopping. 

After creating their chatbot, they integrated their chatbots to Facebook Messenger so that it 

could be accessed by anyone with access to their page. A screenshot of a sample chatbot is shown in 
Figure 1 showing a dialog between a student and the university chatbot. 

They were asked to present their work to a panel composed of four university professors 

from the College of Computer Studies of De La Salle University. The rubric in Table 3 was used to 
evaluate the students’ chatbots and their work throughout the whole research process. The 

evaluation criteria were designed to evaluate the chatbot as well as the output of each step in the 

software development lifecycle. 
 

Table 2 

Evaluation Criteria 

Evaluation 
Criteria 

Description 

Problem 

Definition 

Stated the research problem clearly, providing motivation for undertaking the 

research 
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Literature and 
Previous Work 

Demonstrated sound knowledge of literature in the area and of prior work on the 
specific research problem 

Content Clearly defined the topic and its significance; Supported the research and key 

findings with an analysis of relevant and accurate evidence; Provided evidence of 

extensive and valid research with multiple and varied sources; Provided evidence 
of complex problem solving Combined and evaluated existing ideas to form new 

insights 

Solution 

Approach 

Applied sound research methods/tools to solve the defined problem and has 

described the methods tools effectively. 

Results Analyzed and interpreted research results/data effectively. 

Language Use 

and Delivery 

The student communicated ideas effectively; Effectively used eye contact, speaks 

clearly effectively and confidently using suitable volume and pace; Fully engaged 

the audience; Used rich and varied words for context and correct grammar. 

Organization 

and 

Preparation 

Introduced the topic clearly and maintained clear focus on the topic; Effectively 

included smooth transitions to connect key points; Ended with a logical, effective 

and relevant conclusion. 

Question and 
Answer 

Demonstrated extensive knowledge of the topic by responding confidently, 
precisely and appropriately to all questions and feedback. 

Chatbot 

Design 

The chatbot is logically well designed; The flow of conversation is well designed; 

The chatbot has convincing, satisfying and natural interactions; Uses 
well-designed functionalities like the use of rich text formatting, images and 

provides navigation tools to help users navigate the layout makes tasks more fun 

and interesting or entertains and enables participants to enjoy the interaction. 

Chatbot 
Functionality 

The chatbot displays correct output with no errors Interprets commands accurately 
and able to respond to specific questions; Executes requested tasks and can detect 

meaning or intent; General ease of use Gives conversational cues. Robustness to 

unexpected input; Contains breadth of knowledge and is flexible in interpreting it. 

 
Table 4 shows the average score for each criterion. Each criterion is rated using a scale of 

1-5, with 5 being excellent, 4 very good, 3 acceptable, 2 needs improvement and 1 needs significant 

improvement. The evaluation criteria with the highest average grade was the one for the problem 
statement. This is because the problems they chose to work on were relevant to their interests so it 

was easy for them to identify the gaps or problems with the current applications that they used in the 

particular domain that they chose. It also helped them in identifying the requirements and which 
features to include since they knew what was needed in the system as they are the prospective users 

as well. They also had a high score for the literature and previous work because of the same reasons. 

On the other hand, they had low scores for the results criteria. This could be because the model used 

was the software delivery lifecycle and although they were taught how to do test cases, the 
instructors did not discuss how to create and evaluate a survey. Most of the groups conducted 

surveys to evaluate their chatbot in a quantitative manner but they did not include open-ended 

questions in order to get the reasons for the scores given by the participants of the survey. This 
would have been discussed in a regular research class. Another reason could be the lack of time. 

Since the students only had four months to do research and to create the chatbot, they had very little 

time to do their testing and evaluation and to write about the results as well. 
 

Table 3 

Average scores for each evaluation criteria 

Stat Mean 

Problem Definition 4.416667 

Literature and Previous 

Work 4.041667 

Content 3.625 

Solution Approach 3.458333 

Results 2.75 

Language Use and Delivery 4.166667 
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Organization and 
Preparation 4.083333 

Question and Answer 3.375 

Chatbot Design 3.416667 

Chatbot Functionality 3.458333 

 

 

5. Conclusion 
 

Chatbot projects can help introduce research concepts to students with the flexibility of allowing 
them to choose the domain based on their interests, and at the same time it also introduces them to 

basic concepts in Computer Science. Overall, the implementation of the course was a success and 

the school officials from the high school where we offered it, wanted to offer the same course again 
for the next batch. For future work, we recommend that the course must include a module for 

teaching how to collect and analyse data. We would also like to recommend comparing the output 

produced by students and their experience when using chatbots versus other modes of teaching 
research. 
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Abstract: With the benefits of personalized learning environment in providing individual 

learning, of flipped learning and of inquiry approach for driving students to inquire 

knowledge in procedural way by using mobile technology, this study developed a 
personalized flipped open inquiry-based approach, which was based on prior knowledge 

then they were provided a video related-concept to explore a phenomena and an inquiry 

question. The effects of the developed approach with mobile technology on secondary 

school students Physics learning performance and science motivation were investigated. It 

was found that the students significantly outperformed on the personalized flipped open 

inquiry-based learning with mobility when compared with other approaches and their 

intrinsic science motivation were positive. As previously mentioned, this paper extends the 

proposed instructional strategy and addresses the application proposal by using the mobile 
device through science laboratory activities about fluid pressure concept.  

Keywords: flipped learning, science motivation, open inquiry, personalized learning 

1. Introduction

Nowadays, Mobile technology is no longer just a functional accessory: it is an anytime, anywhere 
device for multimedia, data gathering, data processing and more. The potential benefits of using 

mobile technology for learning include encouraging anytime anywhere learning, improving social 

interactions, and enabling a personalize learning experience. For example, Hwang & Chang, (2011) 
developed a mobile learning environment based on formative assessment to conduct an experiment 

on a local culture course, the results revealed that the approach could promotes the students’ learning 

attitude and improve their learning achievement. 
In science learning, laboratory was involving with an instruction for enhance students’ 

understanding in science concept and develop their science process skills. Numerous researchers 

suggested that meaningful learning is possible in the laboratory if the students are given 
opportunities to manipulate equipment and materials in an environment suitable for them to 

construct their knowledge of phenomena and related scientific concepts. On the other hand, physics 

is the branch of science concerned with the nature and properties of matter and energy. There’re 

many abstract concepts in physics that couldn’t observe processes in real-world experiments and 
may cause students to misconceptions. In context of Thai science classroom, most of physics 

teachers used traditional teaching approach in physics lessons. In physics classroom, teacher 
preferred to use PowerPoint presentation to demonstrate physical processes and present scientific 

information. According to that class, students were learned science by remembering scientific 

information that their teachers display in the PowerPoint presentation screen, without interaction 
with laboratory or any learning tools. Due to this situation, students need more time to learn inside 

and outside classroom. 

The alternative way to applying technology into education is the flipped learning. It is an 
approach which defined simply as school work at home and homework at school, allow teachers to 

implement a methodology, or various methodologies in their classrooms. In formal term, Flipped 

Learning Network (2014) defined that flipped learning is “a pedagogical approach in which direct 
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instruction moves from the group learning space to the individual learning space, and the resulting 
group space is transformed into dynamic, interactive learning environment where the educator 

guides students as they apply concept and engages creatively in the subject matter”. In classroom, 

flipped learning with technology could integrate into many subject areas and enhance students’ 
performance and attitude. For example, Angelini (2016) integrated flipped learning and simulation 

in course for teachers of English as a foreign language in secondary school and the result shown that 

students feel positive with this model. 
Therefore, this research study the impact of flipped learning integrated into open inquiry 

with mobile technology on students’ conceptual understanding and science motivation. Moreover, 

the study compared flipped inquiry learning with mobile technology to hands-on and traditional 
learning. Its result could have benefits for teaching and learning with technology in science 

classroom. 

 

2. Research relevant 

 
In recent years, a number of studies about mobile technology have been increased. Many mobile 

devices were used in class or out class for enhance students’ learning in science (e.g. iPads, smart 
phones, tablets, and PDAs) and their effect related to cognitive and affective goals in different 

settings. For example, the students used mobile devices at the school classroom, outdoors, and 

museums (e.g. Chu et al., 2010; Klopfer et al., 2012). Most of the findings of these studies pointed 
the added mobile learning is promoting students’ affective (e.g. interest, attitudes) and cognitive 

domain (conceptual understanding). In terms of promoting students’ understanding, the findings 

from of these studies showed that the use of mobile devices could enhance students’ conceptual 
understanding and learning achievement in science (e.g. Chu et al., 2010; Zacharia, Lazaridou, and 

Avraamidou, 2016). In addition, Looi et al. (2009) also mentioned the fact that mobile learning 

offers a student-centered learning environment that aims at enhancing personalized and self-directed 
learning. These positive outcomes could be attributed to different affordances of the mobile devices 

(e.g. individuality, connectivity, context sensitivity, mobility, immediacy, content provision, 

collaboration, gaming, and rapid data collection) 
Teaching science as inquiry is important pedagogical approach, which allows students to 

answer questions using data analysis and information exchange (Wang, Wu, Yu, & Lin, 2015). 

According to Buck et al. (2008), six characteristics represent area in activities and experiments. 
There are (1) Problem/Question, (2) Background/Theory, (3) Procedure/Design, (4) Results 

Analysis, (5) Results communication and (6) Conclusions. In addition, the “level” shows the extent 

to which a laboratories investigation provides guidance in terms of the six characteristics. Each level 
can be described as follows: level 0 Confirmation; An activity which all six characteristics are 

provided for students, level ½ Structure inquiry; The laboratory manual provides the problem, 

procedures, and analysis by which students can discover relationships or reach conclusions that are 
not already known from the manual, level 1 Guided inquiry; The laboratory manual provides the 

problem and procedures, but the methods of analysis, communication, and conclusions are for the 

student to design, level 2 Open inquiry; The problem and background are provided but the 
procedures/design are for the student to design as well as the analysis and conclusions, level 3 

Authentic inquiry; The problem, procedures, analysis, communication, and conclusions are for the 
student to design. 

The appropriate learning tools which considered for effective conceptual change are 

simulation-based learning environments in science learning (Chen, Pan, Sung, & Chang, 2013). It 
can allow learners to observe and understand abstract and complex concepts (Chang, Chen, & 

Sung, 2008). In addition, the capability of computer simulations is closely related to the pedagogy 

through which they are employed (Flick & Bell, 2000; Srisawasdi & Patcharin, 2015). For science 
educators, teaching and learning through scientific inquiry is recognized as an instructional 

practice. The Inquiry-based learning with simulations is an encouraging area for teaching to 

promote learners’ interaction with the physical and social world in order to develop scientific 
understanding, explanation, and communication among science ideas. Many educators have found 

that simulation-based inquiry learning works as an improving process by producing change in the 

alternative conceptions held by learners (Srisawasdi & Kroothkeaw, 2014; Zacharia & Anderson, 
2003), and promoting more qualitative knowledge than formalized knowledge (Suits & 

345



Srisawasdi, 2013), offering students more time to experience on its conceptual aspects. (Zachaia et 
al.,2008), and promoting positive perception of science learning (Buyai & Srisawasdi, 2014; 

Pinatuwong & Srisawasdi, 2014).  

 
 

3. Research Methodology 

 

3.1 Research design 

 

A quasi-experimental pretest-posttest research design was set up to study the impact of three 

different research conditions on students’  learning performance regarding scientific conceptual 

understanding and science motivation as shown in Figure 1.  
 

 
 

Figure 1. Structure of research design of the study 

 

3.2 Participants  

 
This study recruited the eleventh-grade students of a public secondary school in northeastern region 

of Thailand. Seventy-nine students from three classes participated in the experiment. Two of the 

classes were designated as the experimental group A and experimental group B, and the third one 
was designated as the control group, respectively. The study has not recruited students on a random 

basis but had to use existing classes. Three classes were selected by a regular science teacher in the 

school.  

 

3.3 Research Instruments 

 
The tools in this study included a “Liquid Pressure” conceptual test and the science motivation 
questionnaire. The conceptual test consisted of five open-ended conceptual questions that focused 

on four main science concepts consisting of the following: (i) liquid pressure-depth; (ii) liquid 

pressure-type of liquid; (iii) liquid pressure-shape of container; and (iv); liquid pressure-gravity, with 
a perfect score of 10 points. The conceptual test was adapted from Buayai and Srisawasdi (2014). 

The Cronbach’s alpha value was 0.71, showing a high inter-rater reliability of the “Liquid Pressure” 

conceptual test scores. The science motivation questionnaire consisted of 25 items with a five-point 

Likert scale and was translated from the questionnaire developed by (Glynn, Brickman, Armstrong, 

and Taasoobshirazi (2011). It consisted of the following: (1) intrinsic motivation (IM); (2) 

self-determination (SDT); (3) self-efficacy (SEC); and (4) extrinsic motivation such as career 

motivation (CM) and grade motivation (GM). The questionnaire was translated into the Thai 

language, and the Cronbach’s alpha value of the questionnaire in the Thai version was 0.92 

(Srisawasdi, 2015), implying that the questionnaire had been reliable. 

 

3.4 Data collection and Analysis  

 
The students complete the pre-test of conceptual understanding and science motivation before the 
learning activity. Then they were participated with four activities (i.e. (i) liquid pressure-depth; (ii) 

liquid pressure-type of liquid; (iii) liquid pressure-shape of container; and (iv); liquid 
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pressure-gravity). After finishing all of learning activity, the students were administered the 
conceptual test again as the post-test. Finally, the science motivation questionnaire was provided to 

them for evaluating their view toward the learning experiences. The statistical data techniques 

selected for analyzing were Kruskal–Wallis H-test. Then, the Mann–Whitney U-test for independent 
samples test (a non-parametric equivalent of the independent t-test) was used to run the post hoc pair 

wise comparisons of averages between groups. Moreover, the Wilcoxon Signed-rank sum test for 

paired data (a nonparametric equivalent of pair-sample t-test) was used to compare learning gains 
for all groups. The one-way analysis of covariance (ANCOVA) was used to compare the scores of 

the three groups in terms of conceptual understanding among the experimental and control groups. 

 

3.5 Learning Materials and Activity 
 

3.5.1 Traditional learning (TL) by lecture-based instruction for CG  
 
The regular teaching method were assigned to students (n = 25) for interact liquid pressure lectures 

and assignments in a normal classroom. They were usually following the lectures which were given 

as doublets every week. Each lecture is accompanied by a set of PPT slides. The slides were 
designed to provide students with full notes of lessons and project in class which concern general 

principles for effectively using PowerPoint. In addition, the lectures and learning assignments in this 

class were aligned with series of formative assessment task in every lesson. 
 

3.5.2 Hands-on open inquiry learning (HIL) and interactive lecture for EG#A  
 

In the hands-on open inquiry learning and interactive lecture class (n = 23). Students solved liquid 

pressure assignments in a normal classroom, with manipulative laboratory equipment and materials 
that included plastic bottles, beakers, cylinders, plastic tube, glass tube, water, salt water, alcohol, 

and a manometer.  

 

3.5.3 Flipped inquiry-based learning approach with mobile technology (FILM) for EG#B 
 

Students, in the flipped classroom with the support of mobile technology, were assigned to take 
responsibility for their own learning with a series of video-based lecture material via YouTube, that 

are studied prior attend the face-to-face in classroom. The videos provided the content of 

open-ended driving questions and scientific background and terms or describing related theory as 
same as the other groups in 6-9 minutes. For each lab section, the additional instructional supports 

were provided to them (i.e. apparatus set up and diagram illustration of the learning process) via 

PowerPoint slides, and then they followed their own learning step, and be responsible for their own 
learning process with simulation on mobile devices, both tablet and mobile phone. 

 

 

4. Research results and Discussion 

 

4.1 Scientific Conceptual Understanding 

 
To assess the influence of three different learning strategies on high school students’ understanding 
of liquid pressure. To controlling the effect of prior conception, the one-way ANCOVA were used 

for test the main effect for the experimental groups and the control group. The result of the 

ANCOVA analysis shown in Table 1. Besides, the Wilcoxon Signed-rank test was used to analyze 
the differences between pre-test and post-test as shown in Table 2. 

 

Table 1  

The ANCOVA results of post-test score for three groups of students 

Group N Mean (S.D.) Adjusted mean Std. error F(2,67) Post hoc test 
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(Bonferroni) 

(a) TL 25 3.76(1.88) 4.17 .42 

19.658 
(b) > (a) 
(c) > (a)* 

(c) > (b)* 

(b) HIL 23 5.09(2.00) 4.62 .42 

(c) FILM 31 7.03(1.55) 7.19 .35 
*p =  .05 

 

The result indicated that there was a statistically significant difference (F(2,67) = 19.658, p = .000) 
among three groups. After eliminating the influence of covariance (pre-test), each group was 

adjusted their mean score, the HIL group had an adjusted mean of 4.62 (SE = .42); the FILM group 

had an adjusted mean of 7.19 (SE = .35), and the TL group had an adjusted mean of 4.17 (SE = .42) 
for the post-test measure of conceptual understanding. Regarding to the results, after the instruction 

(flipped inquiry-based learning with mobile technology), the students in this group were promoted 

their conceptual understanding on the liquid pressure concept. A Bonferroni’s Post HOC Test in 
Table 1 was employed to test for significance among the teaching methods by conducted using the 

adjusted means, controlling for any difference prior conceptual understanding. The FILM group 
were compared to HIL and TL groups revealing a mean difference of 2.571, p = .000, and of 3.025, 

p = .000, respectively. This evidence revealed that integration of flipped learning approach with 

mobile technology could better effect on enhancing students’ scientific conception on liquid 
pressure phenomena.  

 

Table 2  

Statistical results on Wilcoxon Signed-rank test for the students’ conceptual understanding of liquid 

pressure 

Group Test Mean 
Mean 

Rank 
S.D. Posttest-Pretest N Z Sig. 

Cohen

’s d 

TL 

Pretest 2.20 32.06 1.19 Posttest<Pretest 4 

-2.953 .003* 0.99 
Posttest 3.76 23.00 1.88 Posttest>Pretest 16 

 Posttest=Pretest 5 

Total 25 

HIL 

Pretest 3.91 55.67 1.70 Posttest<Pretest 3 

-2.559 .011* 0.64 
Posttest 5.09 35.96 2.00 Posttest>Pretest 16 

 Posttest=Pretest 4 

Total 23 

FILM 

Pretest 2.39 34.77 1.20 Posttest<Pretest 0 

-4.879 .000* 3.35 
Posttest 7.03 56.71 1.55 Posttest>Pretest 31 

 Posttest=Pretest 0 

Total 31 
*p =  .05 
 

The results from Wilcoxon signed-rank test revealed that the students in flipped inquiry-based 

learning with mobility (FILM) and hands-on Inquiry-based learning (HIL), their post-test score 
showed increased significantly (Z = -4.879, p(pre-post))<.05), (Z = -2.559, p(pre-post)<.05) and a 

traditional learning class (TL) have post-test greater than pre-test score (Z= -2.953, p(pre-post)< .05 ). 

However, the students in FILM class were highest score when compared with others, as shown in 
Table 2. This indicated that when the flipped inquiry-based learning had been integrated with the 

computer-simulated visualization into the science learning of liquid pressure, there had been a 

significant impact on conceptual understanding. Similar conclusions were found in an engineering 
course (Mason, Shuman, and Cook, 2013) and the students’ performance reported that all 

assessment was significant difference found with students in the flipped class when compared to a 

traditional group (Gonzalez-Gomez et al., 2016).  In addition, Davies et al., (2013) found that the 
flipped classroom approach allowed students to learn course content by themselves, and to make 

better use of their time, improving their perception toward the class. Obviously in this study, the 

significant differences were found among three groups (FILM, HIL, and TL). Particularly students’ 
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conceptual understanding was significantly higher when a flipped model integrated to inquiry-based 
learning with visualize simulation on mobile devices was followed. Similar case was found when 

use the technology, Srisawasdi and Kroothkeaw (2014) said that students’ conceptual score for 

pre-test, post-test, and retention test were significantly different and they increased conceptual 
understanding after participated with simulation class.  

 

4.2 Science Motivation 
 

In Table 3, the post-examination score of science motivation were compared through 
Kruskal-Wallis Test and Mann-Whitney U-Test. Moreover, the Wilcoxon Signed-rank test were 

used for compare pre- and post-examination scores of science motivation after the interventions in 

three groups, displayed in Table 4. 
 

Table 3  

The Results of Kruskal-Wallis H-test and Mann-Whitney U-Test for the post-examination scores of 

science motivation  

 

Post-questionnaire Chi- 

square 

Post hoc 

compari-

son 
TL HIL FILM 

IM a=17.32[23.44](2.46) b=18.65[43.13](2.74) c=19.58[51.03](2.51) 20.875 c>b>a* 

CM d=17.88[39.49](2.68) e=18.00[41.35](2.88) f=17.68[39.42](2.71) .114 e>d>f 

SDT g=15.80[27.14](3.01) h=17.04[37.07](2.99) i=18.71[52.55](2.31) 17.818 i>h>g* 

SEC j=15.28[26.48](2.72) k=15.87[35.54](3.14) l=16.81[54.21](3.34) 21.684 l>k>j* 

GM m=17.64[35.62](3.11) n=18.91[40.82](3.33) o=18.39[40.82](3.65) 1.550 n>o>m 

*p =  .05 

Note: xx.xx[yy.yy](zz.zz) refers Mean[Mean Rank](S.D.) 

 
Regarding to IM (Chi-square=20.875, p= .000< .05) and SDT (Chi-square=17.818, p= .000< .05), 

and SEC (Chi-square=21.684, p= .000< .05), there was a significant difference in terms of 

post-intervened science motivation for the three groups as showed in Table 5. Based on the post hoc 
analysis with Mann-Whitney U-Test for multiple comparisons, the results indicated that the flipped 

inquiry-based learning (EG#B) had exhibited the most positive effect on increasing the students’ 

intrinsic motivation (IM), self-determination (SDT), and self-efficacy (SEC). To summarize the 
science motivation phenomenon, the results indicated that the students had exhibited better intrinsic 

motivation, self-determination, and self-efficacy after they had interacted with the flipped 

inquiry-based learning with visualized simulation. 
 

Table 4 

The Wilcoxon Signed-rank test for the students’ science motivation pre- and post- test 

Scale Group 
Pre-questionnaire Post-questionnaire 

Wilcoxon signed-rank 

test 

Mean (S.D.) Mean (S.D.) z-score Sig. 

IM 

TL 17.32(2.64) 17.32(2.46) -.203 .634 

HIL 17.87(2.55) 18.65(2.74) -1.994 .049* 

FILM 18.32(2.09) 19.58(2.51) -2.117 .034* 

CM 
TL 16.56(2.73) 17.88(2.68) -1.941 .052 

HIL 17.04(3.10) 18.00(2.88) -.769 .442 
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FILM 17.29(2.65) 17.68(2.71) -.325 .745 

SDT 

TL 15.72(2.57) 15.80(3.01) -.557 .672 

HIL 16.39(3.01) 17.04(2.99) -2.104 .039* 

FILM 16.42(2.36) 18.71(2.71) -1.987 .047* 

SEC 

TL 13.80(1.73) 15.28(2.72) -.1.110 .067 

HIL 15.04(2.87) 15.87(3.34) -.121 .936 

FILM 14.32(3.11) 16.81(3.34) -3.124 .002* 

GM 

TL 16.72(2.61) 17.64(3.11) -.702 .483 

HIL 19.04(2.76) 18.91(3.33) -.131 .896 

FILM 17.23(3.69) 18.39(3.65) -1.040 .299 
*p =  .05 
   

In Table 4, the Wilcoxon signed-rank test analysis found that there were significant differences 

between pre- and post-test of students in TIL and FILM groups which consisted of IM (Z = -1.994, p 
= .049, Z = -2.117, p = .034), SDT (Z= -2.104, p = .039, Z = -1.987, p = .047). Furthermore, a SEC 

dimension was only statistically significant difference in HIL group (Z = -3.124, p = .002). 

Regarding to the result, the FILM environment could increase students’ internal motivation (IM, 
SDT, and SEC) after participated with this method when compared to others. This results perhaps 

due to students’ prior experience were encountered with lecture-based in regular science classroom. 

Moreover, for FILM setting, the students were provided online video on YouTube for watch and 
learn by themselves before class by the teacher and when the activities in face-to-face classes in 

FILM model, students allowed to participate with visualized simulation on their mobile devices. 

Similar studies, Hwang and Chang (2011) claimed that a mobile learning environment is not only 
student’s achievement but also promotes their interest and attitude to learn science. In addition, the 

integration of computer-based laboratory could motivate students to learn science potentially 

(Srisawasdi, Moonsara, and Panjaburee, 2013). In contrast, in FILM class, the students’ career 
motivation (CM) and grade motivation (GM) were not significance differences with other groups. 

This results perhaps due to in online video and activities are not explicitly show how to get a good 

work in the future after learn science and get scores during activity in class. 
 

5. A proposed Personalized Flipped Open Inquiry-based Science Learning 

 

5.1 Overall Learning Design with mobile technology   
 

From attempts to improve students’ learning in science, Open-inquiry science learning is processes 

of scientific inquiry which can lead students to work with scientific method and promote students’ 
scientific thinking (Srisawasdi, 2015). Moreover, Srisawasdi (2012) developed the combination of 

open-inquiry science learning with computer-based laboratory environment components and 

teacher-student role in inquiry activities. In order to integrate the flipped learning approach, the 
characteristic (1) Problem/Question and (2) Theory/Background were transformed into video 

session that students watch online outclass. In addition, the conceptual test was used for let the 

students probe their prior knowledge before learning in the out of class session. In class session, the 
learning process of simulation-based open inquiry (Srisawasdi & Kroothkeaw, 2014) was adapted to 

characteristic (3) Procedures/Design with the aim to promote students' science motivation and 

enhance their conceptual learning. The pedagogy has been produced and shown in Figure 3. 
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Figure 3. The Flipped inquiry-based learning with mobile technology 

5.2 Teaching Materials and Learning Environment 
 

5.2.1 Hands-on open inquiry laboratory and simulation on mobile device  
In the personalized flipped classroom with the support of mobile technology, students were 

assigned to take responsible for their own conceptual testing and a series of video-based lecture 

material via YouTube, that are studied prior attend the face-to-face lab section.  The videos 

provided the content of open-ended questions and scientific background and terms or describing 

related theory in 6-9 minutes.  After the student done the conceptual test and gain each concept 

score in the out of class session, then in class session they were assigned to hands-on open inquiry 

laboratory about liquid pressure in the concept that they were low score, by manipulative 
laboratory equipment and materials that included the container, laptop, pressure sensor, water, oil, 

and glycerol as shown in Figure 4. 

 

 
Figure 4. Learning materials for hands-on activities in flipped open inquiry classroom 

 

For a lab station, Regarding the open-inquiry learning process, the step-by-step instructions 

for hands-on lab sections were given on how to set up the apparatus via the slides, but the lab 

procedures, data collection and analysis, and conclusion were not provided for the students. Then 

they take control of their own learning pace, and be responsible for their own learning process with 

simulation on mobile devices, both tablet and mobile phone, as showed in Figure 5. 

 

                                         
Figure 5. An Online video on YouTube about diving and pressure via mobile devices(Left) 

and Under Pressure Simulation (Right) 
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5.2.2 A STEM activity (the gravitational vortex power plant) 
After the students finish the learning processes in the inquiry activities they were allowed to a STEM 

station for design a model in order to produce electricity from the vortex as shown in figure 4. The 
gravitational vortex information was on YouTube which provided by the teacher. Moreover, the 

gravitational vortex power plant model also proposed by Wanchat et. al. (2013). This hydroelectric 

power plant model could produce electricity by let the water flow through the turbine which 
connected to a dynamo (see Figure 6). The students have to use their learning experiences that gain 

from lab stations about the relationship between pressure, depth, type of liquid, shape of container, 

and gravity to design this model. 

 
Figure 6. The gravitational vortex model for produce an electricity in a STEM activity 

 
 

6. Conclusion 

 
This study proposed a personalized flipped open inquiry learning for enhance science learning. The 
approach mainly provided learning activities that encourage students to inquire scientific 

understanding. The inquiry activity was adapted for learning about static fluid pressure concept. The 

results showed that students who were investigated conceptual understanding through the two-tier 
test after participating with the proposed approach were significant differences among three groups; 

it indicated that students in the experimental group which studied with the flipped inquiry-based 

learning with mobile technology approach had better conceptual understanding about liquid 
pressure phenomena more than studied with hands-on open inquiry learning, and traditional method. 

Moreover, students’ conceptual understanding scores between pre-test and post-test among three 

groups was also significant differences. To explore students’ science motivation, a 25-item science 
motivation questionnaire included intrinsic motivation (IM), self-determination (SDT), self-efficacy 

(SEC), career motivation (CM), and grade motivation (GM) was used (Glynn et al., 2011). In this 

study, the results of Kruskal-Wallis H test showed the significant differences among three groups in 
internal dimension motivation (e.g. IM, SDT, and SEC), in a FLIM class had the most positive 

effect. Thus, the results indicated that students in flipped inquiry-based learning class have changed 

science motivation over the flipped inquiry learning with mobile technology experience. These 
results can imply that the flipped inquiry learning can be effective in fostering students’ internal 

motivation and conceptual understanding to learning science.  

  However, the limitations of this study include a limited capability of the inquiry activities, 
which was once prepared by teacher in advance of the course. Finally, it is also interesting to study 

the effects of this proposed approach on other topics since their natures are varied, while the 

generalization of this study would be limited.  
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Abstract: Technology and engineering have disrupted our daily lives and provided a better 

quality of lives through innovation. In the school system, students are not well promoted to 

integrate the knowledge from different subjects; consequently, they could not take this 

potential to address the real context of problems and situations. To enable this, it not only 
involves the strategy to integrate such subjects, but it also requires the innovative thinking 

and design. Based on this direction, therefore, this study endeavored to propose an approach 

that integrates the advantages of technology, STEM, and innovation through the means of 

constructing projects. In this study, the annual program of IT Maker Day on the smart school 

project theme has been implemented based on the proposed model. The participating 

students went through many hands-on experience workshops, design and developed their 

project in order to address their school or nearby community issues. The evaluation of this 

study has been made through their presentation on the final competition day where the 
committee investigates their works and gives suggestions on two dimensions of innovative 

thinking and design, and STEM. The results have shown that those who were awarded had 

better ideas and understanding on both dimensions. The implication of this study can be 

applied in other schools while the activities can be changed in their context; moreover, more 

investigation could be carried out for a better understanding of this learning phenomena. 

Keywords: STEM, IoT, multimedia, engineering, information technology, innovative 
thinking 

1. Introduction

In the past, there were very few computers and electronic devices that could connect to the Internet. 

Nowadays, the technology that can spread the internet is more extensive and more accessible. As a 

result, use of the Internet has played an essential role in many aspects of human life, whether to 
receive news or information. The idea of a technology called the Internet of Things (IoT) is a 

technological concept that needs to connect everything to the internet, whether it is cell phones, 

washing machines, lamps, and to the use of components. For example, a jet engine or drilling rig 
(Morgan, 2017). In addition to the Internet technology that humans can use, in order to innovate in 

order to work with the Internet, humans will have to be creative and would be able to apply the 

knowledge. To invent new things happen and to make the human life better, innovative design is 
necessary as a concept that helps to develop things to be true. Richard Florida, a founder of the 

Creative Class Group, defines Innovative Design “The design must be outstanding and elegant. 

However, simple and easy to use” (LaBarre, 2018). Therefore, the internet of Things technology and 
Innovative Design, it is indispensable to apply them together to create innovative, easy-to-use and 

better quality of life. 

In school learning systems, students learn each subject separately. They are good at solving 
the exercises or problems related to that particular subject; however, these are not the real-life 

situations. In addition to that, they are not encouraged to learn how to think innovatively in order to 

tackle the real facing problems. They even have limited ideas to think, design and develop 
innovations meaningfully; furthermore, they could not link those thinking process with the 
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knowledge learned from each subject. As a result, they cannot explain the thought process of that 
newly created works or projects. 

Advantages of training workshop with STEM are participants have to work methodically 

and can solve the problem systematically. The participants would apply the knowledge of Science, 
Technology, Engineering, and Mathematics to solve the problems by practicing trial-and-error.  

Moreover, another advantage of the training workshop is when participants have the problem, they 

can ask the lecturer immediately, which is better than self-learning participants. Advantages of a 
training workshop for the lecturer are the lecturer can know the potentiality of the participants in 

order to adapt the instructions based on the ongoing understanding of the participants. 

Based on this particular perspective, this paper aims to address such issues by proposing a 
novel solution to fostering students’ innovative thinking and design process. The STEM is adapted 

to facilitate this proposed solution. In this study, a workshop called IT Maker Day was designed and 

run with many school participants, in the meantime, several training activities were given to them in 
order to develop innovative thinking process to design smart school projects to solve their 

encountered problems/situations. Throughout their project development, they are encouraged to 

follow STEM approach in order to learn and address any issues found during the process. To 
investigate the effectiveness of this proposed approach, the final competition was used to not only 

present their projects but also to collect data for this study. The findings of this paper would 

enlighten many other school practitioners, teachers and administrations to address the mentioned 
issues by considering this study as an example. To reach this aim, the authors have formulated 

following research questions to direct this study precisely: (1) What are the over structure and 

activities of this workshop to help foster students’ innovative thinking and design? (2) What are the 
smart school projects developed by students by taking STEM approach? And (3) What are the 

results of their innovative thinking and design and STEM understanding based on their developed 

projects? 

 

 

2. Related Study 

 

2.1 STEM 

 
STEM is an integrated learning style based on four subjects: Science, Technology, Engineering, and 

Mathematics by focusing on bringing knowledge to solve real-life problems, including new process 
or product development, helping students to build links between four interrelated disciplines, 

real-life activities, and work. Learning is a process that is not focused solely on memorization, 

theories or scientific rules, but to understand those theories or rules through practice, along with the 
development of problem-solving skills and the discovery and analysis of new findings, which can be 

used or integrated with the daily life. 

STEM is the process of learning which consists of six steps: 1. Identify real-life 
problems/innovations that need to be developed before we do any experiment or develop something. 

2. Collect relevant information and ideas. When we make a problem or know the problem to do. The 

next is to try to close to our problem. Due to some problems we encountered, other people may have 
met before us, so study what he does. It is a combination of information that should be close to what 

we are going to do. 3. Design a solution (Science + Math & Technology). Next is designing a 

solution from what we have studied and compiled. We have to design our way to match the situation 
we encounter the most. 4. Plan and implement solutions (Engineering). The next is planning how to 

test and run the solutions in order to investigate the initial results. 5. Test, evaluate and improve 

every trial (Engineering). Often not successful at first, the results of each trial will be evaluated to 
improve the experiment to be able to solve the problem precisely as we want. 6. Provide a solution. 

Solution or the results of innovation when we tested the results and improved the test method to 
satisfactory results. The next step is to present all that has been done to be useful to others to study. 

From the six steps of STEM above, we can give an example. 1. The problem of feeding fish 

which require human labor to feed. If a man is busy or forgets to feed food, it may cause damage to 
the fish. 2. To do research and gather information about such solutions. Has anyone else in the world 

had this problem? He used any method to solve the problem. 3. Then to adapt to suit the environment 
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and the problem, we are experiencing is that sometimes the main problem we encounter may be the 
same problem. However, other factors, probably not the same, as the solution to A's problem may be 

used to feed indoor fish. However, our environment is required in the notification. Therefore, it must 

be adjusted to meet our problems, etc. 4. Plan and carry out how to build fish feeders. 5. Next is the 
trial. To know that what we designed can fix the problem. If the experiment is not successful, I have 

to come back to solve the problem. The solution is to continue. 6. When we test the results and 

improve the fish feeders, the results are satisfactory consequently. The next step is to present all that 
has been done. 

In a literature review, some research used robotic with STEM and did a workshop 

(Charoenchai W. et al, 2018; Sasithorn C. et al, 2017; Jacqueline L. et al, 2016; Santi H. et al, 2017; 
Pauline M. et al, 2016), while some research used JuxtaLearn, a popular education model in England 

(H. Ulrich HOPPE et al, 2016; Nils MALZAHN, 2016).  From the above literature review, therefore, 

this study runs a training workshop with several activities by following STEM process. After the 
workshop, there will be a competition for each group to apply what they have learned in the 

workshop as a response to problems in the school. 

 

2.2 Innovative Design and Thinking 
 

Creative thinking is the basis for our progress and evolution in the world. The basic of creativity is 

placed on the generation of high‐quality, original, and elegant solutions to complex, novel, 

ill‐defined problems. To analyze the cognition that makes creative problem‐solving possible, 
creative thinking involves a systematic thinking process that requires a design process or design 

thinking to drive the thinking process smoothly and minimally (Mumford, Medeiros & Partlow, 

2012). The design is a human attempt to develop the way, the situation or the environment in the 
present to be desired or expected in the future.  Design thinking is a thought process that requires 

analyzing the problems encountered, while design process principles are user-centric, which take the 

creativity from the perspective of many people, who may be in the team. Before the solution can be 
used, it must be tested and developed to get the best solution or the best innovation that responds to 

the user or situation. 

For inventors, there is a need for a design thinking process designed to reduce the 
uncertainty and risk of innovation, which can be modeled on three main parts: Inspiration, Ideation, 

and Implementation. In the process of inspiration, it is a step to understanding the problem and the 

principle of innovation that needs to be created. After that, it will explore information from sources 
or innovations that are close to the solution. After that, it will be stepped onto the stage of 

development. Ideation, which is the introduction of information that has been developed and applied 

to solve social problems or create their innovations. Starting from the idea of "idea" started in the 
first stage and then create a "prototype" when the prototype is completed. Then test the prototype 

with a problem and use it in real situations to check an error or what should improve. After that, it 

will be a process of Implementation. This is a step in the process of applying it to the society and 
developing it into a future business model (Hobcraft, 2017). 

The Rotman School of Management studied the use of design thinking to dealing with 
administrative problems and the potential impact of educational management under the concept of 

Design Thinking, which will allow students to think in a broader perspective, develop a deep 

understanding of the relationship between the problem and the user. Moreover, recognize the value 
of engaging with others more (Dunne & Martin, 2006). In term of business, the concept of design 

thinking is applied to business problems. The result of Design thinking in business is well received 

and praised as a solution to the problem. New to the challenges that business organizations often face 
in promoting innovation and business growth (Liedtka, 2015). 

The important thing to design innovation to solve problems in society, small as a school or a 

more abundant society like in the community is the thinking process. It is necessary to have a design 
thinking or design process to be used as a step in designing the innovation to respond to problems 

that occur in the most direct and beneficial. 
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3. Description of IT Maker Day 

 

3.1 Overall Structure of IT Maker Day 
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Figure 1. Overall Structure of IT Maker Day. 

 
IT Maker Day is an annual program with a series of training workshops and competition related to 

Information Technology and Engineering. This program aims to equip the participating students 

with innovative design and thinking through several workshops with hands-on experiences; 
consequently, they designed and developed their innovation prototypes based on the trial-and-error 

process, for the competition on final day of the program. This year, the concept of STEM has been 
adopted for students learning process under the broad theme of Smart School Project. This theme 

encourages students to think, design and develop innovative projects to address any 

issues/problems/situations found in their school contexts or nearby communities. 
 As shown in Figure 1, IT Maker Day integrates STEM in students’ learning process from 

problem identification, gathering information and knowledge in relevant with IT and 

Engineering-focused training workshops (workshop activities are described later), design in which 
the students need to relate their first two steps in order to think innovatively. After that, they reach 

the essential part of STEM which require their efforts and time to test, run, improve their projects 

until they have reached the successful innovation prototype. Consequently, they meet the final step 
of presentation in the means of competition to not only present their works, but also were evaluated 

for innovation and STEM dimensions. 

 

3.2 Training Workshops 
 
In this annual program, a series of workshops are given to all participating students and teachers to 

prepare them with the basic knowledge and skills following topics. (1) Introduction to STEM and 

innovative thinking and design, (2) training workshop of Internet of Things (IoT), (3) training 
workshop of Augmented Reality (AR), (4) consultation session. After participating these workshops, 

each participating team have several weeks to design and develop their smart school projects by 

taking what they have learned from the workshops to apply with their solutions. See Table 1 for 

training workshop activities. 
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Table 1 

Training Workshop Activities on IT Maker Day. 

Picture Activity Description 

 

This introductory session provides a basic understanding of the 
significance of STEM in learning and creating innovation to 

solve any problems, six steps of STEM process which can be 

practically applied when developing your work. A real example 
of automatic fish-feeding machine was presented as it was 

developed by following such six steps. This would draw a clear 

point of views for students. Followed that, another session of 
introducing innovative design and thinking was given. This 

would inspire the students how innovation evolved from their 

surrounding issues, how to think innovatively and how to design 
for innovation. 

 

 
 

This workshop provided a hands-on experience of basic 

understanding of IoT, how to use these devices and materials, 

how to assemble and program them to function as needed. All of 
the workshop problems and practices are related to the project. 

During the workshop, students were asked to do a brainstorming, 
which could come up with the initial problem in mind. The 

challenge is to solve the problem. When did the actual practice, 

the results will be obtained precisely as the lecturer told, or have 
problems with programming, or that the circuit? If the students 

write the wrong program, the result will be a mistake. Because the 

device does not have a single hole or just one connection, so if the 
wrong programming found, the students need to adjust the 

problem to meet the needs. As shown in the picture, the trainer 

helped solve the problem when the students encountered 
problems beyond their ability. 

 

 

In the IT Maker Day event, an Augmented Reality training 

program was introduced to incorporate the work of the 

participating student. The first step is to explain what Augmented 
Reality Technology is, the Augmented Reality workflow. After 

introducing the steps of augmented reality process, the next step 

will be the test by lecturer give the student a chance to practice 
creating their Augmented Reality. The topic of the test is to create 

augmented reality to introduce your own team, which is displayed 
in the form of the 3D object, Image, and Video.  In the 

Augmented reality training, the problems most students 

encounter are: The image used by the students as an image trigger 
is not as bright as it should be, making it difficult for the 

application to detect the image and display it. The solution to 

solve this problem for students is finding the excellent quality of 
the image. Image Trigger must be clear and have the proper size. 

 

The lecturer advises on the problems that the students 

encountered after the test such as the wrong circuit, wrong 

programming. This consultation included the idea that the 
students want to do, but have the device or sensor error. For 

example, use a light sensor with alternating temperature sensor 

caused by the similarity of two sensors, etc. Apart from that, the 
students need to experiment and adjust the problem itself. 

 
 Now, all of the students, particularly in team, were ready to go back to their school and 
develop the innovative project by considering STEM approach as a means in develop the project 
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systematically. Meanwhile, each team are fostered to develop their innovative design in relevant 
with their contexts, which were challenging. After a few weeks, they are required to present their 

finished projects and will be evaluated on mainly two aspects which are innovative thinking and 

design (INV), and STEM learning process (STEM). 
 

 

4. Method and Results 
 

4.1 Experimental Design and Instrumentation 
 

This study adopted a simple experimental research design. All of the participants took the same 

activity of IT Maker Day throughout this study.  The participants of this study are the students and 
their teacher who work in team. Only top three achieving teams who were awarded are treated as a 

high innovative thinking and design group (H-INV), while those three teams who were not awarded 

are treated as a low innovative thinking and design group (L-INV). 
 The data collected for this experiment is from the scores, comments and suggestions from a 

group of ten invited committees who are specialize in IT, engineering, STEM and innovation. The 
data was collected during the presentation of students’ project as a final competition on IT Maker 

Day. The committees use the evaluation form to score each team, which consisted of five items on 

two dimensions: INV from the complete of project, the novelty and originality of project, the 
possibility of actual implementation, while STEM from the discussion and relevancy to the project. 

Each dimension contributes ten scores in this study. 

 

4.2 Experimental Results 

 

4.2.1 Description of Projects with Higher Innovative Thinking and Design (H-INV) 

 

 

 

 

 

 

 
(a) Wastewater Management 

Boat 

(b) Globe-based Mobile 

Learning for Geography 

(c) Smart Restroom 

 
Figure 3. Results of Smart School Projects (Higher Innovative Thinking and Design). 

 
As presented in Figure 3 (a), it is a wastewater management boat. The concept for the construction of 

the boat for wastewater is derived from the fact that the school has a pool with water problems rotten 

and smelly. Team members took this problem to solve the problem by building a boat that can treat 
water. Students design a boat to suck up wastewater on the boat and filter the wastewater on the boat 

and release the water back to the water. This boat uses solar energy to power the system. To control 

the boat, there are two systems to control it. The first one is automatically movement. The ship has a 
sensor system connected to the moving system to avoid obstacles by the ship itself. The second one 

is a manual system to use in case of need is to focus only on the area of the water source. This team 

359



has taken the problems that occur within the school and has systematic thinking in the team. 
Regarding the STEM concept and presentation, this team could present the problem, and the 

solution of the problem follows the concept of STEM very well. (INV = 9.16, STEM = 9.25) 

As shown in Figure 3 (b), it is a globe-based mobile learning for geography. Students in the 
class cannot remember the geographic location. This team has brought the problems in this 

classroom to use in the invention of innovation. This project can display the selected country 

information on the mobile application to educate students in geography class. This team has taken 
the problems from their classroom to create an innovation, but this team is a lack of design thinking. 

Concerning the concept and use of STEM ideas, this team can apply the knowledge to use in this 

project very impressive. (INV = 8.50, STEM = 9.75) 
Figure 3 (c) is a smart restroom prototype. This project was awarded for popular vote. The 

concept behind this project is to prevent the falling in restroom due to the floor wet. This innovation 

can detect the wet from general humidity from the sensor and request the ventilation fan to operate 
accordingly to help dry the floor; meanwhile, the system sends an alert to the cleaning staff to clean 

the room as needed. This team has used the sensor improperly to detect the humidity in the restroom. 

(INV = 8.40, STEM = 6.30) 
In summary, these three teams were awarded since they have outperformed than other teams 

by the evaluation of committees regarding two dimensions: INV and STEM. This can be implied 

that they have improved while constructing the projects both innovative thinking and design by 
strongly following STEM approach. Based on the suggestions, these teams had a systematic learning 

process in which they can well integrate all of the key components in Figure 1. 

 

4.3 Description of Projects with Lower Innovative Thinking and Design (L-INV) 

 

   
(a) Automatically Adjusted 

Table for Better Ergonomic 

(b) Automatic Cooling System (c) Smart Bin with Display 

 

Figure 4. Results of Smart School Projects (Lower Innovative Thinking and Design). 

 
As shown in Figure 4 (a), it is an automatically adjusted table for better ergonomic. When people 

walk closely to the sensor detection area, the table will adjust itself to match the position and height 

of the users. This project has not yet completed since the table could not accurately adjust the table; 
however, the members of this group could not find the solution to address this point. The committees 

reclined positive to this group due to their creativity. Furthermore, if they have more time and 

integrate STEM approach better, they will definitely improve their work for the actual use. (INV = 
7.17, STEM = 6.75) 

In Figure 4 (b), it is an automatic cooling system. The principle of this work is when there 

are objects or anything near the motion sensor, the fan will automatically run to cool down the 
surrounding. Even though the functionality of this project is good, the project could not demonstrate 

the novelty. Besides, they have limited ideas of how to improve this work and could not explain how 

this project is associated with the STEM approach. (INV = 7.00, STEM = 9.25) 
In Figure 4 (c), it is a smart bin with display. When there is a person approach to drop any 

trash or object into the bin, the bin will check before is the bin has some room, then the lid will turn 

out for use. The user can put waste into the tank. The committees strongly suggested this group to 
rethink about the user experience since it may give discomfort to the users; while the display when 

the bin is full should be reconsidered. Critically, the position of sensors is greatly not impropriated 

since they would be damaged easily by heavy garbage. Regarding STEM, the work requires the 
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better calculation of the ultrasonic range, and improvement for the stable functionality. (INV = 7.11, 
STEM = 4.00) 

 These three groups had tried their best in developing the projects for their schools; however, 

the notable limitations still exist. These issues could involve the thinking and design process that 
students may not consider carefully. By following STEM process, the students could understand and 

improve their in-progress works continuously, which could lead to the better results of the project. 

 

 
 

Figure 5. The Average Score of H-INV and L-INV Projects on INV and STEM 

 

 

5. Conclusion 

 

This study presents a novel solution to fostering high school students’ innovative thinking and 
design by integrating with the STEM approach. The overall structure of this proposed approach has 

been illustrated in Figure 1. To reach this aim, the annual program known as IT Maker Day has been 

used in this study. A series of workshop activities were given to the students in focusing IT and 
Engineering on creating smart school projects. While constructing their projects, each team was 

encouraged to improve their innovative thinking and design to meet the school context and linking 

with six steps of STEM. The results of their project were presented, while the evaluation has been 
made on innovation and STEM aspects. All of the projects have enrolled in the final competition. 

Based on the evaluation, we have found that the awarded projects have higher scores on both aspects 

than those who were not. This indicates and reflects the significance of the making process which 
relates to the innovative thinking and the integration of STEM knowledge. 

However, this study is limited with the result presentation due to the data collection. There 

was no collection of the data while they are working (work-in-progress), this data is crucial to 
explain the phenomena of this study. Therefore, the findings of this study would not be generalized 

due to the lack of ongoing activity and the limited number of participants. Nevertheless, the 

proposed approach can be applied in various school workshops, while further investigations can be 
carried out. The findings would be interesting to explain how to improve this workshop model in the 

future. 
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Abstract: Laboratory work is an integral part of science and engineering education. The 

nature and practices of laboratories have been changed by two new technology-intensive 

automations: simulated labs and remote labs as alternatives for conventional hands-on labs. 
Instructors play a critical role in leading effective laboratory experiences. The effectiveness 

of the laboratory work depends on the quality of the learning designs. The engineering 

instructors are not trained in designing effective virtual laboratory experiments. In order to 

facilitate the engineering instructors process of scientific experiment designs we have 

designed and developed guidelines and made them available online in the form of the 

SDVIcE tool. These guidelines cover all the major aspects of the scientific experiment 

design process such as decision regarding the broad goal of the experiment, formulation of 

learning objectives, selection of instructional strategy aligned to the goal of the experiment, 
designing tasks and assessment aligned to the instructional strategy and the learning 

objectives. We adopted the S-D-I-V-E (Scoping-Development-Internal 

Review-Validation-External Use) methodology synthesized from the existing methods 

followed by international bodies for developing each of the guidelines. In this paper we 

discuss the evaluation of the effectiveness of these guidelines by assessing the quality of the 

experiment designs by means of a rubric. As part of the evaluation we carried out 

field-testing with ten engineering instructors who designed four experiments each initially 

without using the guidelines and later using the guidelines. The scores of the experiment 
designs as per the rubric before and after the use of guidelines are analysed to arrive at the 

results regarding the effectiveness of the guidelines. The difference in the scores indicates 

that there is overall 80% improvement in the quality of the experiment designs after the 

engineering instructors used the guidelines. The instructors formulated learning objectives 

at higher cognitive levels such as analysis, evaluation and creation and also incorporated 

active learning strategies during the various phases of the experiment process after using the 

guidelines that was missing before the use of guidelines. 

Keywords: Virtual laboratories, Experiment design guidelines, Effectiveness 

1. Introduction

The effectiveness of the laboratory work depends on the quality of the learning designs. The 

engineering instructors are not trained in designing effective virtual laboratory experiments. There 

are frameworks, guidelines and tools that the instructors can use for learning designs. The 
limitations of these are that they are not comprehensive and are not specific for the virtual laboratory 

experiment designs. Due to this the instructors do not find the existing guidelines useful in designing 

effective virtual laboratory experiments. In order to address the gap we designed and developed nine 
sets of guidelines through the S-D-I-V-E (Scoping-Development-Internal 

Review-Validation-External Use) methodology derived from literature. In order to make these 

guidelines accessible they are made available in the form of the online SDVIcE (Scientific Design of 
Virtual lab Experiments) tool available at the URL - http://vlabs.iitb.ac.in/vlab_tool_alpha/. This 

tool takes the instructors step-by-step through the experiment design process providing help and 

examples at each step. In order to evaluate the effectiveness of the guidelines we carried out 
field-testing with ten engineering instructors. Each instructor designed four experiments initially 

without using the guidelines and later using the guidelines. The quality of the experiment designs 
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before and after was assessed by means of a rubric developed for the same. The research question of 
our study is: What is the effectiveness of the experiment design guidelines in improving the quality 

of the design of experiments and lab manual for using existing virtual labs? The results of the 

comparison of the rubric scores before and after using the guidelines indicate an average 90% 
improvement in the quality of the experiment designs. Hence we can claim that the guidelines are 

effective in improving the quality of the experiment designs. 

 

2. Related Work 

 

2.1 Theoretical Basis of our work 

 
The Engineering laboratory instruction has reached a crisis level due to inadequate instructional 

resources. There is a lack of challenge and initiative provided to the students in performing 
experiments. (Susan R. Singer et al., 2006, Bryce, T. G.K.Robertson, I. J., 2008,N. Cagiltay et al., 

2011) Instructors play a critical role in leading effective laboratory experiences. Improving 

instructors’ capacity to lead laboratory experiences effectively is critical to advancing the 
educational goals of these experiences. This can be achieved by developing more comprehensive 

systems of support for Instructors. (Mishra & Koehler, 2006; Angeli & Valanides, 2009; Tsai & 

Chai, 2014) the Instructors can achieve their laboratory goals if they design Student centered 
effective experiments, based on scientifically proven instructional strategies exploiting the features 

of virtual labs. (Kathleen Scalise et al., 2011) through a literature review of 79 studies provide a 

research-based evidence about best practices in instructional design for virtual laboratories and 
science-simulation software. From the literature synthesis five categories emerged as a Design 

Principles Framework for Simulations and Virtual Laboratories, based on the grades 6–12 research 
literature, which may be used to design and develop science-simulation and virtual-lab products, as 

well as make decisions about whether and which Simulations and Virtual Laboratories. (Nuri Balta, 

2015) have proposed the science laboratory instructional design (SLID) model as shown in the 
figure. They expect that SLID will enhance the process of teaching and learning science in 

laboratory setting. (Thomas W. Shiland, 1999) suggest specific ways laboratory activities might be 

modified (instead of completely changed) to increase understanding in science with constructivism 
as the basis for the change. (NACOL Committee on Online Science Kemi Jona & John Adsit with 

Allison Powell, 2008) have proposed quality guidelines for developing and evaluating student 

scientific investigations and surrounding course content. The four curriculum standards identified as 
principles of effective laboratory experiences by the National Research Council in America’s Lab 

Report (NRC, 2006) are 1. Clearly Communicated Purposes 2. Sequenced into the Flow of 

Instruction 3. Integrated Learning of Science Concepts and Processes and 4. Ongoing Discussion 
and Reflection. 

 

2.2 Our Solution 

 
The literature review on the existing frameworks, models and guidelines indicates the following: All 

the existing frameworks and models are for learning designs for either classroom learning material 

or traditional science laboratories. The SLID framework specifies the components of the laboratory 
experiment instructional design but not for the virtual learning environment and for the engineering 

context. The guidelines are not specific so teachers may not find these very useful in implementation 

of their day-to-day teaching.  The guidelines should be such that the instructors can come up with the 
learning material to be given to the students with minimum time and resource demands. Also when 

implemented the learning material administered should lead to effective laboratory work. 

We designed and developed the virtual laboratory experiment design guidelines for the engineering 
instructors and made them available online in the form of the SDVIcE tool to address the problems 

with the existing solutions. 
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3. Methodology 

 

3.1 Design and development of guidelines (S-D-I-V-E)  

 
 

  
 

Figure 1. S-D-I-V-E Methodology for design and development of EDG. 
 

The above figure 1 illustrates the S-D-I-V-E methodology adopted for the design and development 

of the experiment design guidelines.  
 

Step I – Scoping: The following sub steps were carried out as part of this step 

1. Writing the scope of the guidelines: This was carried out as per the LoTaAs framework 
derived from literature review and the four studies with engineering instructors. The decisions 

regarding the various aspects of guidelines such as which guidelines to be formulated, what 

criteria to be used for assessing the guidelines and how these guidelines would be reviewed; 
were taken at this stage. 

2. Selection of panel of stakeholders: It was decided that the panel for internal review would 

consist of two members – one the researcher (ET expert) and the other a subject matter expert 
(SME). The panel consisting of three members for external review would consist of the 

engineering instructors who will be using the guidelines, subject experts and industry experts.  

3. Stakeholders’ comments on draft scope: The internal panel would review the scope and 
arrive at consensus for validity and practicality of the scope of the guidelines. 

4. Finalizing the scope: Once the consensus is arrived at; the scope of the guidelines was 

finalized. The guidelines would be developed as nine sets for virtual laboratories for the course 
Basic and Advanced Electronics. These nine sets would be as follows: Guidelines for  

 Set I:  Selection of experiment broad goal 

 Set II: Formulation of learning objectives at various cognitive levels and skills 

 Set III: Expository experiment designs at various difficulty levels 

 Set IV: Expository experiment designs incorporating active learning methods 

 Set V: Designing tasks aligned to the learning objectives for Discovery Instructional 

Strategy 
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 Set VI: Designing tasks aligned to the learning objectives for Well Structured Problem 

Solving Instructional Strategy 

 Set VII: Designing tasks aligned to the learning objectives for Problem Based Instructional 
Strategy 

 Set VIII: Design of authentic assessment mechanisms 

 Set IX: Selection of virtual laboratory depending on the features 

Step II – Guidelines development: The following sub steps were carried out as part of this step 
1. Literature review for evidence of guidelines: In order to formulate the various sets of 

guidelines a thorough literature review was carried out. The methodology used for sampling the 

literature is given in figure--. Initially the existing guidelines were listed down and reviewed 
based on the criteria decided for the guidelines in the previous step. It was observed that the 

existing guidelines had certain limitations such as they were very broad and not specific also not 

in the context of virtual laboratories and hence were not suitable in the context of our research. 
There was a need of refinement of these existing guidelines for the context of virtual laboratories 

and the course Basic and Advanced Electronics and hence they were refined. 

2. Formulate the draft guidelines: Once the existing guidelines were obtained and need for 
refinement was established the refined draft of the guidelines for all the six sets were designed 

and developed.  

 
Step III – Internal review  

1. Design feedback questionnaire: The draft guidelines were initially reviewed internally and 

hence the feedback questionnaire was designed. The questions were written based on the 
selected criteria for the guidelines. The subject expert validated the questions after being framed 

by the researcher (ET expert). 

2. Get feedback from internal reviewers: The panel reviewed the draft guidelines internally and 
arrived at the consensus regarding all the guidelines. The review was carried out based on the 

designed questionnaire. 

 
Step IV – Validation: The following sub steps were carried out as part of this step 

1. Submit guidelines for external review: The draft guidelines were given for review to the 

external stakeholders. Each set of guidelines would be given to a panel of three members. They 
too were given the questionnaire to assess the validity and suitability of the guidelines for the 

context of our research. 

2. Adjust or modify guidelines: After the external review depending on the feedback the 
guidelines were modified. The modified guidelines were again reviewed internally and the 

modification carried out till a consensus was arrived amongst the researcher and internal 

reviewer.  
Iterative Process of Guideline refinement 

 

Step V - Make the guidelines available for external use 
1. Document the guidelines: Once the guidelines were finalized after the double review 

process they were systematically written as a document which can be sent to the engineering 

instructors for the initial pilot testing and later use in the experiment designs.  
2. Make them available online in the SDVIcE tool: The last step was to convert these 

paper-based guidelines into the online version in the form of the SDVIcE tool for increasing the 

accessibility. 
 

3.2 Research Method 

 
The evaluation of the effectiveness of the Experiment design guidelines was carried out after it was 

established that the engineering faculties find it usable and useful for designing laboratory 
experiments aligned to their learning objectives. The Experiment design guidelines can be 

considered effective if the quality of the experiments designed after using the guidelines is better 

than the quality of experiments without using the guidelines. In order to find out this effectiveness 
we carried out a field test study with 10 engineering instructors.  
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 The leading research question for this study was: 

 

 

3.3 Implementation 
 

The following steps specify the implementation of the research study 

 
1. Identify dimensions of quality of experiment designs. 

2. Developing a rubric for assessment of the design of experiments. 
3. Field-testing with ten engineering instructors. 

4. Scoring the designed experiments as per the rubric 

5. Analyzing the rubric scores 
6. Arriving at the results of the field testing 

 

1. Identify dimensions of quality of experiment designs. 
 

The experiment design guidelines were designed and developed after an iterative process and hence 

if they are followed and implemented by the engineering instructors it should lead to high quality 
experiment designs. So we take the basis of the guidelines in order to come up with the dimensions 

of quality of the designs. The quality of experiment designs depends on a variety of parameters or 

dimensions that are as follows: 
a. The experiment design follows a scientific design process 

b. The experiment design incorporates the various phases in the scientific design process 

c. The experiment design incorporates various instructional strategies 
d. The experiment design for the various instructional strategies are as per the templates 

e. If the Expository instructional strategy is used then the tasks are designed with constructivist 

approach 
f. The experiments are designed at different difficulty levels 

g. The broad goal/s of the experiment is clearly specified 

h. The broad goal/s is aligned to the content type of the topic 
i. The learning objectives are valid and clearly defined 

j. The experiment design has learning objectives at various cognitive levels as per Revised 

Bloom’s taxonomy 
k. The virtual laboratory tasks are aligned to the learning objectives of the experiment. 

l. The virtual laboratory tasks provide opportunities to the students to work in the two domains 

of objects and concepts 
m. The virtual laboratory tasks are different for the different instructional strategies 

n. The assessment questions are aligned to the learning objectives  

o. The assessment questions in the design of learning are correct 
p. The assessment questions in the design for learning truly help the students in their learning 

q. The assessment measures the students’ knowledge as per the content type 

r. The assessment measures the target skills developed by the students 
s. The virtual laboratory selected has affordances that allow students to perform the tasks 

designed in the experiment  

 
2. Developing a rubric for assessment of the design of experiments. 

 

After identifying the dimensions for quality of the experiment designs we developed a rubric so that 
the experiment designs could be assessed for their quality. We present rubric below  

 

3. Field-testing with ten engineering instructors. 

RQ6c: What is the effectiveness of the experiment design guidelines in 

improving the quality of the design of experiments and lab manual for 

using existing virtual labs? 
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The next step in the study was the field-testing in which ten engineering instructors volunteered to 

participate in the process. Each instructor was requested to design minimum four experiments for 

their course and topic before referring to the guidelines. Then they used the guidelines available 
online in the ADVIcE tool and designed the same experiments again. Thus total 40 experiment 

designs before and after the usage of the guidelines formed the data of the study. These artifacts were 

then analysed for their quality. The experiments were designed for the courses Mobile 
communication, Power Electronics, Advanced Electronics, Digital Electronics, Introduction to php, 

Printing –Pre-press and Optical communication. These courses belong to the domains of Electrical 

engineering, Information technology, Computer engineering and Electronics and 
Telecommunication. The quality of the designed experiments was evaluated based on the developed 

rubric. 

4. Scoring the designed experiments as per the rubric 
 

In order to score the experiments the designs were given to two subject experts. The scores were 

found to be reliable and the reliability was measured by Cronbach’s alpha. The value was found to 
be 0.78.   

 

3.4 Analysis of the scores 
 

After scoring the various experiments and checking for the reliability of the scores we carried out the 

analysis of the scores of the designs before and after the usage of guidelines per instructor. The 
following table 1 give the results of the analysis. 

Table 1 

Analysis of the scores as per the rubric 

 

Total 

Experiment 
Designs 

High Medium Low 

Before 6 8 26 

After 24 3 3 

 

As can be observed from the table the engineering instructors designed 40 experiments in total 

before and after using the guidelines. The number of experiments with high quality increased from 6 
to 24 after using the guidelines, the number of experiments with medium quality decreased from 8 to 

3 and the number of experiments with low quality reduced from 26 to only 3. So after using the 

guidelines there was a improvement in the quality of majority of the experiment designs. 
 

The table 2 illustrates the instructor-wise analysis of the rubric score data. 

 

 

Table 2 

Instructor wise scores as per rubric 

 

 Quality of experiment design as per rubric 

Faculty Before using EDG After using EDG 

 High Medium Low Total High Medium Low Total 

1 1 1 2 4 2 2 0 4 

2 0 1 3 4 2 1 1 4 

3 1 1 2 4 2 1 1 4 

4 0 1 3 4 3 1 0 4 
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5 1 0 3 4 3 1 0 4 

6 1 0 3 4 2 2 0 4 

7 1 1 2 4 3 1 0 4 

8 0 1 3 4 2 2 0 4 

9 1 1 2 4 3 1 0 4 

10 0 1 3 4 2 0 2 4 

10 6 8 26 40 24 12 4 40 

 

 

 

Table 3 

Transition in the experiment design quality for each instructor 

 Quality of experiment design as per rubric 

Instructor Before After Before After Before After 

 High Medium Low 

Instructor 1 1 2 1 2 2 0 

 High Medium Low 

Instructor 2 0 2 1 1 3 1 

 High Medium Low 

Instructor 3 1 2 1 1 2 1 

 High Medium Low 

Instructor 4 0 3 1 1 3 0 

 High Medium Low 

Instructor 5 1 3 0 1 3 0 

 High Medium Low 

Instructor 6 1 2 0 2 3 0 

 High Medium Low 

Instructor 7 1 3 1 1 2 0 

 High Medium Low 

Instructor 8 0 2 1 2 3 0 

 High Medium Low 

Instructor 9 1 3 1 1 2 0 

 High Medium Low 

Instructor 10 0 2 1 0 3 2 
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4. Conclusion and Discussion 

 
The following can be inferred from the results graph 
 

 
 

Figure 2. Improvement in the experiment design quality. 
 

i. The quality of 4 experiment designs (10%) remained at low level  
ii. The quality of 12 experiment designs (30%) improved from low level to medium level 

iii. The quality of 12 experiment designs (30%) improved from low level to high level 

iv. The quality of 8 experiment designs (20%) improved from medium level to high level 
v. There was no change in the quality of 4 (10%) experiment designs. They remained at high 

level. 

vi. There was no negative effect of using the guidelines that is none of the experiment design 
quality was lowered from either high to medium or medium to low or high to medium. 

 

The analysis of the scores of the experiment designs before and after using the guidelines indicate 
that there is an overall improvement in the quality of the designs. 60% of the designs had a high 

quality and 30% medium quality. Only 10% designs had low quality. 

We can conclude from the results that the experiment design guidelines are effective in improving 
the quality of the experiment designs. 
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Abstract: Nowadays, digital games are famous around the world, among the several of 

digital game genres used for educational purposes sits the one genre of digital game is 

Digital Card Games (DCGs) that is the modern expression of Card Games (CGs). Digital 

gaming and digital technology are everywhere, which digital games compiled of amazing 

and sophisticated images and sounds, alongside textual communication, it’s called a king of 

constructivist-based active learning environment. This study presents a way to design DCG 
to enhance the improvement of students’ conceptual development in physics regarding their 

misconceptions. To develop the environment, 104 tenth-grade students, age between 15-16 

years, have been investigated their initial conceptions on Newton’s 1st, 2nd, and 3rd law of 

motion using selected Force and Motion Conception Evaluation (FMCE) items. The result 

shows that most students held incomplete conception and misconception about Newton’s 

laws of motion in various patterns of existing understanding. To facilitate their learning in 

physics of the laws, a mobile digital game integrated with DCG, named "The Mystery 

Force", is creating by the present researchers in order to enhance the students’ conceptual 

improvement by inducing their conceptual change process. In addition, the researchers 

would employ a series of designed learning events as a basis to create a prototype of the 

game to support their conceptual improvement. To motivate the conceptual learning, series 

of DCG have been created and the cards provide a special option to increase character ability 

in digital card games, processing by scanning QR-cord through card games and then receive 

the input into the main game. Furthermore, the cards also provide significant scientific 

information and learning challenges for students. 

Keywords: Digital game, game-based learning, inquiry-based learning, physics concept, 

secondary education 

1. Introduction

Newton’s laws of motion are played attention such a fundamental role in explaining physical 
phenomena in daily life that these laws. And have been taught at many levels of education, such as in 
primary schools, secondary schools, college and in university level (Sornkhatha & Srisawasdi, 
2013). However, students also remain have misconceptions about newton’s laws of motion. 
According to the research reported that most students have misconceptions about newton’s laws of 
motion from any previous time (Obaidat & Malkawi, 2009; Saglam-Arslan & Devecioglu, 2010). 
Conceptual understanding and conceptual change in physics education are purposed to supporting 

several pedagogies, instructional models and teaching techniques for enhancing the learning of 
physics concepts (Kanyapasit & Srisawasdi, 2014). 

In recent years, there are several pedagogies was developed to promote physics conception 
such as an interactive computer-simulated laboratory to supported newton’s laws of motion 
(Sornkhatha & Srisawasdi, 2013) and problem-based gaming to supported electric current 

372



(Dontrisanor, Srisawasdi, & Kanjak, 2015). Which those pedagogies can develop student’s 
conceptions. Furthermore, also have any pedagogies to supporting learning physics conceptions. 
 Digital games such as on computer games, game players or mobile games become the main 
demand of students because it provides enjoyable, relax and challenges the students to control game 

on their own. Actually, games incorporate particular attributes related to the way students learn, they 
necessarily exploration and reflect on their prior knowledge, solve problems, and transfer 
knowledge during the game process (Oblinger, 2004). The one genre of digital game is digital card 
games (DCGs) that is the modern expression of Card Games (CGs) (Gousiou & Kordaki, 2015). 
Digital card games which have been designed for educational purposes and to underline the several 
aspects of educational digital card games in direction to approach them as effective learning 
environments from several aspects (Kordaki & Gousiou, 2017). Therefore, using digital card game 
can engage students paid attention to learning and support conceptual understanding and conceptual 

change in physics learning of newton’s laws of motion. This study presents a preliminary result on 
investigating secondary school students’ existing conception about newton’s laws of motion, and 
then a design of DCG for promoting their conceptual improvement on the physics concepts 

 

 

2. Literature Review 

 

2.1 Digital Game-based Learning 

 
Presently, digital gaming and digital technology are everywhere. Digital games include of amazing 
and sophisticated images and sounds, alongside textual communication. Players get engaged, which 
is both enjoyable and challenging (Dontrisanor, Srisawasdi, & Kanjak, 2015). Digital game common 
role to provide relaxed, fun and exciting because the game can challenge the players to mission 

completes in those games. As a result, educators are interested in how to use the game to simplify 
and enhance teaching or learning in subject matters (Kanyapasit & Srisawasdi, 2014). The 
educational digital games maintain players immersed in digital worlds, knowledge, information, and 
ability improvement become increasingly accessible outside the limits of formal education (Castell, 
Jenson, & Taylor, 2007). 
 The game is a system in which players engage in an artificial conflict, described by rules, 
that results in a quantifiable outcome (Salen & Zimmerman, 2004). The educators have developed 

games for three objectives consisting: (i) student can learn from playing the game; (ii) the 
component of game can support learning; and (iii) students have been motivated to learn when they 
are learning by playing the game (McNamara, Jackson, & Graesser, 2010). Of course, the game that 
must include of challenge, curiosity, fantasy and control can motivate persistence and enjoyment 
(Toro-Troconis & Partridge, 2010). Additionally, an effective educational computer game should 
have five characteristics: (i) built on learning principle; (ii) provide personalized learning 
opportunities; (iii) provide more engagement for the learner; (iv) teach 21th century skills; and (v) 
provide an environment for authentic and relevant assessment (McClarty et al., 2012). 

 Game-based learning is a king of constructivist-based active learning environment. 
According to the learning research found that using game in classroom made a change of teaching 
from teacher-centered learning environment to student-centered learning environment (Watson, 
Mong, & Harris, 2011). In additions, there were numerous researches presented that digital games 
can promote students’ learning and their positive attitudes (Sung & Hwang, 2013), creativity 
(Annetta, Cheng, & Holmes, 2010), and support development of critical thinking (Squire, 2006). 

 

2.2 Digital Card Games 

 
Nowadays, digital games are famous around the world, among the several of digital game genres 

used for educational purposes sits the one genre of digital game is Digital Card Games (DCGs) that 
is the modern expression of Card Games (CGs) (Gousiou & Kordaki, 2015). Card games started a 
wide variety of games that have been around for centuries; actually, back into the 10th century the 
historians have drawn playing cards and the most game taxonomies consist the vast class of card 
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games (Crawford, 1982). Specifically, historians have reported that card games also having been 
used for educational purposes since the period of Piaget (Kamii & DeVries, 1980). 
 Card games have been also used to apply basic aspects of developmental psychology and 
support students understand and especially the stages of Piaget's theory of cognitive development 

(Weisskirch, 2003). Therefore, Card games have been used for educational purposes as well as for 
enjoyment. Gosper and McNeil (2012) said that actually simple rules and basic equipment made 
educational card games suitable for beginner players, so as to motivate and engage them in the 
game-based learning process, which through the integration of the instructional content into the 
game framework of a well-designed card games (Kordaki & Gousiou, 2017). Moreover, 
constructivist methodologies have been suggested for the design of educational digital card games 
acknowledging problem-solving and student misconceptions (Kordaki, 2016). 

 

 

3. Methods 

 

3.1 Participants  

 
From explored misconceptions on the topic, the participants in this study were of 104 tenth-grade 

students, age ranging from 15-16 years, in a local public school in the Northeastern region of 
Thailand. They were attending a physics course for basic education level. Regarding to prior 
learning experience, they have no experience yet using digital card games learning in physics. 
 

3.2 Research Instrument 

 
The instrument in this study is a conception questionnaire about Force and Motion Conception 
Evaluation (FMCE) 12 items which adapted from Thornton and Sokoloff (1998). The total of FMCE 
was validity and reliability in research of Ramlo (2008) and used for analysis in research by Smith 
and Wittmann (2008). By has selected only concept of newton's law of motion, newton’s 1st law 1 
item, newton’s 2nd law 4 items and newton’s 3rd law 7 items. From the English version, an identical 
version in Thai was constructed, and one expert was recruited to identify communication validity of 

the items. 

 

3.3 Procedures and Data Analysis 

 
All participants took 30 minutes to complete the series of a conception questionnaire about Force 
and Motion Conception Evaluation (FMCE) items. Following this, content analysis was the primary 
method for analysis of students' answers, responses to the FMCE, represented students’ conceptual 
understanding and conceptual change about newton’s law of motion. This research analysis students' 
conception follow method of Satchukorn and Srisawasdi (2017) to the category, analyzed, 
interpreted, and classified their responses into four categories i.e. scientific conception (SC), which 

refers to the responses that provides correct answer and appropriate reasoning in science; incomplete 
conception (IC), which refers to the responses that provides either correct answer or appropriate 
reasoning in science, without anything wrong; misconception (MC), which refers to the responses 
that provides incorrect answer and inappropriate reasoning in science; and no conception (NC), 
which refers to no response or the responses that provides not clear conception in science. The 
investigators have designed a series of digital card games for simplifying mechanism of change and 
improve of students’ alternative conceptions of newton's law of motion into scientific conception. 

 

 

4. Results and Discussion 

 
The results displayed that there are many types of students’ existing conceptions related newton’s 
laws of motion concepts, as illustrates in Figure 1-4. 
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Figure 1. Distribution of students’ misconceptions on newton's law of motion concept. 

 

 Figure 1 was displayed data investigate of newton's law of motion concept 12 items which 
based on the four categories (SC, IC, MC and NC) interpreted students’ unscientific conceptions, the 
percentages of quantities of a combination between students’ alternative and misconceptions and 
their no conceptions. 
 

 
Figure 2. Distribution of students’ misconceptions on newton’s 1st law. 

 
 According to figure 2, present only item number 2, the percentages for combination of 

incomplete and misconceptions of incident of newton’s 1st law were 86.54% and 12.50%, 
respectively. The percentages of scientific conceptions of newton’s 1st law was 0.96%. However, no 
conception disappears on this item. 
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Figure 3. Distribution of students’ misconceptions on newton’s 2nd law. 

 
 As seen figure 3, present item number 1, 3-5, the percentages for incomplete conception of 
newton’s 2nd law were 77.88%, 95.19%, 79.81% and 95.19% respectively, and misconceptions of 
incident of newton’s 2nd law were 0.96%, 3.85%, 4.81% and 3.85% respectively. The percentages of 

scientific conceptions of newton’s 2nd law was 20.19%, 0.96%, 15.38% and 0.96% respectively. In 
addition, no conception was appeared on item 1 was 0.96% but other items disappear. In other word, 
vast students are incomplete conception of newton’s 2nd law. 
 

 
Figure 4. Distribution of students’ misconceptions on newton’s 3rd law. 

 
 According to figure 4, present item number 6-12, the percentages for incomplete conception 
of newton’s 3rd law were 50.95%, 66.35%, 44.23%, 26.92%, 76.92%, 70.19% and 27.88% 
respectively, and misconceptions of incident of newton’s 3rd law were 5.77%, 25.00%, 39.42%, 

54.81%, 22.12%, 23.08% and 66.35% respectively. The percentages of scientific conceptions of 
newton’s 3rd law was 43.27%, 8.64%, 16.53%, 17.33%, 0.96%, 6.73% and 5.77% respectively. In 
addition, no conception was appeared on item 9 was 0.96% but other items disappear. In conclusion, 
on item 6 were highest percentages of scientific conceptions, however, vast students remain are 
incomplete conception and some part also are misconceptions about newton’s 3rd law. 
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5. The Proposed Design of Digital Card Games about Newton’s Laws of Motion 

 
According to the investigation result showed that students have an incomplete conception and 
misconceptions on newton’s law of motion, Thus, research goal is design, digital card game to 
support on conceptual understanding and conceptual change of students. Developing the digital card 
games which simplify process of conceptual change, the researchers employed the designed learning 

events as a basis to create a prototype of "The Mystery Force ". This game consists of newton’s 1st 
law, newton’s 2nd law and newton’s 3rd law which each concept will represent during every action 
of the character as figure 5, 6 and 7 respectively, an illustrative the action of the game playing with 
the mysterious force. 

 

 
Figure 5. An illustration of newton’s 1st law represents on the current status of the character. 

 
 As seen figure 5, displayed the status “1st” of character during activities or phenomena 

follow the newton’s 1st law. The status “1st” of character is general status, represent when moving at 
a constant velocity or standstill and using regenerate skill. 

 

 
Figure 6. An illustration of newton’s 2nd law represents on the current status of the character. 

 
 According to figure 6, displayed the status “2nd” of character during activities or 
phenomena follow the newton’s 2nd law. The status “2nd” of character is action status, represent 

when moving at speeding up (run) or using an active skill to damage an enemy. 
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Figure 7. An illustration of newton’s 3rd law represents on the current status of the character. 

 
 As seen figure 7, displayed the status “3rd” of character during activities or phenomena 
follow the newton’s 3rd law. The status “3rd” of character is action and reaction status, represent 
when the character was damaged by special action of an enemy or reflected by barriers and using 

reflection skill to reflect damage an enemy. 
 Specially, the card provides a special option to increase character ability in digital card 
games. The process by scanning QR-code through card games. Furthermore, the card also provides 
significant information for learning of players as a figure 8. 
 

 

 
Figure 8. An illustration of card game provides QR-code, name and a special option. 

 
 According to figure 8, card provide QR-code and the name, while was scanned card also 
provide a special option to increase character ability. Which each card also there are different ability 

such as a card in figure 8, increases magic point 5 percent. Moreover, card game also provides 
significant information for learning and additionally explain name of those card games. 
 Card game have participated while the players discovers the mystery box at somewhere in 
digital game. Mystery box is key to direct they find card game, when they discover the mystery box 
there are the questions or hint displayed then they use those key words to find a card game is 
matching. The players have chance 3 times to scan a card game for match with questions or hint, if 
card game doesn’t match the box will be closed and locked. Therefore, they must to critical thinking 
and realize to discovers the match card games. This constraint will monitor them and decrease 

misconception and incomplete conception. 
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6. Conclusion 

 
In this study, an educational digital card game environment was designed to promote students’ 
conceptual improvement in newton’ laws of motion with an inquiry-based learning approach to 
facilitate students’ conceptual learning in science considering their existing conceptions, researcher 
has been proposed digital card game environment to improvement approach specifically. From the 
investigation results, it was found that students hold a numerous conceptual status, such as 
incomplete conception, misconception or even no conception. Thus, the development of the 
educational digital card game must be aware and consider on the status of student’ conceptions or 

understanding. In additional, any situation in digital card game also can’t improve the student’ 
misconceptions which it's limitation of this game. And hope that the proposed approach can be 
applied to other development of digital learning materials and strategies. Which one of our future 
research plans is to apply the approach follow collaborative open inquiry pedagogy, called 
Student-associated Game-based Open Inquiry (SAGOI) (Meesuk & Srisawasdi, 2014). 
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Abstract: Nowadays, students are very familiar with digital games. So, it would be nice if 

we put the knowledge into the digital game. For developing educational digital games, the 
games do not raise and contain all the content, but it just delivers core or essential concepts 

for learning. In this paper, we present a developmental approach to design educational 

digital game and then discuss how to design digital game for learning with regarding 

learners’ existing understanding of scientific concepts. For the proposed approach, we need 

to investigate student’ initial conceptions on particular target of science concepts, and this 

study involved 74 eleventh-grade students, age ranging from 16 to 18 years old, in this first 

step. To explore their prior conceptions, selected items of the Three Tier Diagnostic Static 

Electricity Test (TTDSET) focusing the concept of electric charge, electrostatic force, 

electric field, energy and electric potential, and capacitor. The result showed that vast 

majority student hold misconceptions on the target scientific concepts about static 

electricity. After that, the second step is design of digital game for learning emphasizing the 
elimination of their misconceptions. As such, the proposed digital game, named “Electrilism 

War”, has been designed to not only transform the core scientific concepts into challenge 

and fun scenario, but also simplify the concept and connect everyday life action to the game. 

In addition, the game has been designed using role-playing game style with a story of 

fantasy novels. We believed that this developmental approach would particularly affect a 

process of conceptual change using the context of digital game-based learning. 

Keywords: Digital game, inquiry-based gaming, game-based learning, conceptual change, 

physics concept 

1. Introduction

The use of digital games to integrate in the teaching of physics. It helps to promote the potential of 

students as well. It promotes student-centered learning. This is a good way to learn from the 
mistakes in the classroom. Apart from that, the main goal of digital game creation is to enable the 

game to be a medium for the player to feel part of the group. And it stimulates the imagination and 

creativity of the players. It also helps players relax and enjoy playing (Boston, 2009) and these 
games can promote learning in context outside the classroom. It also promotes distance learning and 

lifelong learning (Freitas, 2006). 

Therefore, digital game-based learning is a very interesting method because the instructor 

gives the learner the opportunity to learn effectively. Happy and positive attitude toward learning, it 
will help students succeed in their studies (Tychsen, Hitchens, & Brolund, 2008). Digital games can 

improve student’s perception and gender difference has no effect on student’s perceptions 

(Dontrisanor, Srisawasdi & Kanjak, 2015) and digital game-based learning can improve perception 
motivation of students (Meesuk & Srisawasdi, 2014; Nantakaew & Srisawasdi, 2014)., and playing 
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a computer game shifted representation styles from verbal descriptions to iconic representations 
(Greenfield et al., 1994) 

 As such, this study aims to developing digital game as an inquiry tool to learn physics in 

concepts of static electricity. Consequently, the goal of this study is investigation of the prior 

knowledge of static electricity concepts and then developing a digital game to supporting conceptual 
improvement in static electricity. This study presents a preliminary result on investigating secondary 

school students’ existing conception about static electricity, and then a design of educational digital 

game for promoting their conceptual improvement on physics concepts related to static electricity. 
 

 

2. Literature Review 

 

2.1 Digital Game-based Learning 

 
Nowadays, digital gaming is very famous. Digital games consist of bright and wonderful images and 
sounds, alongside textual communication. Players can get enjoyment which is both pleasurable and 

challenging. The education digital game keeps players immersed in the worlds of the digital game. 

Players can get knowledge, information, and skill in the context of non-traditional education 
(Castell, Jenson, & Taylor, 2007).  

 In the past, digital games were created for entertainment purposes, but recently, researchers 

have adopted the game for educational purposes and use to study in the classroom (Sorenson & 
Mayer, 2007; Stone, 2009). Researchers mentioned that the digital games for educational purposes 

could provide positive effects for students both cognitive and affective domains of learning. 

Resulted in this, students get a positive learning attitude and create a learning curve in the meantime 

(Giannakos, 2013). When using a game in the classroom can shift teaching to student-centered 
learning environment from a teacher-centered environment (Watson, Mong & Harris, 2011). Digital 

games can challenge the player, but it is not taking any stress, the player can control everything is not 

strictly. Moreover, learning with digital games can increase the collaborative process of learning 
(Gee, 2005; Sung and Hwang, 2013; Wu, Chiou, Kao, Hu, & Huang, 2012) 

 

2.2 Problem-based Gaming 

 
Problem-based gaming focuses on the meaning of a reliable learning task, collaborative 

learning, and experiential learning. By allowing players to create a hypothesis, problem-based 

gaming creatively tests their outcome in the game world. In fact, the game environment itself is a 

large problem, which has smaller causally linked problems embedded in it (Kiili, 2005). In another 
word, the authenticity of learning situation and tasks is granted to be a very important component in 

facilitating higher order learning. (Brown, Collin, & Dunguid, 1989). In games, storyline and the 

game environment can be used to contextualize the provided problems. 

 

 

3. Method 

 

3.1 Participants  

 
From investigate prior knowledge on the topic, the participant in this study was of 75 eleventh grade 

student, age ranging from 16 – 17 years, in local public school in the Northeastern region of 

Thailand. A program which is science and technology. Regarding prior learning, they have no 

experience yet using digital game-based learning in physics.  

 

3.2 Research Instrument 

 
The instrument in this study is Three Tier Diagnostic Static Electricity Test (TTDSET) 9 item from 
Suma, Sadia, and Pujana (2018). That is modified from D.P. Maloney et al. (2001) and E. Bilal & M. 
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Erol (2009). By has selected some item from this test, electric charge 2 items, electrostatic force 2 
items, electric field 2 items, energy and electric Potential 2 items and Capacitor 1 item. From the 

Indonesia version, an identical version in Thai was constructed, and one expert was recruited to 

identify communication validity of the items.  

 

3.3 Procedures and Data Analysis 

 
All participants took 30 minutes to complete the three-tier test to identify the student prior 

knowledge of static electricity concepts. This consist of three level. Firstly, level was a multiple 

choice that that asked the student to choose a correct answer from the alternative options answers. 
Secondly level was a multiple-choice test that asked the students to choose an alternative reason for 

support first level answer. The last level consisted of two alternatives, i.e., sure and not sure. This 

research analysis students' prior knowledge follows the method of Suma et al. (2018), the students’ 
prior knowledge was categorized into four categories i.e. scientific knowledge (SK), misconception 

(M), Lack knowledge (LK), and Error (E). Table 1 shows the distribution of test items in static 

electricity subtopic. The categorization was based on the merger of the student’s responses in 

TTDSET in first, second and third levels as in Table 2. The prior knowledge category for this study 
was use in the development of digital games to support conceptual improvement in static electricity. 

 

Table 1 

Distribution of test item in static electricity concepts 

Static Electricity Concepts No item 

1. Electric charge 1, 2 

2. Electrostatic force 3, 4 

3. Electric field 5, 6 

4. Energy and Electric Potential 7, 8 

5. Capacitor 9 

 

Table 2 

Categorization of the types of students answer 

Answer level 1 Answer level 2 Answer level 3 Prior knowledge 

category 

True True Sure Scientific Knowledge 
(SK) 

True True Not sure Lack Knowledge (Lk) 

True Wrong Not sure Lack Knowledge (Lk) 

Wrong True Not sure Lack Knowledge (Lk) 

Wrong Wrong Not sure Lack Knowledge (Lk) 

Wrong True Sure Error (E) 

True Wrong Sure Misconception (M) 

Wrong Wrong Sure Misconception (M) 

 

 

4. Results and Discussion 

 
The results displayed that there are many types of students’ prior knowledge of static electricity 

concepts, as illustrates in Figure 1-5. 
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Figure 1. Distribution of students’ prior knowledge on electric charge concepts. 

 

 Figure 1 was displayed with item number 1 and 2, the percentages for scientific 

knowledge was 21.62% and 43.24% respectively. The percentage for misconception was 47.30% 

and 13.51% respectively. The percentages for lack knowledge was 29.73% and 36.49% 
respectively. The percentage of error was 1.35% and 1.76% respectively. In other words, vast 

students hold misconception of electric charge concepts. 

 
 

 
Figure 2. Distribution of students’ prior knowledge on electrostatic force concepts. 

 
 According to figure 2, present item number 3 and 4, the percentages for scientific 

knowledge was 18.92% and 21.62% respectively. The percentage for misconception was 31.08% 

and 70.27% respectively. The percentages for lack knowledge were 43.24% and 5.41% respectively. 

The percentage for error was 6.76% and 2.70% respectively. In other words, vast students hold 

misconception of an electrostatic force concepts. 
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Figure 3. Distribution of students’ prior knowledge on electric field concepts. 

 

 As seen in figure 3, present item number 5 and 6, the percentages for scientific knowledge 
was 50.00% and 17.57% respectively. The percentage for misconception was 16.22% and 60.81% 

respectively. The percentages for lack knowledge was 31.08% and 20.27% respectively. The 

percentage of error was 2.70% and 1.35% respectively. In other words, vast students hold 

misconception of electric field concepts. 
 

 
Figure 4. Distribution of students’ prior knowledge on energy and electric potential concepts. 

 
 According to figure 4, present item number 3 and 4, the percentages for scientific 

knowledge were 5.41% and 4.05% respectively. The percentage for misconception was 70.27% and 

52.70% respectively. The percentages for lack knowledge was 16.22% and 37.84% respectively. 
The percentage of error was 8.11% and 4.05% respectively. In other words, vast students hold 

misconception of on energy and electric potential concepts. 
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Figure 5. Distribution of students’ prior knowledge on capacitor concepts. 

 

 According to figure 5, present only item number 9, the percentages for scientific knowledge 

was 13.51%. The percentage for misconception was 55.41%. The percentages for lack of knowledge 

was 28.38%. The percentage of error was 2.70%. However, vast students hold misconception about 
capacitor concepts. 
 

 

5. The Proposed Design of Digital Games about Static Electricity 

 
From this study results, we know that most participants lack knowledge. Therefore, in the design of 

the game from the researcher mentioned above that want to put some concept in this game i.e. the 
same charge will push the same, so in design, we designed a prototype game called "Electrilism 

War" theme of the game is a war between two cities. Players will be the hero to end this war. The 

game will control the character to overcome obstacles, fight against the enemy to collect money, 
unlock the item to make the game easier. Figure 6 displays examples of the main screen of the 

Electrilism War game. 
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Figure 6. An example of the Electrilism War game: start screen of the digital game (Left) and 

playing screen for players (Right). 

 

 As seen in figure 6, displayed start screen of the digital game in this screen the map 

is full of flames instead of war, which is designed to capture the attention of players. When 

the game starts on the tutorials, players will learn about the various controls in the game. level 
1related to a concept of electric charge and electrostatic force. For example, when a player uses a 

positively charged sword to attack a positive enemy, the enemy splashes out, when players can 

collect enough points and money, they can pass this level.  
 In level 2 related to a concept of electrostatic force. In this level, the game environment will 

change from action RPG to puzzle game. The player must use a hook attached to the item on the 

island to jump to the other side. 
  Level 3 is related to a concept of electric field, energy, and electric potential, game 

environment in this level will change to a maze game. The players must use their previous 

knowledge is related to this level to escape the maze.  

 When the player reaches the third level, there is an option for the player to return to play to 
collect extra money or to fight the boss. If the player chooses to fight the boss, the player will have 

the option to buy a legendary weapon to fight the boss. In the battle with the boss, the player must 

use the knowledge level before. If the winner will clear the game, if it loses, it must start to fight with 

the boss again. Figure 7 displays a flow chart of the game mechanics. 

  

 
Figure 7. An illustration of the game mechanics. 

 

 

6. Conclusion 

 
In this study, an educational digital game was developed to support students’ conceptual 
development of physics of static electricity with an inquiry-based learning approach. A 

developmental approach of digital game environment has been proposed specifically to facilitate 

students’ conceptual learning in science regarding their existing conceptions. As such, a preliminary 
survey was conducted to identify the need to remedial misconceptions. From the survey results, it 
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was found that students hold a various kind of conceptual status. Therefore, the development of 
educational digital game should be paid more attention and concern on the status of student’ 

conceptions or understanding.  The proposed approach can be applied to other development of 

digital learning materials and strategies. Therefore, one of our future research plans is to apply the 

approach to the development of other kinds of digital materials, such as simulation, augmented 
reality and web-based environment. For the future study, we will use collaborative open inquiry 

pedagogy, called Student-associated Game-Based open Inquiry (SAGOI) (Meesuk & Srisawasdi, 

2014) to promote students’ conceptual in static electricity, and to remedial students’ 

misconception. The goal of this work is to resolve the misconception of static electricity, but since 

the number of participants is not very large. This game limit may not cover all misconception. 
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Abstract: In over a past decade, Flipped classroom pedagogical method which modifies the 

learning process is the current trend of education. There are adaptations of flipped classroom 

integrate with a lot of innovation. Game is an innovation in education, flipped classroom 
integrates with game elements called gamified flipped classroom. The gamified flipped 

classroom is based on gamification. Several researchers and educators reported advantages of 

gamified flipped classroom in promoting motivation to learn science and enhancing scientific 

conceptions for students. This paper explains a development of gamified flipped classroom in 

physical science of energy concept for high school students. In this pilot study, there are 195 

participants in this development who are high school students in tenth grade in an extra-large 

public school in Kalasin province at Northeastern of Thailand. The results of the investigation 

showed that from six concepts of energy; kinetic energy, spring potential energy, gravitational 

potential energy, energy principle, transformation of energy and conservation of energy. All 

participants are classified in four categories; scientific conception (SC), incomplete 

conception (IC), misconception (MC), and no concept (NC). Most of students are in 
incomplete conception and misconception in physical science concepts related to energy 

concept. For this reason, the researchers present a conceptual idea for designing an interactive 

video which uses in gamified flipped classroom addressing the concepts of energy for 

improving the students’ concept of energy, and it might enhance the eliminate of student's 

misconceptions and increase students' science motivation.   

Keywords: flipped classroom, gamified flipped classroom, science education, high school 

1. Introduction

There are many studies about the potential strategy to teaching and learning, over the past decades, 
digital technologies have a great impact on education because of it changes the way to learn 

(Srisawasdi, 2012). Technology is rapidly evolving and playing a very important role for humans. 

Therefore, the teaching and learning technique must be in line with the changes in society, the 
environment, the knowledge of science and technology to develop and enhance the potential of 

learners to have higher quality of learning. The use of technology for education helps students learn 

more effectively. And students have a positive attitude towards classroom learning (Schacter J., 
1999). The use of mobile phones in teaching is beneficial for learners, giving them the opportunity to 

learn without setting a time and place to learn (Chaipidech & Srisawasdi, 2016). Moreover, in recent 

years, game becomes an alternative choice for education. Many educators have developed games for 

three aims that consist of students are able to learn through playing the game, learning can be 
supported by game components, and students have been motivated to learn when they are learning by 

playing game (McNamara, Jackson, & Graesser, 2010). Game incorporates attributes related to the 

way students learn, they need to explore and reflect on their prior knowledge, solve problems, and 
transfer knowledge during the game process (Oblinger, 2004).  

In addition, the designs of teaching activities or pedagogies are extremely important for 

learners to learn. The flipped-classroom is a new teaching approach developed by Jonathan and Aaron 
(Tucker, 2012). Flipped classroom is quickly spread broadly throughout the world; the flipped 
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classroom teaching model turns out to be a popular trend in the use of teachers (Mzoughi, 2014). 
Research finding has shown that flipped classroom helps students develop the thinking process, self-

directed learning, as well as increased understanding of concept (Berrett, 2012). 

 One necessary concept of physics that students need to understand, not only in order to 

describe natural phenomena; which is the energy concept (Driver & Millar, 1986). Energy is one of 
the fundamental topics in physics, and inevitably applies to daily life. (Ding L., 2007) In addition, 

energy is an interesting subject at present due to it is a contemporary science (Cari F. et al., 2011), but 

energy is a difficult concept to understand, and often leads to misconception (Takaoğlu, 2018). 
According to the abovementioned, in this study gamified flipped-classroom means an adaptation of 

traditional flipped-classroom. Actually, traditional flipped-classroom has two parts in teaching 

activity, the first part is out-class, and the other is in-class (Tucker, 2012). Video is always used in 
out-class, students have to watch video before coming the class, after that, they need to do some 

activities that related with the video in classroom or in-class part. Gamified flipped-classroom is 

changed from watching video out-class to play interactive video out-class, this interactive video is 

created by using game mechanism based. Therefore, the purposes of this study were to investigate 
students’ concept of energy to develop gamified flipped-classroom in concept of energy. This 

gamified flipped-classroom will be used to facilitate high school students’ learning in school science 

for eliminating students’ misconception, enhancing students’ concept of energy and promoting 
science motivation in future study. 

 

 

 2. Literature review 

 

2.1 Foundation of Flipped Classroom and Relevant Study 

 
In 2007, Jonathan Bergmann and Aron Sams who are chemistry teachers were designed and created 

the flipped classroom model (Tucker, 2012). For flipped classroom, before attending class or out-class 
students have to understand and summarize the contents by watching video-recorded lectures 

(Zainuddin, 2018). Videos were frequently used for replacing the conventional classroom lecture in 

this instructional strategy (Sams & Bergmann, 2013). Likewise, flipped classroom has a unique 
feature that is the video-recorded lectures and interactive lesson are always available to students. 

Accordingly, they could reinforce their own learning in a lot of time (Chaipidech & Srisawasdi, 

2017). Vice versa, in-class part, instruction is focused on activities that enhances students’ thinking 

skills and constructs their own knowledge. For example, group discussion, group presentation, group 
argumentation (Keengwe, 2014). Thus, in flipped classrooms the teachers become facilitators and 

assistants, teachers should be facilitating and advising students to learn by themselves, and give them 

feedback in class. 
 The flipped classroom pedagogical method is an emerging active learning trend which will be 

appropriate alternative choice for contemporary instruction method and it will enters mainstream 

higher education within the next five years (O'Flaherty & Phillips, 2015). There is several interested 
researches attention in the flipped classroom along with positive impacts on students, such as 

achievement, motivation, engagement, and interaction (Zainuddin & Halili, 2016). Chaipidech & 

Srisawasdi (2016) compared the affective domain of the students, such as perception and engagement 

between flipped inquiry and conventional flipped mobile. The results showed that students who have 
learned with the mobile flipped inquiry learning have better perceptions and engagements than 

students who have learned with conventional flipped mobile.  

 

2.2 Gamification and Flipped Classroom 

 
Flipped classroom model which modifies the learning process is the current trend of education 

(Zainuddin, 2018). Notwithstanding the flipped classroom has received numerous researches attention 
and provide various positive results, but not all researches have reported positive results of 

implementation this pedagogical method. Boevé et al. (2017) compared students’ learning behavior 

between the flipped classroom and a non-flipped-classroom. They found that students’ learning 
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behavior in the flipped classroom does not different to students in the non-flipped-classroom. 
Furthermore, students only watch videos that provided by teachers outside the class is a recipe for 

failure. In order to resolve this issue, the flipped classroom was altered by integrating with some 

innovation, for instance, game mechanism. The new pedagogical method is called the gamified-

flipped classroom. The gamified-flipped classroom is based on gamification, in education 
gamification is defined as the use of game elements or game mechanics in activities, such as points, 

badges, or leaderboards to enhance people’s interest and motivation through competition (Baxter & 

Wood, 2015). Zainuddin (2018) examines students’ learning performance and perceived motivation 
between a gamified flipped classroom and a non-gamified flipped classroom instructional model. The 

results showed that students who have learned with gamified flipped classroom have better learning 

performance and perceived motivation than students who have learned with non-gamified flipped 
classroom.  

 Therefore, in this study gamified flipped classroom is a pedagogical method that merges 

gamification with the flipped classroom, video-recorded lectures was converted into interactive video 

which video was intervening instructional content and game mechanics. 
 

  

 

3. Methods 

 

3.1 Participants 

 

There are 195 participants for this work, all of participants were tenth-grade students who have to 

attend a physics course in an extra-large public school in Kalasin province at Northeastern, Thailand. 

Participants age about 15 to 16 years old. They have never learned regarding the energy concept. 

Moreover, participants never have experience with flipped-classroom before.  

 

3.2 Research Instrument 

 

In this work, the author investigates students’ conception of energy by using Energy Concept 
Assessment (ECA) that is developed by Lin Ding (Ding L., 2007) as research instrument. For this 

instrument, we selected 10 items of energy concept that consists of six major concepts in energy; 

kinetic energy, spring potential energy, gravitational potential energy, energy principle, 
transformation of energy and conservation of energy, from all 28 items, all items are one-tier 

multiple-choice. After that, we translated them in Thai version.     

 

3.3 Data Collection and Analysis 

 

All participants had 30 minutes to complete conceptual of energy question items. After they had done 

all items, we analyzed students’ conception of energy from students’ responses to the question items. 

Then, we interpreted, and classified students’ responses into four categories; scientific conception 
(SC), SC means the students’ responses that shows correct answer in all fragments of the concept; 

incomplete conception (IC), IC refers to the responses that provides correct answer but not all 

fragments of the concept; misconception (MC), which means the students’ responses that shows 
incorrect answer, and no conception (NC), NC is the responses that provides either no answer or not 

clear conception in science (Kanyapasit & Srisawasdi, 2014). Next, a situated learning event was 

designed for facilitating students to change and revise their misconceptions of energy into scientific 

conception.  
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4. Results and Discussion 

 
In figure 1 to 4 show the results of six different concepts related to energy of students’ existing 

conceptions. All figures, we plot the correlation of percentage and conception of energy. Olive green 

are scientific conception, yellow are incomplete conception, red are misconception and green are no 
conception. 

 

 
Figure 1. Distribution of students’ misconceptions on kinetic energy. 

 

 As you can see the figure 1, this is the distribution of students’ misconceptions on kinetic 

energy. In graph, concept 1 means first item and concept 2 is second item and so on, for the first item 
there are 8.21% of SC, 73.85% of IC, 7.69% of MC, and 10.26% of NC. The second item is 29.74%, 

27.18%, 9.23%, and 33.84% for SC, IC, MC, and NC, respectively. The third one, SC is 29.74%, IC 

is 28.72%, MC is 33.33%, and NC is 8.21%. For the final item, there are 25.13% of SC, 38.97% of 
IC, 26.67% of MC, and 9.23% of NC. From the percentage of the distribution, we can say that most of 

students are in incomplete conception and misconception levels of kinetic energy concept. 

 

 
Figure 2. Distribution of students’ misconceptions on energy principle. 

 

 According to Figure 2, the concept of energy principle has two concepts or two items; the first 
concept has different percentage of four categories as followed 38.46% of SC, 61.53% of IC, 0% for 

MC, and NC. The second one, there are 9.23%, 9.74%, 74.36%, and 6.67% for SC, IC, MC, and NC, 

respectively. To sum up, it is similar to concept of kinetic energy most students are in incomplete 
conception and misconception levels on energy principle. 
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Figure 3.The two graphs show distribution of students’ misconceptions while the left one is concept 
of spring potential energy and the right one is concept of gravitational potential energy. 

 

 Figure 3, the left graph is distribution of students’ misconceptions on concept of spring 

potential energy and the right one is concept of gravitational potential energy. Spring potential energy, 
that results are 32.31% of SC, 0% of IC, 59.49% of MC, and 9.23% of NC. Obviously, a half of 

students are in misconception level. Gravitational potential energy, found that more than a half of the 

students are in incomplete conception 55.38%, then 19.49% of MC, 16.41% of SC, and 8.72% of NC. 

 

  

Figure 4. The two graphs show distribution of students’ misconceptions while the left one is concept 

of transformation of energy and the right one is concept of conservation of energy. 
 

 As shows in Figure 4, the left graph is distribution of students’ misconceptions on concept of 

transformation of energy. Four categories on this concept are 12.82% NC, 12.31% IC, 60.51% MC, 
and 14.36% NC. The other one is distribution of students’ misconceptions on concept of conservation 

of energy. It has 20% of SC, 26.15% of IC, 53.33 of MC, and 0.51% of NC. To summarize, for both 

concepts of transformation of energy and conservation of energy, we discovered that most of students 
are in misconception level. 

 In conclusion, from six concepts of energy; kinetic energy, spring potential energy, 

gravitational potential energy, energy principle, transformation of energy and conservation of energy. 

The results show that several students are in incomplete conception and misconception in energy 
concept. To eliminate this problem, we analyze the context of the school to find out how to teach 

physics. The school has a lot of school holidays, which is align with the flipped classroom teaching 

strategy, that’s why we select to use the flipped classroom to solve the problem. 

 

 

5. The Proposed Design of Gamified Flipped-Classroom on Energy 
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The results revealed that most of students are in incomplete conception and misconception in physical 
science concepts related to energy concept. To enhance students concept of energy through the 

gamified flipped classroom. We separated classroom in to two parts follow flipped classroom; In-

class and Out-class. Out-class part, normally it uses regular lecture video, but for this study interactive 

video is used instead. Interactive video is created by integrating game mechanics and instructional 
content of energy was used as a conceptual tool to support student’s inquiry learning on energy 

concept. The video is made up of three videos, each of which is different contents; mechanical energy, 

energy conservation and energy transformation, and energy transfer. Each of these video takes about 
five to seven minutes. Moreover, the video will include questions for students to select answer, all 

students’ answer will go to the next video. For all responding each video question, we designed it in 

the style of the game. It has a mission for students to overcome. The question marks are given to the 

students through the mission. Ratings are divided into 2 categories. First, plus the score when the 
students answer the question correctly, then they can answer the next question. Second, it will delete 

the score when the student answers the wrong question and will answer that question again. All 

questions are related to the concept of energy. In addition, students will have one supporter to respond 
correct answer each question. There will be a hint popup button in video with the option to help 

students to answer question. In addition, each question will take only a few seconds to stimulate the 

student to answer the question. If students do not answer at the time, the student will be broken in the 
same way as answering the wrong question. Once students have completed the interactive video, 

students will receive a score screen. All students have to take screenshots of their own points and keep 

it for classroom activity. There are 3 videos in each video has different content, including mechanical 

energy, energy conversion & energy conservation and energy transfer. Every video takes about 6-7 
minutes. Vice versa, students not only watched the interactive video outside of the class, but also they 

were required to complete a gamification laboratory with questions related to these videos and 

compete to earn scores or points to become a leaderboard. In-class part, in the classroom, teachers 
divide students into subgroups, each group of students combine their score to be group scores to use 

in gamified laboratory about energy. In the laboratory, the students use their scores instead of money 

to buy the device in the laboratory for the experiment. Each of them has different prices. Thus, if 
students have more points, students can buy more equipment too., students who gotten highest score 

in interactive video will have special authority in classroom such as, they can select laboratory 

equipment first. Students will design their procedure to understand about energy concept by 

themselves the first group of students who can design the correctly procedure and fastest will earn 
highest score, and then results of students’ procedure are analyzed, after that students will 

communicate or present their results to classmate for sharing the results a group who has an 

interesting question or presentation also get a score for this part, and finally conclusions, after sharing 
the results students cooperate to conclude and discuss about energy concept and answer questions 

related to energy for earning score again. After conclusions section teacher give students feedback and 

show a group who is a leaderboard. While doing inquiry activity in class, teachers will project a slide 

regarding with real time score of each student group on the student's scoreboard at all times to 
motivate each student group to conduct experiments to find the knowledge. Scores will be added to 

each step of the laboratory which scores come from experiment depend on progression of each group. 

After class, student write down learning log using google forms to assess their own learning, 
moreover, they need to take some pictures of gamified inquiry activity to be evidence of learning in 

learning log.  Gamified flipped-classroom diagram was shown in Figure 5. 
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Figure 5. An illustration of gamified flipped classroom with inquiry diagram.  

 

 To eradicate this problem, energy is really highly abstract, thus, making a high-abstraction of 

energy becomes concrete and visible, it is very important. Therefore, the interactive video about 
energy concept has been designed to address the incomplete conception and misconception that found 

in the study. Interactive video with gamification regarding to energy would be used pedagogically 

with flipped classroom to eliminate students’ misconceptions and enhance students’ conceptions on 

conception of energy. The interactive video was shown in Figure 6 as examples. If students drag the 
mouse to an energy monster pop up will shows and links to branches to complete missions in this 

interactive video. At first, students need to know what kind of energy they are before learning, and 

what is the definition or meaning of that type of energy? The student must select whether to study 
kinetic energy or potential energy first, as shown in Figure 6. After learning the preliminary video, 

students will be allowed to learn with the next video.  

 

 
 

 
 

Figure 6. Illustration of examples of interactive video on energy concept. 
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Abstract: E-books are capable of producing a significant amount of clickstream data that 

insights students’ learning behavior. Clickstream data are often analyzed in learning 

analytics and educational data mining domains to understand students’ synchronous and 

asynchronous learning processes. The present study analyzed a dataset consisting of 

university students’ clickstream data for predicting their final scores using machine-learning 

methods. To begin with, the raw data are preprocessed in four steps, namely data 

aggregation, feature generation, data balancing, and feature selection. After that, utilizing 

machine learning methods, high performing and low performing students’ final scores are 
predicted. For this, eight machine-learning methods (Neural Network, AdaBoost, Logistic 

Regression; Naïve Bayes, kNN, Support Vector Machine, Random Forest, and CN2 Rule 

Induction) are employed and their performances were compared. Result revealed that CN2 

Rule Induction algorithm having 88% accuracy outperformed other machine learning 

methods when best-5 selected features from the dataset were taken into consideration. 

However, the Multilayer Perceptron based Neural Network performed best having the 

similar accuracy with CN2 Rule Induction when all features were considered to predict. 

This paper also focuses on how SMOTE as a data balancing algorithm can be applied to 
solve data imbalance problem and various scoring methods can be compared to identify the 

most important feature attributes in clickstream.  

Keywords: Clickstream Analysis, e-Book, Educational Data Mining, Final Score 

Prediction, Learning Analytics 

1. Introduction

Concerning education, a dramatic growth in the adaptation of digital teaching material delivery 

system (synonymously electronic book) has observed over the last two decades. The adaptation of 
using digital teaching material delivery systems in higher education is growing because these 

systems are convenient. Researchers use these systems because they are capable of generating a vast 

amount of interaction data. These interaction data are known as clickstreams (i.e. mouse clicks). 
However, as educational data mining matures, students’ synchronous and asynchronous learning 

processes can be examined with clickstream data. A major application of prediction in educational 

data mining is to predict students’ educational outcomes (Asif et al., 2017). In this context, students’ 
final performance prediction has gained increased emphasis in higher education (Romero et al., 

2010, Xing et al., 2015). An objective of final score prediction in higher education is, instructors can 

monitor students’ progress and identify at-risk or low performing students in order to provide 
feedback (Xing et al., 2015). Clickstream data are often used for this purpose together with the early 

prediction of final performance (Akçapınar et al., 2015), detect drop-out (Dekker et al., 2009), early 

prediction (Chen W et al., 2018), learning behavior analysis (Chen X et al., 2018), provide feedback 
(Chen X et al., 2018), intervention (Herder et al., 2018) etc. Furthermore, clickstream data can be 

transformed into knowledge that could help academicians, administrators, and policymakers to 

analyze it to enhance decision-making (Asif et al., 2017).  While the adoption of the digital textbook 
in higher education is growing, drawbacks of using digital textbooks are also reported. With this 
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regard, previous studies (Bigot & Rouet, 2007) (Dennis, 2011) also reported that, for students, it is 
much easier to concentrate on the topic when using paper than on a screen, and therefore printed 

materials helps to remember and understand information more precisely. Although continuous 

argument remains in favor of and against adopting digital textbooks in higher education, the 
importance of having student-generated data cannot be overlooked.  

The present works intend to shed light on students’ final scores prediction utilizing 

clickstream data that are collected from an e-book system. The aim of this work is to provide 
answers to the following research questions: (1) How can a rather small clickstream dataset be 

analyzed and modeled so that it can be used as a measure for students’ final score? (2) How to 

compare entire features –vs- top-ranked features to enhance prediction accuracy? (3) How to 
improve learning algorithms in the case of a small sample and imbalanced data? 

 

2. Dataset 

 
The dataset is available to download from the workshop webpage under agreeing upon certain terms 
and conditions. The dataset contains clickstream data from university students (N=53) from the 

period of 2017-11-22 to 2018-01-29. The dataset is collected from students’ engagement in three 
different books in a digital teaching material delivery system (hereafter e-book system) (Ogata et al., 

2015) (Flanagan & Ogata., 2017). In this e-book system, students can highlight difficult and 

important areas, take memos, search specific contents, jump to next page, return to the previous 
page, bookmark important pages and so on. Table 1 shows a summary of the students’ interactions in 

each book. 

 
Table 1: Insight of the Dataset 

Book Students-engaged Interactions-counted 

1 20 6161 

2 24 7959 

3 53 14696 

Total  28816 

 

3. Data Analysis and Prediction  

 
Machine learning algorithms are much more efficient and capable of handling complex datasets. 

However, in machine learning discipline, no free lunch theorem yielded that there is no one 

algorithm that is best for all problems (Whitley et al., 2005). Thus, the choice of a correct algorithm 
often remains unclear unless we test out diverse algorithms directly through plain old trial and error. 

Depending on the nature of the dataset, extensive preprocessing may require to make raw data 

readable for machine learning algorithms. Hence, the first step to our data analysis was data 
preprocessing. Data are preprocessed in four steps, namely data aggregation, feature generation, data 

balancing, and feature selection. 

 

3.1 Preprocessing 
 

3.1.1 Data Aggregation 
 
In order to preprocess the raw data (clickstream), the present study adapted data aggregation 

method. According to IBM Knowledge Center, data aggregation is a process where raw data is 

gathered and expressed in a summary form for statistical analysis. The summary of the data can be in 
the forms of average, sum, count, maximum, and minimum etc. Aggregated data let data scientists 

gain insights about the particular data source. We aggregated data using SQL (Structured Query 

Language) commands. In data aggregation, we counted the total number of events for each feature.    
 

3.1.2 Feature Generation 
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The attributes in the raw data are userid, action, operationname, markercolor, processcode, 
devicecode, markerposition, markertext, operationname, and pageno. Employing data aggregation 

method, twenty-five feature attributes were generated. Table 2 shows the list of newly generated 

feature attributes. R programming language was used to generate new features from the raw data. In 
the analysis, features in (*) are eliminated because there are not enough data. Note that, 

newly-generated features are co-related with each other because the source of the raw data is 

clickstream from the same e-Book system. For this kind of data analysis, finding independent 
variables are difficult.    

 

Table 2: List of Newly-generated Feature Attributes 

Feature Attributes 

contentcount 

sessioncount 
totaltime 

totalevent 

uniqueweek 
 

uniqueday 

longeventratio 
next 

prev 

open 
 

jump 

bookmarkjump* 
searchjump* 

memojump* 

redmarker* 
 

delredmarker* 

yellowmarker 
delyellowmarker* 

memo 

changememo* 
 

delmemo* 

bookmark 
delbookmark 

search 

score* 
 

 

3.1.3 Data Balancing using SMOTE Algorithm 

 
In higher education, some universities (e.g. Kyoto University) set students' passing score to at least 
60 out of 100. We considered this as the baseline for our final score prediction-related analysis. 

Based on this baseline, we manually created two groups of students, namely Low Performer and 

High Performer. High performers are those who achieved high scores in the final. In contrary, 
students who are at-risk to obtain the passing score are denoted as low performers. The necessity of 

data balancing arose when we observed a huge gap in students final score between high and low 

performing groups. In data mining discipline, this situation is called data imbalance problem that 
may lead to a low prediction accuracy for machine learning methods. Therefore, our approach was to 

balance data fairly among high and low performing groups. For data balancing, we incorporated 

conventional SMOTE (Synthetic Minority Over-Sampling Technique) algorithm. SMOTE is an 
approach often adopted by researchers for the construction of classifiers from the imbalanced dataset 

(Chawla et al., 2002). We created sample data for low performing student group using SMOTE 

algorithm. Figure 1 displays the data distribution before and after applying the SMOTE algorithm.   

 

  
Figure 1: Original Data and SMOTE’d Data 

 

3.1.4 Feature Selection 

 
In machine learning disciplines, feature selection is defined as a process that chooses a minimal 

subset of features from an original set of features so that the feature space is optimally reduced 

according to a certain criterion (Novaković, 2016). Diverse feature ranking techniques to discard 
irrelevant, redundant or unnecessary features from a given feature vector is proposed. However, 

selecting the most relevant features that fit a model is intractable (Kohavi R., 1997). One of the key 

objectives of this present study is to analyze and compare different features in order to obtain the 
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best prediction accuracy. Hence, we used the ranking technique utilizing the scoring method. We 
employed three different scoring methods provided by Orange data mining tool, namely Information 

Gain (IG), Gain Ratio (GR), Gini Decrease (GD) to the datasets. We have elected five most 

important features because they are the most important features found in all three scoring methods. 
Those five most important features were sessioncount, uniqueday, open, yellowmarker, and 

bookmark.  

 

3.2 Employing Machine Learning Methods 

 
We have employed eight methods to the processed dataset and compared their performance and 

prediction accuracies. The eight machine learning methods are, (1) Multilayer Perceptron based 

Neural Network; (2) AdaBoost; (3) Logistic Regression; (4) Naïve Bayes; (5) kNN; (6) Support 
Vector Machine; (7) Random Forest; and (8) CN2 Rule Induction. We used 5-fold cross-validation 

technique for the dataset to compare the performance of different machine learning models. The 

process of employing machine learning methods is shown in Figure 2. We used Orange1, a data 
mining tool for this analysis. 

 

 
Figure 2: Process of Employing Machine Learning Methods 

 

3.3 Result  
 

Result yield that CN2 Rule Inducer outperformed other methods by having 88% accuracy 

(AUC=0.93, F1= 0.88, Precision =0.88, Recall=0.88) with 5 most important features. On the 
contrary, Neural Network performed best when we considered all features of having 88% accuracy 

(AUC=0.9, F1= 0.88, Precision =0.88, Recall=0.88). Table 3 and Table 4 shows the result of a 

5-fold cross validation with 5 important features and all features to predict, respectively. We also 
analyzed the error rate using a confusion matrix. The confusion matrix in Table 5 demonstrates that 

CN2 Rule Induce algorithm predicted 10.3% students as High Performer but they are actually Low 

Performer, and students as Low Performer but they are High Performer, which we addressed as the 
algorithmic error. 

 

Table 3: Cross Validated Results of Machine Learning Methods with Important Features 

Method AUC CA F1 Precision Recall 

CN2rule inducer 0.939 0.883 0.883 0.884 0.883 

Random Forest 0.872 0.817 0.817 0.817 0.817 

kNN 0.858 0.767 0.766 0.771 0.767 

AdaBoost 0.767 0.767 0.766 0.771 0.767 

                                                
1 https://orange.biolab.si/ 
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Neural Network 0.867 0.75 0.749 0.753 0.75 

Logistic Regression 0.839 0.733 0.733 0.733 0.733 

SVM 0.8 0.7 0.699 0.704 0.7 

Naive Bayes 0.842 0.683 0.683 0.685 0.683 

Table 4: Cross Validated Results of Machine Learning Methods with All Features 

Method AUC CA F1 Precision Recall 

Neural Network 0.9 0.883 0.883 0.884 0.883 

CN2 rule inducer 0.872 0.8 0.8 0.801 0.8 

Random Forest 0.856 0.75 0.749 0.753 0.75 

Logistic Regression 0.839 0.75 0.75 0.75 0.75 

Naive Bayes 0.817 0.683 0.683 0.684 0.683 

SVM 0.811 0.667 0.667 0.667 0.667 

AdaBoost 0.767 0.767 0.766 0.771 0.767 

kNN 0.581 0.433 0.431 0.432 0.433 

 

Table 5: Cross-validated Confusion Matrix for CN2 

 Predicted Total 

Actual 
87.1% 10.3% 30 

12.9% 89.7% 30 

Total 31 29 60 

 
Figure 3 displays some rules by set by CN2 Rule Inducer algorithm. The first rule in CN2 

Rule Inducer method indicates that- if OPEN is clicked more than 18 times, then 93% probability of 

all students to get a high score (that is, become high performers). Our analysis also indicated that the 
overall accuracy of all methods increased for selected features. We yield this conclusion that, feature 

extraction and feature selection from are recommended. We also suggest that the neural network is a 

black box algorithm so it is difficult to interpret. In contrary, CN2 is a rule-based algorithm so it is 
easy to interpret for non-expert users of data mining (such as teachers). 

 

 
Figure 3: Rules Set by CN2 

  

4. Discussion       

 
Digital e-book systems are used as a tool in university-level education not just for their convenience 
but also for the vast amount of clickstream data that they produce. Hidden in these clickstreams is 

valuable information that implies students’ behavior of a specific course. Yet from clickstream, 

identifying common behavior to predict on students’ final outcome of a course is a complex and 
challenging task. In this study, we tried to predict students’ final scores based on their clickstream 

data. In prediction, we employed eight different machine learning methods for high and low 
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performing groups. Eight machine-learning methods (Multilayer Perceptron based Neural Network, 
AdaBoost, Logistic Regression; Naïve Bayes, kNN, Support Vector Machine, Random Forest, and 

CN2 Rule Induction) are employed and their performances were compared. Result revealed that 

CN2 Rule Induction algorithm (88% accuracy) outperformed other methods for best-5 selected 
features in the dataset. In contrary, Neural Network performed best for all features (88% accuracy). 

Few important aspects regarding our analysis are: First, we applied SMOTE algorithms to balance 

the data between high and low performing group. However, one of the issues about SMOTE 
algorithm that is often discussed researcher is that this algorithm often creates synthetic samples 

from the minority class instead of creating copies. Second, we assume that approximately 12% error 

rate arose because some students might have gained high scores in final without relying on the 
e-Book system. Because student interaction in e-Book is one factor that effects in the final score. 

There are other factors that may have influence in final scores such as, previous experience with 

e-Book, learning strategies, learning styles etc. Third, at the beginning of our analysis, we eliminated 
a certain number of features because there were not sufficient data to represent those features. 

However, those eliminated features may play significant roles for some students.   

 

Acknowledgements 

 
This research was supported by JSPS KAKENHI Grant-in-Aid for Scientific Research (S) Grant 

Number 16H06304.  

 

References 

 
Akçapınar, G., Altun, A., & Aşkar, P. (2015). Modeling Students’ Academic Performance Based on Their 

Interactions in an Online Learning Environment. İlköğretim Online, 14(3). 

Asif, R., Merceron, A., Ali, S. A., & Haider, N. G. (2017). Analyzing undergraduate students' performance 

using educational data mining. Computers & Education, 113, 177-194. 

Chawla, N. V., Bowyer, K. W., Hall, L. O., & Kegelmeyer, W. P. (2002). SMOTE: synthetic minority 
over-sampling technique. Journal of artificial intelligence research, 16, 321-357. 

Chen, W., Brinton, C. G., Cao, D., Mason-singh, A., Lu, C., & Chiang, M. (2018). Early detection prediction 

of learning outcomes in online short-courses via learning behaviors. IEEE Transactions on Learning 

Technologies, 1-14. 

Chen, X., Breslow, L., & DeBoer, J. (2018). Analyzing productive learning behaviors for students using 

immediate corrective feedback in a blended learning environment. Computers & Education, 117, 59-74. 

Dekker, G. W., Pechenizkiy, M., & Vleeshouwers, J. M. (2009). Predicting Students Drop Out: A Case 

Study. International Working Group on Educational Data Mining, (pp.41-50). 
Flanagan, B., & Ogata, H. (2017). Integration of Learning Analytics Research and Production Systems While 

Protecting Privacy, ICCE 2017 (pp.333-338). 

Herder, T., Swiecki, Z., Fougt, S. S., Tamborg, A. L., Allsopp, B. B., Shaffer, D. W., & Misfeldt, M. (2018, 

March). Supporting teachers' intervention in students' virtual collaboration using a network based model. 

In Proceedings of the 8th International Conference on Learning Analytics and Knowledge (pp. 21-25).  

Junco, R., & Clem, C. (2015). Predicting course outcomes with digital textbook usage data. The Internet and 

Higher Education, 27, 54-63. 

Kohavi, R., & John, G. H. (1997). Wrappers for feature subset selection. Artificial intelligence, 97(1-2), 
273-324. 

Lu, L., Dunham, M., & Meng, Y. (2005, August). Mining significant usage patterns from clickstream data. 

In International Workshop on Knowledge Discovery on the Web (pp. 1-17). Springer, Berlin, Heidelberg. 

Novaković, J. (2016). Toward optimal feature selection using ranking methods and classification 

algorithms. Yugoslav Journal of Operations Research, 21(1), 119-135. 

Ogata, H., Yin, C., Oi, M., Okubo, F., Shimada, A., Kojima, K., & Yamada, M. (2015). E-book-based learning 

analytics in University education. In Proceedings of the 23rd International Conference on Computers in 

Education, ICCE 2015 (pp. 401–406).  
Romero, C., & Ventura, S. (2010). Educational data mining: a review of the state of the art. IEEE Transactions 

on Systems, Man, and Cybernetics, Part C (Applications and Reviews), 40(6), 601-618. 

Whitley, D., & Watson, J. P. (2005). Complexity theory and the no free lunch theorem. In Search 

Methodologies (pp. 317-339). Springer, Boston, MA. 

Xing, W., Guo, R., Petakovic, E., & Goggins, S. (2015). Participation-based student final performance 

prediction model through interpretable Genetic Programming: Integrating learning analytics, educational 

data mining and theory. Computers in Human Behavior, 47, 168-181. 

404



Wu, Y.-T. et al. (Eds.) (2018). Workshop Proceedings. 26th International Conference on Computers in

Education. Philippines: Asia-Pacific Society for Computers in Education 

Towards an Open Architecture for Learning 

Analytics in Open and Distance Education

Tore HOEL
a*

 & Jun XIAO
b
  

aOslo Metropolitan University, Norway 
bShanghai Open University, China 

*tore.hoel@oslomet.no

Abstract: A characteristic of open and distance education is that all transactions between the 

learner and the university leave a digital footprint. This data trail gives open universities a 

golden opportunity to be in the forefront developing solutions for learning analytics and 

utilizating of educational big data. This paper explores development of an open architecture for 

learning analytics, from clarifying the concept of openness in the context of analytics to 

suggesting specific components a technical architecture for open and distance education. A 
literature review of the concept of openness in relation to learning analytics identifies a need for 

conceptual clarification, in particular in the context of open and distance education. The paper 

applies two conceptual frameworks to support the development of requirements for an open 

architecture, the European interoperability framework, and the ISO/IEC reference model for 

learning analytics. Components of an open architecture defined at Shanghai Open University 

are presented, and a process for validation of this architecture is suggested. 

Keywords: Open learning analytics architecture, open learning analytics, open platform, open 

and distance education 

1. Introduction

Open learning and distance education (ODE) give access to education and training provision for all 

learners with a smart device and willingness to learn, freeing them from constraints of time and place. 

The online mode of exchange leaves an enormous amount of data that could be put to good use both for 
the learner and the educational institution. The principles of ODE invite to a development of an open 

architecture for use of big data. However, the issue of big data is ripe with thorny questions related to 

privacy, transparency, and ethical and pedagogical use of analytical insights; therefore, there is a need 
for careful definition of the constraints of an open architecture for support of learning analytics (LA) 

within ODE. 

ODE institutions offer courses, some of them as massive open online courses (MOOCs), 
supported by a varying degree of open content (e.g., Open Educational Resources (OER) or open 

textbooks), often hosted in some kind of open knowledge cloud. Globally, ODE has various backing by 

the governments of the institutions’ country of origin; and some institutions, but not all, see themselves 
as part of an international open and distance learning (ODL) community that share common values and 

engage in exchange of ideas, human and other resources.  

The open in ODE is usually understood as highlighting the open access to education, and the 
openness related to mode of access (time, place, platform, etc.). When defining openness related to LA 

architectures there is a need to revisit the ideas that give ODE its strength and examine the needs of 

national or regional open university systems. To develop open learning analytics architecture (OLAA) 
beyond a marketing term we need to understand what openness means in terms of big data and analytics. 

This is the first research question in this short workshop paper. The next questions will ask what 

openness will mean in terms of technical architectures, and what components of an OLAA we have 
designed for an open university in China. The paper will also reflect upon the needs for validation of 

OLAA, based on Chinese and international practice. 

2. Related work

In 2011, as one of the first actions of Society for Learning Analytics Research (SoLAR), Siemens et al. 

(2011) called for development of an open platform to integrate heterogeneous learning analytics 

405



techniques. Three “critical beliefs” underpinned 
the proposal: 

 
1. Openness of process, algorithms, and 

technologies is important for innovation and 

meeting the varying contexts of implementation. 

2. Modularized integration: core analytic tools (or engines) include: adaptation, learning, interventions, 

and dashboards. The learning analytics platform is an open architecture, enabling researchers to develop 

their own tools and methods to be integrated with the platform. 3. Reduction of inevitable fragmentation 

by providing an integrated, expandable, open technology that researchers and content producers can use 

in data mining, analytics, and adaptive content development.   (Siemens et al., 2011, p. 2) 

 
The SoLAR proposal asked for funding of tool development, in particular, a LA engine; an adaptive 

content engine; an intervention engine for recommendations and automated support; and a dashboard, 
including reporting and visualization tools (Figure 1). 

The SoLAR call for open architectures, when the LA research community was still in its 

infancy, did not get an immediate response. An April 2014 press release from an Open Learning 
Analytics Summit at the US Marist College (Solar, 2014) demonstrated interest in the idea from key 

researchers in the field. A few months earlier the Apereo foundations launched its LA initiative 

(www.apereo.org/communities/learning-ana- 
lytics-inititive). Later in 2014 the EU supported 

networking initiative, LACE, organized Open Learning 

Analytics Network Summit Europe to develop a shared 
European perspective on the concept of open LA (Cooper, 2014). The main message coming out of 

these summits was an emphasis on “the need for open source software, open standards, and open APIs 

to address the interoperability challenge in this field as well as how important tackling the ethical and 
privacy issues is becoming for a wide deployment of LA” (Chatti et al., 2017, p. 5). 

Now, six or seven years after the first call for open learning analytics (OLA) we start to see 

proposals for architectures that could be implemented, e.g., the Jisc Open Learning Analytics 
Architecture (analytics.jiscinvolve.org/wp/category/architecture; Sclater, Berg, & Webb, 2015), and 

the Open learning analytics platform (OpenLAP) proposed by Muslim, Chatti, Bashir, Barrios Varela, 

and Schroeder (2018).  
In his book Learning Analytics Explained Sclater (2017) describes the Jisc LA architecture as 

building upon Apereo vision for an open LA platform (with the elements collection, storage, analysis, 

action, and communication). The Jisc framework sets out according to Sclater (2017) the key 
components for carrying out LA, providing the data to stakeholders, obtaining students’ consent for 

data collection and intervention, and managing any resulting interventions with learners. The Jisc 

architecture harvests data from library systems, learning management systems, student information 
systems, and from students themselves (self-declared data). 

Muslim et al. (2018) describe the Apereo and Jisc solutions as “addressing the goals of a limited 

set of stakeholders, working with a specific set of data, answering a predetermined set of objectives, and 
relying on a predefined set of analytics methods” p. 1); and their OpenLAP is targeting to address these 

limitations. The openness in their solutions lies in the flexible definition and dynamic generation of 

indicators to meet the needs of different stakeholders with diverse goals (Muslim, Chatti, Mughal, & 
Schroeder, 2017). The OpenLAP focuses on the modularity and extensibility of the LA platform. 

“OpenLAP adapts a modular and extensible architecture that allows the easy integration of new 

analytics modules, analytics methods, and visualization techniques” (Muslim et al., 2018, p. 93). 

 

2.1 What is openness? 

 
In the OpenLAP architecture described above openness was being able to define one’s indicator set and 
have a framework that allows for the dynamic addition of new analytics methods and visualization 

techniques at runtime. Modularity and extensibility are just two of a number of ‘abilities’ that could 

define openness, e.g., interoperability, reusability, flexibility, scalability, usability.  
Chatti, Muslim, and Schroeder (2017) discuss in detail the concept of openness related to LA 

and seem to conclude that the full range of ‘openness issues’ should be considered: Open learning; open 

Figure 1. SoLAR proposal for an 

integrated learning analytics 

system (Siemens et al., 2011) 
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practice; open architectures, processes, modules, algorithms, tools, techniques, and methods that can be 
used to reuse, redistribute, revise, or remix objects; open access to learning analytics platforms; open 

participation in the LA process by engaging different stakeholders in the LA exercise; open standards, 

open research; open science; open learner modeling; and open assessment. Chatti et al. (2017) claim 
that ‘open’ should be interpreted in relation to these conceptualizations of openness; however, their 

discussion leaves much to be done in defining exactly what openness means in the context of LA.  

In summary, the conceptualization and development of LA as an open approach are still to be 
done. There is a need to understand how learning is supported in these environments and how learners, 

educators, institutions and researchers interact in order to utilize educational big data. In the following 

sections of this paper we will focus on requirements for open LA in ODL. 

 

3. Openness in Open and Distance Education 

 
In general, and as interpreted in many countries around the world, ODE has a broad mandate to provide 
education to a wide group of learners, often without institutional affiliation, and with different kinds of 

disadvantages, socially, culturally, and economically. According to Commonwealth of Learning (2000) 

there is no universally accepted definition on ODL; however, most scholars agree that there is an 
important characteristic of separation of teacher and learner in time or place, or in both time and place. 

As new technologies and teaching methods emerge, ODL branches into new approaches. LA will 

contribute to this development. Therefore, when focusing on the role of openness in ODL related to LA 
we need to use an analytical framework that captures the multifaceted and dynamic characteristics of 

ODL. 

We would suggest using a simplified version of the European Interoperability Framework 
developed by the European Commission (2017) looking at interoperability at three levels: 1) Policy / 

Legal, 2) Cultural / Organizational, and 3) Semantic / Technical.  We will use this framework to drive 

development of requirements for OLAA. 
In Table 1 we have listed some requirements for an open LA architecture grouped by 

interoperability level. On the two first non-technical levels of interoperability requirements for OLAA 

share many of the same characteristics as for other educational technologies. For example, ODL 
institutions will benefit from national policies promoting exchange of technology, methods, training, 

curriculum development, course design, content, etc between universities and regions. A common 

approach to the challenges of use and sharing of educational data will also serve ODE. On the cultural 
and organizational level institutions will benefit from openness in processes and knowledge exchange, 

in particular in new and emergent fields of practice like LA. However, it is on the semantic and 

technical level the interoperability challenges of LA are breaking new ground where there is little 
previous knowledge to build on. The rest of this paper will focus on these challenges and suggest some 

solutions and ways to test them. 

 
Table 1 

 OLAA requirements for different levels of interoperability  

Interoperability 

level 

OLAA requirements 

Policy – Legal National policies related to open and distance learning to reach out to educational 

needs 

National policies regarding open data, open research, open access, etc.  

Privacy and data protection laws and regulations  

Cultural - 

Organizational  

Open processes & knowledge exchange (implementation, quality, assessment, etc.) 

Open pedagogies (adaptation, interventions, etc.) 

Open Educational Resources - access and promotion 

Semantic – 

Technical 

Open data; Open algorithms; Open learner models; Open consent service; Open 

Sources code; Open modules; Open inference / analytics engines; Open adaptation and 

personalization engine; Open Intervention Engine; Open dashboards 

Use of open standards (e.g., for exchange of activity data, predictive models) 
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4. Building blocks for an open LA 

architecture 

 
In the following we will use the ISO/IEC 

20748:2016 learning analytics process model 
(Figure 3) as a template for discussing 

requirements for OLAA. The first three sub processes 

of a LA cycle are about selecting and handling data. There need to be a good match between questions 
and data, otherwise LA becomes irrelevant or in the worst case harmful. In many big data scenarios both 

questions and types of data are looked upon as business secrets. Even if universities are businesses and 

there is a strong competition between them there is no need to keep the metrics for LA in education 
closed. There is a need for continuously discussion on metrics profiles in ODL; these profiles should be 

openly shared. 

Learners’ data are imbued with privacy issues, and 
therefore all proposals to share these data would meet 

objections. However, there are alternatives to live and 

openly sharing of activity data that may serve some of the needs for open data. Synthetic data, also 
known as simulated data, may be useful to limit the risks for illegitimate re-identification of personally 

identifiable information in learning activity data sets. This kind of data may as an example be created by 

using real example data to train a predictive model, but then generating replacement data from the tuned 
model.  

Synthetic data enables the rapid prototyping of services before the “real” big data has been amassed or 

made available to an application. Its availability supports proof of concept, security testing, practicing, 

and training around data governance processes, boundary testing, user testing of visualizations, and 

interoperability testing of different architectural components, as well as many other applications. (Berg, 

Mol, Kismihók, & Sclater, 2016, p. 108). 

Trusted data storage is complex as it raises a host of non-technical issues of organizational, 

legal and even political character. De-identification of data for use in different settings implies 

combining different techniques, e.g., pseudonymization, aggregation, data reduction, data suppression, 
data masking etc., weighing risks of re-identification against the risk of depleting the value of the data. 

This process requires skills and organization. For some communities it may be a good idea to establish 

trusted services that handle the data storing and give educational stakeholders the opportunity to ask 
questions to specific data sets and get the answers back without having direct access to the raw data.  

Analyzing data, the fourth sub process of the LA cycle, is the core process of LA that makes use 

of a number of technologies, some of them well suited to be shared as open models or open technologies. 
Learner models plays an important role as baseline for analysis. These models are based on data from 

particular student populations, courses, national and regional settings. Sharing of learner models will 

require some level of common understanding of their nature. However, collaboration between 
institutions like the ones involved in ODE will have much to gain by exchanging learner models. 

Developing prediction engines involves a lot of training and fine tuning that is highly dependent 

upon context and example data. To make this process more transparent one could share example data as 
synthetic data, and one could make the predictive engines open source so that other interested parties 

can test and build on the good work of others. In addition, the learning algorithms could be provided as 

an XML-based predictive model using an open standard like Predictive Model Markup Language 
(PMML) (Guazzelli, Zeller, Lin, & Williams, 2009).  

Figure 3. LA process model (ISO/IEC 

20748:2016) 
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 How visualizations are used to report analytical insights for different groups of stakeholders is 
not a straight forward process. Gasevic, Dawson, and Siemens (2015) have argued that the use of 

dashboards can lead to the implementation of weak and perhaps detrimental instructional practices. 

Therefore, there is a need to experiment with many types of visualizations and to evaluate their effect in 
different contexts. An open library of dashboards would allow for the design effective learning 

analytics visualizations that consider both instructional, learning and sense-making benefits for learning. 

Cobos, Gil, Lareo, and Vargas (2016). have suggested open dashboards deployed as native modules to 
the usual MOOC platforms as one solution to this challenge. 

For the last sub process, Feedback Actions (Figure 3), there are a range of actions that will 

support interactions between the student and the institution, teachers and their intermediators (e.g., 
learning resources, learning environment, learning platform etc.). These actions are highly dependent 

on interoperability on both the Policy - Legal level and the Cultural - Organizational level, as well as on 

a Semantic - Technical level. Openness in terms of open policies will certainly help to develop 
successful feedback on insights from analytics. However, there is a need for further research to see if 

there is basis for design of open feedback action models. 

Table 2 summarizes the potential open models related to the different sub processes of a LA 
cycle. The rest of this paper will be focused on suggestions for an open technical architecture for ODE, 

based on design work at Shanghai Open 

University (SOU), one of China’s leading ODE 
institutions. 

 

5. Technical architecture for Open LA 

 
In this section we report on an effort of SOU to 

design an open architecture to support their 

course portfolio, which includes degree 
programs and vocational training, as well as 

‘leisure education’ reaching out to a broad 

group of learners in all age groups. Based on 
review of existing blueprints for open 

architectures (Apereo in Sclater, 2017; Chatti et 

al., 2017; Jisc in Sclater et al., 2015) SOU has 
developed an initial model (Figure 4). 

 

 

Figure 4. SOU Open LA Architecture 

 
Using the ISO framework model (Figure 3) as a heuristic we will describe the model as follows: 
Process 1 Learning Activity (What are we looking for?): The objectives (in the model “Objects 

(O)”) are described as high-level objectives that can be deducted from the educational activities that are 

underpinning Diagnostic analysis, Evaluation and reflection, Personalized recommendation, Guidance 

LA sub 

processes 

Open models 

Learning Activity Open Questions - Open Metrics 
Profiles 

Data Collection & 

Data Storing & 
Processing 

Synthetic Open Data 

Trusted Service for Open 
Questions 

Analysis Learner models 

Open data for training 
prediction engines 

Sharing of Prediction engines 

Visualization Open library of visualizations 

Feedback Actions Open policies on LA 

 

Table 2  

Potential open models for LA related to sub processes 
in the LA process cycle 
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and assistance, Self-adjustment, and Prediction and intervention. In the Analysis Module there is also 
indicated different types of algorithms resulting in Alerts, Persona modelling, and Personalized 

recommendation. 

Process 2: Data Collection (What data?): The model identifies four type of data, basic 
information originating from Learning Information Systems, behavioral data originating from 

interactions with learning resources, fellow learners, teachers, tools, etc in a learning environment, 

psychological data, and physical data. Since the model does not describe any relations between the 
objectives and the data needed, the model is silent about details of the sources of the data.  

Process 3: Data Storing & Processing (How to store and share data?): The model is silent about 

how data are store and processed, only using the more generic concept of a Learning Record Store as the 
container for data. 

Process 4: Analyzing (How are we looking at the data?): In the model, analysis is done by the 

Analysis engine interacting with the Analysis algorithm. The SOU model is silent about how the 
algorithms are developed and managed. As described above, in an open architecture it should be 

possible to test the algorithms by applying own test data or openly shared synthetic data. 

The persona modelling is a pivotal part of the analysis process of the model, on which teaching 
actions are dependent.  

Process 5: Visualizing (How will you communicate your findings?): The visualizer component 

of the model feeds information to different usage scenarios for learners, curriculum designers and 
teachers. 

Process 6: Feedback Actions (What actions will you take?): Students as receivers of feedback 

actions are only present indirectly through Teaching application in the model. Therefore, the model is 
silent about how the personalized recommendation, reflection, and self-adjustment would happen. 

Based on this architecture SOU has implemented a homework warning system as part of the 

learning platform of the university. This module is the first of a series of LA applications to be 
implemented. It sends homework warnings via web, text messages, and chat application. 

The SOU Open LA Architecture will go through several design cycles as it will be tested 

against continued solicitation of user requirements, international experts’ evaluation and testing of pilot 
applications. A first evaluation by a focus group of Chinese and international experts (Xiao, Hoel, Yuan, 

Sclater, 2017) suggest some parts that needed improvement. In particular, SOU has been doing 

extensive research in the area of ‘learner persona models’, a concept that is included in the architecture 
described in Figure 4. It needs to be explored how this is related to international research on open 

learner models as described for example in Bull and Kay (2010); and Pavlik Jr, Brawner, Olney, and 

Mitrovic (2013). 
 

 

6. Conclusions and further work 

 
This workshop paper marks the start of developing an open architecture for LA for ODE – a somewhat 

bold claim that at least is defendable if we limit it to ODE in a Chinese context. An open architecture is 

not just a blueprint for system architecture that is published for open academic discussion. Openness has 
more distinct meanings related to how he components in the system are interoperable and 

interchangeable in a way that the community of interest can take advantage of in a transparent and 

accessible way. In this paper we have seen that the understanding of how openness plays out in the 
context of learning analytics is still colored by the discourse in related fields, i.e., open research, open 

data, open educational resources, etc. In future research we will strive to come up with a more coherent 

and targeted definition of the characteristics of an open LA architecture. 
This paper has also demonstrated that the use of the European Interoperability Framework 

gives conceptual support for design of components of an open LA architecture. Along the same lines, 

this paper has proved that the use of ISO/IEC’s LA process model as analytical tool helps the 
construction of the technical parts of OLAA. Applied on the first blueprint of an architecture for 

Shanghai Open University we have been able to pinpoint areas that need further development, e.g., the 

learner modelling component. 
Developing the OLAA further, we plan to make a systematic solicitation of ODE stakeholder 

requirements in order to define the characteristics of the open modules to be included in the architecture. 

We will also define a process for testing the design proposal so that we will be able to go through 
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efficient design cycles before implementing the design in running code. We will also do an analysis of 
data sources available to an ODE institution so that we can deploy a maximum range of analytics 

services answering to the requirements of the different stakeholders. 

 

References 
Berg, A. M., Mol, S. T., Kismihók, G., & Sclater, N. (2016). The role of a reference synthetic data generator 

within the field of learning analytics. Journal of Learning Analytics, 107–128. 

http://doi.org/10.18608/jla.2016.31.7 
 Bull S., Kay J. (2010) Open Learner Models. In: Nkambou R., Bourdeau J., Mizoguchi R. (eds) Advances in 

Intelligent Tutoring Systems. Studies in Computational Intelligence, vol 308. Springer, Berlin, Heidelberg 

Chatti M.A., Muslim A., Schroeder U. (2017) Toward an Open Learning Analytics Ecosystem. In: Kei Daniel B. 

(eds) Big Data and Learning Analytics in Higher Education. Springer, Cham DOI 

https://doi.org/10.1007/978-3-319-06520-5_12 

Cobos, R., Gil, S., Lareo, A., & Vargas, F. A. (2016). Open-DLAs (pp. 265–268). Presented at the Third (2016) 

ACM Conference, New York, New York, USA: ACM Press. http://doi.org/10.1145/2876034.2893430 

Commonwealth of Learning (2000). An introduction to open distance learning. Retrieved from: 
http://www.col.org/SiteCollectionDocuments/ ODLIntro.pdf 

Cooper, A. (2014). Open Learning Analytics Network - Summit Europe 2014. 

http://www.laceproject.eu/open-learning-analytics-network-summit-europe-2014/ 

European Commission. (2017). European Interoperability Framework - Implementation Strategy. Annex 2. 

COM(2017) 134 final. 

Gasevic, D., Dawson, S., & Siemens, G. (2015). Let’s not forget: Learning analytics are about learning. 

TechTrends, 59(1), 64–71. http://doi.org/10.1007/s11528-014-0822-x 

Guazzelli, A., Zeller, M., Lin, W.-C., & Williams, G. (2009). PMML: An open standard for sharing models. The R 
Journal, 1, 60–65. https://journal.r-project.org/archive/2009/RJ-2009-010/index.html 

ISO/IEC 20748-1:2016. Information technology — learning, education, and training — Learning Analytics 

Interoperability — Part 1: Reference model. 

Muslim, A., Chatti, M. A., Bashir, M. B., Barrios Varela, O. E., & Schroeder, U. (2018). A Modular and 

Extensible Framework for Open Learning Analytics. Journal of Learning Analytics, 5(1), 92–100. 

http://doi.org/10.18608/jla.2018.51.7 

Muslim, A., Chatti, M. A., Mughal, M., & Schroeder, U. (2017). The Goal - Question - Indicator Approach for 

Personalized Learning Analytics (pp. 371–378). Presented at the 9th International Conference on Computer 
Supported Education, SCITEPRESS - Science and Technology Publications. 

http://doi.org/10.5220/0006319803710378 

Pavlik Jr, P. I., Brawner, K., Olney, A., & Mitrovic, A. (2013). A Review of Student Models Used in Intelligent 

Tutoring Systems. In Design Recommendations for Intelligent Tutoring Systems (Volume I) 

https://www.researchgate.net/publication/258883086_A_Review_of_Learner_Models_Used_in_Intelligent

_Tutoring_Systems 

Siemens, G., Gašević, D., Haythornthwaite, C., Dawson, R., Shum, S. B., Ferguson, R., et al. (2011). Open 

Learning Analytics: an integrated & modularized platform. Society for Learning Analytics Research. 
http://solaresearch.org/wp- content/uploads/2011/12/OpenLearningAnalytics.pdf 

Sclater, N. (2017). Learning analytics explained. Routledge. ISBN  : 1-315-67956-6 

Sclater, N., Berg, A., & Webb, M. (2015). Developing an open architecture for learning analytics. Presented at the 

EUNIS conference, Dundee, Scotland UK, - June. 

Solar (2014). Leaders in Learning Analytics and Open Source Software. Hold Open Learning Analytics Summit. 

Press release: solaresearch.org/wp-content/uploads/2014/04/OLAPressReleaseFINALv2.pdf 

Xiao, J., Hoel, T., Yuan, L, Sclater, N. (2017). The Shanghai Open University Open Learning Analytics 

Architecture. 1st Report on the Progress  of developing  of SOU Open LA Architecture – November 2017 

411



Wu, Y.-T. et al. (Eds.) (2018). Workshop Proceedings. 26th International Conference on Computers in

Education. Philippines: Asia-Pacific Society for Computers in Education 

The Dynamic Adjustment Instruction 

Strategy: by Using Emotion Analysis of 

Brainwave
Han-Chieh Chao

a
, Ting-Mei Li

a
, Wei-Xiang Shen

a
 & Hsin-Hung Cho

b*
 

aDepartment of Electrical Engineering, National Dong Hwa University, Hualien Taiwan 
bDepartment of Computer Science and Information Engineering, National Ilan University, Yilan 

Taiwan 
*awp.boom@gmail.com

Abstract: Education has always been focus of public attention, and how to cultivate 

students' abilities is a very important subject for teachers. Students' learning situation is 

deeply influenced by teachers' instruction strategies. Especially in higher education, how to 

build up the ability to think independently and solve problems in different ways is a very 
important thing for students. As time changes and technology evolves, students encounter 

problems more difficult and complex. how can teachers adjust their instruction strategies? 

When is the best time to help students? In this paper, we propose the use of 

electroencephalogram (EEG) to analyze and classify learning emotions. Next, the 

classification results will be sent to the teacher through the app, who can adjust the course 

content and methods. In addition, six kinds of instruction strategies were used to analyze the 

influence of emotion. The results show that students are in a better emotion if educators use 

these strategies at the right time. 

Keywords: EEG, emotional state, instruction strategy 

1. Introduction

In recent years, the problems for the world has been increasing of diversity and complexity. Most of 

the problems depend on cooperation with different fields of specialization, such as environmental 
change or energy issues. For this situation, we can know that people should cultivate their ability like 

think independently and solve problems in different ways, so it also emphasizes that higher 

education should train students to have this ability. In recent years, the role of teachers is no longer 
an information provider but an advisor, offer help when students encounter difficulties. When 

students encounter difficulties in autonomous learning, the most obvious reaction is emotion, so we 

think the brain wave analysis will be useful. 
In the field of brain wave research, how to classify emotion is still a very important problem 

(Gupta, Aingh & Karlekar,2018). However, in most of the literature, emotions are only divided into 

two types: positive and negative (Murugappan, Nagarajan & Yaacob, 2009; Soleymani, 

Asghari-Esfeden, Fu & Pantic, 2016). This is due to the uniqueness and specificity of the 
characteristics of brain waves (Jayarathne, Cohen & Amarakeerthi, 2017). For this reason, we 

cannot guarantee that emotions will be classified in great detail. Machine learning will become the 

promised solution for analyzing electroencephalograms (EEGs) (Imah & Widodo, 2017), and most 
studies which using EEG can use it classify more accurately. In this paper, considering the students' 

learning emotion is timely data, need to classify as soon as possible. Therefore, we use support 

vector machine (SVM) algorithm to do classifier. Because as compared with other methods, SVM 
has a lower computational time.  

The types of brain waves can be simply divided into 5 types (alpha (α) wave, beta (β) wave, 

theta (θ) wave, delta (δ) wave, gamma (γ)wave). Different types of brain waves have their meaning. 

For example, the bigger electrical potential of the β wave, the more attention is focused (Arai & 
Mardiyanto, 2013). Although it is not possible to accurately distinguish between emotion changes 

and brain waves, some of the affected brain waves can be understood by measuring brain waves. For 

example, when the test score is 100, the α waves and the γ waves will increase (Du, Raja & Lee. 
2014). Emotion is a basic feeling that humans have. These emotions can be the simplest, the positive 
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and the negative emotions. According to some studies (Fredrickson & Branigan, 2005; Isen, 2001; 
Staw, Sutton & Pelled, 1994), positive emotions can help people improve their intelligence and 

observe problems in different ways.  

The structure of this paper is as follows: The second section will introduce some EEG 

classification studies, learning and emotional relationship and the adjustment of instruction 
strategies. The third section is our proposed mechanism and experimental results, using different 

strategies. Finally, the fourth section is our conclusion. 

 

2. Related work 
 

2.1 Emotions 
 

Emotions are complex and coordinated response of physiology, behavior, and neural mechanisms. 
(Fox, 2008). At present, the most common and most popular emotions can be grouped into six 

categories, including happiness, anger, fear, surprise, sadness and disgust. (Ekman, Friesen & 

Ellsworth, 2013). Some scholars think that emotion is not independent of each other but can be 
combine. Plutchik, for example, believes that the eight basic emotions (joy, sadness, anger, fear, 

trust, distrust, expectation, and surprise) are based on the positive and negative states of the four 

basic emotions. Joy is contrary to sadness, anger is contrary to fear, trust is contrary to distrust, 
expectation is contrary to surprise. (Plutchik, 2002). In addition, everyone grows in different 

environment and culture, so the emotions generated by social learning are varied. But most of 

emotions are made up of basic emotions. For example, the mixture of happiness and trust is love. 

The basic emotions are closely related to the physiological reactions of the human's body. Therefore, 
we can analyze these four basic emotions through the brain wave to understand the students' real 
learning situation. 

 

2.2 Emotion and learning 
 

There is a reciprocal causal relationship between the students' learning situation and emotions. The 
studies can observe when emotions are happy and positive, learning effects are better than negative 

emotions. Pekrun studies how emotions affect students' learning and achievement. The study then 

points out that students' accomplishments usually affect their emotions. For example, success may 
lead people to increase hope and reduce anxiety (Pekrun, 1992). To explore the impact between 

motivation and learning, Pekrun and others used the Achievement Emotion Questionnaire (AEQ) to 

assess students' achievement emotions. The results show that achievement emotions of students are 

related to academic achievement, learning self-regulation and the use of learning strategies (Pekrun, 

Goetz, Frenzel, Barchfeld & Perry, 2011). These studies prove that students' learning status can 

be understood through emotional analysis, and teachers can also find out whether students need help 

through the analysis results. 

 

2.3 Instruction strategies and learning emotions 

 
From the above we can know that emotion is related to learning effect. Therefore, teachers can 

adjust instruction strategies through the analysis of students' learning emotions. In addition to the 

analysis of learning emotion, teachers can also be more aware of students' current learning emotional 
state according to their attention and adopt different instruction strategies. Such as holding a pop 

quiz, advance or dumb down the difficulty of instruction, let students take a group discussion, let 

students take a break and diversion of the students' attention. To take different instruction strategies 

can be adopted to relax or concentrate the learning emotion of the educated students and advance 
their learning performance (Hsu, Lin, Lin & Lin, 2014). 
 

3. Proposed mechanism- dynamic adjustment the instruction strategies 

 
In nowadays, people must not only focus on their professional knowledge, but must also have the 
ability like teamwork, problem solving, imagination, and creativity. For this reason, traditional 
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instruction methods are not suitable for training this ability. In order to improve educational 
efficiency, we propose using EEG to analyze learning emotions. In addition, use our development 

application to collect students' emotional information: concentrate or distraction in class. The 

feedback from the system developed in this study can help teachers track students' status and help 

teachers adjust the content of instruction, instead of the traditional instruction mode-modifying after 
class. Figure 1 is our proposed mechanism flowchart. There are five phases: initial, data collection 

and analysis, providing information to teachers, modifying decisions, and using strategies to 

implement suggested mechanisms. 
 

3.1 Analysis the emotion of learning with using EEG  

 
In this paper, the study of emotional analysis can be divided into three section. The first is the 

definition of learning emotion; in the traditional classification of EEG measurement, it focuses on 
positive emotion and negative emotion. But in emotional research, there are not enough to express 

students' emotional state. Therefore, this paper will add the hidden exponent-voltage, it can help us 

to description the strength of emotion. The second section is building the emotional model. In order 
to analyze and reflect the students' learning situation more accurately, we must establish a model of 

learning emotion as the standard. The third section is to classify emotions. In this paper, we will use 

SVM to classify emotions. SVM is a supervised machine learning algorithm which is mainly used to 
deal with data classification, and has the ability of high dimensional data processing ability and 

variable quantity larger than sample data. Considering that the data of brain wave is 

high-dimensional, and the brain wave has multiple characteristics, it is suitable to assist this study in 

dealing with classification problems. In this step, the characteristics will be found from the collected 
data, and then the relationship between the two characteristics will be determined. Finally, SVM 

uses these to classify emotions. For example, if the emotion is concentrated, the α wave will be high, 

and we can set α wave as our characteristic point. Figure 2(a) is the result of classification after 
using the SVM. 

 

3.2 Dynamic instruction emotion feedback 

 
In the most of traditional instruction feedback mechanism is still need individual interview machine 
or instruction guidance evaluation. However, these mechanisms have been all learned and corrected 

after class, and the whole cannot directly reflect the learning emotion and the problems faced by the 

students. In view of this, this study developed an application to let teachers know the current state of 
learning, as shown in Figure 2(b)(c). When the database receives the data of learning emotion, it 

starts to carry on the instruction emotion classification. When the server classifies the data, it will 

return the classification result to the instruction application. At the same time, educators are able to 

see all students' learning emotion through the interface, as shown in Figure 2(c). The important thing 
in this study is that feedback on learning emotions will affect how educators adjust their instruction 

in the current situation, assuming that if only a handful of students are not focused on learning, 

should instruction strategies still be change? Therefore, in this study, we will set a threshold to 
determine the current learning situation, Table 1 shows what adjust in diffident threshold.  

According to the adjustment of instruction strategies, the learning emotion has different 

influence. When the system received feedback, it will use the big data to analysis after changed the 
instruction strategies to statistics the learning emotion and feelings, as a follow-up to the instruction 

strategy and the realization of positive feedback. In other words, when the learning emotion is low, 

the system can provide a strategy that fits the current situation based on the results of big data 

analysis. 
 

3.3 Instruction strategies for learning emotions analysis 

 
In this sub-section, we will describe in detail the impact of the proposed brainwave analysis on the 

adjustment of instruction strategies. As the background knowledge indicates, there are some 
literatures that show that the learning emotion can influence the learning outcomes. Therefore, how 

to make the most student in a suitable learning emotion by using correct instruction strategy, which 
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adjustment from system, is a problem. In this paper, we use the concentration and distracted of 
learning emotions in the previous sections to adjust dynamically, using six different instruction 

strategies to focus and analyze emotions. Table 2 shows six instruction strategies and how they use 

in different learning emotion. 

Figure 3(a) shows that after a student completes a group discussion, they can quickly reach a 
focused emotion. Figure 3(b) is a combination of pop quiz and dumb down the difficulty of 

instruction. It shows learning emotions become higher and more focused. Figures 4(a)(b) show a 

change in the students' learning emotion after diversion of the students' attention. Figure 4(a) shows 
when students are focused, teachers can effectively lower their concentration by using this strategy, 

and students can quickly raise their concentration as the course begins. Also, Figure 4(b) shows 

when the student's attention is too low, after using this strategy, although the concentration of 
students was not as fast as Figure 5(a) in the beginning, it still slowly rose to the standard value of 

concentration. 

 

Table 1 

Threshold of Learning Emotion 

threshold learning emotion adjust 

> 𝜽𝒏 Most students have cannot focus on class. 
Teachers should immediately formulate 

instruction strategy adjustment. 

< 𝜽𝒑 Most students can continue learning. Teachers can still instruction. 

𝜽𝒑<x<𝜽𝒏 Students' learning emotion can improve. 
instruction must attend on Instant learning 

emotions. 

 

Table 2 

Instruction Strategies how Change Learning Emotion 

 instruction Strategies Purpose of Strategies 

Check students' learning outcomes. 
pop quiz 

To help teacher and system to adjust 

instruction strategies. Check if the difficulty is Suitable. 

Learning emotion is concentrated 

and result of pop quiz is good. 

advance the difficulty 

of instruction 

Learning efficiency is good, so can 

teach more in-depth content. 

Learning emotion is distracted and 
result of pop quiz is bad. 

dumb down the 
difficulty of instruction 

The difficulty is too difficult to 
students cannot learn efficiently. 

Learning emotion is highly 

concentrated. 

let students take a 

group discussion 

Students can communicate what 

they have learned and relax their 

highly concentrated emotions. 

Learning emotion is highly 

concentrated or quite distracted. 

diversion of the 

students' attention 

Diversion of students' attention can 

let them attention in teach content. 

Learning emotion is quite 
distracted. 

let students take a 
break 

Students are to tired, cause the 
reduce of teaching efficiency. 

 

 
Fig.1. Proposed mechanism flowchart in this paper 
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Fig. 2(a)(b)(c). (a) The classification result via using SVM (b). The develop application login. (c). 

the interface to show the learning emotion of students in the class. 

 

 
 

Fig. 3 (a)(b). (a) The result of using group discussion (b). The learning emotion result of a 
teacher using pop quiz and adjust the difficult 

 
Fig. 4(a)(b). (a). The result of teacher using strategy with turn attention at concentration state. (b). 

The result of teacher using strategy with turn attention at the non-concentration state 

 

4. Conclusion 

 
In today's society. it is more valuable who cultivate talents with professional quality, teamwork and 

creativity. In order to train more students with these abilities, how to effectively improve learning 

emotion is an important issue. In this paper, we suggest using brainwave to analysis learning 

emotions and develop apps for teachers. In order to improve the quality of instruction, teachers can 
dynamically adjust instruction strategies in class by feedback of the learning state and emotion of 

students in real time. In addition, we use this function to analyze the six instruction strategies that 

can be implemented in class. By analyzing these instruction strategies, we understand how teachers 
adjust the strategies when students are positive or negative. The experimental results show that it can 

effectively improve students' learning emotion when using these instruction strategies. In future 

work, because brain waves can only divide one simple emotion into two types, this will make it 
impossible for teachers to further adjust instruction strategies. Therefore, we will further divide and 

improve the accuracy of classification in the study of emotion. In addition, we will further study and 

analyze the remaining instruction strategies to achieve the most appropriate instruction strategy 

adjustment mode. 

 

 
Positive Emotion Negative Emotion 
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Abstract: This paper introduces SCROLL dataset, a dataset that consists of foreign 
language learners lifelong learning experiences (i.e. lifelogs). Logs are chronologically 

collected from a context-aware ubiquitous language learning system called SCROLL 

(System for Capturing and Reminding of Learning Logs). The dataset contains ubiquitous 

learning logs from the period of November 2009 to March 2018 (except the years 2015 and 

2016). Furthermore, we propose some baseline approaches using the provided information 

from the dataset. With these baselines, we target at providing references for other 

approaches that intends to solve problems in the domains of educational technology. The 

dataset can be used for educational research purposes, particularly for knowledge discovery 
using learning analytics and educational data mining strategies.  

Keywords: Educational Data Mining, Learning Analytics, SCROLL Dataset, Ubiquitous 

Learning Logs, Ubiquitous Language Learning Research 

1. Introduction

Lifelogging represents the phenomenon whereby learners can digitally capture their personal lives in 

varying amount of details, for a variety of purposes (Gurrin, Smeaton, & Doherty, 2014). With the 
availability of new technologies to track human’s life activities, lifelogging (often addresses as 

personal big data) has become a mainstream research topic. Lifelogging may offer benefits to 

content-based information retrieval, retrieval of context, browsing, search, linking, summarization, 
and user interaction (Gurrin et al., 2014). Besides, lifelong data are used in various fields including 

healthcare, fashion, social network etc. In the language learning context, the concept of ubiquitous 

learning has been an important and breakthrough research topic. In recent years, ubiquitous 
computing is considered as the new hype in the information and communication that is normally 

associated with a large number of small electronic devices (small computers) which have 

computation and communication capabilities such as smart mobile phones, contactless smart cards, 
handheld terminals, sensor network nodes, radio frequency, identification (RFIDs) etc. which are 

being used in our daily life (Yahya, Ahmad, & Jalil, 2010) (K. Sakamura & N. Koshizuka, 2005). In 

general, ubiquitous learning uses the infrastructure of ubiquitous computing in a specific manner by 
which learning and teaching processes can be enhanced. Logs captured by ubiquitous technologies 

can be used for a wide range of applications including education, healthcare, security, surveillance, 

human-machine interaction, sports science etc. (Zhang & Sawchuk, 2012). 
In our study, Ubiquitous Learning Log (ULL) is defined as a digital record of what learners 

have learned in the daily life using ubiquitous technologies (Ogata et al., 2011). The collection of 

ULLs was started under the project named “ubiquitous learning log (ULL)” in order to store 
intentionally what learners of foreign languages have learned in their daily life and consequently 

reuse them. In the collection of ULLs, two basic fundamentals of computer-supported ubiquitous 

learning, namely how to record and share learning experiences that happen anytime and in any 
place? and how to retrieve and reuse them for future learning? were taken into consideration (Ogata 

et al., 2014). In this paper, we describe a dataset consisting of ubiquitous learning logs that are 

collected from the perspectives of the foreign language learners. Those logs are accumulated by 
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using a context-awarded ubiquitous language learning system named SCROLL (System for 
Capturing and Reminding of Learning Logs). In this work, our primary focus is on developing a 

dataset for ubiquitous language learning research. The lack of large, publicly available and general 

purpose ubiquitous language learning datasets motivated us to build our own dataset. So far, several 
scientific researches in the domain of language learning with a partial use of this dataset have been 

carried out. As learning analytics, educational data mining and artificial intelligence mature, our aim 

is that this dataset will play a significant role in facilitating research in other related scientific 
domains.  

 

2. Data Source 

 
Ubiquitous Learning Logs (ULLs), described in this paper are collected chronologically from a 

context-aware ubiquitous language learning system called SCROLL (Ogata et al., 2011). SCROLL 

system is proposed to overcome one of the challenges of Computer Supported Ubiquities Learning 
(CSUL) research, namely capturing what learners have learned with the contextual data, and 

reminding the learners of it in the right place and the right time.  ULLs are defined as the record of 

what learners have learned in their daily life using ubiquitous technologies (Ogata et al., 2011). 
Learners using SCROLL system are allowed to log their authentic learning experiences with photos, 

audios, videos, location, QR-code, RFID tag and sensor data, and afterward share them with other 

learners (Ogata et al., 2011). Also, learners are allowed to reuse those logs. SCROLL system is 
designed in a way that meaningful knowledge from past learning experiences can be extracted so 

that it can be used as a guide for learners’ future behaviors. For this, LORE 

(Log-Organize-Recall-Evaluate) model was proposed which worked as the backbone of the system 
(Ogata et al., 2011).  The SCROLL system runs on different platforms including personal computer, 

tablets, mobile devices and Android phones. Interfaces of the SCROLL system is shown in Figure 1.   

 

  
(a) Home Page (b) Log Creation Page 

  
(c) My Log Page (d) Quiz Page 

Figure 1: Interfaces if the SCROLL System 
 

3. The Dataset 

 
This dataset, in the context of ubiquitous learning, consists of 27507 logs that are collected using 

SCROLL system from the period of November 2009 to March 2018 (except the years 2015 and 
2016). The system has been used by users from over 30 different nationalities. However, in this 

paper, we report about the logs that are collected from learners registered themselves as Chinese, 
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English and Japanese languages as their default languages. Table 1 shows the summary of the 
dataset. 

 

Table 1: Summary of the Dataset 

Native Language Number of Users Total Logs 

Chinese 104 3279 

English 340 11694 

Japanese 233 12534 

Total 677 27507 

 
Publishing data about individuals without revealing sensitive information about them is 

known to be an important research problem (Machanavajjhala, Gehrke, Kifer, & 

Venkitasubramaniam, 2006). Now a day, many organizations are increasingly publishing data about 

their users by anonymizing users’ personal information. As a result, the anonymization of data and 
de-identification techniques are often at the forefront of research institutions’ concern when it comes 

to publishing data. Numerous techniques have been proposed such as l-diversity, k-anonymity, hash 

function, tokenization etc. for data anonymization and/or pseudonymization of data before 
publishing. In order to prepare SCROLL dataset, our primary concern was about not to reveal any 

sensitive information. Therefore, we defined sensitive and non-sensitive information. Sensitive 

information is those that can uniquely identify a user using the seemingly innocuous attributes 
gender, date of birth, and postal code etc. Hence, to avoid the identification of these records in 

dataset, uniquely identifiable information like name, age, email, phone etc. are removed from the 

table. Moreover, images that contain identify human faces and social situation including a room’s 
interior, laboratory setting, numbers are removed from the table. We did not anonymize locational 

information. Because we hypothesized that from the coordinate information, top N locations for 

each user can be measured with different levels of granularity, ranging from a cell sector to whole 
cell, zip code, city, county, and state (Zang & Bolot, 2011). Table 2 shows the fields of the SCROLL 

dataset. Note that- (1) any location with NULL refers that GPS signal was not detected hence, we 
couldn’t ensure the study location; (2) empty (i.e. blank) field refers to the information that is 

intentionally hidden for data privacy.  

 

Table 2: Details of the Fields 
Field Description Example 

Log.Id Id(anonymized) of each vocabulary 
log 

033d9c9ac6d44b56ac48a47c4600e5e7 

Learner.Id Learner(anonymized) id ff80818125899fb501258acaadc10001 

Default.Lang Default language of a learner Chinese, Japanese, and English 

Latitude Latitude of the study location 34.07027 

Longitude Longitude of the study location 134.554844 

Create.Time Creation time of a vocabulary log 6/13/2013 20:09 

Image Image id 114163a52e6545bf8dd8380ceebf9ebd 

Vocabulary Vocabulary that is learned (Bengali) হাতি (hati) 

Meaning Translation of the vocabulary 象(zo) 

Relog Whether one’s log is reclogged by 

other 

033d9c9ac6d44b56ac48a47c4600e5e7 

Quiz.date Quiz was created 6/13/2013 21:19 

Quiz.Lat Latitude where quiz is generated 34.07027 

Quiz.Lng Longitude where quiz is generated 134.554844 

Quiz.Content Content used in a generating quiz Apple, orange etc. 

MyAnswer Number of options chosen in quiz 1, 2, 3 or 4 

Answer Right answer of the quiz 1, 2, 3 or 4 

The dataset is open to the research communities continuously contributing to improve 

learning analytics, educational data mining, ubiquitous learning, language learning or closely related 
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research. In order to use the dataset, a researcher is required apply via the project page1. Further 
instructions regarding the dataset including how to download it, data sharing policies, citation 

information are provided in project’s pages2.   

 

4. Recent Research using the Dataset 

 
The SCROLL dataset is recently used to analyze various problems in educational technology and 

provide solutions to them. Before 2015, the dataset has been used for personalized knowledge 
awareness map, computer-supported vocabulary learning, enriching ubiquitous learning 

experiences, mobile learning, task-based learning, life-logging, dashboard, information 

visualization, and other related researches. In this section, we articulate some of the recent 
researches that are carried out with this dataset from 2015 and onwards.    

 

4.1 False-friends Detection across Contexts (Abou-Khalil, Brendan, Flanagan, & Ogata, 

2018) 

 
False-friends referred to those words that look alike and pronounced similarly in two languages but 
differ significantly in meaning. False-friends often create confusion in foreign language learners’ 

minds particularly in informal learning that may lead to miscommunication. Hence, this problem 

needs to be overcome. In our investigation, utilizing ULLs, the identification of a word’s intended 
meaning under a specific learning context is determined. Then we provided the learner with the 

appropriate translation, early warnings and quizzes in order to improve the learning process and to 

avoid false-friends’ that s/he might encounter in future. 

 

4.2 Image Recommendation  for Informal Vocabulary Learning (Hasnine M. N., Mouri K., 

Flanagan B., Akcapinar K., Uosaki N., & Ogata H, 2018) 

 
Hasnine et al. proposed Feature-based Context-specific Appropriate Image (FCAI) recommendation 

system to assist language learners in informal learning of foreign vocabulary. The system is based on 

the analyzing 25350 ubiquitous learning logs (i.e. a learner’s ethnographic information, learning 
location, learning time, learning context, image information etc.) from the dataset.  

 

4.3 Context-awareness and Personalization (Mouri, Ogata, Uosaki, & Lkhagvasuren, 

2016)   

 
Utilizing the ubiquitous learning logs from the dataset, a system is developed that could recommend 
useful learning logs at the right place in the right time in accordance with personalization of learners. 

For personalized recommendation, a model named Learner-Kowledge-Place-Time-Experience 

(LKPTE) is proposed in which 5 parameters, namely word, information, native language, place, and 
time are used. The finding of this study indicates that the system is capable of increasing learners’ 

learning opportunities.  

 

4.4 Japanese Onomatopoeia Learning (Uosaki, Ogata, Mouri, & Lkhagvasuren, 2015) 

 
In the Japanese language, the number of onomatopoeic words is high. As a result, foreign students 

learning Japanese language struggle to acquire them. Research, in order to facilitate Japanese 
onomatopoeia learning, has been carried out using the dataset. A system with the objectives to share 

onomatopoeia learning contents among onomatopoeia learners, and to organize and reinforce their 

knowledge is developed. In the evaluation, it was found that the system has high usability and 
learners’ satisfaction because learners got to learn in technology-enhanced learning.   

                                                
1 http://eds.let.media.kyoto-u.ac.jp/?page_id=698&lang=en 
2 https://sites.google.com/view/letsscroll/ 
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4.5 Network Visualization (Mouri & Ogata, 2015) 

 
Research on developing innovative visualization system by integrating network visualization 
technologies with Time-Map based on Ubiquitous Learning Analytics (ULA) is carried out. The 

SCROLL ULL dataset is used for this research.  One of the key focuses of this research was to 

visualize the relationships between learners and ULLs. With this study, foreign students living in 
Japan can add their knowledge to the SCROLL system, and then the system can present the learning 

contents to help them in recalling previously acquired knowledge based on their learning contexts. 

The paper (Mouri et al., 2015) details the architecture of the network visualization model. 
 

5. Research Scopes  

 
Learning Analytics (LA) and Educational Data Mining (EDM) are emerging interdisciplinary fields 
that concern with developing innovative methods for exploring unique types of data from 

educational environments. In recent years, LA and EDM techniques such as statistics, visualization, 

SNA, concept analysis, classification, clustering, relationship mining and discovery with models are 
tested in Intelligent Tutoring System(ITS), Technology-enhanced learning, educational technology 

researches. The scientific research topics shown in Table 3 can be explored (but not limited to) using 

the SCROLL ubiquitous learning log dataset. Learning analytics, educational data mining, text 
mining, artificial intelligence, and pedagogical approaches are advised to apply on this dataset.     

 

Table 3: Suggested Topics 
Research Scope Required Baseline Information 

Location-based word recommendation Vocabulary, Place(Lat. and Long.) 

Topic generation Vocabulary, Corpus (Wikipedia, Twitter etc.)  

Informal learning behavior analysis Vocabulary, Time, Place (Lat. and Long.), User profile  

Cross-cultural association analysis Vocabulary, Place (Lat. and Long.), User profile 

Data visualization Vocabulary, Place (Lat. and Long.), User profile 

Learning experience transformation Vocabulary, Log, Meaning (different lang.)  

Authentic learning Vocabulary, Log, Meaning (different lang.) 

Data-driven ethnographic research User profile 

Quiz generation Vocabulary, Log, Quiz info., Quiz history  

Context and culture in learning  Vocabulary, User profile, Place (Lat. and Long.) 

Adults language learning Vocabulary, Place (Lat. and Long.), Time 

Association analysis Vocabulary 

Image recommendation Vocabulary, Image info. 

 
For evaluation, log analysis, machine learning, user ratings, self-report, statistical methods, 

perplexity measurement, network visualization, bleu score, accuracy, recall, precision, correlation 

measurement, feedback, comparative approach, motivation analysis, effectiveness tests, memory 

retention etc. are suggested to adapt.  
  

6. Conclusion 

 
Learning analytics and educational data mining are maturing, and have shown great promise for 20th 

century’s education. Some studies have been carried out to accumulate lifelog data of a person’s life 
utilizing scanned material (e.g., articles, books) and digital data recording media (e.g., emails, web 

pages, phone calls, and digital photos). Analysis of these sort of dataset has gained interest in 

multimodal learning analytics domain. However, in the context of ubiquitous learning, the 
representative lifelog dataset where modern machine learning methods can be applied is limited. 

Indeed, some representative datasets such as USC-HAD dataset, MIT PlaceLab dataset, UC 

Berkeley’s WARD dataset, Microsoft’s MyLifeBits dataset, Yamada’s Clothes Life Log dataset, 
Yoshihara’s Healthcare Lifelong dataset etc. has drawn the great interest of researchers. In this 

paper, we describe a dataset consisting of 27507 ubiquitous learning logs and 62466 quiz logs that 
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are collected from foreign language learners that registered themselves as either Chinese, English or 
Japanese as their default language. Using SCROLL, we aimed to capture foreign language learning 

experiences in daily life and reuse them for learning and education. Since SCROLL is intended to be 

used in general domains and for life-long learning, we will apply it to many application domains 
including foreign language, math, physics, and science education, and conduct a long-term 

evaluation with a larger sample of subjects. Another area of our future work is learning analytics. 

We plan to analyze the accumulated data in the learning logs to find learners’ learning patterns and 
learning habits in order to supply more appropriate learning materials in more appropriate places and 

at more appropriate times to improve the learning effects of the system. The dataset is prepared by 

not revealing any sensitive information of the users. Location information is also provided by which 
top N locations for each user can be measured with different levels of granularity. We also suggest 

that the data can be segmented time-wise (Year-Month-Week-Day-Hour-Minute-Second), 

location-wise (i.e. library, café, university, home, city etc.), user profile-wise (nationality, 
ethnographic background, target language etc.), learning trail-wise etc. For evaluation, log analysis, 

machine learning, user ratings, self-report, statistical methods, memory retention etc. are 

recommended. This dataset will be open for the researchers that will take part in the workshop.   
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Abstract: This study sets out to address the contradictory findings in previous research 

about the relation between feedback-seeking behaviour and performance. The log files of 

40 in-service teachers who used an electronic portfolio with learning analytics were analysed 

to identify how the teachers used the learning analytics applications, and to explore the 

relationships between the feedback-seeking frequency, use of learning analytics applications 

and performance scores. This study demonstrates sparse use of learning analytics 

applications and offers possible explanations for this finding. In addition, the study showed 

a negative relation between the score of evaluating students and feedback-seeking 

frequency. These findings and other considerations for additional research using feedback-

seeking behaviour, performance scores and learning analytics are addressed.  

Keywords: Log files, Learning Analytics, Feedback Seeking Frequency, In-service 

Teachers 

Interest in the feedback area has been primarily sustained because of its performance-improving 

effect. Feedback has been defined as information that is provided by an agent (teacher, peer, or even 

a software program) regarding aspects of his performance or understanding (Hattie & Timperley, 

2007). It is considered to have the most powerful effect on one’s performance and achievement but, 
according to Hattie and Timperley (Ibid), Kluger & DeNisi (1996), Morrison (1993), this impact can 

be either positive or negative. In order to be effective and support the person’s sense of competency, 

feedback needs to be clear, purposeful, meaningful, and to provide logical connections. However, 
insufficient performance-related feedback may sometimes lead to people’s reluctance to accept 

feedback, especially if it is negative or destructive (Tuckey, Brewer, & Williamson, 2002). 

Therefore, active feedback seeking can be considered a valuable mechanism to obtain useful 
information about one’s performance (Levy, Albright, Cawley, & Williams, 1995). Feedback 

seeking, being closely connected with person’s self-evaluation and self-assessment is also an 

important tool for developing effective self-regulation skills (Anseel, Beatty, Shen, Lievens, & 

Sackett, 2015) and autonomy.  
In 1983, Ashford and Cummings proposed a theoretical model of feedback-seeking 

behaviour where they showed its conscious devotion of effort determining the correctness and 

adequacy of behaviours to achieve set goals. Although feedback allows people to make corrections 
in their performance over time (Anseel et al., 2015), literature offers contradictory findings about 

the relation between feedback-seeking behaviour and performance. In their meta-analytic review of 

the antecedents and outcomes of feedback-seeking behaviour, Anseel and colleagues (2015) showed 

the positive, however, small mean correlations between feedback-seeking behaviour and job 
performance.  

Compared to many other countries participating in the TALIS research (2013), Estonian 

teachers report getting more feedback about their job than other teachers. However, the amount of 
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positive consequences (e.g. self-confidence as a teacher, public recognition, growing motivation and 
job satisfaction) expected to follow the feedback is reported lower in Estonia than on the average in 

TALIS study. Therefore, teachers may feel that the feedback and assessment systems are merely 

formal and do not influence their work in the classroom substantially (Ibid). TALIS research 

provides information about how the system gives feedback to teachers, but it does not indicate how 
willing teachers are to seek and receive feedback, and whether their motivation to get feedback is 

somehow related to their performance.  

Recent developments in the field of learning analytics could help address this problem. 
Learning analytics as “the measurement, collection, analysis, and reporting of data about learners 

and their contexts, for the purposes of understanding and optimising learning and the environments 

in which it occurs” (Siemens, 2013, p. 1382) is perceived  as an effective and efficient way to provide 
immediate feedback (Johnson et al., 2013) in the workplace and therefore enhance performance.  

This paper addresses the contradictory findings of earlier studies by exploring teachers’ 

feedback-seeking behaviour and its relations to their performance using the affordances of learning 

analytics (LA). The aim of the current study is twofold: 1) to identify how teachers used the LA 
applications in the electronic portfolio (e-portfolio) to receive feedback to their professional 

activities, 2) to explore the relationships between the feedback-seeking frequency, use of LA 

applications and performance scores.  
 

1. Theoretical Framework 

 
The need for obtaining feedback about one’s performance is considered a basic human need (Anseel 

et al, 2015). Feedback-seeking behaviour (FSB) is a proactive activity initiated by an individual to 
get information about his or her performance. According to Crommelinck and Anseel (2013) FSB 

is “the conscious devotion of effort towards determining the correctness and adequacy of the 

behaviour for attaining valued goals” (Ibid). It is considered a valuable resource for the individual 

as it facilitates his adaptation, learning and performance. In order to better comprehend an 
individual’s FSB and support its efficiency, it is necessary to know the related antecedents and 

outcomes.  

FSB has been claimed to benefit in three main areas: performance, learning and creativity, 
and adaptation and socialisation (Crommelinck & Anseel, 2013). As the focus of the current study 

is on job performance, this area is observed most thoroughly. The importance of FSB while 

improving the job performance, and increasing one’s efficiency has been shown in many studies (e.g 

De Stobbeleir, Ashford & Buyens, 2011). In addition, FSB has been reported to reduce uncertainty, 
lead to more positive attitudes (Hays & Williams, 2011), and increase job satisfaction (Anseel et al, 

2015).   

Job performance is the construct that can be considered an antecedent as well as outcome. 
Though FSB may lead to improved job performance, the poor job performance may increase the 

individual’s willingness to seek feedback more frequently. Hence, these two are bilaterally related. 

The same logic applies also for other constructs. According to Anseel and his colleagues’ example 
(2015), the inconclusive results for uncertainty and role ambiguity might result from the fact that 

uncertainty as an antecedent leads to increased feedback seeking, which in turn leads to a strong 

decrease in uncertainty as an outcome. 

Ashford and Cummings (1983) have distinguished two ways of feedback seeking methods 
– inquiry and monitoring. Inquiry method can be considered the direct one, while the person is 

directly inquiring about his or her performance. Whilst, in the case of monitoring, the person is 

observing the situation where feedback is seeked and given to other people. In the case of the current 
research, the teachers’ activities in the teaching process were monitored, but teachers could decide 

themselves whether and how frequently they inquired for feedback given about these teaching 

situations. This specification leads us to the second important aspect of FSB – frequency of seeking 
feedback.  

A consideration of feedback as an individual resource suggests several motivators of FSB. 

Most fundamentally, in situations in which feedback has more value as a resource, individuals should 

be more motivated to seek it. However, it appears that the motivation to seek feedback is not entirely 
straightforward. The theoretical model by Ashford and Cummings (1983) proposed that individuals 

seek feedback to reduce uncertainty about what goals to pursue and the behaviours required to 
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achieve those goals. Though in many situations it may be very useful to obtain feedback for its error 
corrective and uncertainty reducing properties, individuals may be reluctant to actively pursue it in 

an attempt to protect their self-esteem. Indeed, it is perhaps the poor performers, who need feedback 

most for its utilitarian value, or who will be most reluctant to seek it because of potential ego damage. 

In any situation, these various motives may be more or less operative depending on various 
contextual factors such as the nature of the technology, the amount of feedback provided, the seeker's 

past experiences, and his expectations for future performance. It is the level of these motivations, in 

combination, which determine the individual's level of active feedback seeking (Ashford & 
Cummings, 1983). 

E-learning environments and learning management systems store data about learners’ 

activities in log files. They are able to record huge amounts of data about learners’ actions within 
different learning situations, their interactions and feedback-seeking behaviour. Log files enable to 

track their actions at a great level of detail. Learning analytics gives meaning to these data and 

provides valuable information about the learning activities and performance. According to Cocea 

and Weibelzahl (2006), log files analysis is used on various purposes. It enables to provide 
information to tutors to facilitate and give more accurate feedback to learners, to monitor group 

activities, to identify benefits and solve difficulties related to log data analysis, to use response times 

to model student disengagement, to infer attitudes about the system used, and to infer attitudes that 
affect learning, to name some of them. Activity tracking is also considered as a source of information 

for assessing users’ feedback-seeking behaviour.  

Log files provide teachers and course administrators with activity reports that can be filtered 
by different variables depending on the purpose. This enables automatic prediction of learners’ 

performance (Ibid). Several researchers have found positive significant relations between the 

frequency and time learners spend in the e-learning environment and their academic progress 

(Damianov, 2009; Vengroff & Bourbeau, 2006). It has also been shown that high achieving students 
spend relatively more time in the learning management systems compared to their low achieving 

companions (Dawson, McWilliam & Tan, 2008).  

However, most of these studies basically focus on students. Similar studies are difficult to 
find about in-service teachers or other employees participating in follow-up schooling or in-service 

training. Therefore, the current research is trying to fill the gap and investigate the relations between 

the actual use of the system and performance, to be more precise, use of the learning analytics 

applications, feedback-seeking behaviour, and performance in the case of in-service teachers. 

 

2. Method 
 

The pedagogical basis of the e-portfolio lies in an assessment rubric which was designed as a 

preliminary step before the e-portfolio implementation (see further Leijen et al., 2017). The rubric 
comprises five professional roles, which are divided into 12 professional activities which, in turn, 

are subdivided into 25 performance indicators. For this study, only the first professional role 

“Designer, supervisor and evaluator of learning activities (subject knowledge and supervisor of the 
learning process)” was used, as this role was seen as the most important role in teaching. This role 

consisted of five professional activities, e.g. setting learning goals for the lessons, choosing or 

designing appropriate learning materials and methods, planning the execution of learning activities, 

carrying out the learning activities, evaluating the pupils’ accomplishment of the learning goals and 
giving them feedback. For each professional activity there were five performance levels.  

In this study, the existing web-based e-portfolio EPASS (http://my.epass.eu) was used. The 

e-portfolio included two LA applications – the just-in-time (JIT) feedback module and the 
visualisation (VIZ) module. The JIT module provided the users 1) automated feedback which was 

the pre-formulated feedback messages based on an assessment rubric, and 2) supervisor feedback, 

which in the context of this study were the written comments provided by the colleagues. The VIZ 
module presented the teachers informative graphical representations of the scores of their 

professional activities. Teachers could choose between different visualisations e.g. line graph, bar 

chart or spider diagram, or table to see their progress. Detailed description of the LA applications is 

presented in the article by van der Schaaf and colleagues (2017). 
The sample consisted of 40 in-service teachers who used the e-portfolio with learning 

analytics applications during a university course on lesson observation and analysis over a period of 
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one month in the autumn of 2016. Background information about the teachers was gathered at the 
end of the course (N = 34). The teachers’ age varied from 25 years to 67 years and the mean age was 

42.9 (N = 33; SD = 10.7), all were female. Approximately half of the participants (N = 18, 52.9%) 

reported prior use of e-learning systems, however a little less than a quarter of the participants (N = 

8, 23.5%) had used an e-portfolio before. Additionally, teachers’ specialty varied across three areas, 
i.e. pre-school teacher (N = 21, 61.8%), subject teacher (N = 11, 27.5%), and primary school teacher 

(N = 2, 5.9%). 

Teachers were asked to carry out professional activities at their workplace and invite a 
colleague to observe, assess (on a 5-point performance level scale) and write feedback on their 

activities via the e-portfolio. This information was the bases for the input in the JIT feedback and 

VIZ modules. Since prior research has shown that the implementation of e-portfolio can be a 
complex process (Granberg, 2010), extra attention was paid to training of the teachers on the use of 

the e-portfolio system. Manuals and videos of how to use the e-portfolio system were provided and 

the teachers could at any time contact the researchers via e-mail. After logging in the system, the 

teachers gave their permission to use their log file data for research. 
Log files from the e-portfolio environment were used to gain insight into teachers’ actual 

use of the LA applications. Although data about the clicks and time spent on different features of 

the LA applications were logged, only the clicks in the system are used in this study since the time 
spent in the system did not give reliable findings. 

Feedback seeking frequency was operationalised as the number of times the teacher asked 

for additional feedback in the e-portfolio system for professional activities after receiving his/her 
first score (0 – received feedback once, did not ask for further feedback, 1 – asked for feedback 

twice, 2 – asked for feedback three times). 

The mean scores of the five professional activities were calculated. Then, the Shapiro-Wilk 

test was used for testing the normality of the five performance scores in data distribution. Spearman's 
correlation was used to analyse the relationships between the feedback-seeking frequency, use of 

LA applications and performance scores. 

 

3. Results 
 

The first aim of this study was to identify how teachers used the LA applications in the e-portfolio 
to receive feedback to their professional activities. Results showed, that the use of the LA 

applications was rather sparse. Although most of the teachers (N = 35) clicked on either the JIT 

feedback or the VIZ module, the latter was more popular among the teachers. However, the specific 
use of the different features in the VIZ module was dissimilar. Line graph was viewed most often 

(N of clicks was 276), whereas only 32 clicks were done on the general table (13 teachers made use 

of it). Nonetheless, Spearman’s correlation showed highly significant correlations (p < .01) between 

the use of the different features in the VIZ module. This indicates that the teachers who were 
interested in one of the features in the VIZ module were more likely to click on some other feature 

in the VIZ module. 

The JIT module was used very rarely. Only four teachers clicked on the automated feedback 
and the overall number of clicks on this feature was nine. A little more clicks were done on the 

written feedback feature (N = 25), however, the number of teachers who used this feature was also 

small (N = 9). Spearman’s correlation showed moderate significant correlations (rs = .469, p < 0.01) 
between the use of the automated feedback and the written feedback. This finding shows, similarly 

to the finding about the use of the VIZ module, that the teaches who clicked on one feature in the 

JIT module were more likely to click on the other one as well. 

The second aim of this study was to explore the relationships between the feedback-seeking 
frequency, use of LA applications and performance scores. There was a weak positive correlation 

between the feedback seeking frequency and the clicks done on the line graph in the VIZ module, 

which was statistically significant, rs = .348, p < .05. However, the correlations were non-significant 
between the feedback seeking frequency and the other LA applications with their features.  

The mean scores of the professional activities were similarly high, ranging from 3.6 to 3.8 

on a 4-point scale. Concerning the feedback-seeking frequency, the professional activity about the 

evaluation was assessed most infrequently (N = 30). There was a weak negative correlation between 
this activity and the feedback-seeking frequency, rs = -.428, p < .05. This means that the teachers 
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who received low scores for this activity were more likely to ask for more feedback on this activity 
and the other way around. The relationships between feedback-seeking frequency and all the other 

professional activity scores were not significant.  

 

4. Discussion 
 

This study set out to investigate how in-service teachers used LA applications in an e-portfolio to 
receive feedback to their professional activities, and the relationships between the feedback-seeking 

frequency, use of LA applications and performance scores. 

 In order to see how the teachers used the LA applications, log files from the e-portfolio were 

analysed. Although several studies have indicated significant positive relations between the time 
learners spend in the e-learning environment and their academic progress (Damianov, 2009; 

Vengroff & Bourbeau, 2006), the time spent in the system did not give reliable findings in this study. 

Therefore, only the clicks made on the LA applications were used. The analysis of the clicks showed 
that although the use of the LA applications was rather sparse, the teachers preferred visualisation 

module over just-in-time feedback module. Even though the teachers had different graphical 

solutions in the visualisation module, they clearly preferred to see their development presented to 
them in the form of a line graph rather than bar chart, the spider diagram, or the table. Moreover, 

there was a weak positive correlation between the feedback-seeking frequency and the clicks done 

on the line graph feature in the VIZ module. This suggests that the participants in this study preferred 

the easiest and most familiar visualisation.  
It was somewhat surprising that the number of clicks on the JIT feedback module was very 

low. The low number of clicks on the written feedback can be explained with the fact that teachers 

had received feedback from their colleagues already orally after the lessons and did not see the 
necessity to read it again in the e-portfolio. Even lower use of the automated feedback implies that 

the teachers did not see the extra value that the automated feedback could provide. Further research 

should be undertaken to explore in-depth teachers’ perceptions of the usefulness of the JIT feedback 
module.  

This study set out to address the contradictory findings of earlier studies about teachers’ 

feedback-seeking behaviour and its relations to their performance using the affordances of LA. The 

results showed a weak negative correlation between the activity about evaluating pupils’ 
accomplishment of the learning goals and giving them feedback, and the feedback-seeking 

frequency. This outcome is contrary to the outcomes of the meta-analytic review of Anseel et al. 

(2015) who found a positive, however, small mean correlations between feedback-seeking behaviour 
and job performance. There are several possible explanations for the negative correlation in this 

study. Firstly, the teachers who received high score for their performance in this professional 

activity, did not request additional feedback. This result may be due to the ceiling effect, where 

teachers felt that they had no possibility to improve. Another possible explanation for this negative 
correlation is that the teachers who received lower scores, requested more feedback on their 

performance. This may be explained by their uncertainty in this activity, a result which has been also 

shown by Anseel et al. (2015).  
The current research was focusing on feedback seeking frequency. Even though frequency 

is considered an important and informative characteristic of FSB, it is not sufficient to rely on this 

characteristic alone. Crommelinck and Anseel (2013) indicate that awareness of how often feedback 
was asked for should be complemented by other aspects, like timing or the person who feedback 

was seeked from. In the current study, teachers had the possibility to choose the colleagues that 

observed their lessons and gave feedback. It may be that the colleagues had a favourable relationship 

with the teachers and therefore this could also explain the high performance scores. The person who 
is targeted is a strategical decision as this enables to affect the obtainable feedback preferring certain 

people and eliminating others. However, this was not central in this study and therefore a further 

study with more focus on the abovementioned aspects is therefore suggested. Moreover, research is 
also needed to understand further teachers’ motivation to use the system and whether their 

motivation could have been related to their certainty and feedback-seeking frequency.  
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Abstract: This paper describes our participation in the task of predicting student 

performance at the learning analytics workshop which is hosted at the ICCE2018 

conference. The task provides two datasets consisting of student time series click data 

behavior from an eBook reader. The goal is to predict the score and to predict whether a 

student passes the course or not. We transformed the time series data of student eBook 

actions in different features for the regression and the classification task. Among many 

feature subsets examined, feature subsets that have emerged through t-test, f-regression, 
and random forest regression have delivered comparatively better results. After an 

extensive feature engineering, we tried a new approach, based on k-Means, which 

transforms the selected features into the cluster-distance space. We evaluated the 

original and resulting features with different classifiers and regressors. For both datasets 

and both problems (regression and binary classification), the feature sets created with 

the cluster-distance space transformation have delivered better results. 

Keywords: educational data mining, learning analytics, student score prediction, deep 

feature synthesis, regression, machine learning, time series 

1. Introduction

In recent years, the number of digital learning opportunities has been steadily increasing. Lectures 

can be viewed as interactive videos at any time, and learning can be promoted with quiz apps. 
Many different digital devices, such as augmented reality glasses, eBooks and many more, can be 

used to support the learning process. 

A survey conducted by Weisberg (2011) showed that 83% of students would use a digital 
textbook on a tablet as the primary or secondary textbook and 91% would use a digital textbook on 

an e-reader as the primary or secondary textbook. 

The use of digital devices and distributed learning environments such as eBooks results in 
usage data that can be tracked. The research area Learning Analytics (LA) deals with the 

“collection, analysis, and reporting of data about learners and their contexts” (Romero & Ventura, 

2013), while the research area Educational Data Mining (EDM) “focuses on the development of 

methods for exploring the unique types of data that come from an educational context” (Romero et 
al., 2010).  

Using EDM and LA techniques, the usage data of the students on eBooks could be used to 

create different data mining models that could predict student performance. Shahiri and Husain 
(2015) pointed out in their review of student performance prediction that the information provided 

from the data mining models can be important for educators to monitor the performance prediction 

and to optimize the teaching approach. 

To track the data from the distributed learning environments such as eBooks, the xAPI 
(Experience API) specification (https://github.com/adlnet/xAPI-Spec) can be used, which 

describes, among other things, the format in which student interactions can be sent. The collected 
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data can be used to visualize students' usage patterns or to train data mining models (Figure 1) that 
can, for example, predict student performance or early dropout. 

 

 
Figure 1. Using data mining on xAPI data (Askinadze & Conrad, 2017) 

 

In order to make predictions about eBook reader clickstream usage data, approaches to 

predict student performance on time series data are particularly important. Research has already 
been conducted on making predictions based on student time-series data, for example, at the 

Workshop on Scientific Findings from the ASSISTments Longitudinal Data Mining Competition 

in the context of the Educational Data Mining Conference 2018, where various approaches to 
predict whether a student will pursue a career in STEM fields based on time series data were 

presented (Yeung, Lin, Yang & Yeung, 2018; Makhlouf & Mine, 2018).   

In this paper, we focus on the shared task of predicting student performance in the learning 
analytics workshop which is hosted at the ICCE 2018 conference. The given dataset consists of 

eBook usage data (Ogata et al., 2015; Flanagan & Ogata, 2017) that were collected by xAPI 

statements from two different courses. For each student in the courses, there are time series data of 

his reading behavior and a final score. The goals are to predict the score and to predict whether a 
student passes the course or not. The task organizers asked the tasks participants to report two 

report evaluation metrics: root-mean-squared error (RMSE) as a metric for regression and area 

under the curve (AUC) as a classification metric. Since we optimize our hyperparameter search for 
a given metric, we decided to solve two machine learning problems independently and optimize 

for their respective metric: (1) binary classification task of predicting whether a student fails or 

passes a test; (2) regression task of predicting a student’s final test score. 
Predicting student performance based on reading behavior has been previously researched 

from Chau, Li and Lin (2017). They also focused on the prediction of a student's final grade. In 

contrast to our work, they pursued the binary classification problem of predicting whether a 

student will perform above average instead of passing or failing the course. Three fundamental 
differences from our work are: (1) their time series data was based on reading behavior that was 

tracked every 10 seconds instead of xAPI events; (2) they had access to the underlying eBook texts 

and were able to extract the number of read words per second; and (3) they were able to include 
the performance on multiple-choice questions from their eBook reader system into their machine 

learning features. 

 

2. Dataset  

 
The educational data mining shared task of predicting student performance comprises logged user 

behavior of an eBook system called BookRoll. In BookRoll, eBooks are displayed page by page. 

Users are able to perform multiple actions, called click data, including scrolling to the next page, 
scrolling to the previous page, jumping to a specific page, adding and removing bookmarks, 

adding and removing markers on text passages (with the two options of marking as “important” 

and marking as “not understood”), adding and deleting memos, clicking links, using keyword 

searches, and jumping to search results. BookRoll’s user interface is visualized in Figure 2. 
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Figure 2. BookRoll as eBook system (Flanagan & Ogata, 2017) 

 
The challenge comprises BookRoll’s click data from two courses and the final test score of 

each student. Both courses differ regarding how many lectures the students had: The first course 

only had one intensive lecture, whereas the second course consisted of three lectures. The goal of 

the shared task is to predict the students’ final test scores based on their eBook reader behavior as a 
regression task. 

Each course covered three different eBooks. As a result, we cannot directly compare the 

students in both courses and we cannot infer insights from different course lengths since the books 
and, therefore, the finals tests were different. However, we can benchmark our machine learning 

approaches independently and aim to find a combination of a feature set and a classifier that works 

well for both datasets. 
The first course was attended by 53 students and BookRoll’s log contains 28826 points of 

click data. In the second course, 36929 click data points were logged from 55 students. For a 

machine learning problem, both datasets contain a very low number of points for training and 

evaluating a classifier. The threshold of passing or failing an exam is at 60 points. By looking at 
the violin plots of both courses in Figure 3, we can see that distribution is skewed toward students 

with a high number of points, which will aggravate our data sparsity problem. 

 

 
Figure 3. Violin plots of the students’ scores 

 

3. Feature Engineering and Data Representations 
 
In this chapter, we describe our feature engineering, discuss the feature distributions and relations 

to students’ scores, and explain how we selected certain features and how we reduced the 

dimensionality of the feature vectors. 

 

3.1 Feature Engineering 
 
Due to the small number of students, we decided to use classical machine learning methods and to 

transform the click data into a single vector for each student instead of sequentially passing click 

data into a recurrent neural network. In addition, the number of click data per student fluctuated 
greatly. 
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3.1.1 Deep Feature Synthesis 
 

In the next subsection, we show how we create a single vector for each student from time series 

data of his or her actions. Among other things, we were inspired by the Deep Feature Synthesis 
(DFS) approach (Kanter & Veeramachaneni, 2015), whose idea we will briefly describe. 

DFS provides an approach to automatic feature engineering on relational datasets, that is, 

datasets that consist of multiple tables that are related to each other. This also applies to our 

dataset, as we have a table of students and their final grade and a table of their time series click 
data. Mathematical operations, which return a single value from a list of numeric values, are 

applied to numerical attributes within the time series data. Such operations include, for example, 

minimum, maximum, average, standard deviation and sum. 
We have only partially used DFS for our feature vector by using the idea of applying the 

above operations to the time series data to get a single vector per student. Additionally, we also 

manually created features which we deemed useful. The details of our feature creation are outlined 
below. 

 

3.1.2 Feature Creation 

 
We started to create a single feature vector for each student by grouping his or her click data. First, 

we one-hot-encoded the columns “action,” “operation name,” “marker color,” device code,” and 

“contentsid,” which resulted in more columns since each possible value of a column is now 
represented by a binary column. For instance, instead of having a single column “action” that can 

contain one of the possible actions, e.g., read or exited, we now separate columns for each action 

in which only one value is 1 and all other values are 0. This results in columns for xAPI statements 
(launched, read, bookmarked, highlighted, noted, searched, exited), operation names (open, next 

page, previous page, page jump, search, search jump, add bookmark, delete bookmark, add 

marker, delete marker, add memo, change memo, delete memo, link clicked, close), device codes 

(pc, mobile, and tablet), marker usage (marked as important or as not understood), and columns for 
each of the three books. Then, for each student, we aggregated over numerical columns by 

calculating their sum, their mean and their standard deviation. For columns containing strings, e.g., 

“marker text” and “memo text,” we reported their mean and standard deviation regarding character 
lengths.  

Additionally, we derived multiple features that we thought could positively impact the 

classifiers: 

● Jump distance: For the operation name “page jump,” we inferred how many pages a 
student jumped by comparing the page number the student jumped from to the page 

number he or she jumped to. Our motivation for this feature was that the jump distance 

could be related to the learning behavior and the memory performance, which might 
impact the final test score. For this feature, we calculated the mean and the standard 

deviation.  

● Unique page numbers: We noticed that some students did not read all the pages of a book 
and that students sometimes read specific pages multiple times. Therefore, we decided to 

track the number of unique read pages per book. 

● Repetitive page reads: Also, we calculated how often each page was read per book and 

report the minimum (basically how often a book was read completely), mean (how often a 
page was read on average), and maximum amount (the number of times the most viewed 

page was read) per book.  

● Different days: Based on the timestamp of the click data, we inferred on how many 
different days BookRoll was used by the student. 

● Session time: We were also interested in how long the students used BookRoll. We 

grouped the xAPI statements per day and calculated an average session time and the 
maximum session time in seconds. 

● Mean read time: To consider if a student is just skimming through the books or taking his 

or her time reading the pages, we calculated the read time between consecutive xAPI read 

statements. Then, we reported how many seconds a student needed to read a page. We 

433



 

included this feature as a global feature, as well as individually, for each of the three 
books. 

 

In the following, the vectorial representation with all features is denoted as 𝑋𝐴𝑙𝑙. The 

subset containing our derived features is called 𝑋𝑜𝑤𝑛 . 
After creating all of our features, we used the student’s scores and their median to divide 

all students into two balanced groups representing the “lower half” or “upper half” of the class. 

Since the median is used as a threshold, each half consists of approximately 27 students, 
depending on the dataset. Then, we created boxplots for both groups and for each feature in order 

to visually estimate whether the distribution of the features might be useful for our machine 

learning approach. Figure 4 shows interesting feature distributions for the lower and the upper half 

of the students for the second dataset. The first subplot shows that students from the upper half 
performed more read operations on average than students from the lower half. Similarly, the 

number of click data for book 3 is also higher on average. There are also differences between the 

groups regarding the number of “previous page” clicks and the usage of memos.  
 

 
Figure 4. Boxplots of the distribution of four features for the second dataset 

 
 Afterwards, we calculated correlations between all of our features and the test score. Since 

we observed low correlation scores for many of our features, we can omit features and only focus 

on meaningful ones. Therefore, we will use feature selection techniques which are listed in the 
next subchapter. 
 

3.2 Feature Selection and Dimensionality Reduction 

 
We evaluated multiple feature selection techniques to select good features: 

 

3.2.1 T-tests 

 
We used t-tests on the distributions for the lower and upper half of the students for each feature. 
Our null hypothesis is that the mean of the distribution of both groups is the same. The subset 

𝑋𝑡𝑡𝑒𝑠𝑡 only contains features for which we were able to reject the null hypothesis with a 

significance level of 

𝛼 =  0.1 for the first dataset and 𝛼 =  0.05 for the second dataset. The most important ten features 
are: 

 

Dataset 1 
1. operationname_PREV#sum 

2. operationname_ADD_MARKER#mean 

3. pageno#pages_same_max_book2 
4. operationname_ADD_MARKER#std 

5. book2#sum 

6. marker_not_understood#std 

7. xapi_read#sum 
8. xapi_highlighted#std 
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9. pageno#pages_same_mean_book2 
10. marker_not_understood#mean 

 

 

Dataset 2 

1. xapi_noted#std 
2. operationname_ADD_MEMO#std 

3. xapi_noted#sum 

4. pageno#pages_same_mean_book3 
5. operationname_ADD_MEMO#sum 

6. pageno#pages_unique_book3 

7. book3#sum  

8. xapi_noted#mean 
9. operationname_ADD_MEMO#mean 

10. operationname_PREV#mean 

 
Further information is available in our GitHub repository: https://github.com/askinadze/la-icce2018 

 

3.2.2 Random Forest Regressor 

 
We trained a random forest regressor on the whole dataset. Then, we selected the 15 most important 

features and denoted them with 𝑋𝑅𝐹. Because of the small number of data points in the datasets, we 

only used ten trees. If one selects a higher number of trees, the most important 15 features hardly 

change. 

 

3.2.3 F-regression 

 
We performed univariate linear regression tests on the features and the score to select the 𝑘 most 

meaningful features as feature set 𝑋𝑓𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛 . Additionally, we combined the ten best features from 

𝑋𝑡𝑡𝑒𝑠𝑡, 𝑋𝑅𝐹, and 𝑋𝑓𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛  into the feature set 𝑋𝐵𝑒𝑠𝑡 .   

 

3.2.4 K-Means Transformation 

 
After looking at feature selection methods, we still noticed that the data points cannot be separated 

easily, e.g., with a hyperplane, in the feature space. Therefore, we decided to further reduce the 
dimensionality of our data points to reduce sparsity problems by projecting our data points onto the 

centroid space obtained by a k-Means clustering and representing each data point in the cluster-

distance space, as proposed by Jeon (2001). As a result, each data point is a k-dimensional vector, 

where the i-th dimension represents the distance of the original data point to the i-th cluster centroid. 
 

 

4. Evaluation 
 

After describing our features, we can now report how they perform on the challenge’s datasets. For 

each combination of feature set and classifier, we perform 10 times 3-fold cross-validations with 
different seeds. This allows us to report a mean and a standard deviation which allows us to judge the 

stability of our approaches. Since we consider the two different problems of regression (predicting the 

score) and binary classification (predicting whether a student passes or fails), different 
classifiers/regressors and different feature sets are used. The following classifiers and their respective 

regression versions were used: 

 
● SVM with RBF kernel: For each run, a grid search on the 𝛾and the C parameters is performed 

● Random forest classifier: For each run, a grid search on a different number of trees, different 

number of maximum depths, and different number of maximum features is performed 

● KNN classifier: For each run, a grid search on a different number of nearest neighbors, 
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different number of weights (uniform, distance) and different types of Minkowski distance is 
performed 

 

The following feature sets that are described in the feature engineering chapter are used: 

● 𝑋𝐴𝑙𝑙 and its scaled version 𝑋𝐴𝑙𝑙−𝑠𝑐𝑎𝑙𝑒𝑑 

● 𝑋𝑂𝑤𝑛 and its scaled version 𝑋𝑂𝑤𝑛−𝑠𝑐𝑎𝑙𝑒𝑑 

● 𝑋𝐵𝑒𝑠𝑡  and its scaled version 𝑋𝐵𝑒𝑠𝑡−𝑠𝑐𝑎𝑙𝑒𝑑 

● Various subsets of 𝑋𝑓𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛−𝑠𝑐𝑎𝑙𝑒𝑑 are tested containing the 3,4,5, ... best selected features 

● 𝑋𝑡𝑡𝑒𝑠𝑡 and its scaled version 𝑋𝑡𝑡𝑒𝑠𝑡−𝑠𝑐𝑎𝑙𝑒𝑑 

● 𝑋𝑅𝐹 (15 best features found by the random forest regressor) and its scaled version 𝑋𝑅𝐹−𝑠𝑐𝑎𝑙𝑒𝑑 

● K-Means transformed versions of all features set described above 
 

For each evaluation, the three best combinations of classifiers/regressors and feature sets are 

presented in the next subchapters. For example the notation “SVR + X_fregression + kmeans” means 

that the feature set 𝑋𝑓𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛−𝑠𝑐𝑎𝑙𝑒𝑑 (with an optimized number of best features) is transformed into 

the cluster-distance space (with an optimized number of clusters found by k-Means) and then used for 

regression by an SVR . 

 

4.1.1 Baseline for regression 

 
In order to gauge the effectiveness of our machine learning approaches, we decided to compare our 
results with two baselines which are shown in Figure 5: (1) predicting the mean of the gold labels; (2) 

average of ten random predictions. 

 

 

Figure 5. RMSE baselines for both datasets 

 

4.1.2 Regression Results 

 

4.1.2.1. Dataset 1 

 
Figure 6. Best three regression results (RMSE) for dataset 1 

 

The best result was achieved by the KNN regressor on the 𝑋𝑓𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛−𝑠𝑐𝑎𝑙𝑒𝑑 + 𝑘𝑚𝑒𝑎𝑛𝑠  feature set 

with an averaged RMSE score of 24.88 (∓0.77), which is equal to our mean baseline. 
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4.1.2.2. Dataset 2 

 

 
Figure 7. Regression results for dataset 2 

 

For the second dataset, all three regressors were able to beat the mean baseline (see Figure 7). The 

best result was achieved by the random forest regressor on the 𝑋𝑓𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛−𝑠𝑐𝑎𝑙𝑒𝑑 + 𝑘𝑚𝑒𝑎𝑛𝑠  feature 

set with an averaged RMSE score of 16.63 (∓0.87). 

 

4.2 Binary Classification 

 
We now outline our results for the binary classification task of predicting whether a student will fail 

or pass the test. The gold labels for the binary classification task were derived by determining whether 

the gold score is at least as high as the passing score of 60. For both datasets, this resulted in skewed 
labels distributions, see Figure 3. 

In Figure 8.1, we used the t-SNE method to visualize the two classes “passed” and “failed” 

based on the 𝑋𝑡𝑡𝑒𝑠𝑡  feature set. It can be seen that the classes are not simply separable from each 
other. By using our k-Means clustering approach, some elements of the “failed” class appear to be 

further away from the other elements. Therefore, we believe that using the cluster-distance can be 

advantageous. The visualization for the k-Means transformation of the feature set 𝑋𝑡𝑡𝑒𝑠𝑡 with 2 
clusters is shown in Figure 8.2. 

 

Figure 8. 2D-visualization of 𝑋𝑡𝑡𝑒𝑠𝑡 for the binary classification problem 
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4.2.1 Binary Classification Results 

 

4.2.1.1. Dataset 1 

 
Figure 9. Best 3 AUC results for dataset 1 

 

The best result was achieved by the random forest classifier on the 𝑋𝑓𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛−𝑠𝑐𝑎𝑙𝑒𝑑 + 𝑘𝑚𝑒𝑎𝑛𝑠  

feature set with an averaged AUC score of 0.66 (∓0.07) (see Figure 9). The corresponding accuracy 
result for that setting is 82%. 

 

4.2.1.2. Dataset 2 

 

 
Figure 10. Best 3 AUC results for dataset 2 

 

For the second dataset, the best result (see Figure 10) was also achieved by the random forest 

classifier on the 𝑋𝑓𝑟𝑒𝑔𝑟𝑒𝑠𝑠𝑖𝑜𝑛−𝑠𝑐𝑎𝑙𝑒𝑑 + 𝑘𝑚𝑒𝑎𝑛𝑠  feature set with an averaged AUC score of 0.6 (∓0.04). 

The corresponding accuracy result for that setting is 84%. 

 

4.3 Further Evaluation Notes 

 
Additionally, we experimented with several oversampling techniques in order to balance the class 

distribution. Unfortunately, our results did not improve for either of the datasets. 

5. Conclusion 

 
We transformed time series data of student eBook actions in different features for the regression and 

the classification task. After an extensive feature engineering, we tried a new approach, based on k-
Means, which transforms the selected features into the cluster-distance space. We evaluated the 

original and resulting features with different classifiers and regressors.  

 As our results show, it was difficult to solve the regression task for the first dataset  

(24.88 ∓0.77) for which we were not able to beat the mean baseline. We were only able to achieve 

better RMSE scores (16.63 ∓0.87) on the second dataset. We believe this behavior to result from the 

different score distributions of the dataset, as visualized in the violin plots in Figure 3. Regarding 

AUC, we achieved higher scores on the first dataset (0.66 ∓0.07) than on the second dataset 

 (0.6 ∓0.04). 

For both existing datasets and both problems (regression and binary classification), the feature 

sets created with the cluster-distance space transformation delivered better results than other models. 
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Therefore, we believe that the k-Means based approach can be helpful in cases where the data is 
difficult to separate. We will further investigate this approach in future work on other datasets. 
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Abstract: Final grade scores of students were predicted based on how they accessed 

teaching content provided by an e-learning system, BookRoll. In order to train machine 

learning models, features were designed heuristically, and various machine learning 
methods were trained and compared. The result showed that random forest and AutoML 

performs well. Analyzing trained random forest predictors revealed that time-related 

features contribute significantly to the performance of the regressor.  

Keywords: Feature analysis, feature engineering, educational data, e-learning 

1. Introduction

Predicting the final grade scores of students from how they interacted with an e-learning system is 

important for developing and improving systems for online learning. If some functions in the system 
affect students' final grade scores significantly, it will be worthwhile to put more effort in extending 

those functions. Also, teachers can guide students to use the e-learning system in ways that would 

increase their expected final grade scores. In this work, logs recorded on an e-learning system that 

provides online teaching material, were used to predict the final grade scores of students. The system 
used for logging is BookRoll (Flanagan et al., 2017; Ogata et al., 2017). The data was provided for 

the 5th ICCE workshop on Learning Analytics (LA) & Joint Activity on Predicting Student 

Performance. 

2. Methods

Before training machine learning models, we carefully designed features (attributes) that would 

contribute to making good predictions. In addition to features already provided in the data sets, some 
extra features were constructed heuristically. 

Event time was split into parts representing year, month, day, day of the week, and hour 

within the day. This is to see time in different time scales. By counting the number of events 
happened within each time scale, we obtained new attributes representing how often events 

happened in a certain time frame. For example, a feature named "hour_8" represents how many 

times the student accessed the e-learning system between 8 am till 9 am of any day. A feature named 
"day_5" represents how many times the student accessed in day 5 of any month. These features were 

added based on a hypothesis that times that students access the system correlates with how 

motivated or involved they are to the course.  

Similarly, the number of times the student accessed a certain page was turned into a feature. 
For example, "pageno_10" represents how many times the student accessed page 10 of the teaching 

material. This is based on a hypothesis that well-performing students would be checking out more 

relevant or difficult part of the teaching material, whereas less-performing students might be looking 
at less relevant or easier part of the material. 
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The number of times the student conducted a specific process is turned into a feature to. For 
example, "processcode_3" represents how many times the student performed the process labeled by 

3. 

After adding these features, we trained machine learning models. We evaluated models with 

different levels of complexity. Specifically, we compared LASSO, Elastic Net, multilayer 
perceptron regressor (MLP), kernel ridge regression, random forest regression, AutoSklearn 

(Efficient and Robust AutoML for Scikit-learn, abbreviated as AutoML), and gradient boosting 

regression. 

 

3. Results 

 
We conducted 3-fold cross-validation for 10 times, using different partitioning each time. Two 

datasets were trained and evaluated separately. For each partition, we trained models using the 
training part (2/3 of the whole data set), then computed RMSE (root mean squared error) for the test 

data part (1/3 of the whole data set) using the trained regressor. 

 

3.1 Dataset 1 

 
Figures 1 and 2 illustrate how final grade scores are distributed. Most students scored between 75 

and 100, indicating much deviation from a fitted Gaussian distribution. This suggests that it might be 

difficult to make predictions based on an assumption that data follows a Gaussian distribution, such 
as linear regression. 

 
Figure 1. Score distribution by a bar graph. (for dataset 1) 
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Figure 2. Score distribution (histogram) and fitting by a Gaussian distribution. (for dataset 1) 

 
Learning curves for different machine learning models are illustrated in Figure 3. Validation 

scores significantly lower than training scores indicate overfitting occurring in some methods. Since 

validation scores approach training scores as the number of training sample increases, it suggests 

that more complex models such as AutoML may perform even better as the number of samples is 

increased. 
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Figure 3. Learning curves of compared methods for training and test data sets. (for dataset 1) 

 
Distributions of RMSE (root mean squared error) for dataset 1 is indicated in Table 1 and 

Figure 4. They are obtained by 30 validations, resulting from performing 3-fold cross-validation 10 

times. 

 
  Table 1: RMSE mean and standard deviation for methods compared  

  method      mean   std.dev. 

LASSO   141.7914  200.6841 

Elastic Net   137.4087  192.9349 

MLP regression    70.7624    50.5348 

kernel ridge regression   54.7972    26.6537 

random forest regression    23.4546    15.7610 

AutoML      23.4572   15.4890 

gradient boosting    25.7972   16.3673 
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Figure 4. Distributions of RMSE over 3-fold cross-validation using 10 different partitions. 

Boxes represents the lower to upper quartile values of the data, with a red line at the 

median. The whiskers show the range of data. (for dataset 1) 
 

After training random forest, features that contributed more were ranked using 

Gini-importance values. The result is indicated in Figure 5. It shows that "hour_17" feature 
contributed significantly, which indicates that the number of accesses that a student makes at 5 pm 

greatly affects how well the student perform in terms of the final grade score. The random sequence 

of characters ranked third in Gini-importance is an ID for a book that students could access from the 
e-learning system.   

 
 

Figure 5. Features sorted by Gini-importance, indicating how much each feature contributed 

to making predictions in random forest. (for dataset 1) 
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3.2 Dataset 2 

 
Figure 6 illustrates the distribution of final grade scores for dataset 2. It is less concentrated around 
score 100 when compared to dataset 1. However, it is still not well fitted to a Gaussian distribution, 

indicating simple models like linear regression would not be appropriate. 

 

 
Figure 6. Score distribution (histogram) and fitting by a Gaussian distribution. (for dataset 2) 

 
Figure 7 illustrates learning curves for dataset 2. Like in dataset 1, validation scores are 

sometimes much lower than training scores in some models. It suggests that with more data, 
complex models may have validation scores closer to training scores, resulting in better predictions. 
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Figure 7. Learning curves of compared methods for training and test data sets. (for dataset 2) 

 
Distributions of RMSE (root mean squared error) for dataset 2 is indicated in Table 2 and 

Figure 8. They are obtained by 30 validations, resulting from performing 3-fold cross-validation 10 

times. 

 

Table 2: RMSE mean and standard deviation for methods compared  (for dataset 2) 

  method      mean   std.dev. 
LASSO    1238.1671 5716.8297 
Elastic Net                 995.1362 4514.8347 

MLP regression            95.9370   130.1382 

kernel ridge regression           50.0973     26.7959 
random forest regression     14.9165     10.0090 

AutoML       14.3660       9.4390 

gradient boosting      13.3342       9.9282 
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Figure 8. Distributions of RMSE over 3-fold cross-validation using 10 different partitions. 
Boxes represents the lower to upper quartile values of the data, with a red line at the 

median. The whiskers show the range of data. (for dataset 2) 
 

Features that contributed according to random forest are indicated in Figure 9. This time, the 

ID of a book contributed to most, suggesting referring more or less to a specific book in the 

e-learning system greatly affected how well the student performs in terms of the final grade score. A 
time feature "hour_5" was also important, suggesting accessing at a certain time of the day also 

affects the student's performance. 

 
 

Figure 9. Features sorted by Gini-importance, indicating how much each feature contributed 

to making predictions in random forest. (for dataset 2) 

 

4. Discussion 

 
Possibly due to the size of datasets, AutoML didn't perform any better than random forest or gradient 

boosting. Using more data might make these complex models more competitive. Random forest 

performed best for dataset 1, and gradient boosting did so for dataset 2. These are ensemble methods, 
showing their effectiveness with datasets of this size. The difference in the performance of two 

models between datasets may result from distributions of data. In order to explain it, we need to 

conduct further analysis on the distributions. 

Features that contributed most to making predictions included ones regarding times, 
representing at which time of the students were accessing the e-learning system. Features 

representing which part of the teaching material were also important. 

RMSE obtained for dataset 2 is as low as 13.34 where the grade ranges between 0 and 100, 
indicating using log data from an e-learning system can be an effective way of predicting students' 

performance. One must note, however, that in the datasets used for analysis, scores are mostly above 

70, predictors at this moment may not be useful for predicting how well a moderately performing 
student would perform among others. On the other hand, it could be useful for detecting students that 

will perform significantly worse than others. 
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5. Conclusion 

 
One interesting observation obtained from this analysis is that at what time (hour) of the day students 
access the e-learning system greatly contributes to predicting the final grade score of students. It 

may suggest that this feature represents a student's attitude and motivation toward the course. The 

results suggest that analyzing log data can contribute to making e-learning better. 
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Abstract: This paper explores the possibility to relate the learning log data collected on the 

eTextbook to the prediction of the learner’s proficiency or scores of the test. The current 
study focuses on theories of reading comprehension involving textual and graphical 

information. The cognitive theory of multimedia learning requires that the reader should 

select, organize and integrate words and images under the three assumptions; Dual-Channel, 

Limited Capacity, and Active Processing. Integrated model of text and graphical 

comprehension assumes that dual coding applies the processing of both texts and graphics 

and that the processing of one mode has a strong relationship with the other to comprehend 

the materials better. It is natural to assume that the repetition of re-reading occurs when the 

reader tries to better comprehend some parts of the text, and that this should be reflected as 

“page-flipping” behavior, often employed in previous studies in the field of learning 

analytics. By employing the learning log data by digital teaching material delivery system 

"BookRoll", this paper considers the possibility to employ “page-flipping” behavior to 

predict the scores of the achievement test. A total of 10 participants were randomly selected 
from both upper and lower groups and subject to analyses of their learning behaviors. 

Although findings from the study suggest a mixed result, this paper suggests that this 

approach is worth perusing in the case of academic reading with graphics with the control of 

the structures. 

Keywords: eTextbook, Reading Comprehension, Cognitive Theory of Multimedia 

Learning, Integrated Model of Text and Picture Comprehension, Page-Flipping History 

1. Introduction

Needless to say, reading comprehension is essential to acquire a new knowledge. One of the 
purposes of primary education is teaching students how to read (Alexander, 2005). Recently, digital 

textbooks and websites contain various kinds of visual displays to support learning: diagrams, 

graphs, photographs, charts, maps, etc. (Mason, Tornatora, & Pluchino, 2015). In addition, free 

online educational videos (e.g., YouTubes, TedTalks, MOOCs, etc.) are among such multimedia 
textbooks that have been frequently employed in a flipped-classroom teaching model in secondly 

and higher education (e.g., Ono & Nakajima, 2017). 

The increasing amount of data generated in digital learning contexts provides opportunities 
to benefit from learning analytics. A great many of researchers analyze the collected data and make 

sense of these data for personalized scaffolding and services to stakeholders including students, 

faculty/teachers and administrators. It has been pointed out that the data that ca be collected during 

the study are not necessarily related to pedagogical or psychological constructs, with these log data 
resulting in less correlation to their score or proficiency prediction (Kusanagi, 2017). However, 

some of the previous studies have shown that the data can predict their learning process and 

achievement (e.g., Yamada et al., 2016). 
In the context of reading comprehension, especially ESL/EFL reading, the role of 

multimedia on the text in comprehension has been discussed so far. Mayer’s multimedia principle 

suggests that comprehension is better when learning from text and pictures, rather than from text 
alone (Mayer, 2009). In order to understand the content deeply, learners should read text, move to 

the page illustrating pictures, and go back to the text again to re-read, reflecting “going forward and 
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coming back” page- flipping behaviors. In sum, our assumption is that participants who understand 
the text better should have this type of repeating behavior among the pages of text and graphics.  

This type of study is popular with reading comprehension research for secondary education 

in the field of ESL/EFL. Recently, by employing “eye-tracking” methodology, the cognitive theory 

of multimedia learning has come to be unraveled (e.g., Mason, Tornatora, & Pluchino, 2015). 
However, as far as I know, no studies have clarified the relationship between reading comprehension 

and page-flipping behavior. Nor have I seen a case study of academic eTextbooks in higher 

education. In addition, the studies so far have not paid attention to the properties of each page of the 
eTextbook. These are the gaps that we need to make up for and this paper tries to observe what 

happens when successful/unsuccessful learners read the eTextbooks. 

 

 

2. Previous Studies 

 

2.1 The Cognitive Theory of Multimedia Learning  

 
Mayer (2009) proposed that the cognitive theory of multimedia learning involves the following three 
essential steps to understand verbal and graphical information: selection, organization, and 

integration. 

 

Selection: the extraction of relevant words from the text and relevant elements from the picture 
Organization: the processing of the selected material further for comprehension and retention of 

textual and graphical information. 

Integration: the connecting of these two models with each other and with relevant prior knowledge 
retrieved from long-term memory to form a coherent mental representation. 

 

The model is described in Figure 1 below. 
 

 
Figure 1. Cognitive theory of multimedia learning (Mayer, 2009, p. 61). 

 
 

 

With this model in mind, Mayer (2009, p. 63) further posits the three assumptions: Dual Channel, 
Limited Capacity, and Active Processing. Dual Channel assumes that humans possess separate 

channels for processing visual and auditory information. Limited Capacity is proposed to state that 

humans are limited in the amount of information that they can process in each channel at one time. 

Active processing states that humans engage in active learning by attending to relevant incoming 
information, organizing selected information into coherent mental representations, and integrating 

mental representations with other knowledge. From the theories and assumptions above, we can 

conclude that we need to spend time in processing selection, organization, and integration from the 
multimedia textbook. Note that this study does not employ the eTextbook with recorded voice or 

sound. In other words, we are concentrating only on the information input from eyes. 

450



2.2 The Integrated Model of Text and Picture Comprehension   

 
The model assumes that dual coding applies to the processing of both texts and images, and the 
different principles of representation complement each other (Schnotz,2014; Schnotz & Bannert, 

2003). Dual coding theory assumes that dual coding of information provides better recognition and 

recall performance because if one code is forgotten the other code may still be accessible in memory. 

Thus,  these theories predict that successful readers would take the following three steps: (i) Read the 
whole text to get a central concept; (ii) Examine the picture using the information obtained in (i), 

shifting from one to the other; and (iii) Relate the two types of representations and verbalize the 

integrated representation. The point here is that the successful readers would shift from text to 
pictures again and again in steps (ii) and (iii). If the text and the picture are given on different pages, 

they will have to flip the pages again and again, resulting in activated learning behavior of 

page-flipping. 
 

 

2.3 Page-Flipping History  

 
Horikoshi, Yamazaki and Tamura (2015) examined whether the index of page-flip history during 
learning is relevant to learning styles. The result was that a feature that learners glance all materials 

during a certain time period, was significantly relevant to “Global” learning style, where students 

glance at all the materials at first and then go local. In this case, it is highly expected that the learner 
will repeat the above steps for deeper understanding the details about the text. However, this study 

does not say anything about the prediction about the score since their focus is on the predicting 

learning styles. In addition, the properties of the pages have not been considered, either. 

 
 

2.4 Learning Environment and Data to be Collected 
 

 
 

Figure 2. Interface of BookRoll. 
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This paper employs the learning log data “Data1” by digital teaching material delivery system 
"BookRoll" (Flanagan & Ogata, 2017; Ogata et al., 2015), provided for ICCE2018 Learning 

Analytics Workshop. Actually, the system collects data of BOOKMARK, MARKER, and MEMO 

as well as PAGES. This study, however, picks up PAGES data for the purpose of counting up the 

frequency of coming back. The screenshot of the interface is given in Figure 2. 
 

 

3. Method 

 

3.1 Participants  

 
The dataset contains 50 participants of university students. The eTextbook looks like a PDF file of 

the lecture slides. The dataset also contains the final score data (n = 53, M = 78.0, SD = 25.1, MAX = 

100, MIN = 0.0). As many as 20 participants got 100 points, while 10 participants were within 0-50 

points. Therefore, on the basis of the final score data, we picked up five participants randomly from 
the top 20 participants as Upper group and other five from the lowest 10 participants as Lower 

group.  

 

                                Table 1 

  Participants in This Study 

ID 
Action 

Frequency 
Score 

 

L01 89 50  

L02 1301 50  

L03 341 50  
L04 618 40  

L05 425 40  

U01 1950 100  

U02 376 100  
U03 207 100  

U04 2368 100  

U05 208 100  

        Note. L = Lower; U = Upper. 

 

 

3.2 Reading Materials 

 
The eTextbook consists of 86 slides. Some of the slides contains pictures, words, or both. Japanese is 

written for some slides and English for others. Since the topic is “Social Networking”, a rather 

academic topic, some vocabularies might be too difficult for some lower students to follow.  
 

 

3.3 Procedures 

 
In order to examine the relationship between page-flipping behavior and test scores, the following 

three analyses are conducted. 

 

Analysis (1) Visualization of frequency to observe learning behavior 
Analysis (2) Cluster Analysis to divide 10 participants into clusters whether they are appropriately  

       divided 

Analysis (3) Observation of individual participant’s behavior on the time scale 
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3.4 Results 

 
As to the Analysis (1), the following picture was obtained as illustrated below: 
 

 
 

Figure 3. Screenshots of some pages. 

 

 
The x-axis represents page numbers, and the y-axis represents frequency. The lines in blue are the 

participants of Upper group while those in black are the participants of Lower group. It is clear that 

the result given in Figure 3 on the basis of frequency of page-flipping history does not distinguish 
Upper group from Lower group. 

Thus, let us move to Analysis (2). Cluster analysis (Ward’s Method, Euclidean Distance) 

was conducted as to these data. The obtained dendrogram is given below as in Figure 4. 

 

 
Figure 4. Dendrogram of the Cluster Analysis. 
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When we decide to create three clusters as illustrated in Figure 4, we can see that both Upper and 

Lower participant(s) are included in each cluster. This means that the clustering based on the 

frequency on pages does not divide participants properly, or predict test scores correctly. 
To observe learning behavior on an individual level, let us move on Analysis (3); each 

participant’s behavior of different clusters. As an example, we will see participants L04 and U02, 

both of whom are of the same cluster, but their scores are different. 

 

 

 
Figure 5. Reading Behaviors of L04 and U02. 

 

 
The behaviors of L04 and U02 are similar in that they took some rest after finishing reading 

the text. Interestingly, U02 did not read the whole textbook, since the line stops somewhere around 

40 pages. This behavior is a typical sign for a dropout without further information or contexts. 

However, the score is 100. This might suggest that the data is far from relevant to the performance. 

However, looking at the data closely reveals that this participant (U02) re-read some pages a 
lot, spending some time for understanding the material. On the contrary, the first reading of L04 is 

pages 1-74 in less than 10 minutes. The participant did not seem to re-read sufficiently for 

understanding the material but repeat the linear reading again and again. Although it is not 
statistically clear about the line for diving the groups at all, this type of difference might be useful to 

divide those who read well from those who do not. 

Similar thing can be said about the following two participants belonging to different clusters 

as to their re-reading behavior. 
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Figure 6. Re-reading Behaviors of U01 and L02. 

 

 

U01 shows more “up and down” behaviors during the re-reading, signaling that they are 

comprehending the text in accordance with the integrated model of text and picture comprehension. 
L02’s behavior looks similar. However, there are fewer “up and down” behaviors on this graph. this 

participant is repeating, but he/she does not spend sufficient time integrating two or more slides.  

These observations might lead to the possibility that the frequency of “up and down” might 
matter instead of total frequency of pages, and that calculating based on this new index might help us 

understand whether the learner sufficiently comprehend the text on eTextbook. 

 

 

4. Discussion and Conclusion 

 
This paper considered the possibility of relating page-flip behavior to reading 

comprehension of the text and pictures. It started with theoretical review about multimedia learning 
and the integrated model of text and picture comprehension. Findings from the study suggest a 

mixed result so far. However, the data can be related with re-reading behavior for verbal-graphic 

integration for better understanding. If this is true, this will connect indexes of learning analytics 
with pedagogical or cognitive theories, which is highly expected in the field of learning analytics 

(Ogata, 2017; Yamada, 2017). 

The future research will involve the following tasks. The eTextbook we used in this study is 

purely for lecturer preparation, and it is possible for the material of reading comprehension. It is 
surely interesting to repeat this type of study based on the material of EFL/ESL reading under 

computer-assisted environment.  
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Good Students Look Back Previous Pages 
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Abstract: Educational institutions have many expectations for the use of E-book. The top 

expectation is to evaluate and to improve the education system based on the accumulated 

learning activity log data. This paper applied machine learning to predict the learner's final 

score from e-Book browsing logs. The present paper evaluated the prediction performance 
of the good students with the final grade of 80 or more from their learning access logs. An 

experimental evaluation revealed that the prediction performance (accuracy) was only 64% 

if we use only the accessed page information. However, the accuracy was improved to 

89% when consecutive browsing page transition information was used. Furthermore, it 

was confirmed that returning to the previous page as a feature of the highest grades 

student.s. 

Keywords: e-Book Access Log, Student Score Prediction, SVM, Feature Selection 

1. Introduction

According to (Rockinson-Szapkiw et.al 2013), e-Book is defined as "Texts that are digital and 
accessed via electronic screens". Even in early days of 2008, it is pointed out that e-book is 

effective for learning compared to conventional textbook (Shepperd, Grace & Koch 2008). 

Japanese government scheduled to use e-books for elementary , middle and high schools by 2020. 

Much attention is been paid to make good use of data kept as student learning logs. In fact, the 
research on learning analitics (LA) and on educational data mining (EDM) attract many 

researchers, for example in conferences of Learning Analytics (https://solaresearch.org/events/lak/) 

and Educational Data Mining (http://educationaldatamining.org/). Another reason of this current 
status is the progress of learning analytics platform. Actually, the data the present paper analyse is 

provided by the BookRoll system (Flanagan & Ogata 2017, Ogata et al. 2015, Ogata et.al.2017). 

The present author proposed a visualization of page view transision in (Hirokawa et al. 2015). 

However, the quantative evaluation of the visualization was not given then. The present paper 
applies the machine learning method SVM and feature selection to predict the high peformance 

students who achived more than 80 points in their evaluation. As the result, we observed that the 

transition information gives better performance compared to simple page view information. The 
accuracy of the former method is 0.64 and that of the later method is 0.89. Morever, as the result 

of optimal feature selection, it is turned out that the characteristice feature of high performance 

student is that they look back previous pages.  

1. e-Book Access Log

1.1 Log Data 

Final scores and learning log data of a total of 108 students (65,757 cases) of two classes of class 1 

(53 people) and class 2 (55 people) are provided. The score of the student ranges from 0 to 100 
points. The learning log data is composed of 13 attribute as shown below in one line. For other 

than 4 items, userid, pageno, contensid, eventtime, it was biased towards a small part. Therefore, in 

this paper we analyzed using classid and those 4 items. Items marked with * in Table 1 are items 
used in this paper. There are 6 differenct contents as shown in Table 2. 
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 Table 1 Attributes in Student Learning Log 

  attribute example 

0 *userid ds126 

1 action https://w3id.org/xapi/adb/verbs/read 

2 operationname NEXT 

3 makercolor NULL 

4 processcode 3 

5 devicecode tablet 

6 makerposition NULL 

7 description NULL 

8 makertext NULL 

9 *pageno 1 

10 *contents id 9f61408e3afb633e50cdf1b20de6f466 

11 memotext NULL 

12 *eventtime 2017/11/22 5:55 

 

Table 2 Access Count of Learning Content 

class 1 class 2 

#access 
content 

id 
#access 

content 

id 

14691 No.1 27261 No.16 

7959 No.11 5110 No.18 

6159 No.12 4500 No.17 

 

1.2 Page Access Transition 

 
As a way of using page information in analysis, we analyzed by two methods using a page number 
regardless of the content id and a method using content id and page number as a set. Imagine, for 

example, that a student ds126 accessed the fourth page of the content No.11. The data of the 

student ds126 contains the page number "4" as well as the pair "11:4" of the conntentid 11 and the 

page number 4. Also, eventtime was used to extract page information that the same student 
accessed consecutively. 

Table 3 shows a part of access logs in which we can see the pages the ds126 and ds112 

viewed. We used the sequence of pages that a student viewed consecutively. The student has the 
paths 1-2 and 2-3. The student ds112 has the paths 10-9, 9-8 and 8-7. We used those paths in 

vectorizing the students. As the number of page transition steps, two kinds of analyzes were 

carried out, one with only two steps and one with five steps. In the example below, ds 126 has 3 
steps with a maximum of 1-2-3, and ds 112 has 4 steps with a maximum length of 10-9-8-7. 

 

Table 3 Learning Log Sample 

userid pageno eventtime 

ds126 1 2017-11-22 05:55:24.0000000 

ds126 2 2017-11-22 05:55:24.0000000 

ds118 1 2017-11-22 05:55:24.0000000 

ds146 1 2017-11-22 05:55:25.0000000 

ds126 3 2017-11-22 05:55:25.0000000 

ds112 10 2017-11-22 05:55:25.0000000 

ds112 9 2017-11-22 05:55:25.0000000 
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ds112 8 2017-11-22 05:55:25.0000000 

ds112 7 2017-11-22 05:55:25.0000000 

 

2. Prediction of High Performance Students 

 
In this paper, 108 students are vectorized using each student's access log information. Using a 

linear kernel of machine learning SVM as a positive example for students with a score of 80 or 

higher, the evaluation performance was evaluated. We used the set of student with a score of 80 or 
higher as the positive data and applied a linear kernel of machine learning SVM. We applied the 

feature selection (Sakai & Hirokawa 2012) based on the score of words obtained as the SVM 

model. We chose the top N positive words and the top N negative words in vectorization. We 

evaluated the prediction performance by taking the average of 3-fold cross-validation that have 
been run 10 times with partitions selected randomly for each run. 

We conducted evaluation experiments with on three kinds of vectorizations, i.e., the 

vectorization based on page numbers and the vectorization (path2 and path5) based on the pages 
accessed consecutively. The path2 used two pages accessed consecutively as well as pages. The 

path5 used the pages accessed conscutively of the length less than or equal to five. An attribute 

"10-9" in path2 means that the student accessed the page 10 after the page 9. An attribute "10-9-8-

7-6" means that the student accessed those page in that order. The values in Table 4 and Figure 1 
means the prediction performance with respect to the vectorization methods, page-50, path2-300 

and path5-900, where "50", "300" and "900" indicate the optimal feature selection N. For example, 

the accuracy for the method with page is 0.64. We can see that the accuracy is improved quite well 
with 0.83 for path2 and 0.89 for path5. In other words, we can conclude that there is a difference 

between high performance students and other students as to how the transition of the browsing 

page is more than just which page the student viewed. 

 
Table 4 Optimal Prediction Performance of High Score Students 

Attribute page-50 path2-300 path5-900 

Precision 0.6563  0.8291  0.8808  

Recall 0.9011  0.9143  0.9581  

F-measure 0.7558  0.8660  0.9164  

accuracy 0.6447  0.8251  0.8915  

 

 
Figure 1 Otimal Prediction Performance of High Score Students 

 

Figure 2 shows the accuracy when the number N of attribute selection is changed. In vectorization 

with only pages, changes in discrimination performance are hardly seen. On the other hand, in 
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path2 and path5, the accuracies are the highest at N=300 and N=900, indicating that the high 
peformance students can be characterized by the selected attribute set. 

 

 
Figure 2 Effect of Feature Selection 

 

3. Characteristic Feature of High Performance Students and Look Back Behavior 

 

3.1 Characteristice Pages Accessed by High Performance Students 

 
In this chapter, we will clarify the characteristics of the high performance students by looking at 

the attributes on the top of the score in detail. Table 5 shows positive characteristic attributes and 

negative attributes up to the top ten scores when the pages are attributes, that is, a characteristic 
pages accessed by those students. The column "df" shows the number of students of the attribute. 

Note that the different pages in th different content ids may have the same page number. 

Comparison and detailed analysis of different classes and contents are shown in the next section. 
In this chapter, common features independent of classes are extracted. 

 

 
Table 5 Positive & Negative Attributes (pages) 

  positive attributes   negative attributes 

rank score df page No rank score df page No 

1 0.9619 104 9 1 -1.8282 1 250 

2 0.9619 104 10 2 -1.0978 100 22 

3 0.9605 81 68 3 -0.9976 1 182 

4 0.9172 82 70 4 -0.9976 1 162 

5 0.6428 90 40 5 -0.9109 83 67 

6 0.6428 89 39 6 -0.8676 82 69 

7 0.5587 98 26 7 -0.7298 101 21 

8 0.5587 98 29 8 -0.6759 104 11 

9 0.5587 98 27 9 -0.6759 104 13 

10 0.3666 62 100 10 -0.6759 104 12 
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3.2 Characteristic Paths 

 
Table 6 shows the positive attribute and the negative attribute up to the ten highest scores in the 

vectorization including the consecutive two pages of browsing transition information. Since the 

basic interface of the e-Book reading system is with PREV and NEXT, the movements to the 
adjacent page is the most frequent ones. 

As a result, the attribute of the page alone is not included in the upper level, and it can be 

seen that the page transition is effective for higher student identification. Further, looking at the 
difference between the positive page transition and the negative page transition in the positive page 

transition (that is, the upper student), as in the case of 4-3, 11-10, 17-16, 13-12, we can observe 

they are browsing back to. On the other hand, negative page transitions (i.e. lower students) have 

no such feature. Figures 3 and 4 visualize positive and negative page transitions as directed graphs. 
Red eges indicate reverse browsing, blue branches indicate normal order browsing. 

 

 
 

 

 
 

 

 

 

Table 6 Positive & Negative Attributes (pages & length 2 paths) 

 

  positive attributes    negative attributes 

rank score df attribute  rank score df attribute 

1 0.8087  59 4-3  1 -0.9416 103 4-5 

2 0.6834  18 3-3  2 -0.3601 11 22-1 

3 0.5049  12 1-11  3 -0.3471 14 27-27 

4 0.4596  77 11-10  4 -0.3217 14 41-41 

5 0.4398  73 17-16  5 -0.3104 10 62-62 

6 0.4290  105 1-2  6 -0.2848 59 36-35 

7 0.3828  103 11-12  7 -0.2726 108 1-1 

8 0.2874  57 2-1  8 -0.2724 61 32-31 

9 0.2861  9 14-1  9 -0.2626 12 23-1 

10 0.2388  75 13-12  10 -0.2599 15 2-2 
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Figure 3 Top 20 Positive Paths 

 

 
Figure 4 Top 20 Negative Paths 
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4. Difference in Classes 

 

4.1 Distribution of Final Scores and Distribution of Page Access Counts 

 
There are two kinds of data provided by the organizer the workshop. Because there are differences 
in browsing pattern, this chapter conducted detailed analysis for each class. In this paper, we 

analyzed them as class 1 and class 2 respectively. Figure 5 shows the distribution of class 1 and 

class 2. In class 2, the scores are distributed around 80 points. On the other hand, class 1 has the 
largest number of 100 points. Figure 6 shows the distribution of the number of accesses for the 

contents with the top three accessed contents. Meanwhile, the number of accesses of contents is 

less than 3 for other contents. We observe that there is a big difference between the data of class 1 

and class 2 both in grades and contents access distribution. 
 

 
Figure 5 Distibution of Scores of Class 1 & Class 2 

 
Figure 6 Distribution of Top Three Access Contens of Class 1 & Class 2 

 

4.2 Prediction Performance of Each Class 

 
In concrete experiments, to each element of the student information vector we added pairs of a 

path and the class as a new attribute. For example, when a student of class 1 browsed page number 

11, it is expressed as "1:11" as an attribute. The transitioning from page 11 to page was expressed 
as an attribute "1:11-12". 

Table 7 and Figure 7 show the optimal discrimination performance of the high 

performance students for class 1 and class 2 F-measure and accuracy are both around 80% in class 
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1, but 95% or more in class 2. Figures 8 and 9 show the change in accuracy when the number of 
attributes is changed. In both classes, it turns out that they are stably optimized around a specific 

N. 

 
Table 7 Optimal Prediction Performance for Class 1 & Class 2 

target class 1 class 2 

attribute page-1 path2-40 path5-100 page-30 path2-200 path5-400 

precision 0.6639  0.8305  0.8400  0.6624  0.9469  0.9432  

recall 1.0000  0.8524  0.8872  0.9096  0.9774  1.0000  

F-measure 0.7921  0.8338  0.8552  0.7586  0.9599  0.9695  

accuracy 0.6639  0.7799  0.8047  0.6702  0.9553  0.9652  

 
Figure 7 Optimal Prediction Perforance of Class 1 & Class 2 

 
Figure 8 Effect of Feature Selection (Class 1) 
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Figure 9 Effect of Feature Seletion (Class 2) 

 

5. Conclusion and Further Work 

 
Learning activity analysis based on real data has become possible by computerization of teaching 

materials and accumulation of learning behavior logs. In this paper, 108 e-book browsing logs of 

students were analyzed. By applying machine learning SVM and attribute selection to browsing 
information, we identified high performance students with more than 80 points. With the 

information on the browsing pages, the identification performance (accuracy) was 64%. But the 

accuracy reached 89% if we use the transition information of the browsing pages. 

Looking at the to scored attributes in the discrimination model for the top grades students, 
the view pattern such as 4-3, 11-10, 17-16, were obtained as characteristic features that return to 

the preveious page. At this stage, we do not know the reason for that pattern. A hypothesis may be 

that good students return to the last when they concounter any difficulty at the time of learning. In 
this paper, learning behavior of students is vectorized with information of browsing page and 

viewing page transition, and classification of two classes, upper and lower students, was done. 

Because RMSE and AUC are recommended as evaluation indices of workshop, we conducted the 
regression. Specifically, the experiment was carried out by regression of SVM-light with a linear 

kernel. The results are as shown in Table 8 and Table 9, but they are very poor. However, in 

vectorization, each student is expressed as a Boolean vector of 1, 0. Regression analysis by 

normalizing frequency is a future task. 

 
Table 8 RMSE with Different Vectorizations 

  page path2 path5 

all 22.282 22.0643 22.0389 

class 1 26.1996 26.0596 26.3405 

class 2 18.6815 18.2745 18.4375 

 

Table 9 AUC with Different Vectorizations 

 

 

 

 

 

 

  page path2 path5 

all 0.5521 0.6075 0.6254 

class 1 0.5588 0.5812 0.5956 

class 2 0.5396 0.6322 0.6535 
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Abstract: In this paper, we predict students’ academic performance based on tracking log of 

students’ learning activities. We compare the prediction of six datasets from Kyoto 

University (KU), National Central University (NCU), and Chung Yuan Christian University 
(CYCU) by eight classification models. We use the evaluators of accuracy, recall, precision, 

F1-score, and Area Under the Curve (AUC) of Receiver Operating Characteristic 

(ROC). According to the prediction results, we found that sample size and feature category 

influence the prediction performance of classification. We also found that the significant 

features based on Pearson correlation analysis have greatly influence on the prediction 

performance of classification.  

Keywords: classification, academic performance 

1. Introduction

The mechanism of predicting and classifying students’ performance is very important for promoting 
students’ success in learning (Lu, Huang, Huang, & Yang, 2017; Lu, Huang, Huang, Lin, Ogata, 

Yang, 2018; Romero, López, Luna, & Ventura, 2013). Finding at-risk students through predicting 

students’ performance can help teachers give timely interventions to students to improve their 
success. From previous studies (Asif, Merceron, & Pathan, 2014; Oladokun, Adebanjo, & 

Charles-Owaba, 2008; Lu et al., 2018; Yoo & Kim, 2014; Romero et al., 2013), machine learning 

methods such as Naive Bayes (NB), Decision Tree (DT) and Neural Network (NN), Support Vector 

Classification (SVC), Logistic Regression (LR) and Random Forest (RF) are the common used 
classification algorithm to predict students’ learning performance. Therefore, this study applied 

Gaussian Naive Bayes (GaNB), SVC, Linear-SVC, LR, DT, RF, NN, and Extreme-Gradient 

Boosting (XGBoost) algorithms to construct student classification for academic performance.  
The goal of this paper is to build students’ academic performance prediction model by using 

various classification methods for different datasets which were recorded students tracking logs. We 

have compared six datasets from Kyoto University (KU), National Central University (NCU), and 

Chung Yuan Christian University (CYCU). To measure the prediction performance of the applied 
eight classifications, this study uses the evaluators of accuracy, recall, precision, and F1-score.  To 

improve the prediction performance of classifications, this study also discuss the factors influence 

on prediction performance for the six datasets. Therefore, the research questions in this study are 
proposed as following.  

 RQ1: Can we predict students’ academic performance based on different categories of

students’ tracking logs?

 RQ2: Which classification methods are suitable for predicting students’ academic

performance?
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2. Literature Review 

 

2.1 Classification methods for predicting students’ academic performance 
Finding at-risk students in education, classification algorithm is one of the most frequently used 

methods in machine learning. Classification methods can be generally divided into four types which 

consisted of statistical classification, NN (McCulloch, & Pitts,1943), probabilistic classification, 
and vector space based classification. LR (Cox, 1958) is a statistical classification for constructing 

binary classification to deal with linear or nonlinear data. GaNB and NB (John, & Langley, 1995) 

are statistical classification. The vector space based classification generally includes SVC and 
Linear-SVC algorithms. SVC is a Support Vector Machine (SVM) for classification (Cortes & 

Vapnik, 1995). DT (Quinlan, 1983), RF (Breiman, L., 2001) and XGBoost (Chen, & Guestrin, 2016) 

are tree based classifications.  

In general, the evaluators of classification performance include accuracy, recall, precision, 
F1-score, and Area Under the Curve (AUC) of Receiver Operating Characteristic (ROC). The 

evaluators of accuracy, recall, precision and F1-score are derived from confusion matrix. The other 

evaluator, AUC, is derived from ROC curve. AUC is the area under the ROC curve. The value of 
AUC is range from 0 to 1. The value of AUC near to 0.5 indicated that the classification similar to 

random guess. The classification with higher value of AUC implied the better prediction 

performance.  
 

3. Method  

 

3.1 Datasets Description 
This study aims to build students’ classification based on tracking logs of learning. The learning 
environments of KU, NCU, and CYCU datasets are ebook reading in BookRoll, online learning in 

Open edX, and online learning in iLearning, respectively. For exploring the students’ ebook reading 

behavior, Ogata, Yin, Oi, Okubo, Shimada, Kojima, & Yamada (2015) and Flanagan & Ogata (2018) 
have briefly describe the students’ reading actions in BookRoll.  For KU, the datasets 

(https://lab.let.media.kyoto-u.ac.jp/icce2018la/) of case 1.1 and 1.2 collect students’ ebook reading 

actions in BookRoll for two different courses. For NCU, the datasets of case 2.1 and 2.2 collect 

students’ online learning actions in Open edX for the courses of university Calculus (case 2.1), and 
high school Calculus (case 2.2). For CYCU, the datasets of case 3.1 and 3.2 were collected students’ 

online learning actions in iLearning for the courses of System Programming (case 3.1), and 

Operation System (case 3.2). 
Table 1 shows the briefly description of six datasets. For extracting ebook reading features 

from students’ clickstream, Yamada, Oi & Konomi (2016) have extracted 19 features to represent 

students’ reading actions. Based on these features (Yamada et al., 2017), this study extracted 15 
features for KU datasets of case 1.1 and 1.2. The objective of this manuscript aims to identify 

students’ class which consist of high achievement and low achievement classes. In general, student 

got score lower than 60 should be belonged into low achievement class. But in KU datasets, there are 

only 10 and 8 students got the score lower than 60 for case 1.1 and 1.2, respectively. To balance the 
number of students for high achievement and low achievement classes, the label of student was set 

as high and low when students’ score higher than or equal to 80 and score lower than 80, 

respectively. Two datasets collected from NCU have highest number of features. There are more 
than 100 students in the three courses from NCU and CYCU. Among six courses, the two courses in 

KU have the lowest number of features and students.  For the descriptive statistics of academic 

performance (score) in the six cases, the mean score of case 2.2 extracted from NCU were near to 30 

which is the lowest value. This is because that there are too many students got lower score. In 
contrast, the mean score of case 1.1 and 1.2 extracted from KU were near to 70 which are the highest 

value in the six datasets. It seems that the score of most students are more than 60. For the case 3.1 

and 3.2 extracted from CYCU, the mean scores of two cases are near to 60 which fall in the middle 

area for the six cases.   
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Table 1 

Descriptive statistics of academic performance (score) for six datasets 

University Case Numbers of 

Students 

Numbers of 

Features 

Mean of 

score 

Std. of 

score 

Number of high / low 

KU 1.1 53 15 78.01 25.12 35 / 18   
(score >=80 / <80) 

1.2 55 15 77.64 18.88 32 / 23   

(score>=80 / <80) 

NCU 2.1 59 55 66.64 16.12 38 / 21   
(score>=60 / <60) 

2.2 128 55 36.05 27.57 28 / 100  

(score>=60 / <60) 

CYCU 3.1 135 16 59.68 23.57 84 / 51   
(score>=60 / <60) 

3.2 125 16 62.37 24.89 88 / 37   

(score>=60 / <60) 

 

3.2 Procedure of students’ academic performance classification 
For the students’ academic performance classification, the label of student can be considered as high 

achieve and low achieve classes, the features were extracted from students’ tracking logs during 
learning. This study aims to construct students’ academic performance classification which 

consisting of data pre-processing, constructing classification, and evaluation phases. The main tasks 

of data pre-processing phase include of data integration and data normalization. Data integration 
focuses on integrating various learning environments to construct learning datasets. Take NCU 

datasets as an example, the learning environments include of Open edX, MapleTA, and traditional 

classroom. Data integration aims to integrate the students’ learning data derived from Open edX, 
MapleTA, homework and quiz scores. This study extracted 55 features to represent students’ 

learning actions in NCU two datasets. Data normalization aims to redefine or transform the range of 

data value in a smaller and specific range. This study applied z-score normalization to the proposed 

features for students’ academic performance classification.  
The constructing classification phase aims to construct students’ academic performance 

classification. This study has applied GaNB, SVC, Linear-SVC, LR, DT, RF, NN, XGBoost 

classifiers to build the students’ academic performance classification. The applied 8 classification 
methods were brief description in section 2.1.  

The evaluation phase focuses on measuring the classification performance of the proposed 

classifiers. We have applied the evaluators which include of accuracy, precision, recall, F1-measure 

and AUC to evaluate the performance of the students’ academic performance classification. The 
cross-validation mechanism proposed by Golub, Heath, and Wahba (1979) aims to evaluate the 

prediction performance. According to the requirements of the 5th ICCE workshop on Learning 

Analytics (LA) & Joint Activity on predicting student performance 
(https://lab.let.media.kyoto-u.ac.jp/icce2018la/), we applied the average of 3-fold cross-validation 

that have been run 10 times to evaluate prediction performance.  

 

4. Results and Discussion  
 

4.1 Performance results of students’ academic performance classifications  
As showed in Table 1, the KU datasets consisted of case 1.1 and case 1.2 for two different courses. 

Each dataset has collected students’ score and students’ clickstreams during reading ebook by using 

BookRoll system. Students’ clickstream file records the logged activity data from students’ 
interactions with the BookRoll system.  Students’ score file records the final score for each student. 

Two NCU datasets have collected students’ online learning actions in Open edX, students’ online 

practice actions in Maple TA, and scores of homework and quiz. The CYCU datasets consisted of 
case 3.1 and 3.2 for System Programming and Operation System courses at CYCU. Two CYCU 

datasets have collected students’ online learning actions in iLearning, and scores of homework, quiz, 
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and project. Table 2 shows the performance of students’ academic performance classification for 
KU datasets (case 1.1 and case 1.2), NCU datasets (case 2.1, case 2.2), and CYCU datasets (case 3.1 

and case 3.2). The NCU datasets consisted of case 2.1 and 2.2 for one university Calculus course and 

one higher school Calculus course. 

To reply RQ1 (Can we predict students’ academic performance based on different categories 
of students’ tracking logs?) from Table 2, the best values of accuracy were range from 0.65 for case 

2.1 to 0.96 for case 2.2 in the six datasets. From Table 2, the case 2.2 of NCU datasets achieved the 

highest classification performance of 0.96. But the case 2.1 in NCU datasets obtained the lowest 
classification performance of 0.65. According to Table 1, the number of students in case 2.1 is 

relatively small in the comparing six datasets. In contrast, more students were collected in the case 

2.2. This maybe the reason for the classification of case 2.1 obtained the lowest performance, but the 
classification of case 2.2 achieved the highest performance. Similarly, due to both number of case 

3.1 and 3.2 in CYCU datasets are more than 100 students, the classification performance of case 3.1 

and 3.2 have obtained high performance of .86 and .92, respectively. For the KU datasets from Table 

2, case 1.1 and case 1.2 have obtained lower classification performance of .66 and .67, respectively, 
due to the number of students in KU datasets were smaller in the comparing six datasets. In 

education field, the accuracy of students’ academic performance classifications ranged from 0.75 

(Villagrá-Arnedo, Gallego-Durán, Compañ, Llorens Largo, & Molina-Carmona et al., 2016) to 0.95 
(Hu, Lo, & Shih, 2014). According to the results of prediction accuracy, the prediction performance 

of six datasets were similar with the recent studies (Hu et al., 2014; Villagrá-Arnedo et al., 2016). 

Therefore, the students' academic performance can be predicted based on different categories of 
students’ tracking logs. 

In Table 2, the evaluators of classification performance are included of accuracy, precision, 

recall, F1-measure, and AUC. To reply RQ2 (Which method is the suitable classification algorithm 

for predicting students’ academic performance?) from Table 2, LR, DT, and XGBoost are the 
suitable classification algorithms in comparing six datasets. The XGBoost can obtain the best 

classification performances in cases of 1.2 and 2.1. The LR can achieve the highest classification 

prediction performance in cases of 1.1, 3.1, and 3.2. For case 2.2, the best classification performance 
was obtained by using DT. From above description, the suitable classification algorithms include LR, 

DT, and XGBoost for comparing six datasets.  

 

Table 2 

 The prediction(classifiaction) performance of students’ academic performance based on six 

datasets 

Method Accuracy Precision Recall F1-score AUC 

KU datasets: Case 1.1 / Case 1.2 

GaNB .62/.58 .60/.65 .62/.58 .60/.57 .55/.61 

Linear-SVC .59/.56 .56/.56 .59/.56 .56/.56 .50/.55 
SVC .60/.55 .53/.56 .60/.55 .53/.55 .48/.55 

LR .66/.57 .63/.58 .66/.57 .63/.57 .57/.57 

DT .58/.61 .57/.61 .58/.61 .57/.61 .52/.60 

RF .56/.58 .55/.58 .56/.58 .56/.57 .50/.57 
NN .62/.59 .60/.59 .62/.59 .60/.59 .54/.58 

XGBoost .56/.67 .53/.67 .56/.67 .54/.66 .48/.65 

 NCU datasets: Case 2.1 / Case 2.2 

GaNB .59/.90 .61/.90 .59/.90 .59/.90 .58/.85 
Linear-SVC .58/.93 .59/.93 .58/.93 .58/.93 .56/.90 
SVC .59/.93 .59/.93 .59/.93 .59/.93 .55/.90 
LR .60/.94 .60/.94 .60/.94 .60/.94 .57/.92 
DT .62/.96 .62/.96 .62/.96 .62/.96 .59/.94 
RF .58/.93 .57/.93 .58/.93 .57/.93 .53/.87 
NN .60/.91 .59/.91 .60/.91 .60/.91 .56/.87 
XGBoost .65/.95 .64/.95 .65/.95 .64/.95 .60/.92 

 CYCU datasets: Case 3.1 / Case 3.2 

470



 

GaNB .81/.78 .83/.82 .81/.78 .81/.79 .83/.80 
Linear-SVC .82/.90 .82/.91 .82/.90 .82/.91 .81/.89 
SVC .84/.92 .84/.92 .84/.92 .84/.92 .82/.90 
LR .86/.92 .86/.92 .86/.92 .86/.92 .84/.90 
DT .80/.88 .80/.88 .80/.88 .80/.88 .78/.86 
RF .83/.87 .83/.87 .83/.87 .83/.87 .82/.84 
NN .86/.91 .86/.91 .86/.91 .86/.91 .84/.88 
XGBoost .85/.89 .85/.89 .85/.89 .85/.89 .84/.86 

 

4.2 Exploring the influence factors on classification performance 

This study applied Pearson correlation to explore the relationships among the learning actions and 
learning outcome. The Pearson correlation coefficient is a test statistics based on the covariance to 

measure the statistical relationship or association between two variables. For representing students’ 

learning actions, this study has extracted 15, 55 and 16 features from learning environments in KU, 

NCU and CYCU datasets, respectively. Table 3, 4 and 5 show the Pearson correlation coefficient 
between the extracted features and learning outcome for KU, NCU, and CYCU datasets, 

respectively.  

Table 3 shows the features category and Pearson correlation coefficient of KU datasets. Among the 
extracted 15 features, the numbers of significant features are 1 and 7 for the case 1.1 and 1.2, 

respectively. The feature category of KU datasets only extracted the category of online ebooks 

reading.  
 

Table 3 

The feature category and Pearson correlation coefficient of KU datasets 

Feature name Category Yamada et al. 

(2017) 

KU Grade 

Case1.1 Case1.2 

Add Bookmark Online ebook reading √ √ -.108 .072 

Add Marker Online ebook reading √ √ -.216 .307* 

Add Memo Online ebook reading √ √ -.136 .289* 

Change Memo Online ebook reading √ √ .134 .234 

Close Online ebook reading √ √ .153 .083 

Delete Bookmark Online ebook reading √ √ -.108 .030 

Delete Marker Online ebook reading √ √ -.207 .301* 

Delete Memo Online ebook reading √ √   

Jump Online ebook reading √ √ .059 .019 

Next Online ebook reading √ √ .208 .371** 

Open Online ebook reading √ √ .156 .191 

Prev Online ebook reading √ √ .271* .334* 

Search Online ebook reading √ √ .049 .031 

Marker Online ebook reading √ √ -.235 .335* 

Memo Online ebook reading √ √ -.102 .315* 

Change marker Online ebook reading √    

Landscape Online ebook reading √    

Portrait Online ebook reading √    

Zoom Online ebook reading √    

Note: *p<.05, **p<.01, ***p<.001  

 

Table 4 shows the features category and Pearson correlation coefficient of NCU datasets. 
Among the extracted 55 features of NCU datasets, the numbers of significant features are 11 and 55 

for the case 2.1 and 2.2, respectively. The feature category of NCU datasets include of online 

self-learning, online exercise, online discussion, online video viewing, online quiz, offline exercise, 
and offline quiz categories.  
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Table 4 

 The feature category and Pearson correlation coefficient of NCU datasets 

Feature name Category Grade 

Case2.1 Case2.2 

active_num_days Online self-learning .311* .799** 

active_avg_count Online self-learning .269* .509** 

active_sum_count Online self-learning .328* .765** 

problem_num_days Online exercise .171 .761** 

problem_avg_count Online exercise .254 .548** 

problem_sum_count Online exercise .289* .758** 

video_num_days Online video viewing .235 .731** 

video_avg_count Online video viewing .116 .376** 

video_sum_count Online video viewing .146 .506** 

forum_num_days Online discussion  .203* 

forum_avg_count Online discussion  .190* 

forum_sum_count Online discussion  .207* 

num_watched Online video viewing .232 .709** 

num_complete Online video viewing .237 .671** 

num_incomplete Online video viewing .114 .472** 

complete_rate Online video viewing .205 .677** 

incomplete_rate Online video viewing .090 .224* 

watched_time_hour Online video viewing .164 .592** 

watched_time_weekday Online video viewing .188 .420** 

seek_video_sum Online video viewing .213 .591** 

seek_video_avg Online video viewing .178 .522** 

pause_video_sum Online video viewing .250 .728** 

pause_video_avg Online video viewing .218 .706** 

stop_video_sum Online video viewing .186 .531** 

stop_video_avg Online video viewing .154 .412** 

video_forward_seek_sum Online video viewing .188 .319** 

video_forward_seek_avg Online video viewing .156 .291** 

video_backward_seek_sum Online video viewing .227 .379** 

video_backward_seek_avg Online video viewing .107 .277** 

video_pause_forward_seek_sum Online video viewing .074 .465** 

video_pause_forward_seek_avg Online video viewing -.004 .357** 

video_pause_backward_seek_sum Online video viewing .265* .564** 

video_pause_backward_seek_avg Online video viewing .182 .506** 

video_stop_backward_seek_sum Online video viewing .168 .471** 

video_stop_backward_seek_avg Online video viewing .161 .278** 

all_type_video_forward_seek_sum Online video viewing .188 .466** 

all_type_video_forward_seek_avg Online video viewing .153 .410** 

all_type_video_backward_seek_sum Online video viewing .247 .452** 

all_type_video_backward_seek_avg Online video viewing .129 .370** 

all_type_video_seek_sum Online video viewing .220 .481** 

all_type_video_seek_avg Online video viewing .160 .428** 

video_pause_sum Online video viewing .246 .544** 

video_pause_avg Online video viewing .160 .438** 

video_stop_sum Online video viewing .171 .527** 

video_stop_avg Online video viewing .145 .403** 

video_play_sum Online video viewing .253 .508** 

video_play_avg Online video viewing .183 .457** 

video_events_sum Online video viewing .255 .520** 

video_events_avg Online video viewing .183 .455** 
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mt_practice_sum Online quiz .341** .577** 

mt_unit_sum Online quiz .454** .720** 

mt_online_num_day Online quiz .378** .413** 

mt_online_practice_num_day Online quiz .445** .692** 

hw_mean Offline exercise .349** .789** 

qz_mean Offline quiz .610** .944** 

Note: *p<.05, **p<.01, ***p<.001  

 

Table 5 shows the features category and Pearson correlation coefficient of CYCU datasets. 

Among the extracted 16 features of CYCU datasets, both case 3.1 and 3.2 have 16 significant 
features. The feature category of CYCU datasets include of online exercise, online discussion, 

online video viewing, online quiz, offline exercise, and offline quiz categories.  

 

Table 5 

 The feature category and Pearson correlation coefficient of CYCU datasets 

Feature name Category Grade 

Case3.1 Case3.2 

video_watching_days Online video viewing .651** .520** 

video_watching_total_time Online video viewing .558** .499** 

video_watching_times Online video viewing .400** .366** 

bbs_days Online discussion .498** .322** 

bbs_num Online discussion .507** .482** 

video_watching_num Online video viewing .633** .395** 

time_between_start_first_watching Online video viewing .732** .549** 

pre_watching_num Online video viewing .181* .204* 

in_watching_num Online video viewing .474** .336** 

re_watching_num Online video viewing .425** .336** 

no_watching_num Online video viewing -.474** -.336** 

post_watching_num Online video viewing .552** .387** 

online_hw Online exercise .648** .654** 

online_quiz Online quiz .808** .617** 

pgm Offline exercise .603** .745** 

quiz Offline quiz .835** .834** 

Note: *p<.05, **p<.01, ***p<.001  

 

Table 3, 4 and 5 show the feature category and Pearson correlation coefficient for the 
comparing six datasets. For the comparing six datasets, Table 6 summarizes the number of extracted 

features and significant features in each feature category according to the results of Pearson 

correlation coefficient. The KU, NCU and CYCU datasets have extracted 15, 55, and 16 features, 
respectively. The significant rate (sig. rate) can be defined as the number of significant features 

divided by the number of extracted features. From Table 6, significant rate of case 1.1, 1.2, and 2.1 

were lower than 0.5 and were the three lowest values in the six datasets, and their classification 
performance is range from 0.65 to 0.67. The number of significant features is not sufficient in 1.1, 

1.2, and 2.1 cases resulting in their lower classification performance.  

 

Table 6 

The number of extracted features and significant features in each feature category  

Categories KU NCU CYCU 

Case1.1 Case1.2 Case2.1 Case2.2 Case3.1 Case3.2 

Online 
Self-learning 

0/0 0/0 3/3 3/3 0/0 0/0 
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Online video viewing 0/0 0/0 1/40 40/40 10/10 10/10 
Online reading 1/15 7/15 0/0 0/0 0/0 0/0 

Online 

Discussion 

0/0 0/0 0/3 3/3 2/2 2/2 

Online exercise 0/0 0/0 1/3 3/3 1/1 1/1 
Online quiz 0/0 0/0 4/4 4/4 1/1 1/1 

Offline exercise 0/0 0/0 1/1 1/1 1/1 1/1 

Offline quiz 0/0 0/0 1/1 1/1 1/1 1/1 

Total 1/15 7/15 11/55 55/55 16/16 16/16 

Sig. rate .06 .46 .2 1.0 1.0 1.0 

Note: number of significant features / number of features 

 
For exploring the factors influence on the performance of classifications, Table 7 summaries 

the situation of influence factors for each dataset. For six datasets, this study has investigated the 

three influence factors affected on the performance of classifications which include of sample size, 
feature category, and significate features. This study aims to establish students’ academic 

performance classification; the sample size can be set as the number of students which shows in 

Table 1.  For case 1.1 and 1.2 of KU datasets, the classification performances are very low due to the 

small sample size, small feature categories, and small significant rate. The reason for the low 
classification performance of case 2.1 is that both the sample size and significant rate are too small. 

In contrast, the three cases of 2.2, 3.1 and 3.2 with sufficiently larger of samples, feature categories 

and significant rate to obtained higher classification performance.   
 

Table 7 

The situation of three influence factors for each dataset  

Factor KU NCU CYCU 

Case1.1 Case1.2 Case2.1 Case2.2 Case3.1 Case3.2 

Small samples Y(53) Y(55) Y(59) N(128) N(135) N(125) 

Limited feature categories Y(1) Y(1) N(7) N(7) N(6) N(6) 

Small sig. rate Y (.06) Y (.46) Y (.2) N(1.0) N(1.0) N(1.0) 

Note: Whether dataset have the problem caused from the factor (the value of the factor) 

 

To further study how students’ scores influence on the prediction performance, the case 3.1 
and 3.2 of CYCU datasets were not only divided into 18 weekly datasets, but also computed the 

AUC of classifications by using feature set include and exclude score information. Figure 1 shows 

the AUC of two classifications by using feature set include and exclude score information over 

weeks. In figure 1, (a) and (b) were showed the AUC for case 3.1 and 3.2 over weeks, respectively. 
For the CYCU datasets, there are 4 score related features which consist of online 

online_hw, online_quiz, pgm and quiz features listed in Table 5. Therefore, the feature sets 

include and exclude score information were consist of 16 features and 12 features, respectively. 
From Table 5, online_hw and online_quiz indicate the sum of online homework and exam, 

respectively; pgm and quiz indicate the sum of projects’ score and exam score.    
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(a) The AUC over weeks for case 3.1 (b) The AUC over weeks for case 3.2 
Figure 1. The AUC of two classifications by using feature set include and exclude score information 

over weeks for CYCU datasets 

 

For the case 3.1, the values of feature of online_hw and online_quiz can be obtained at the 
weeks of 4, 6, 9, 10, 14, 15, 16, 17, 18; the value of pgm feature can be obtained at weeks of 7, 14 and 

17; the value of quiz feature can be obtained at weeks of 8 and 17. From figure 1, the distances of the 

two classified AUCs by using the feature set including and excluding the score information can be 
separated at sixth week, and then pulled to a larger distance at eighth week. This may be because that 

the online_hw and online_quiz can be obtained two scores at sixth week, and the scores of pgm and 

quiz can be firstly obtained at week 7 and 8, respectively. In other words, the values of online_hw, 
online_quiz, pgm and quiz features can be obtained at eighth week resulting the larger distance of 

two AUCs of classifications.  

For the case 3.2, the values of feature of online_hw and online_quiz can be obtained at the 

weeks of 3, 4, 5, 7, 9, 14, 15, 16, 17, 18; the value of quiz feature can be obtained at weeks of 5 and 
9; the value of pgm feature can be obtained at weeks of 11 and 17.  From Figure 1, the distances of 

the two classified AUCs by using the feature set including and excluding the score information can 

be separated at third week, and then pulled to a larger distance at fifth and eleventh weeks. This may 
be because that the online_hw and online_quiz can be firstly obtained at third week, and the scores 

of pgm and quiz can be firstly obtained at week 11 and 5, respectively. We have get the values of 

online_hw, online_quiz and quiz feature at fifth week, and then the value of pgm was firstly obtained 
at eleventh week. This is the causing reason for the larger distance of two AUCs of classifications at 

fifth and eleventh weeks. 

 

5. Conclusion 

 
To investigate the prediction performances of various classifications in education field, this study 
aims to construct students’ academic performance classification based on different categories of 

students’ tracking logs. For the comparing six datasets, the values of prediction accuracy are range 

from 0.65 to 0.96 showed in Table 2. These results are similar and consistent with the previous 
studies (Hu et al., 2014; Villagrá-Arnedo et al., 2016). Based on the above results, we can predict 

students' academic performance based on different categories of students' tracking logs.   

We have further explored the influence factors of prediction performance of classifications 

in various datasets. This study aims to investigate the influence of sample size, feature category, and 
the significant features on the performance of classifications. For the two cases of 1.1 and 1.2 in KU, 

the low prediction performance was caused by the small samples, only one type of feature category, 

and small number of significant features. Although there are 7 feature categories in NCU, the 
prediction performance still very low for case 2.1. This result is caused by small samples and the 

small number of significant features. The sample size, feature categories, and significant features are 

sufficient large for cases of 2.2, 3.1, and 3.3. Consequently, the three cases can have achieved good 
prediction performance by using DT, LR, and XGBoost. Finally, we have also investigated how the 

score related features influence on prediction performance over weeks. From figure 1, the AUC can 

be pulled larger when the values of score related features were obtained. In the other words, 

according to the AUC of case 3.1 and 3.2 in CYCU datasets showed in figure 1, the score related 
features have greatly effects on prediction performance.   
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Abstract: With the adaption of online learning environment, students’ learning behavior 

can be recorded as digital data. In order to implement the conceptual framework of learning 

analytics, many researchers applied machine learning methodologies and used data which 
collected from digital learning environment to predict students’ academic performance for 

targeting at-risk population. However, along with the characteristic of machine learning 

methodologies, it presents diversity prediction performance due to the statistical property of 

educational data and these caused the difficulty to applied machine learning technology to 

classroom. In this study, we collected the state-of-the-art on regression algorithms and used 

an E-book-based learning dataset within 53 students for benchmarking the suitable 

algorithm for targeting at-risk students. In addition, we address the issues from learning 

environment, including over-concentration score, dropout students and data instance 
insufficiently, for improving prediction performance. The results revealed that the proposed 

performance tuning process could obtain optimal performance metrics and avoid 

over-fitting problem. 

Keywords: Learning Analytics, At-risk Student Identification, Regression 

1. Introduction

Learning analytics is a conceptual framework to help students to get higher achievement in 

classroom. In 2011, Horizon Report, a report of educational trends, defined learning analytics as a 
method based on educational data collection and information exploration that enables teachers to 

understand students’ learning behavior and identify learning risk population at an early stage(L 

Johnson, Smith, Willis, Levine, & Haywood, 2012). Under the framework of learning analytics, 
teachers will improve teaching strategy, design of learning activities, design of pedagogic or even 

teaching material based on results of educational data mining. One of the advanced definition of 

learning analytics was mentioned by Horizon Report 2016, it defined that at-risk student can be 
identified at early stage of semester by applying machine learning technology and give timely 

intervention based on result of machine learning(Larry Johnson et al., 2016). In practice, many 

researchers have tried to prove the benefits of learning analytics, such as Lu, Huang, Huang, and 
Yang (2017) measured students’ clickstream from a digital learning environment and intervened risk 

student according to the level of engagement. On the other hands, Van Leeuwen, Janssen, Erkens, 

and Brekelmans (2013) collected student's online discussion behavior and asked the assistant to 
participate in when the discussion was deviation. The result also shows that by using data analysis to 

decide when to intervene students’ learning, which can effectively improve the learning outcome. 

In order to use machine learning to identify at-risk students, the research field of learning 
analysis has begun to use students’ final grades, scores and online learning behavior as the starting 

point to establish the at-risk student identification model. In instance, Hu, Lo, and Shih (2014) 
developed an early warning system by using a decision tree classifier. The model was constructed 

from data on 300 students and contained 13 online variables, including for how long each student 

had used the system and how many documents had been read by each student in the preceding week. 
The results revealed a 95% accuracy in predicting whether students would pass or fail based on 1–4 

weeks of data from a skewed data set. Moreover, Romero, López, Luna, and Ventura (2013) 
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collected data on 114 students from an online discussion forum and separated them into several data 
subsets on a weekly basis before evaluating each data set’s predictive accuracy through several 

data-mining methods. Romero et al. (2013) used the sequential minimal optimization classification 

algorithm and student interaction data before a midterm exam to achieve the highest accuracy for 
predicting student learning performance. 

 On the other hands, another group of researchers used regression algorithm to try to 

accurately predict the student's final score. In instance, in order to reduction dimension for optimize 
the regression formula, Yang et al. (2018) developed a methodology which combined multiple linear 

regression and principle component  analysis to predict students’ final score, They prove that by 

adopting appropriate feature extraction and data pre-processing in a MOOCs and online assessment 
system enabled calculus course, student's final score can be predicted in one third of the semester, 

and the evaluator of root mean square error can reach about 12 (Lu et al., 2018), which means 88% 

of accuracy. Moreover, Huang and Fang (2013) used students’ final grades as prediction targets. To 
evaluate the prediction results, the researchers designed two quantitative indicators to transfer the 

regression mean square error into prediction accuracy. The final results showed that the students’ 

final exam scores were predictable to 88% accuracy based on eight variables collected from a 
learning management system. Previous studies have explained 4 that “at-risk” can generally be used 

to describe students who dropout, fail, or achieve low grades on courses. 

 The previous studies used data which collected from students’ online learning behavior to 
train a classification or regression model for targeting at-risk students. The result shows around 80% 

of prediction accuracy on students’ grade or final score. However, in the field of machine learning, it 

is necessary to consider the characteristics of regression and classification algorithms and also data 
statistical properties. The risk identification model need to consider as more metrics as possible 

during the training and evaluation process, for example, is the model over-fit? In this study, we will 

sort out the various situations which will be encountered in model training process, and expose 
prediction performance on several regression algorithms. Moreover, we will use the characteristics 

of the data and regression algorithm to try to optimize the model training performance by using an 

online learning dataset. The following research questions were proposed: 
 

 RQ1: Benchmarking regression algorithms for predicting students’ academic performance in 

E-Book-based Learning. 
 RQ2: Tuning the regression algorithm to address (1) dropout students, (1) final score 

over-concentration and (3) prediction model over-fitting issues. 

 

2. Literature Review 

 

2.1 Design of Benchmarking Experimental 

 
To identify at-risk student, the strategy we adopted was to use the regression model to predict the 
student's final score, and then to intervention students whose score are lower than expected, so we 

need to benchmark the performance of regression algorithms. In order to design the benchmark 

experimental, we first refer to Romero et al. (2013)’s  article, they collected data from an online 
discussion forum and defined several features from the collected dataset. Several statistical methods 

were adopted to select features for the dimension reduction propose at incoming step. At the end, 

they selected 20 classification algorithms and two metrics to benchmark performance, and finally 
selected Expectation–maximizations as the best prediction algorithm.  

However, Romero et al. (2013) started with the classification problem, and performance 

metrics could not be applied to benchmark regression algorithms. Therefore, we refer to Loterman, 
Brown, Martens, Mues, and Baesens (2012)’s article, they used metrics including: RMSE (root 

mean square error), R2 (determination of coefficient), AUC (area under curve) and MAPE (mean 

absolute percentage error) to benchmark performance of regression algorithms on bank loss given 
problem. Finally, we were reexamined several studies in this field of educational data mining to 

define whether the range of metrics  are acceptable, the RMSE in Lu et al.’s study revealed about 12 

in the proposed of calculus course; in MAPE, the values of Huang and Fang (2013) and Lu et al. 
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(2018) fell between 0.82-0.90; The part of the R2 in model which trained by a course which included 
114 students in Çevik (2015)’s study reached 0.3. 

 

2.2 Model Performance Tuning 

 
There are many factors affect the optimized of machine learning, one of the major effect is feature 

extraction (as known as feature selection, attribute selection), which is a process of selecting a subset 

of relevant features. The aim of feature extraction is for simply the model, makes training time 
shorter, and also reduce over-fitting. In Romero et al. (2013)’s research, they applied 10 feature 

selection algorithms to rank the importance of the feature. The result demonstrated that 

classification accuracy can be improved by these feature selection process. Moreover, in Hall and 
Holmes (2003)’s research, they benchmarked sixteen feature selection and extraction algorithms. 

The result also shows feature extraction process is statistically significant improvement machine 

learning accuracy. 
 The other problem is data imbalanced, which means the number of data instance along with 

one class significantly outnumbering than others. If classification or regressions results are all easily 

align to that outnumbering class, the accuracy can be presented well even if the model was not 
optimized. This problem occurs in the context of educational data mining frequently because in most 

courses, most students pass exam, and low score tend to be only a minority in the group. In 

Thammasiri, Delen, Meesad, and Kasap (2014)’s research, they benchmarked sixteen resample 
algorithms on educational data and the result shows the prediction accuracy for the minority class 

can be improved. On the other hands, Chawla, Bowyer, Hall, and Kegelmeyer (2002) take a noise 

injection approach which named SMOTE(synthetic minority over-sampling technique), they 
demonstrated the SMOTE can improve not only prediction accuracy, but also solve the problem of 

data instance insufficient. 

 The last problem is model over-fitting, which means prediction model that corresponds too 
exactly to training data. The prediction accuracy or MSE will present low performance once if we 

applied non-training data into the over-fitting model.  After we reviewed the above-mentioned 

multiple versions, especially in the field of educational data mining, which means that there may be 
no real appraisal of the risk prediction model to the real curriculum. Therefore, in this paper, we will 
add one more performance evaluator: training loss to measure if over-fitting happened on 

selected regression algorithms. Moreover, we will use the method of dropout or early-stop which 

proposed by Srivastava, Hinton, Krizhevsky, Sutskever, and Salakhutdinov (2014) to avoid 

problem of over-fitting and expose actual prediction performance for each selected 

regression algorithms. 

 

3. Methodology 

 

3.1 Dataset characteristics 
 

In this study, we selected an opened and de-identified data which collected from Kyoto University 
e-book learning system: BookRoll (Flanagan & Ogata, 2017; Ogata et al., 2017; Ogata et al., 2015), 

hereinafter referred to as KEL (Kyoto E-Book-based Learning) dataset.  

We first plot each student's weekly activities and final score as a heatmap from clickstream, 
as shown in Figure 1, the learning activities of this course is very similar as Self-learning, most 

learning activities happened on the first week, such as student ds121 and ds122. In addition, the level 

of engagement on BookRoll seems not related to students’ final score, for example: ds124 and 
ds128 has actives only in the first week, but they get score of 100 points at the end of course, 

therefore this would increase the difficulty of model training. 
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Figure 1. Students’ Weekly Activity versus Final Score in KEL Dataset by Heatmap Plot 

 

 Since original data is a clickstream from BookRoll, we surveyed the relevance study from 
Yamada, Oi, and Konomi (2017) who discuss the correlation between E-Book learning behavior and 

students’ learning outcomes, they defined 15 identical features. As shown in Figure 2, which is 

count distribution on 15 features from KEL dataset along with the definition from Yamada et al. 
(2017), we will use this figure to discuss how we reduce dimension in the following session. In 

addition, as shown in Figure 3, we plot students’ score distribution in KEL dataset. From this figure, 

we can know that most students concentrate on 80-100 point, only a few students concentrate on less 
than 80 points. This is an imbalanced problem which we mentioned in session of literature review, 

therefore, we will discuss how to address this problem at the stage of data preprocess. 

 

 
Figure 2. Distribution of Students’ Learning Activities from KEL Dataset 

 

 
Figure 3. Distribution of Students’ Academic Performance from KEL Dataset 

 

3.2 Regression Algorithms and Evaluation Metrics 
 
As listed in Table 1, we selected five common regression algorithms for the benchmark 

experimental, from the most basic MLR (Multiple Linear Regression), non-linear CART 

(Classification and Regression Tree), to the top algorithm on Kaggle: XGBoost (Extreme Gradient 
Boosting) and SVR (Support Vector Regression), and finally the most flexible ANN (Artificial 

Neural Network). Moreover, we refer to Loterman et al. (2012)’s work to list several performance 
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metrics to evaluate which regression algorithm produce accurate predictions. There are five metrics 
listed in Table 2 and each of them has its own worst and best range to quantify the algorithm 

performance.  

 
Table 1 

Regression Models Employed for Benchmark Experimental 

Regression 
Algorithms 

Description 

MLR Multiple Linear Regression (Draper & Smith, 2014) is a linear algorithm which uses several 

explanatory variables to train a model for predicting target. The goal of training procedural is 

to produces a regression models that with the minimal difference between values observed in 

training set and values which predicted by regression model. 

CART Classification and Regression tree (Steinberg & Colla, 2009) uses a tree-like graph of 
decisions and possible outcomes, and has capability to take continuous values. 

SVR Support Vector Regression (Drucker, Burges, Kaufman, Smola, & Vapnik, 1997) project data 

point into a hyperplane and separate them with the maximum margin. 

XGBoost Extreme Gradient Boosting(Chen & Guestrin, 2016) uses sparsity-aware algorithm for 

sparse data and weighted for decision tree learning procedural.  

ANN Artificial neural networks (Bishop & Bishop, 1995) is based on a collection of connected 
units called artificial neurons. Each connection can transmit a signal between neurons, and 

signal can be processed when an artificial neuron received it. Moreover, signal can be add 

weight or basis after passing through the artificial neurons. ANN offers several flexible 

tuning methodologies such as Dropout (Srivastava et al., 2014) and Early-stop (Prechelt, 

1998) to prevent over-fitting problem. 

 
Table 2 

Performance Metrics for Benchmarking Regression Algorithms 

Metrics Description Worst Best 

RMSE RMSE gives information about prediction error, which is the 
difference between value* observed in testing set and value which 

predicted by regression model. The metrics is presents by square root 

after average difference. 

∞ 0 

R2 R2 gives information about how goodness of fit of the regression 

model, which is the difference between value observed in testing set 

and value which predicted by regression model. The metrics is 

presents by square of the difference. 

-∞ 1 

AUC AUC is imply information about data imbalanced, which is area under 

ROC (Receiver Operator Characteristic), which show how the number 

of correct classified positive examples varies with incorrect classified 

negative examples. In general, AUC metrics is for classification 

algorithm, in this paper, we refer to (Bi & Bennett, 2003)  to calculate 

AUC in regression algorithm. 

0.5 1 

MAPE MAPE gives information about prediction error, which is the 
difference between value* observed and value which predicted by 

regression model. The metrics is present percentage after average 

difference. 

∞ 0 

Training Loss Training Loss is imply information about over-fitting (Srivastava et 

al., 2014), which is similar as RMSE but is in difference between value 

observed in training set and value which predicted by regression 

model. 

Not 
equal to 

RMSE 

Equal 
to 

RMSE 

* Value here will be students’ final score 
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3.3 Dataset processing and variable selection 
 

Since we visualized KEL in previous session, we can clearly observe several obvious problems: 
First, data instance is insufficient; the number of students is 53, far less than the number of 15 

features, these makes regression algorithm difficult to find the optimal solution of the equation. 

Therefore, we will remove the feature without any value: Delete_Memo, then extract features 
through PCA for the dimension reduction propose, and then inject the necessary noise by normal 

distribution for increase data instances propose. In order to solve the problems of Self-Learning and 

imbalanced scores, resample will be adopted for improving the performance of the regression 
algorithm. 

 

4. Results and Discussion 

 

4.1 Benchmarking Regression Algorithms 

 
After the regression algorithms, dataset and performance metrics are defined, we will feed KEL into 
five regression algorithms for training prediction models. During the training process, 70% of the 

data instances will be randomly sampled each time, and the rest will be used as cross validation. In 

the first round of experimental, the validation results of the five regression algorithms are shown in 
Table 3. 

First, we observed the RMSE obtained after the first round of verification, each regression 

algorithm applied default parameter. The MLR got the worst RMSE, which up to 80.69; it means 
that each prediction result will have an error of 80 points. The situation will be considered in the case 

of a student's score of 100, this RMSE cannot be accepted in real-life situations. On the contrary, we 
observe the RMSE of the remaining four regression algorithms, which is between 23.32 in the SVR 

and 38.62 in the ANN. Although it is better than the MLR, there is still a gap behind 12 points from 

pervious study. Therefore, as expected, the next round of validation will perform data preprocessing 
for increasing evaluation metrics propose. 

 
Table 3 

Performance Metrics on KEL Dataset for each Regression Models 

 Algorithm RMSE AUC R2 MAPE 
Training 

Loss 

1st Round: 
Default 

Parameters 

MLR 80.69 0.36 -13.23 102.81 83.17 

CART 31.30 0.82 -0.12 40.27 18.14 

SVR 23.32 0.89 0.02 32.89 23.85 

XGBoost 30.84 0.86 -0.25 40.92 11.07 

ANN 38.62 0.81 -0.50 43.44 24.21 

2nd Round: 
Noise 

Injection 

MLR 85.52 0.33 -13.08 101.21 80.95 

CART 23.44 0.89 -0.05 47.68 18.55 

SVR 23.23 0.89 -0.03 48.82 22.27 
XGBoost 25.45 0.86 -0.24 45.88 11.12 

ANN 28.69 0.86 -0.58 50.69 21.35 

3rd Round: 
Noise 

Injection + 

Feature 

Extraction 

MLR 85.56 0.33 -13.37 100.23 80.76 

CART 23.44 0.88 -0.08 45.56 19.00 

SVR 22.43 0.89 0.01 45.60 22.44 

XGBoost 24.26 0.88 -0.16 46.70 11.99 

ANN 23.57 0.88 -0.09 44.88 19.73 

 
As we mentioned in the previous chapter, KEL dataset has 15 features with 53 data points, it 

is difficult for the other regression algorithm to optimal solution during training, therefore, we 
referred to Thammasiri et al. (2014)’s study to apply an oversample methodology by inject then 

same amount of noise meaning that each will multiply the point by a standard deviation of the 

normal distribution and then merge it into the original data set. As shown in Figure 4, we 
re-projected the original data by t-SNE to two dimensions, and the original loose data points were 

injected after the noise. It can be visually observed that the distribution format of data tends to be 
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significant. As shown in Table 3, in the second round of testing after the injection of noise, most of 
the indicators have improved. Taking ANN as an example, the original RMSE improved from 38.62 

to 28.69, and the AUC improved from 0.81 to 0.86, which can be attributed to the effects of noise 

injection. 
 

 
Figure 4. KEL Datasets Distribution after Noise Injection by t-SNE Plot 

 
The third round of verification is to reduce the dimension of the data, so we take the KEL 

dataset which injected noise to PCA. The results are shown in Figure 5. We can obtain the variance 

explained in 99.8% of original 14 features by using 9 dimensions after PCA decomposition. 

Therefore, we use 9 dimensions for regression model training, and the verification results are also 
shown in Table 3. Observed from the metrics, after noise injection and feature extraction, the 

prediction performance of the SVR is still the best, which RMSE value is 22.43, and with the only 

positive R2. The most improved algorithm is ANN, whose RMSE improved from 28.69 to 23.57, 
and AUC improved from 0.86 to 0.88. 

 

 
Figure 5. KEL PCA Decomposition Result 

 
Finally, as show in Figure 6, we feed training data and testing data into model which trained 

by selected regression model, the result is projects with students’ final score as x-axis and prediction 

score as y-axis. First, observe the SVR and find that regardless of the input data, the output is always 
80 points. Compared with the characteristics of KEL, the students' scores are almost distributed over 

80 points. In the meantime, students who distributed under score of 80 are just a minority in the 

group; these would not affect performance metrics a lot. Therefore, we thought SVR is in a situation 
of overestimation. Moreover, CART and XGBoost have similar performance with SVR, however, 

we can observe from the Figure 6that the training data is almost accurately predicted, but there is no 

way to test the data, so we look back at Table 3 and we observed that two algorithms’ Training Loss 
is far below then RMSE in the three rounds of validation, so it can be concluded that the over-fitting 

problem has occurred in these two algorithms. Finally, expect for under-estimation of the MLR, we 

will use the ANN for the next stage. 
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Figure 6. Prediction Students’ Final Score by Different Regression Algorithm. 

 

4.2 Tuning Algorithm based on Learning Activities and Characteristics of Algorithm 

 
Continuing from the previous session, we noticed that ANN is the only one regression algorithm that 
does not underestimate or overestimate, but slightly over-fitting. Therefore, in this section, we extent 

the KEL visualization observation from session 3.1 and defining two issues that should be solved: 

(1) Over-concentration of students’ score from teacher and (2) dropout phenomenon caused by 
assumption of self-learning strategy. In this session, we continue use the dataset with feature 

extraction and noise injection, and then perform the outlier detection and data resampling, and 

enable the dropout function of the neural network. 
In the step of detection the outliers, we select directly from Figure 1 and remove students 

who only have activities in the first week, for example: ds102 and ds103. On the other hand, we 

randomly sample and remove students whose scores are above 80 points. The data distribution after 
resample is shown in Figure 7. Comparing Figure 3, it can be observed that data has been shifted to 

the right has gradually aligned to the center. 

 

 
Figure 7. Distribution of Students’ Academic Performance after Re-sample 

 
Before us solving over-fitting problem, we injected the resampled data into the ANN again, 

and the results are shown in the Table 4 and Figure 8. The first metrics we are concerned about: 
RMSE is improved again from 23.57 to 19.00. On the other hands, although R2 performs worthy, but 

it improves from the negative to positive. However, observing Figure 8, we can notice that with the 

increase of training epochs, the training loss gradually becomes lower and lower, but prediction loss 
(RMSE in Table 4) keep flat, the distance between them is getting farther and farther. This is another 

proof that our current training meets over-fitting problem. 

 
Table 4 

Performance Metrics on KEL Dataset for each Regression Models 

 RMSE AUC R2 MAPE 
Training 

Loss 
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Remove outlier and resample 19.00 0.86 0.01 42.53 9.16 
Enable dropout 20.00 0.88 0.01 27.84 17.66 

 

 
Figure 8. Training epochs after removing outlier and re-sampling 

 
After removing the outliers and resampling, we enabled the Dropout parameters in the 

neural network. The final result is shown in Table 4 and Figure 9. It can be observed that training 

loss is close to prediction loss under the same number of training epochs with previous round, the 
distance between the two values is not farther and farther. At the end, we can claim to use the KEL 

dataset to train a student risk prediction model with an RMSE of 20.00, AUC of 0.88 and without 

over-fitting. However, comparing to our previous work at prediction students’ final score in a 
blended Casuals course, we have obtained RMSE around 16.9 and similar MAPE, which means the 

prediction result on KEL dataset might have chance to improve continuously due to the parameter 

tuning or feature selection. The working items for improving prediction result will be addressed in 
the future works. 

 

 
Figure 9. Training epochs after enabling Dropout 

 

Conclusion 
 

In this study, we used Kyoto University's E-book-based Learning dataset to benchmark the 
performance of various regression algorithms for targeting at-students, and also addressed several 

situations in educational area, which including: over-concentration of students' score, and dropout 

students in self-learning, the number of students insufficient, and continuously optimize the 
performance of the model in the process of solving the problem. In the future, there are still many 

parameters adjustment work that has not been completed during the experiment, such as the 
proportion of injected noise, degree of Dropout, methods of resample, and even the number of layers 

of the neural network. This will rely on the method of hyperparameter tuning to continue to deepen. 
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Abstract: In this paper, we introduce the BookRoll dataset that was provided for analysis in 

the joint activity on learning performance prediction in the Learning Analytics workshop at 

ICCE2018. Firstly, we provide a definition of the task, the dataset, how the data was 

collected, and briefly introduce previous work that has analyzed similar data from the 

BookRoll system. We also give an overview of the various approaches that were adopted by 

the participating authors for learner performance prediction using BookRoll reading 

behavior logs. 

Keywords: Learner Performance Prediction, Learning Analytics, Reading Behavior, 

E-Book Reading

1. Introduction

Learning environments are becoming digitized at an ever-increasing rate, with most systems storing 

data about the interaction and behaviors of learners as event logs (Verbert, 2012). The analysis of 

such data has been gaining attention not only through the sheer volume, but also because of the 

potential to analyze learning progress, personalization, and support more effectively by predicting 
learner behavior and outcomes. As the analysis of gathered data is playing an increasing role in 

Learning Analytics (LA) and Educational Data Mining (EDM), a joint activity was organized to 

prompt the prediction of student performance by analyzing reading patterns from logs of an e-book 
system. Anonymized reading log data was provided to participants before the workshop to create 

models that predict a learner’s final score for a course. 

Digital textbooks and e-books are being introduced into education at the government level 

in a number of countries in Asia (Ogata, 2015). This has prompted research into not only the use of 
such materials within the classroom, but also the collection and analysis of event data collected from 

the systems that are used for support and distribution. The data that was provided for the joint 

activity was generated using a digital learning material reading system called BookRoll (Ogata, 
2015, 2017) which will be introduced in more detail in the following section. 

1.1 BookRoll: Digital Learning Material Reading System 

Digitized learning materials play a core role in modern formal education. They server not only as a 

learning material distribution platform, but also are an important source of data for learning analytics 
research into the reading behavior of students. As the materials are read by students using the 

system, the action events are recorded, such as: flipping to the next or previous page, jumping to 

different pages, memos, comments, bookmarks, and drawing markers to indicate parts of the 
learning materials that learners think are important or find difficult. Previous research into the 

reading behavior of students has been used in review patterns, visualizing class preparation, and 

investigate the self-regulation of learners (Yin et al., 2015; Ogata et al., 2017; Yamada et al., 2017). 

The analysis of reading behavior can be used to inform the revision of learning materials based on 
previous use, predict at-risk students that may require intervention from a teacher, and identify 

learning strategies that are less effective and provide scaffolding to inform and encourage more 
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effective strategies. The digital learning material reader can be used to not only log the actions of 
students reading reference materials, but also to distribute lecture slides.  

 
 

Figure 1. BookRoll digital learning material reader user interface. 
 

As shown in Figure 1, the user interface supports a variety of functions, such as: moving to 

the next or previous page, jumping to an arbitrary page, marking sections of reading materials in 

yellow to indicate sections that were not understood, or red for important sections. Memos can also 
be created at the page level or with a marker to attach it to a specific section of the page. Users can 

also bookmark pages or use the full-text search function to find the information they are looking for 

later when revising. Currently, learning material content can be uploaded to BookRoll in PDF 
format, and it supports a wide range of devices, including: notebook computers, tablets, and 

smartphones, as it can be accessed through a standard web browser. When used in a standalone 

environment, the user behavior from BookRoll is logged in a local database and requires that 

analysis is performed by either connecting directly, or exporting data from the database. 
 

 

2. BookRoll Dataset 
 

2.1 Data Collection  
 

The two datasets provided for analysis in the joint activity were collected using an LMS independent 

LA platform developed at Kyoto University as part of an ongoing project to establish fundamental 
LA infrastructure (Flanagan & Ogata, 2017, 2018). The platform enables the collection and analysis 

of data from behavior sensors, such as: BookRoll, LMS, and other learning systems with which 

learners directly interact. The user behavior events are sent by a xAPI interface and collected in a 

central independent Learning Record Store (LRS). The platform is designed to minimize the 
recording of personal information as much as possible by recording logs with identifiers that do not 

contain such data. The event logs were extracted from the LRS and transformed into CSV for ease of 

use and distribution to various researchers. 
The BookRoll dataset released for the joint activity was collected from two different 

courses: a course that consisted of one 3-hour intensive lecture (dataset 1), and a course that spanned 

three 90-minute lectures (dataset 2). For each of these courses, there are two main types of files 
included in the dataset: the BookRoll clickstream log data and the final score of all students which is 

the target of the prediction task. The definition of the dataset columns for scores and clickstreams are 

shown in Table 1 and 2 respectively, with the details of the operationname column shown in Table 

3. 
  

Bookmark

Marker

Search

Memo

Previous Next

Jump to Page
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Table 1 

Details of the Score Data 

Column  Description Example 

userid Anonymized student id “ds1001” 

score The final score that the student received 
for the course: this is the prediction target 

value 

“80” 

 

 

Table 2 

Details of the Clickstream Data 

Column  Description Example 

userid Anonymized student id “ds1001” 

action xAPI verb for the action that the student 

performed 

“https://w3id.org/xapi/adb/verbs/read” 

operationname The BookRoll action that was 

performed by the student 

Please refer to Table 3 for details 

processcode A grouping of actions by event type “23” 

devicecode type of device used to view BookRoll “pc”, “mobile”, “tablet” 

contentsid the id of the learning material that is 

being read 

“eccbc87e4b5ce2fe28308fd9f2a7baf3” 

markerposition the position (x,y,w,h,onscreen 

w,onscreen h) of the marker added to a 

page 

“367,34,28,20,714,504” 

markercolor color of the marker added to a page important: “rgb(255,0,0)” 
not understood: “rgb(255,255,0)” 

markertext the text contained on the page where the 

marker was drawn 

“Introduction to Elementary 

Informatics” 

memotext A comment or memo written by a 
student 

“The concept of information entropy 
was introduced by Claude Shannon” 

description When operationname = {PAGE_JUMP 

| SEARCH_JUMP}: the page the user 

moved to by the jump 

“5” 

pageno the current page where the action was 

performed 

“2” 

eventtime A UTC timestamp of when the event 

occurred 

“2017/05/19  4:02:24” 

 

 

Table 3 

BookRoll Operation Name Details 

Value  Description 

OPEN Learning material was opened 

CLOSE Learning material was closed 

NEXT Next page button was clicked 

PREV Pervious page button was clicked 

PAGE_JUMP Jumped to a particular page 

ADD BOOKMARK Added a bookmark to current page 

ADD MARKER Added a marker to current page 

ADD MEMO Added a memo to current page 

CHANGE MEMO Edited an existing memo 

DELETE BOOKMARK Deleted a bookmark on current page 
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DELETE MARKER Deleted a marker on current page 

DELETE_MEMO Deleted a memo on current page 

LINK_CLICK Clicked a link contained in the e-book current page 

SEARCH Searched for something within the e-book 

SEARCH_JUMP Jumped to a page from the search results 

 
 

2.2 Data Characteristics 
 
The basic characteristics of the provided datasets are described in this section. The sample size of 

each dataset can be seen in Table 4, and a graph of the differences in the distribution of scores that 

were used as the prediction target value is shown in Figure 2. It should be noted that the passing 
score for both courses was a score of 60 points or higher. As can be seen for the kernel density 

estimation for the scores of both datasets, approaching the prediction task as a binary classification 

with a cutoff of 60 points would result in pass biased prediction as the distribution is skewed toward 

high passing scores. Finally, each of the datasets contained three different learning materials that are 
identified by the contentsid field. 
 

Table 4 

Number of Samples in Both Datasets 

Dataset Number of students Total Event Logs 

1 53 28,827 

2 55 36,930 

 
 

 
Figure 2. Histogram and kernel density estimation of the distribution of scores for Dataset 1 and 2. 
 

 

3. Approaches 

 

3.1 Preprocessing 
 
As mentioned in the previous section, the final grade score was the target value of prediction and 

both datasets are skewed towards high passing scores. Some of the participants who approached the 

task as binary classification tried to address data imbalance by resampling the datasets. Dataset 
balancing was performed by two groups: resampling to was applied by Lu et al. (2017), and Hasnine 

et al. (2018) used the SMOTE algorithm for over-sampling. Askinadze et al. (2018), opted to divide 

the dataset into balanced groups by changing the cutoff threshold for passing scores. Most 

participants created new or aggregated features by analyzing the event data, with reading time being 
highlighted as an important feature for prediction by several groups. Hirokawa (2018), applied 

preprocessing to extract features that represent the transition sequence behavior of reading by 
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learners, and attributed this to a 25% increase in prediction accuracy when compared to only page 
access features. After observing that the features were hard to separate, Askinadze et al. (2018) 

transformed the features by representing them in the k-Means cluster-distance space. 

 

3.2 Prediction Methods 
 

As the task was mainly approached as a binary classification and/or regression task, many different 
machine learning techniques were employed for prediction. Some notable methods and the groups 

that utilized them are shown in Table 5, with Decision Tree (DT), Gradient Boosting (GB), k-nearest 

neighbors (kNN), Logistic/Linear Regression (LR), Naïve Bayes (NB), Neural Networks (NN), 

Random Forest (RF), Support Vector Machine/Multiple Linear Regression (SVM/MLR). 
SVM/MLR proved to be one of the most popular classification/regression models. 

 

Table 5 

Popular Prediction Methods used by Participants 

Participant DT GB kNN LR NB NN RF 
SVM/

MLR 

Askinadze et al.         

Goh & Lo         

Hasnine et al.         

Hirokawa         

Huang et al.         

Kikuchi & 

Tezuka 
        

Lu et al.         

Total 3 3 2 2 2 4 4 6 

 
It was recommended that participants evaluate their predictions using Area Under the Curve (AUC) 

for binary classification, and Root-Mean-Square-Error (RMSE) for regression. However, as the 

format of the joint activity was not a formal data challenge, participants had the freedom to choose 
other evaluation techniques. Therefore, it is not possible to directly compare the results from all of 

the participants in the joint task. 

 

3.3 Alternative Approaches 
 

Some participants took approaches that did not involve the use of machine learning techniques to 
predict the final grade scores. Ono (2018), investigated focusing on the theories of reading 

comprehension, and analyzed the page-flipping history of learner using a small sub-sample of 10 

students’ data. 

 
 

4. Conclusions 

 
In this paper, we describe the datasets that were provided for the joint activity on learner 

performance prediction in the Learning Analytics Workshop at ICCE2018. A total of 8 research 

contributions were submitted and a range of various approaches to the problem of predicting student 
scores from reading log data were proposed. Several key problems were: dealing with imbalance and 
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bias datasets, the engineering and selection of effective features that represent the reading behavior 
of students, and the transformation or augmentation of data to improve the accuracy of prediction. 

As some participants mentioned, the size of the dataset shared in the joint task could have had an 

impact on the accuracy and range of analysis that could be applied to the task. Therefore in future 

work, we should examine the collection of larger datasets to encourage new approaches, or 
investigate methods that use transfer learning or generalizing across multiple datasets from different 

courses. 
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Abstract: Currently eLearning infrastructure across various institutions often includes a 

Learning Management System (LMS), various ubiquitous and classroom learning tools, 

Learning Record Stores (LRS) and Learning Analytics Dashboards (LAD). Such an 

infrastructure can apply Learning Analytics (LA) methods to process log data and support 
various stakeholders. Teachers can refine their instructional practices, learners can enhance 

learning experiences and researchers can study the dynamics of the teaching-learning 

process with it. While LA platforms gathers and analyses the data, there is a lack of specific 

design framework to capture the technology-enhanced teaching-learning practices. This 

position paper focuses the research agenda on evidence in a data-driven educational 

scenario. We propose the Learning Evidence Analytics Framework (LEAF) and present the 

research challenges involved. 

Keywords: Evidence Based Education, Learning Evidence Analytics Framework, Evidence 

Analytics 

1. Background

The concept of Evidence-Based Practices has its root in medicine and coined by doctors at 

McMaster University in Hamilton, Ontario in early 1990s (Kvernbekk T., 2017). According to 
Kvernbekk, EBP involves the use of the best available evidence to bring about desirable outcomes, 

or conversely, to prevent undesirable outcomes. Davies, P. (1999) reviews the concept of 

evidence-based practices in education. He proposes that evidence in the context of education needs 
to be established where its lacking and can be used in the following four ways: 

1. Pose an answerable question about education;
2. Know where and how to find evidence systematically and comprehensively using the

electronic (computer-based) and non-electronic (print) media;

3. Retrieve and read such evidence competently and undertake critical appraisal and analysis
of that evidence according to agreed professional and scientific standards;

4. Organize and grade the power of this evidence and determine its relevance to their

educational needs and environments.

While literature takes various theoretical perspective on Evidence-based education (Davies, P. 

1999), Research-based education (Hargreaves, 1996), Literature-based education (Hammersley, 
1997), Context-sensitive practice (Greenhalgh and Worrall, 1997) they mostly debate about rigorous 

studies to establish causalities similar to medical practices. What is missing is any research agenda 

of how technology can support the process and relevant discussions regarding issues in the current 
age of data-driven education. This position paper focuses on the notion of evidence-based education 

in the age of e-learning. Technology now supports logging of teaching-learning (TL) interactions 

and Learning Analytics has matured tremendously over the period to provide robust methods to 
analyze and predict learning behaviors and outcomes in different TL contexts. Hence there is 
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relevance in rethinking about the question Davies (1999) asked regarding “What is evidence?” and 
how the four objectives can be supported by technology. This would push the boundaries of learning 

analytics and move towards an evidence-based education system that can assist the various 

stakeholders in the teaching-learning scenarios. 
In the Learning Analytics community, SOLAR, the term evidence has recently come up in 

the context of a workshop in LAK 18 regarding evidence-based institutional LA policy (Tsai Y.S., 

Gašević D., Scheffel, M., 2018, sheilaproject.eu) and in LAK 17 by work presented by Ferguson & 
Clow (2017) where they introduce Learning Analytics Community Exchange (LACE) project's 

Evidence Hub. The Evidence Hub (http://evidence.laceproject.eu/) followed the evidence-based 

medicine paradigm to synthesize published LA literature and meta-analyze four propositions about 
learning analytics: whether they support learning, support teaching, are deployed widely, and are 

used ethically. But neither of the works look at technological affordances required to extract 

evidence of learning from logged data and make it available for the practitioners to adopt in their 
own context. This position paper proposes a technological design framework for evidence-based 

education and learning using existing learning analytics infrastructure and discusses its research 

agenda. 
 

 

2. Conceptualizing LEAF – Learning Evidence Analytics Framework  
 

In this data driven age we want to find evidence of learning from the logged data of 
teaching-learning interactions. We are developing Learning Evidence Analytics Framework (LEAF) 

a technological design framework to support evidence-based education system. The components of 

LEAF are overviewed in Figure 1. We follow the DAPER (Data-Analysis-Planning-Execution 
monitoring-Reflection) model of data driven activities (Majumdar et.al 2018, in press) to guide the 

activity flow within the described framework. 

 
 

 

 
Figure 1. Components of Evidence-based Education and Learning system 

 

 

The learner uses various e-learning tools and their learning traces are collected in the 
learning record store (LRS). The process starts with the Data phase to systematically gathering 

indicators of learning from the log data in the LRS. The Analysis phase is supported by LA tool 

which has two components. The LA engine does the statistical computation and LA View is the 
dashboard which visualizes the indicators. Stakeholders look at the visualized indicators to identify 

problems. Based on the identified problem, they can Plan intervention to mitigate it. In the 

Execution monitoring phase, the LA tool can assist to monitor the learning behaviors in terms of the 
identified indicators. We propose to capture this process and its various metadata as a 

teaching-learning case (TLC) in an evidence record store (ERS). Each TLC would capture the 

following:  
 

 Context: The details of the scenario of the teaching-learning. (for e.g. in class learning for an 

undergraduate course in specific subject domain) 
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 Problem: The teaching-learning issue as diagnosed by the teacher or other stakeholder with 

the support of the learning analytics engine. (for e.g. low engagement in reading) 

 Indicator: The visualized information that highlights the problem. (for e.g. reading 
completion graph is an indicator for reading engagement. Lower completion indicates lower 

engagement) 

 Intervention Plan: The details of the remedial action that is taken in the context by the 

teacher. (for e.g. reminder email to the cohort of low engagement student) 

 Result: The effect of the intervention as seen by the change in the indicator. (e.g. the average 

engagement line improves after the intervention is given to the students). 

 
An Evidence Analytics toll can assist users to Reflect on the effectiveness of practices 

recorded as TLCs and label it as an evidence. The evidence engine can be used to aggregate and 

segregate TLCs and the evidence portal would help the stakeholders to search evidence and follow 
the TLC for future implementation or review. We are currently working to augment the evidence 

component in our existing LA framework (Flanagan, B., & Ogata, H. 2017). 

 
 

 

3. Technology Enhanced & Evidence-Based Education and Learning – research 

agenda   

 
We conceptualized a multi-level view of analytics (see Figure 2) similar to hierarchy of evidence in 

the evidence-based medicine. The data plane is the bottom most plane supported by LRS. Above the 
data plane, in the Learning Analytics plane, the LA engine analyses the log data and visualizes 

indicators in the dashboard. Beyond the LA plane is the Evidence Analytics plane which aims to 

meta analyze the indicators from a specific context and store as evidence. 
 

 

 
 

 

 
Figure 2. Hierarchy of analytics 
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In this context, some of the research issues and challenges are enlisted for further investigation: 

 

 How to extract evidences from data? 

 How to design data format of evidences? 

 How to evaluate evidences (rate them, evaluate similarities, meta-analysis, etc)? 

 How to support search or context-aware recommendation of evidences? 

 How to support teachers and students to apply evidences in their context? 

 

While their exists endeavors to synthesize evidence from literature, LEAF aims to extend 
that and extract evidences from log data, considering contextual teaching-learning practices and 

harnessing the power of learning analytics methods and infrastructures. Our research agenda would 

give a fresh perspective on Davies’ four use of evidence in education in this technology enhanced 
data-driven age. 

 

 

Acknowledgements 

 
This research was supported by JSPS KAKENHI Grant-in-Aid for Scientific Research (S) Grant 

Number 16H06304 and JSPS KAKENHI Research Activity Start-up Grant Number 18H05746. 

 

 

 

References 

 
Davies, P. (1999). What is evidence‐based education? British journal of educational studies, 47(2), 108-121.  

Ferguson, R., & Clow, D. (2017). Where is the evidence? : A call to action for learning analytics. In 

Proceedings of the 7th International Learning Analytics & Knowledge Conference (pp. 56-65). ACM. 

Flanagan, B., & Ogata, H. (2017) Integration of Learning Analytics Research and Production Systems While 
Protecting Privacy. In Proceedings of the 25th ICCE 2017, New Zealand, Nov 2018  

Tsai Y.S., Gašević D., Scheffel, M. (2018). Developing an evidence-based institutional learning analytics 

policy. In the 8th International Learning Analytics & Knowledge Conference. ACM. 

Greenhalgh, T. and Worrall, J.G. (1997) From EBM to CSM: The evolution of context-sensitive medicine, 

Journal of Evaluation in Clinical Practice, 3, (2), 105–8. 

Hargreaves, D.H. (1996) Teaching as a Research-Based Profession: Possibilities and Prospects. Cambridge 

Teacher Training Agency Annual Lecture. 

Kvernbekk, T. (2017) Evidence-Based Educational Practice, in Oxford research encyclopedias,  
DOI: 10.1093/acrefore/9780190264093.013.187  

Majumdar R., Yang Y.Y., Li H., Akçapınar G., Flanagan B. and Ogata H. (2018) Supporting Learner’s 

Development of Self-Direction Skills using Health and Learning Data, In Proceedings of 26th ICCE, 

Manila, Philippines, Nov 2018 

496



Wu, Y.-T. et al. (Eds.) (2018). Workshop Proceedings. 26th International Conference on Computers in

Education. Philippines: Asia-Pacific Society for Computers in Education 

Effectiveness of Blended Collaborative 

Knowledge Construction to Prepare Senior 

High-School Students for Science Project 

Development: Learn-Read-Share Academic 

Journal Publications in Seminar Course 

Chitphon YACHULAWETKUNAKORNa*, Charoenchai WONGWATKITb,c,  

Jintana WONGTAd, Ratthakarn Na PHATTHALUNGe & Sumalee KATSUWANf 
a,d,e,fEngineering Science Classroom, King Mongkut’s University of Technology Thonburi, Thailand 

bInnovation for Quality of Life Development with Information Technology Research Group,  

Mae Fah Luang University, Thailand 
cSchool of Information Technology, Mae Fah Luang University, Thailand 

*chitphon.yac@kmutt.ac.th

Abstract: Science project endures as a key project for high school students by developing 

and constructing knowledge through the research questions that they formulated. To reach 

this aim, students need to gain more knowledge by searching and reading scholarly journals 

for better understanding, current applications, interesting studies, and findings. Based on 

this perspective, the study proposes a blended collaborative knowledge construction 

approach with learn-read-share journal articles. While working in this process, students can 

construct and develop their understanding and ideas with the support of technology in order 

to brainstorm with peers, teachers, and specialists. Online social media was used as a 

medium throughout the learning activities for discussion, brainstorm, and presentation, 

while face-to-face activities were used when meeting the teachers for consultation. In the 

meantime, students gained experiences of collaboration and self-learning, which are 

essential for developing science projects in the future; besides their reading literacy would 

be promoted. After the proposed approach was implemented, it was found that most students 

gained higher scores of learning achievements; also, the reading literacy, presentation and 

answering skill. The findings of this study could serve as a model in adopting blended 

learning with collaborative learning activities for science and other subjects. 

Keywords: Blended learning, Collaborative Knowledge Construction, Reading literacy, 

Science project, Information technology 

1. Introduction

Science project has been considered as a significant portfolio of science’s education. The primary 

objective of the science project aims to training the students to create their science projects which are 

necessary for studying at the higher level. Furthermore, doing a science project could be a significant 

process for students to create and develop innovative science, technology learning progressively.  

Besides, it was found that reading academic journal publication is another crucial pathway to 

develop a foundation for science projects (Hermida, 2009). 

Reading academic journal publication’s not only enables students to learn new vocabulary, 

but they also could increase their reading speed, concentration, and critical thinking (Journal, Vol, & 

Issue, 2013). Hence the significance of academic journal publication reading absolutely increases 

the reader’s performance, particularly in critical thinking’s skill. Like as the skill need for reading 

academic journal publication, According to Micheal Owusu-Acheaw, they offered the necessary 

four skills for reading academic journal. For instance, skimming and scanning the text, highlighting 

the key points, reading for comprehension and connectivity (Owusu-Acheaw & Larson, 2014). 
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In addition to the skill needed in academic journal reading, there are some limitations 

obstructing students learning. Firstly, the main obstacle is language skill, particularly people who 

wasn’t English Native speaker. The necessary skill for improve this weakness is to skim and scan the 

text. Secondly, comprehending keyword’s point. Thirdly, the reading comprehension. Student 

profoundly comprehends the journal publication, and the last is to connect each part of journal 

publication collaboratively, which’s called “Connectivity” (Hermida, 2009). 

From the reading literacy’s limitation, applying both lecture-based learning and ubiquitous 

learning to connect knowledge from the lecture and self-learning skill through online database is 

considered as the effective method to reinforce this study. Owing to its convenience, the student can 

gain and construct knowledge from the online database in the same time they also can gain the 

necessary skill from the lecture class too (Fadde & Vu, 2014). Therefore, blending technology with 

conservative method of learning recognized as a significant issue (Jeffrey, Milne, Suddaby, & 

Higgins, 2014).  

According to the overall journal reading’s limitation, the purpose of this paper aims to study 

the reading literacy’s result from reading academic journal publication, comparing between 

self-learning, and under advisor’s guideline through the activity which combines with blended and 

collaborative learning through a significant process: Learn-Read-Share Academic journal 

publication by using various processes in order to construct knowledge collaboratively, e.g. 

peer-discussion, adviser’s consultant.  

 

 

2. Related Studies 
 

2.1 Information and Reading Literacy 
 

Reading Literacy in the context of learning’ s assessment defined as understanding, using, 

evaluating, reflecting on and engaging with texts in order to achieve one’s goals, to develop one’s 

knowledge and potential to participate in society. (Framework, 2016) Generally, reading literacy 

associated with information’ s searching without a doubt because it was significant to use data in 

order that the reader can thoroughly comprehend the journal publication. (Cambria & Guthrie, 2010) 

Nevertheless, definitions of reading and reading literacy have changed over time in parallel with 

changes in society, economy, and culture. It is no longer considered an ability only acquired in 

childhood during the early years of schooling. Instead, it is viewed as an expanding set of 

knowledge, skills, and strategies which individuals built on throughout life in various situations, and 

through interaction with their peers and with the larger communities in which they participate. 

Hence many skills increased along with reading literacy’ s outcome inevitably. According to the 

significance of reading literacy, learning’ outcome expressed to 21st-century skill. For instance, 

critical thinking, communication, and collaboration. 

According to the applied paper’s review, reading literacy popularized to use in order to assess 

English language’ s skill, particularly two main skills, such as reading, and writing. In addition to 

assessing language’ s skill, it could be express to the reading comprehension skill too. Students 

could develop their reading literacy competence through the project course (Bozsik, 2015). Students 

read the academic paper in ordered to comprehend the knowledge’s content from paper. Hence 

reading literacy is not only necessary for the student to comprehend the paper but also can continue 

to do a project at the higher level. Lastly, reading literacy remains to be a significant process for the 

learner to comprehend the academic journal publication. According to the related studies, using 

reading literacy could increase reading comprehension skill. Therefore, reading comprehension’ s 

considered as the fundamental skill need to construct knowledge collaboratively.  

In this study, the author use Bozsik’s idea to apply to this research exactly because the 

seminar course is necessary for Grade 10 student to continue doing Science project in Grade 11.   

 

2.2 Collaborative Knowledge Construction 
 

Collaborative Knowledge Construction (CKC) has been considered as an approach to learning, 

especially for understanding and supporting practices where people are creating or developing 

useful and reusable things in collaboration (Moen, Morch, & Paavola, 2012). In addition to Moen, 
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Collaborative Knowledge Construction has a vital role in supporting learning: theoretically, 

pedagogically. Nowadays knowledge constructed by a various process in ordered to support the 

learning outcome’s hypothesis (Stahl, 2000). Therefore, the definition of collaborative knowledge 

construction is the learning method that constructed by the collaborative aspect and environment’s 

learning. For instance, peer-discussion, adviser’s consultant, etc.  

According to the definition of collaborative knowledge construction, peer-discussions 

considered as a significant process to construct the collaborative knowledge because the student can 

get any comment and suggestion in class (Davoust, 2009). In addition to class discussion, sharing on 

social media has been considered as the other convenient method of sharing an idea. (Nvironments, 

Luo, & Clifton, 2017) Constructing knowledge through Peer-to-Peer (P2P) concept encouraged the 

student to develop the participation skill. Firstly, data searching and reading was essential for the 

ubiquitous collaborative learning. Secondly, was reading comprehension’ s process. Thirdly, 

students discussed the data with peers in ordered to exchange knowledge’ s outcome. This is the 

most important process of P2P discussion (Kersey, Di Eugenio, Jordan, & Katz, 2008). Many 

researchers used CKC to construct knowledge in the term of interdisciplinary knowledge integrating 

through Computer-assisted (Data, Approaches, Weerd, Tan, & Stoyanov, 2017). Similar to Ertl, 

Kopp, and Mandl (2005), CKC could positively influence individual learning outcomes. 

Montero-Fleta, Begoña used the concept of CKC in ordered to evaluate how students construct 

knowledge by using Wikipedia as the method to assess the English skill in Spanish student. Learning 

through Wikipedia’s considered as a favorite channel for searching any data in the context of 

collaborative learning (Montero-Fleta & Pérez-Sabater, 2011). Nevertheless, there had some 

limitation because student rarely constructed knowledge from searching in Wikipedia. Hence in 

addition to search in Website, the discussion was another process that students could construct 

knowledge from peer-discussion (To & Carless, 2016). 

In this study, it is very convenient for the students to searching for any data and knowledge on 

the internet. Furthermore, they also can search and learn through Internet anywhere, including others 

online channel. Nevertheless, search and read without criticizing, and debate is not counted as the 

knowledge construction (Constructivist). Therefore, discussion is considered as a significant process 

for constructing knowledge, especially peer discussion. 

 

2.3 Blended Learning 
 

Blended learning is considered as an educational program that combines online digital media with 

traditional classroom methods. It requires that physical presence of teacher and student, with some 

part of the student, can control-mediated activities while learning from lecture’ s class. Furthermore, 

blend learning can be called as “technology-mediated instruction", "web-enhanced instruction" ,and 

"mixed-mode instruction." For the similar definition, a term is increasingly used to describe the way 

e-learning is being combined with traditional classroom methods and independent study to create a 

new hybrid teaching methodology. Educators developed six models of blend learning as follow: the 

Face-To-Face Driver Model, the rotation model, the flex model, online lab school model, self-blend 

model, and the online driver model (Boyle, Bradley, Chalk, Jones, & Pickard, 2003). 

According to the definition of Blend learning mentioned, it recognized as a significant part 

of learning’s method in this present because blend learning doesn’t only decrease the classroom 

pressure, in particularly young student, but also create the new learning’ s environment by blending 

between the traditional classroom (lecture-based learning) and online learning.  

Blended learning’ s considered as the current technique supporting among teaching and 

learning which’s been popularized to apply in the educational sector. Since 2011 it rapidly used to 

replace the traditional learning. In the 21st Century, there are widespread of knowledge’s content, 

especially in the online database. Nevertheless, some of those data were quietly unbelievable 

therefore learner should compare their background and reference in order to ensure the data that they 

gain. According to Mugenyi, Chang Zhu and Edmond Kagambe, they found that blended learning 

could increase the analytical skill in the Undergraduate student (Kintu, Zhu, & Kagambe, 2017). 

Owing to analyzing the widespread of knowledge’ s content on the internet, Anna Wing Bo Tso 

concluded that blended learning organized the presentation skill effectively (Bo Tso, 2015), in 

particular through performed in a social media application. According to the related studies involved 
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with blended learning, Akbayin opined that using blended learning slightly increased percent in 

assessment score (Akbayin & Yapici, 2012). 
In this study, blended learning’ s considered as a significant component to construct knowledge 

in the term of collaboration; particularly, comprehend the reading literacy in the seminar course. 

Hence, using Anna’ s conclusion is appropriately used for this study, in particularly the context of 

presentation skill. In addition to the presentation skill, the analytical skill’ s the other main factor in 

collaborative knowledge construction; therefore, Kintu’s investigation merged blended learning 

with collaborative knowledge construction perfectly. 

 

 

3. Design and Development of Blended Collaborative Knowledge Construction with 

Journal Paper Study 
 

The Seminar Course at the Engineering Science Classroom, King Mongkut’s University of 

Technology of Thonburi is the required subject that Grade 10th students must study and pass this 

subject in order to continue doing the Science Project when they are Grade 11th students. According 

to the course’s regulation, this subject is considered as a necessary subject because this learning 

achievement recognized as a significant fundamental skill to continue and prepare the student to 

create the Science project later. Students anticipated gaining various skill, attitude. For instance, 

reading literacy, discussion, presentation, and answering skill. For the attitude comprises of 

teamwork, self-learning, and appropriate technology usage. 

 

 
Figure 1. Overall Framework. 

 

In this study, comprising of three main processes for the student to accomplish the seminar 

course as following. The first process called “Search and find a journal article,” the initial process 

that each group searches for the final journal publication both by themselves and under advisor 

suggestion. Blended learning involved with the process of advisor’s consultant which they also 

develop to CKC throughout searching, reading, and discussing the activity. The second process is 

considered as the process of blending developing and constructing knowledge; each group spends a 

long time to accomplish this process. Firstly, they read and comprehend paper together in order to do 

their own abstract. Then, they make a presentation that they read and practice to present together as 

the last activity in this process. In this process, students used both blended learning, and CKC 

throughout the activity. The last process is the most important process to evaluate skills need, such 

as presentation, answering skill.  

For the online discussion, participants used Facebook as the primary intermediate 

application for discussion because of its various feature and advantage that all participant can use in 
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order to discuss. For instance, Closed group (For discussion among advisors and students), 

Facebook LIVE (For student’s online discussion during the presentation). 

 

Table 1 

Blended Collaborative Knowledge Construction Activity 

Phase Learning Process Social Media 

Search for 

Final Paper 

1. First of all, each group searched for the journal 

publications that they interested and read from the 

online database by themselves, and under the 

adviser’s guideline. In this process, students gain 

blended learning from self-reading (Online 

media) and adviser’s guideline (Traditional 

method). 

2. Then, decided to choose one journal 

publication together in ordered to comprehend the 

journal that they chose.  For the advisor’s role is to 

guide student about the method to find the journal 

publication. However, there are some limited 

criteria choosing paper as following, the less than 

ten years of publication, English article only, and 

the credible source publication. 

Advisor created Facebook’ s 

closed group in ordered that 

student share paper online 

because it is convenient for 

the advisor to comment, 

suggest, and guideline student 

about journal appropriation, 

paper comprehension toward 

the paper they uploaded. In 

this process, students could 

construct knowledge 

collaboratively through any 

comment and suggestion in 

Facebook’s closed group. 

Reading & 

Discussion 

1. Each group read, comprehended, and discussed 

the journal article by sharing idea and 

brainstorming together (Blended and CKC). 

2. Each group consulted about journal reading 

comprehension on the topic of correct, reading 

comprehension with the advisor in ordered to 

progress their assignment (CKC). 

3. After discussing with the advisor, each group 

created their abstract in ordered to assess overall 

comprehension about the journal paper they read 

which express to the reading literacy skill. 

(Genlott, 2013). The abstract was assessed as the 

reading literacy’s outcome (Blended and CKC). 

4. Then, each group created the paper’s 

presentation and practice to present the journal 

publication by themselves and under the adviser’s 

guideline. (CKC) 

Students discussed paper 

comprehension with the 

advisor through online’ s 

application such as Skype, 

and Facebook closed group 

(Blended and CKC). 

Moreover, students shared the 

progress in Facebook closed 

group in ordered that an 

advisor could read and 

comment on it (CKC). Using 

social media in learning’s 

activity encourage student 

participating in learning. 

Besides, it is convenient for 

an advisor to comment and 

give a suggestion. 

Presentation 

and 

discussion 

Each group presented a whole journal publication 

that they read and discuss with peers and the 

teacher in ordered that students could construct 

knowledge from discussing with peers, teacher, 

and audience’ s advice (CKC). While presenting, 

peers recorded the VDO clip through Facebook 

LIVE in ordered that others audience could 

participate through FB LIVE as Two-way 

communication (Blended and CKC). It is 

considered as an appropriate channel for 

discussing both through face-2-face in the 

presentation room, and online in Facebook 

LIVE’s group. 

While students were 

presenting, some of the 

students recorded the VDO 

clip through Facebook LIVE 

in order that others student 

can see presentation’s 

environment because the 

author divided students into 

two presentation rooms. 
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4. Methods 
 

4.1 Research Design 
 

This study was designed in ordered to assess the effectiveness of Blend Collaborative Knowledge 

Construction activity toward the seminar course, a required course that grade 10th students have to 

pass. The seminar’s learning activities motivated the student to learn through the journal reading, 

including discussion, and presentation lastly, which each activity encouraged student to construct 

knowledge from every process. Therefore, research design based on the activity’s expected result 

shown in Table 1. 

 

4.2 Participants 
 

There were 70 students in grade ten participating in this research study (male = 32, female = 38). All 

students were anticipated to study and pass the seminar’s subject because it is a required subject in 

order to do the Science Project. 

 

4.3 Research Tools 
 

There were four main instruments used in this study. First, the initial reading comprehension was 

used to assess the journal’s comprehension by comparing before & after the advisor’s guideline. The 

data used in this study was collected from the self-evaluation from Google form comparing with a 

score from advisor (total score = 5).  This instrument was adapted from Abdallah (2010) with 

self-assessment on reading comprehension. Second, the reading comprehension process was used to 

assess the reading literacy skill. The data used in this study was evaluated by the first and second 

draft abstract’s score (total score = 4). This instrument was adapted from Alain (2009) in 

comparative reading assessment method. Third, the summative assessment was used to evaluate 

both the presentation and answering skill. The data were collected from the presentation’s 

committee. The total score for each skill is 10. Lastly, to assess the attitude consorting with blended 

collaborative knowledge construction activity both from before and after consultation with the 

advisor, the questionnaire was adapted from Gallegos and Peeters (2011) with eight Likert-scale 

items supplemented with open-ended questions. This instrument was designed to assess the 

following attitude and skills: Teamwork, Self-learning, and Social Media’s usage. Moreover, all of 

the instruments have been validated before conducting the experiment. 

 

4.4 Experiment and Implementation 
 

The 70 participants were divided into 35 groups. Each member also has a responsibility to ever 

process of learning. The Blended CKC’ s activity experiment initially started during the first 

process, seeking for the final paper. From this process, the author can assess attitudes as following: 

Teamwork, Self-learning. The second, reading comprehension, reading literacy’ s assessment in the 

context of blended CKC’ s activity. For instance, online discussion, face to face (f2f) discussion and 

do their own abstract. From the process mentioned, it could assess the attitude toward social media 

usage, reading comprehension, and reading literacy skill too. The last process was to assess the 

presentation and answering skill from teacher’s scoring. 
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Figure 2.  Facebook Closed Group for Student’s Online Discussing with Advisor. 

 

              
Figure 3. The Process of Presentation and Discussion with Peers and Advisor. 

 

According to Figure 2, Facebook closed group picture which created for sharing and discussing 

among students and advisor in each advisor. This process is a part of the search and finds journal 

article and Reading comprehension process. Generally, it considered as blended learning through the 

online and offline channel in ordered that students can construct knowledge from the discussion. 

Hence Figure 2 express to the Blended Collaborative Construction through the journal reading. For 

the last process, it was inevitably expressed in Figure 3, the process of presentation and discussion. It 

considered the last significant process of this study. Students presented their own journal 

publication’s summary in the same time peers and teachers could ask and discuss together. From this 

process, authors evaluated student’s performance from answering score. This figure showed the 

presentation (13-15 minutes/group) and 30 minutes for discussion and answers to the questions. 
 

 

5. Experimental Results 
 

5.1 Journal Reading Literacy 
 

Based on the evaluation result of Journal reading literacy in the method of CKC activities, it found 

that most students perform at the higher score of learning achievement after consulting with the 

advisor, as shown in Table 2. This implies that student can comprehend the journal publication better 

after they consulted with the advisor.  

To further investigate the reading literacy’s result, which was assessed from the abstract’ s 

score, by analyzing the correct structure and paper comprehension. For Table 3, it found that the 

second draft abstract’s average score is higher than the first draft score. Hence the result from 

reading literacy can express that most participant could get more comprehensive for reading the 
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journal publication after they consulted with the advisor. Like as the reading literacy result, 

unsuspecting that student could get more score from the final draft’s abstract than the first draft. 
 

Table 2 

Results of Journal Comprehension 

Experiment n M SD t p 

Before 70 3.69 0.69 4.97 0.00* 

After 70 4.16 0.50 
* p<0.05  

 

Table 3 

Results of Reading Literacy 

Round n M SD 

First 70 3.15 0.40 

Second 70 3.51 0.38 

 

The last process to construct knowledge collaboratively is the other important process, 

which expressed to the overall learning achievement. According to the data as shown in Table 4, an 

average score of presentation skill, and answering skill is 8.03, 7.78. From Table 4, learning 

achievement can be divided into two categories: Low Performance (LP), and High Performance 

(HP). 

The overall journal reading literacy result implies that students tend to get more 

comprehensive in reading skill. Moreover, in the case of presentation and answering skill, the 

number of high-performing students is slightly much more than low-performing students. For the 

other 25 students could get average performance in presentation skill. Like as answering skill, the 

number of high-performing students is also slightly higher than low-performing students. 

Nevertheless, their average score is high. 

  

Table 4 

Results of Presentation and Answering Skill 

Gender n Average Presentation Score (M± SD( Answering Skill (M ± SD) 

Male 32 7.87 ± 1.07 7.91 ± 1.07 

Female 38 8.09 ± 1.01 7.67 ± 1.08 

All 70 8.03 ± 1.03 7.78 ± 1.08 

 

Table 5 

Results of Presentation and Answering Skill by Achievement 

Group n Presentation Score (M ± SD) n Answering Score (M±SD) 

LP 20 7.34 ± 0.58 27 6.97 ± 0.52 

HP 25 9.08 ± 0.59 33 8.69 ± 0.77 

 

5.2 Skills & Attitude 
 

Based on the questionnaire result about the attitude toward teamwork, and self-learning, we 

found that the attitude toward teamwork slightly decreased after meeting the adviser, as 

shown in Table 6, the average teamwork’ s score before meeting advisor is approximately 

3.69 which’ s contrast to the average score after meeting advisor slightly decreased to 3.28. 

Like as the p-value, it implied that the comparative result was significantly different in the 
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score. Similar to Table 7, the questionnaire results implied that there is no significant 

difference in Self-learning score between before and after meeting adviser. Nevertheless, 

according to the attitude’s score, it slightly tended to decrease, especially the teamwork. 

From the comparative self-learning, include the attitude toward technology usage, the 

author implied that technology and social media is a significant indicator to encourage the 

student to learn by themselves. Hence, in this case, the advisor has a vital role in 

encouraging the student to learn through the technology (Blended learning). 
 

Table 6 

Results of Teamwork Skill 

Experiment n M SD p 

Before 70 3.69 0.68 0.00* 

 After 70 3.28 0.64 
* p<0.05  

 

Table 7 

Results of Self-Learning Skill 

Experiment n M SD p 

Before 70 4.24 0.52 0.53 

After 70 4.18 0.60 

 

 

6. Conclusion and Discussion 
 

This study investigated the effectiveness of Blended Collaborative Knowledge Construction to 

Preparing Senior High-School Students for Science Project Development through learning, reading, 

and sharing the understanding from academic journal publication. Taking the seminar course to 

assess the necessary skills, and attitude toward the seminar course’ s learning. In this study, we 

reported several findings. First, the advisor has an important role to guide and suggest student for 

learning the seminar course, especially learning the journal’s structure, improvising student to 

self-learning. Second, all student could construct knowledge from each process of learning. For 

instance, discussing with the advisor, peer-discussion, presentation, and answering. Third, the 

attitude toward working as teamwork’s slightly decreased. 

According to the finding, we conclude that self-learning is a vital learning method for the 

student, in particular, the senior high school student (Hardré et al., 2006). Nevertheless, the teacher 

also has an essential role in guiding and suggesting students learn by themselves in the context of 

suggestion, consultant. Moreover, presentation, discussion among teacher and peers encouraged 

students more confident, and being open-minded (Weegar & Pacis, 2012). From the findings of this 

study, Blended CKC’s activity through the journal reading activity is the other appropriate learning 

method, which student can both develop every English skill, and researching skill too.  

However, the current study has some limitations that should be resolved and improved. 

First, the number of participants in this study was relatively small; therefore, many participants 

across different contexts and background would be challenged to study for further generalization of 

this proposed approach. Second, there are some limitations on teacher’s assessment because each 

teacher did not have a same standard’ s scoring. Finally, each student did not have an equal language 

skill. From the limitation, the teacher scoring’ s considered as a critical limitation to assess student 

performance. From the limitation, author anticipated that the institute would impel to install VDO 

Conference for discussion online among peers from other campuses. 
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Abstract: By utilizing the Technology Acceptance Model, this investigation was carried out 

to find and establish the mediator role that influences students’ attitude towards using ICT 

for self-paced learning. The mediators studied in this study were perceived ease of use and 

perceived usefulness. This study adopted the Structural Equation Modelling approach to 

analyse the data gathered. Based on the responses from 366 Malaysian Arts stream 

undergraduates, the empirical examination of the research hypotheses indicated that there is 

statistical evidence that perceived usefulness and perceived ease of use impose a statistically 

significant mediation role. Both mediators are in association with exogenous factors namely; 

mastery and motivation and the endogenous factor; attitude towards using ICT for self-paced 

learning among the undergraduates. 

Keywords: Mediation, perceived ease of use, perceived usefulness, motivation, mastery, 

attitude towards using ICT 

1. Introduction

In the past few decades, Information and Communication Technologies (ICT) usage in education 

have opened up new opportunities for students to enhance their academic success further. ICT is a 

cost-efficient tool to search for information, organise or reorganise sources of information, and assist 

in numerous tasks that involve interpreting, analysing, and retrieving necessary information in the 

students’ learning process. This allows the students to be independent and learn at their own pace 

without being too dependent on lectures. They utilize the readily available online sources, which is 

part of ICT; that can assist them in understanding the content of their courses. This method is referred 

to as self-paced learning as the students are empowered with autonomy in pursuing their subject of 

interest with greater personalization (Ministry of Education, 2012). According to Wilson, Tete-

Mensah and Boeteng (2014), self-paced learning allow students to have higher achievements in their 

learning.  

Studies have investigated the factors that leads students utilizing ICT for learning. Although 

studies have identified the factors that are said to influence students’ behavioural intention to use 

ICT, however, to the best of knowledge no studies have been done on the mediating factors or of 

perceived ease of use and perceived usefulness for self-paced learning. Thus, perceived ease of use 

and perceived usefulness are identified as the mediating factors that formulate students’ attitude that 

in favour to the use of ICT for self-paced learning. This investigation attempts to find statistical 

significance to establish the mediating role of perceived ease of use and perceived usefulness 

between the exogenous (mastery, motivation) and endogenous (attitude towards using ICT for self-

paced learning) factors. This study will fill the gap for ICT usage in education literature on the 

mediating role of perceived ease of use and perceived usefulness. The results offer insights to the 

factors namely; perceived ease of use and perceived usefulness as previous studies has attributed 

both of the factors as contributing factors but this study attribute it as mediating factors with mastery 
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and motivation variables. Apart from this, it allows curriculum designers to understand better the 

role of the mediating factors; perceived ease of use and perceived usefulness, of students in relation 

with use of ICT for self-paced learning. The findings are also useful to administrators and policy 

makers in institutions of learning in designing courses using ICT such as for e-learning, blackboard, 

and distance education programs to enhance learner autonomy 

1.1 Purpose of Study 

This study aims to investigate and establish the mediating role of perceived ease of use and perceived 

usefulness between mastery, motivation and attitude based on the students’ self-paced learning 

experience. Thus, the following hypotheses were formulated based on the literature review: 

H1: Perceived usefulness mediates the influence of motivation on attitude towards using ICT for   

self-paced learning. 

H2: Perceived usefulness mediates the influence of mastery on attitude towards using ICT for self-

paced learning. 

H3: Perceived ease of use mediates the influence of mastery on attitude towards using ICT for self-

paced learning.  

1.2 Conceptual Framework  

The model of this study is shown in Figure 1, was designed based on the Technology Acceptance 

Model (TAM). The TAM provides the basis for this investigation and other external variables were 

included to build on the premise that when users are presented with a technology. Thus, five factors 

were investigated in this study to establish the mediating role of perceived ease of use and perceived 

usefulness that influence attitude towards using of ICT among undergraduate students. All of the 

variables in Figure 1 are latent variables measured with indicators and measuring items. 

 

Figure 1. Conceptual Framework. 

 

 

2. Literature Review 
 

2.1.1 Theory 
 

There has been a handful of theoretical perspectives that have been developed to understand a 

person’s decision to accept and use ICT. These theories act as a tool to understand success or failure 

in the implementation of new ICT usage in a field of choice. Common theories applied in studies on 

ICT in education are Theory of Planned Behaviour (Ajzen & Fishbein, 1975), the Technology 

Acceptance Model (Davis 1989; Davis, Bagozzi, Warshaw, 1989), and the Unified Theory of 

Acceptance and Use of Technology (Venkatesh, Morris, Davis, & Davis, 2003; Venkatesh, Thong, 

& Xu, 2012).  The TAM is widely used in studies concerning educational technology research area 

similar to this investigation (Abdullah & Ward, 2016; Asare, Yun-Fei, Boadi, & Aboagye, 2016; 

Al-Gahtani, 2016). The TAM model measures behaviour-relevant components of attitudes, 

distinguishes between beliefs and attitudes and specifies how external stimuli are causally linked to 

beliefs, attitudes and ones’ behaviour. Hence, the theoretical insight of TAM were suitable to be 

used in this study to gauge the purpose of this study as it is an acknowledged base. 

508



2.1.2 Factors Studied 
 

2.1.3 Motivation 
 

Motivation is defined as the fuelling force or internal strength behind one’s action by one’s aspiration 

for something (Adeyemi, 2014). In this present study, motivation refers to a goal-directed activity 

initiated and sustained by undergraduate students to use ICT for self-paced learning. Motivated 

learners are likely to achieve higher levels of success, and motivation is considered one of the 

important predicators in learning (Hu, 2008). Bousbahi and Alrazgan (2015) reported motivation to 

influence perceived usefulness of technology among the participants of their study. 

 

2.1.4 Mastery 

 
Mastery can be inferred from observable performance on a set of items or tasks related to a particular 

concept, skill, or subject (Thomas & Eric, 2014). Figueiredo and Ipiranga (2015) defined that 

mastery is practical knowledge which consist of compressive practical knowledge to execute some 

skills using bodily activities. In this present study, mastery refers to the students’ practical 

knowledge and operating skills to use ICT for self-paced learning. In past studies conducted, 

competence which is equivalent to mastery have influenced perceived usefulness of an individual to 

use technology (Boe, 2016; Oluwatobi & Yemisi, 2014). Apart from that, Oluwatobi and Yemisi 

(2014) established that competence have an influence on perceived ease of use.  

 

2.1.5 Perceived Ease of Use 
 

Perceived ease of use is the degree to which a person believes that using a specific system is 

effortless (Davis, 1989). In this study’s context, perceived ease of use refers to the extent that the 

undergraduates believe that utilizing ICT for self-paced learning would be free from effort. Past 

studies by Fathema, Shannon, and Ross (2015), Juniwati (2014), and Al-Adwan, Al-Adwan, and 

Smedley (2013) concluded that perceived ease of use has a significant influence on students’ attitude 

towards using technology.  

 

2.1.6 Perceived Usefulness 
 

Perceived usefulness is defined as the degree to which an individual believes that using a particular 

system will enhance the task performance (Abu-Dalbouh, 2013; Punnoose, 2012). Perceived 

usefulness in this study refers to the degree of undergraduates’ feeling of worthiness with the 

associated use of ICT for self-paced learning. In several studies done by Al-Mushasha (2013), Lai, 

Wang, and Lei (2012), Wong and Teo (2009), and Albirini (2006) concluded that perceived 

usefulness was found to have significant influence on students’ attitude towards using technology. 

 

2.2.5  Attitude towards Using ICT 
 

Attitude towards using ICT refers to the individual learner’s positive or negative response about 

performing the target behavior using a particular system, and object (Eagly, & Chaiken, 1993; 

McLeod, 2014; Venkatesh et al., 2003). In this study, attitude refers to the mixture of students’ 

beliefs, thoughts, and feelings in using ICT for self-paced learning. 

 

 

3. Research Methodology 
 

3.1.1 Participants   
 

A total of 366 participants were involved in this quantitative study. The respondents were chosen 

using cluster-sampling method. The population were divided into several groups and a simple 

random sampling was used to select the groups used for this study. Respondents participated in this 
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study were 103 male and 263 female undergraduates. Thus, there were majority of female (71.9%) 

undergraduates compared to males (28.1%) undergraduates who participated in this research study. 

The age of the respondents varied from 19 to 24 years old.  The mean age of the participants is 20.97 

with a standard deviation of 1.23. 
 

3.1.2 Measures  
 

The questionnaire used for this study was reviewed by a panel of experienced experts in education 

technology field for content and face validity to ensure that the questionnaires' items covers the full 

domain of the different educational constructs in this study. The experts gave feedback that 

necessitated the modification of the questionnaire. The questionnaire was pilot tested with 60 

undergraduates after the necessary amendments done.  All the 38 items were pilot-tested for 

reliability. The coefficient for this pilot study ranges from .853 to .903, whereas for the actual study, 

it ranged from .811 to 879 (Table 1).  According to Hair, Black, Babin, Anderson, and Tathum 

(2014), the Cronbach’s alpha with a reading higher than 0.70 is generally agreed upon for reliability 

coefficient. The findings of the pilot study and for the actual study administered, the questionnaire 

had achieved internal consistency, as every alpha level of the scale was higher than .70.  

Table 1  

Instrument Reliability 

Scales Number of 

Items 

Cronbach’s Alpha of 

Pilot Study  

(n=60) 

Cronbach’s Alpha of 

Actual Study 

(n= 366) 

Perceived Usefulness (PU) 7 .872 .847 

Perceived Ease of Use (PEOU) 6 .822 .819 

Attitude Towards Using ICT (A) 6 .878 .823 

Motivation (Mo) 7 .853 .811 

Mastery (Ms) 12 .903 .879 

 

 

4. Empirical Results  

All of the 38 items were subjected to a confirmatory analysis where the scores exceeded the 

minimum required level of factor loading (0.5). Apart from that, all of the fitness indexes of this 

model namely Chi-square/df = 2.406; GFI = .904; TLI= .905; CFI= .918; RMSEA < .062 

have achieved the required levels which are Chi-square/df must be lower that 3; GFI, TLI, CFI must 

be more than .9; RMSEA value must be below .08, thus confirming the construct validity and 

convergent validity.  Based on Figure 2, the size of the indirect effect for moderation was calculated 

by multiplying the estimated path coefficients.  

H1: The indirect effect of Mo on A through PU was .263 (Mo to PU (.614) x PU to A (.428)). 

H2: The indirect effect of Ma on A through PU was .083 (Ma to PU (.195) x PU to A (.428)).  

H3: The indirect effect of Ma on A through PEOU was .186 (Ma to PEOU (.326) x PEOU to A 

(.571)).  

 

Figure 2. Final Model 
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Based on the hypotheses formulated for this study, the mediators of ICT for self-paced learning 

among undergraduates are displayed in Table 2. The three research hypotheses were supported by 

the data. It shows that PU acts as a total mediator between Mo, Ms and A. 

Table 2 

The Summary Table 

Hypothesis      Path Results 

H1 Mo  PU  A Supported 

H2 Ms  PU  A Supported 

H3 Ms  PEOU  A Supported 

 

 

5. Discussion and Conclusion  

 

This research explored and uncovered the mediation role of perceived ease of use and perceived 

usefulness that was not established in previous studies. Contemporaneously, motivation (Bousbahi 

& Alrazgan, 2015) and mastery (Boe, 2016) were found to have influenced perceived usefulness; 

and perceived usefulness was found to have an influence on attitude towards using ICT (Al-

Mushasha, 2013). Moreover, mastery was found to have influenced perceived ease of use 

(Oluwatobi & Yemisi, 2014); and perceived ease of use influenced attitude towards using ICT 

(Fathema et al., 2015). However, this study offers statistical evidence on the mediating role of 

perceived ease of use and perceived usefulness as a total mediator between mastery, motivation and 

attitude towards ICT use for self-paced learning among undergraduates. Hence, it fills the literature 

gap on the mediating role of perceived ease of use and perceived usefulness in ICT usage for 

education. These two mediators can be used as means to resolve disputes between mastery, 

motivation and attitude towards ICT use for self-paced learning. Emphasizing perceived ease of use 

and perceived usefulness can help to find new ways to resolve the dispute among undergraduates on 

self-paced learning. Moreover, statistical evidence on the mediating role of perceived ease of use 

and perceived usefulness obtained in this study will allow institutions to have additional insights to 

understand the students’ point of view when it comes to implementing ICT in their learning process. 

Therefore, the institution or curriculum designers can make better decisions on designing good 

education programs for self-paced learning courses.  
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Abstract: Digital literacy is imperative for digital citizens to live in a world full of 

information and ever-changing tools.  College students need digital literacy skills to live and 

work in the future.  It is necessary to develop a digital literacy evaluation tool that is 

consistent with an international conceptual framework, and to assess such a tool.  The 

present study aimed to develop a mobile application for evaluation of college students’ 

digital literacy.  We first synthesized various conceptual frameworks for developing a 

mobile application and, subsequently, a mobile application was designed and created. 

Internal validity of the mobile application was established by experts investigating 

consistency between the developed mobile application and the conceptual frameworks, and 

external validity was ensured via a survey of students’ opinions on using the mobile 

application.  The developed mobile application was consisted of the following assessment 

components: find and use, create and innovate, identity and wellbeing, teach and learn, tools 

and technologies, and communicate and collaborate.  It was also composed of three levels of 

assessment: beginner, intermediate, and advanced.  Regarding student's digital literacy 

assessment, findings indicate that most of them have a high level of digital literacy. 

Keywords: Digital literacy, mobile application, global citizenship, emerging skills 

1. Introduction

Technology is now part of world citizens’ everyday lives – from teachers to students, from farmers 

to traders. The pace in which new technologies emerge from their initial concept to widespread 

adoption is also much faster than ever before. New technology-related words are being added to the 

dictionary each year (All Aboard, n.d.). There are ever increasing tons of new websites and mobile 

applications that facilitate our everyday lives: from paying bills to ordering meals; from watching 

the latest movies to speaking with distant relatives; or for learning a new skill and collaborating with 

others (Organisation for Economic Co-operation and Development, 2011). 

There is also no shortage of hype, with the pitch for new systems often becoming quite 

extravagant in their claims: some of these claims might be justified, but many might not.  Somehow, 

we are to make sense of all this – judging claims, looking at what might or might not work in our 

context or what hybrid mixtures of approaches can bring to addressing some long-standing 

challenges we have faced as learners or teachers (Ng, 2012). Keeping up to date is not always easy, 

nor is feeling confident that one has really grasped the limitations as well as the capabilities of each 

system or each device. For the great majority of people, it is difficult to be aware of what kind of 

information out there that might be relevant or useful to their work, study, or lives (Digital Literacy 

European Commission, 2015). 

Therefore, technology learning management is crucial. Students must improve their 

technological knowledge, skill, and literacy, i.e., their “digital literacy.” Digital literacy has been 
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taught as a separate subject or been integrated in other subjects in order to make sure that students 

possess sufficient digital literacy skills, including: finding and using, creating and innovating, 

identity and wellbeing, teaching and learning, using tools and technologies, and communicating and 

collaborating (Mackey & Jacobson, 2011), as well as problem solving and innovation creating 

(Organization for Economic Co-operation and Development, 2011).   

Based on a study by Tuamsuk (2017), 66.28 percent of high education institutions in 

Thailand had stipulated information literacy as a desirable characteristic of their graduates, and 

79.07 percent had offered information literacy as a general education course or an elective course.  

However, no institution has initiated a concrete and inclusive set of goals for advancing students’ 

digital literacy. There are merely schemes that aim to partially develop students’ digital literacy in 

some limited aspects, e.g., information literacy, communication literacy, or collaboration literacy. 

The study argued for a comprehensive framework for digital literacy advancement as well as the 

development of digital literacy evaluation tool. 

The present study aimed to develop a mobile application for the evaluation of college 

students’ digital literacy (New Media Consortium, 2015).  In addressing the objective, we 

synthesized various conceptual frameworks for developing a mobile application and, subsequently, 

a mobile application was designed and created (Johnson, 2012). 

 

 

2. Definitions of Digital Literacy in Key Frameworks 
 

Digital literacy involves obtaining, understanding, evaluating, and using information in a variety of 

digital technology contexts. Extending beyond traditional definitions of “mere literacy” (JISC, 

2012) as a set of linguistic skills enabling reading (i.e., decoding and comprehension) and writing 

(i.e., transcription, composition) to build knowledge and communicate with others, digital literacy 

encompasses the knowledge and skills required for critically and effectively using digital 

information to achieve personal, civic, or workplace goals (Petronzio, 2013). However, the 

definitions of this construct vary depending on the extent to which they emphasize particular 

dimensions of proficiency within Digital Literacy, such as a focus on the use of specific technologies 

(e.g. the use of e-mail or web browsers) versus the ability to critically evaluate and apply specific 

information contents to answer questions or solve problems. For the purposes of designing an 

assessment of Digital Literacy as an SLO, examining the points of consistency and discrepancy 

among the definitions or frameworks for Digital Literacy helps ensure that the assessment will 

provide evidence of valued aspects of the construct (i.e. construct validity). The definitions of 

Digital Literacy were drawn from frameworks developed at state, national, and international levels. 

These frameworks serve as a basis for our proposed operational definition of Digital Literacy to 

propose a Digital Literacy assessment that serves the needs of higher education institutions (Mackey 

& Jacobson, 2011). 

Based on the previous synthesis of existing definitions of Digital Literacy, we propose that 

Digital Literacy is defined as the ability to function in a knowledge society through the appropriate 

use of information and communication technologies to solve information problems, including the 

ability to research, organize, and synthesize information through digital technologies (New Media 

Consortium, 2015) and have a fundamental understanding of the ethical/legal issues surrounding the 

use of such information (Johnson, 2012). 

Based on the synthesis of digital literacy frameworks from JISC, SCONUL, UNESCO and 

OECD as well as the contextual analysis of the performance of higher education students, Digital 

Literacy can be summarized into six domains as follows (OECD, 2005).  

First, Information Literacy Skills:  These refer to skills needed to find relevant information 

and data and how to apply such information in an effective way and subject it to scrutiny, whether 

for effective learning or for research, scholarship and professional purposes. Second, Creation and 

Innovation Skills: Being confident and empowered over the use of technologies to make new 

resource, express yourself, and take the opportunities to develop new approaches and ways of 

interpreting ideas and the world around us (SCONUL, 2011). Third, Communication and 

Collaboration Skills: Connecting with each other and sharing, regardless of distance or time. Fourth, 

Digital Technology Skills: The technical and practical aspects of the range of tools and technologies 

available and useful in the support of learning, teaching, research, managing and thriving in the 
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digital age (UNESCO, 2006). Fifth, Digital Learning Skills: How to get the most out of technologies 

and materials to encourage engaged learning and make sense of new knowledge. Sixth, Ethical and 

Social Skills: understanding the nature of your online self, data and information, privacy and 

protection, and taking care of yourself, others and information, in ways that are ethical and 

respectful (JISC, 2012). 

 

 
 

Figure 1. Framework of digital literacy for higher education students. 

 

 

3. Methodology for the Design and Development; 
 

The research team synthesized digital literacy evaluation frameworks from related studies and 

papers involving digital literacy learning management. Digital literacy evaluation frameworks were 

utilized to create Android mobile application evaluation tools. In terms of internal validity, the 

application was sent to expert application developers who are in the field of technology teaching 

management and instructional design in order to assess the application comparing to digital literacy 

evaluation framework. External validity, participants, who were 93 teachers and 218 students, were 

interviewed and answered questionnaires in order to evaluate the external validity. 

 

 

4. Evaluating Internal and External Validity of the Mobile Application Development 
 

4.1 Internal validity 
 

Internal validity of the mobile application development was examined to assess the created mobile 

application in comparison with the framework by presenting the conceptual framework of design of 

assessment and the mobile application to seven experts in the fields of mobile application 

development, technology-based instruction and instructional design. Based on all experts’ 

assessment, it was discovered that the framework of design of Digital Literacy assessment was 

consistent with the developed mobile application. Moreover, they offered some recommendations to 

enhance its efficiency and functionality such as enlarging the font size for better readability, 

designing the application with the same color scheme and using language and words to closely 

match international contexts. 

 

4.2 External validity 
 

External validity of the mobile application development was investigated through a survey on 

students’ opinions about using the mobile application. The results are as follows:  

 Its interface was suitable in all aspects, namely font size, font colors, the background of the 

application and the menu position.  
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 In terms of its speed and interaction, the application could be used effectively, despite the slow 

internet speed, while its menus could interact with each other and function well.  

 Finally, in respect of its language use, some words were academic and technical, so it may 

cause students’ misunderstanding about the assessment. However, most students were able to 

read and understand the language used in the application. 

 

 

5. Designing Mobile Application for Assessment Digital Literacy 
 

The developed application comprises a number of pages and functions: introduction, sign up or 

login, test, questions and choices, and result of the test. Figures 2 and 3 exhibited the components of 

the application. 

 

     

(a)        (b)    (c) 

Figure 2. (a) The ‘Home’ page of the application is composed of Introduction, Login, and Sign Up 

menus. (b) On the ‘Sign Up’ page, on their first use, students have to sign up to create their accounts 

by entering their email, password, and their basic information including name, last name, and faculty 

affiliation. (c) On the ‘Log in’ page, students have to log in using their registered email and 
password. 

                        

(a)     (b) 

Figure 3. (a) On the ‘Test’ page of the application is composed of a questionnaire and related 

choices. (b) On the ‘Result’ page, after students finish all the items in the test, the result will be 

presented. Students who pass the Beginner Level will gain access to the Intermediate and Advanced 

Levels. On the other hand, if students do not pass the test, they have to retake the test. The 
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application will also report the evaluated topics whether they are correct answers or incorrect 

answers. 

 

The application includes questions that aim to assess students’ digital literacy in the 

aforementioned six areas. For example: 

 Your brother wants to create an online journal to document a special event so that all of your 

friends can view the pictures and illustrations. Which of the following online communities will 

help him create this online journal? (a question on digital technology skills). 

 Bundi wants to understand the concept of resolution in a digital camera. He needs your help. 

Which of the following options will you use to define the term "resolution" to Bundi? Select 

two. (a question on digital learning skills). 

 

 

6. The Results of Student's Digital Literacy Assessment 
 

The analysis of data obtained from the digital literacy assessment was conducted via interpretation 

of means and percentages. The findings indicate that most of them have a high level of digital 

literacy. Table 1 exhibits the percentage of students’ level of digital literacy in each of the six 

dimensions. 

 
Table 1  

The percentage of students’ level of digital literacy. 
 

Dimension 
Percentage of students 

Beginner Intermediate Advanced 

Information Literacy Skills 5.02 8.22 86.76 

Creation and Innovation Skills 7.95 10.65 81.4 

Communication and Collaboration Skills 7.43 13.69 78.88 

Digital Technology Skills 13.69 16.44 69.87 

Digital Learning Skills 15.45 19.34 65.21 

Ethical and Social Skills 17.24 20.11 62.65 

 
As shown in Table 1, most students have a high level of comtetency in terms of inforation literacy skills 

(86.76), creation and innovation sklls (81.4), and communication and collaboration skills (78.88).  These 

findings imply that students might be familiar with or employ these skills on their regular basis.  On the 

contrary, students have lower competencies in terms of ethical and social skills, digital learning skills, 

and ditigal technology skills.  Thus, it is essential for teachers to focus on the improvement of these skills 

via a more integrated instructional approach. 

 

 
7. Discussion and Conclusion 
 

In developing the application for assessment of students’ digital literacy, conceptual frameworks of 

assessment and the mobile application development were reviewed and synthesized. Subsequently, 

the study team designed and created the mobile application for the assessment, complete with the 

examination of its internal and external validities. The results showed that the development of the 

mobile application was consisted of these assessment aspects: accessing, evaluating, managing, 

integrating and communicating information. In the assessment aspect, there were three levels of 

digital literacy, namely beginner, intermediate and advanced. The development of the mobile 

application corresponded to Microsoft Digital Literacy Assessment and the Northstar Digital 

Literacy Project and Digital Literacy Assessment by ISTE in respect of conceptual frameworks, the 

assessment standard, and the classification of assessment levels. More importantly, this 
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development of the mobile application applied the mobile technology and designed the assessment 

to closely match students’ local contexts specifically as in Thailand.  

It is hoped that the development of the mobile application for assessment of students’ digital 

literacy would serve as a guideline for teachers’ instruction in order to reinforce and enhance 

students’ Digital literacy in each subject. Moreover, it would enable students to assess themselves 

and set a goal of self-improvement. Using this application in a real setting would promote effective 

learning, operation and resolution using digital technology. 
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Abstract: Ill-Structured Problem Solving is the most importance skill for Engineering in 

21st century. Thus, the purpose of this research was to synthesize the designing framework 

and construct the experimental set on Internet of Thing (IoT) based on constructivist 

theories to enhance ill-structured problem solving for engineering students. Document 

analysis and survey research were employed in this study. The result revealed that: 1) The 

result of designing framework consisted of 5 stages and 7 elements, were as follows: (1) 

Activating cognitive structure and promoting Ill-structured problem solving (2) Supporting 

for adjusting of cognitive equilibrium (3) Supporting for enlarging cognitive structure (4) 

Enhancing Ill-structured problem solving (5) Supporting and encouraging knowledge 

construction and 7 element as following: (1) Problem Bases, (2) Learning Resources, (3) 

Social Collaboration Center (4) Cognitive Tools (5) Ill-structured problem solving Center 

(6) Scaffolding center (7) Coaching Center. 2) The Prototyping of experimental set on

Internet of Thing.

Keywords: Constructivist theory, ill-structured problem solving, Internet of Thing (IoT). 

1. Introduction

The advancement in technology has been exceptionally fast in 21st century. In January 2016, The 

World Economic Forum published “The Future of Job,” (WEF, 2016) and stated that needed skill in 

the future will be complex problem-solving capability, namely, the ability to resolve novel or 

ill-defined problems under complex circumstances in reality. That is consistent with the workplace 

engineering problems because this problem possess conflicting goals, multiple solution methods, 

non-engineering success standards, non-engineering constraints, unanticipated problems, 

distributed knowledge, collaborative activity systems, the importance of experience, and multiple 

forms of problem representation (Jonassen, 2006). 

However, at present instructional management focuses on transmitting and memorizing 

information. Moreover, the problems that engineering students found in the classroom were 

different with workplace engineering problems. This results in lacking of ill-structured problems 

solving and information seeking skills of the learners. 

For the above reasons, it is necessary to adapt the learning strategies to meet the 21st century 

learners’ characteristics. Therefore, the instruction design must be changed in order to enhance 

ill-structured problems solving and information seeking skills and knowledge construction rather 

than passively receive the knowledge. Instructional Design Theory (ID Theory) was used in this 

design. Crucial theories used as foundation were Constructivist theories: Cognitive Constructivism 

and Social Constructivism, Cognitive theories: Information processing and the Ill-Structured 

problems solving. These theories may help the knowledge construction and Ill-Structured problems 

solving of the learners, especially in the course of Industrial Electronics which students need to 

study about sensors that are used in industrial. Moreover, the media attribute and symbols system of 
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web base and Internet of Thing (IoT), the network of electronic devices which enables these things 

to connect and exchange data, comprises of hyperlink may support the knowledge construction and 

ill-structured problems solving. 

 Thus, researchers realize the importance of development the experimental set on Internet of 

Thing (IoT) to control sensors based on constructivist theories to enhance ill-structured problem 

solving for engineering students. This designing framework and experimental set on Internet of 

Thing to control sensors may help designer to effectively design the experimental set. 

 

 

2. Research purposes 
 

2.1 To synthesize the designing framework of constructivist web-based learning 

environment model to enhance ill-structured problem solving for engineering 

students. 

2.2 To develop the experimental set on Internet of Thing (IoT) to control sensors based on 

the designing framework of constructivist web-based learning environment model to 

enhance ill-structured problem solving for engineering students. 
 

 

3. Research Methodology 
 

3.1 Research Design  
 

The literature review and survey research ware employed in this study. 

 

3.2 Target Groups 
 

Target groups in this study as following details: (1) 3 experts for evaluation of the designing 

framework included 1 content expert, 1 instructional designers and 1 instructional media expert. (2) 

30 undergraduate students of Electronics and Telecommunication Engineering department, 

Rajamangala University of Technology Isan, Khon Kaen campus who enrolled in a course of 

Electronics Industrial. The 1st semester, 2018 academic year. 

 

3.3 Research Instruments 
 

The instruments in this study as following details: (1) The expert review recording for examination 

the quality in various domains as follows: learning contents, instructional design, and media. (2) The 

recording form for synthesis of the designing framework of constructivist web-based learning 

environment model to ill-structured problem solving for engineering students. (3) The construction 

tools for construct the experimental set on Internet of Thing (IoT) to control sensors include digital 

multimeter, oscilloscope and DC power supply. 

 

3.4 Data collecting and analysis 
 

The researchers collected the data as follows: (1) Synthesis of designing framework of constructivist 

web-based learning environment model to ill-structured problem solving for engineering students. 

The data were collected by using the recording form for synthesis of the designing framework. 

Summarization, interpretation and analytical description were used to analyze the data. (2) 

Development of Experimental Set on Internet of Thing (IoT). The data were collected by using the 

recording form for synthesis of the Experimental Set designing framework. Summarization, 

interpretation and analytical description were used to analyze the data.  
 

 

4. Research Results 
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The designing and development of the Experimental Set on Internet of Thing (IoT) Based on 

Constructivist Theories to Enhance Ill-Structured Problem Solving for Engineering Students are 

follows:  

 

4.1 Synthesis of Design framework 
 

According to this study, the findings of synthesis of the designing framework of 

constructivist web-based learning environment model to ill-structured problem solving for 

engineering students showed 5 stages were as follows: 
 Activating cognitive structure and promoting ill-structured problems solving: The first crucial 

base of designing framework was activating cognitive structure, problem solving, it illustrated 

the underline theories used in design the component called “problem base” of the learning 

environments for enhancing Ill-Structured Problems solving. The underlined theories used for 

activating cognitive structure were as follows: Cognitive constructivism (Piaget, 1992); 

cognitive conflict, situated learning (Brown, Collins & Duguid, 1989); Authentic context. 

These theories were transformed into practice as problem situation in order to induce the 

learners into discovery learning process. The 7 steps of ill-structured problems solving 

(Jonassen, 1997) as following: Step 1: Learners Articulate Problem Space and Contextual 

Constraints Step 2: Identify and Clarify Alternative Opinions, Positions, and Perspectives of 

Stakeholders Step 3: Generate Possible Problem Solutions Step 4: Assess the Viability of 

Alternative Solutions by Constructing Arguments and Articulating Personal Beliefs Step 5: 

Monitor the Problem Space and Solution Option Step 6: Implement and Monitor the Solution 

Step 7: Adapt the Solution were transformed into practice as learning task in order to promote 

problem solving. This may help activating cognitive structure and problem solving of the 

student.  The designing framework of the activating cognitive structure and promoting 

ill-structured problems solving as follow figure 1. 

 

 
 

Figure 1. Activating cognitive structure and promoting ill-structured problems solving 

 

 Supporting for adjusting of cognitive equilibrium: The second crucial bases of the designing 

framework was supporting for adjusting of cognitive equilibrium, it illustrated the underlined 

theories used to design the component called “Learning Resources” of the learning 

environments to enhance ill-structured problem solving. The underlined theories used for 

supporting for adjusting of cognitive equilibrium were as follows: information processing 

theory (Klausmeier, 1985); sensory register, short-term memory, long-term memory: cognitive 

load theory (sweller, 1994); chunking, hierarchical network and media attribute symbol system 

of multimedia; still pictures, motion pictures, text, sound: schema theory; schema as context, 

schema as network: SOI model (Mayer, 1996) selecting, organizing, integrating; mental model 

theory; conceptual model. These theories were transformed into practice as learning resources 

in order to provide information for the learners to construct the knowledge. This may help the 

learners processing information effectively and understand easily.  

 

 Supporting for enlarging cognitive structure: The third crucial bases of the designing 

framework was supporting for enlarging cognitive structure, it illustrated the underlined 

theories used to design the component called “Social Collaboration Center”. The underlined 
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theories used for supporting for enlarge cognitive structure were as follows: Social 

constructivism (Vygotsky, 1962); language, culture and society. These help support learners to 

share experiences, multiple perspectives, and adjust misconceptions. Cognitive tools 

(Hannafin, 1999) comprise of Seeking Tool, Collecting Tool, Organization Tool, Integrating 

Tool, and Generation Tool. These 5 tools help support learners to enable and facilitate the 

cognitive processing associated with open-ended learning. This may help learners supporting 

for enlarging cognitive structured. 

 

 Enhancing Ill-Structured Problems solving: The fourth crucial base of designing framework 

was Support for Enhancing for ill-structured problem solving Skills, it illustrated the underline 

theories used in design the component called “enhancing ill-structured problem solving center”. 

The underlined theories used for Supporting for enhancing ill-structured problem solving skills 

were as follows: ill-structure Problem (Jonassen, 1997).  

 

 Supporting and encouraging knowledge construction: The fifth crucial base of designing 

framework was Support for promote and assist knowledge construction, it illustrated the 

underline theories used in design the component called “Scaffoldings” and “Coaching”. The 

underlined theories used for promote and assist knowledge construction were as follows: Social 

Constructivist (Vygotsky, 1978): Zone of proximal development. OLE (Hannafin, 1999): 

Conceptual Scaffolding, Strategic Scaffolding, Metacognition Scaffolding. Cognitive 

apprenticeship (Brown, 1989): Coaching. These theories were transformed into practice as 

learning resources in order to provide information for the learners to construct the knowledge. 

This may help promote and assist learner.  

 

4.2 Develop experimental set on Internet of Thing: case study for problem base 
 

In the workplace engineering problems, problems are ill-structured and complex (Jonassen, 2002). 

Thus, the students should be encouraged to practice ill-structured problems solving. The “problem 

base” is used for activating cognitive structure by stimulate the students into disequilibrium. After 

that, the students will find information for adjust cognitive structure into equilibrium by assimilation 

or accommodation. So, in this design was provided the ill-structured problem and authentic context, 

which is the real world of using industrial. For instance, Node MCU, power supply, ultrasonic 

sensor, gas sensor, motion sensor, flame sensor, light sensor, temperature & humidity sensor, relay 

and LCD. 

 Thus, the experimental set on Internet of Thing to control sensors and the designing 

framework were adapted from the ill-structured problem solving process (Jonassen, 1997). The 

“problem base” contains the situation with ill-structured problem. Then, designing tasks and 

engineering students will be asked to solve problem tasks by follow below processes. 

 

 Learners articulate problem space and contextual constraints: The first step in the ill-structured 

problem solving process is identifying the appropriate problem space which contain all of the 

possible states of the problem, the problem operators, and the problem constraints. Then, 

engineering students will write the problem space into the experimental handbook. 

 

 Identifying the real problem: After engineering students identify the appropriate problem space. 

They have to analyze and identify what does the problem really exists. In this step, they should 

identify all stakeholders and their goals because ill-structured problems usually have divergent 

or alternative solutions. Thus, they should identify all of the various perspectives, views, and 

opinions on that problem, and then, identify the real problem. After that, they must record into 

the experimental handbook. 

 

 Generate Possible Problem Solutions: The ill-structured problems possess multiple solutions 

because there are multiple representations of the problem. The engineering students will build 

their own mental model of the problem which can identify and select or synthesize a solution. 

After that, they must record into the experimental handbook. 
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 Assess the Viability of Alternative Solutions: For this step, engineering students will use the 

Experimental set of Internet of Thing for assessing the possible solution to test their concepts of 

controlling sensors or hypothesis by using experimental set as a simulation tool. The 

experimental set will contain situation in real world such as damage sensor which cannot send 

data to the server and record into the experimental handbook. 

 

 Planning and monitor the Problem Space: After select the possible solution from step 4, they 

should make problem solving plan carry out that plan. For instance, they must planning cost and 

human resource for repairing. Then, setup schedule time with agreement for all department. 

After that, provides evidence of metacognition and record into the experimental handbook. 

 

 Implement and Monitor the Solution: While engineering students implement the solution, they 

should monitor performance of sensors which they repaired or controlled such as checking the 

LED indicator on the sensor that work properly and record into the experimental handbook. 

 

 Adapt the Solution: After Implementation the solution, engineering students will get the 

feedback from previous step. And then, adjust and adapt it based on feedback and record into 

the experimental handbook. 

 

 

5. Conclusion 
 

The designing framework of the constructivist web-based learning environments model comprised 

of 5 stage as following: 1) Activating cognitive structure and promoting ill-structured Problems 

solving, 2) Supporting for adjusting of cognitive equilibrium, 3) Supporting for enlarging cognitive 

structure, 4) Enhancing ill-structured problems solving and 5) Supporting and encouraging 

knowledge construction. This finding was consistent with Sakesun, Y. (2011); Suchat, W. (2010). 

These previous research found that the students showed their ill-structured problems solving and the 

framework of constructivist web-based learning environment model used ill-structured Problems 

solving foundation of the design. As for this research finding may be the result of Instructional 

Design Theory (ID Theory) that used underlined theories especially the problem solving theory 

(Jonassen, 1997) as the foundation of the design. This was shown in the designing framework of the 

Constructivist web-based learning environments model to enhance ill-structured problems solving. 

This may help learners to enhance ill-structured problems solving. In addition, found from 

assessment by experts. As mentioned findings can be supported the designing framework of the 

constructivist web-based learning environment model to enhance ill-structured problems solving. 

 The experimental set of on Internet of Thing (IoT) was applied from the ill-structured 

problem solving process (Jonassen, 1997) as following processes: 1) Learners articulate problem 

space and contextual Constraints. 2) Identifying the real problem. 3) Generate possible problem 

solutions. 4) Assess the viability of alternative solutions. 5) Planning and monitor the problem space. 

6) Implement and the solution. 7) Adapt the solution. 
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Abstract: There is now an obvious gap of generations in our education system, purported by 

the proponents of the ‘digital native’ and ‘digital immigrant’ resulting in imbalanced of ICT 

and technology use, skills, preferences and experience. Teachers are digital immigrants 

while students are digital natives, the latter being more ICT savvy than the former, hence the 

integration of technology into teaching and learning remains a challenge for many teachers. 

Recently, however, researchers have long argued that there are differences between the 

groups of digital natives and digital immigrants. This conceptual paper attempts to illustrate 

the current literature on the growing interest of digital natives and digital immigrants in the 

education system. 

Keywords: Digital native, digital immigrant, ICT 

1. Introduction

“Our students have changed radically. Today students are no longer the people our educational 

system was designed to teach.” (Prensky, 2001, pp 1). According to Prensky (2001), the digital 

native generation are those born after 1980, in the technology era and are considered as a 

homogenous group characterized by their skills and preferences in ICT.   He described the ‘digital 

immigrant’ generation as those older people born before 1980 and they learnt how to use ICT later in 

their life in which they are being portrayed as hesitant and skeptic when it comes to ICT use.  Since 

Prensky (2001) first coined the term digital native, there are a number of labels to describe the young 

people currently studying at schools, colleges and universities in order to emphasize the significance 

and importance of new technology in their lives. Further, the younger generations are as described 

digital natives because they live in the information age, know how to maneuver ICT gadgets even 

before they are able to speak which has a profound effect in their study, work and social lives 

(Palfrey & Gasser, 2008). 

Digital immigrants on the other hand are the opposite of digital native when it comes to 

embracing and adapting technology (Prensky, 2001). The older generation who are known as the 

digital immigrants are less proficient in ICT and will only use ICT when they have no choice 

(Ransdell, Kent, Gaillard‐Kenney & Long, 2011). This raises the question as to how well schools are 

preparing students for the future if they continue to dwell on these tools in support of teaching and 

learning process. 

2. Digital Native - Who might they be?

There is no commonly-accepted definition of the younger generations in which the concept varies 

among individuals, societies, regions and nations, and also over time (Gallardo-Echenique, 

Marqués-Molías, Bullen, & Strijbos, 2015). According to the literature, each way of describing this 

new generation carries with it some distinct features but in general the terms are used 

interchangeably (Jones, Ramanau, Cross, & Healing, 2010; Helsper & Eynon, 2010; 

Gallardo-Echenique, 2014).  An integrative literature review was performed on 355 articles (both 

qualitative and quantitative) on digital natives which was published between 1991 and 2013 and the 
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review found 46 terms related to the notion of this new generation of students and the most common 

terms in circulation are: Net Generation, Digital Natives and Millennials (Gallardo-Echenique, 

2014).  

The existence of a generation of digital native is based on two main assumptions in the 

literature as summarized as follows: i) young people of the digital native generation possess 

sophisticated knowledge of and skills with information technologies; and ii) as a result of their 

upbringing and experiences with technology, digital native have particular learning preferences or 

styles that differ from earlier generations of students (Benett, Maton, & Kervin, 2008). 

This rising generation is growing up immersed in technology that has a profound effect in the 

ways they learn, interact, and envision the world. That is why most of today’s tertiary students, and 

children in primary and secondary schools are much more knowledgeable, comfortable, proficient 

and literate than their parents or teachers when it comes to technology (Prensky, 2001;  Ivanova & 

Ivanova, 2009; Tapscott, 2010;  Jones et al., 2010;  Sánchez, Salinas, Contreras, & Meyer, 2011; 

Firat, 2013;  Hall, 2016).  The research evidence to date indicates that a proportion of young people 

are highly adept with technology and rely on it for a range of information gathering and 

communication activities (Benett et al., 2008; Gu, Zhu, & Guo, 2013). 

Ivanova and Ivanova (2009) described the younger generations in Bulgaria as visually literate, 

fluent in expression through images, more comfortable in video and image-rich environment, and 

prefer learning by doing and first-person experience than by reading, want to be connected and 

mobile and would appreciate incorporation of social WEB-services and game-oriented tools into 

learning.   

The young learners act differently to learning approaches as they are more concerned with the 

speed of access, instant gratification and constant connection (Bayne & Ross, 2011). At the same 

time, they are impatient with linear thinking and the ability to multitask, and prefer image and 

information in digital form (Bayne & Ross, 2011). They argue that since the young people have 

grown up with computers and the Internet, they are naturally proficient with new digital 

technologies and spaces, while older people will always be a step behind with regard to digital 

technologies. In the Canadian context, Smith (2012) identified them as: i) driving a digital 

revolution transforming society; ii) inherently tech-savvy; iii) are multi-taskers, team-oriented, and 

collaborative; and iv) embrace gaming, interaction and simulation.  Firat (2013) asserts that today 

digital native are using computer, Internet and mobile technologies on a daily basis. 

There were few studies carried out to identify digital natives in the Malaysia education system. 

For example, a total of 328 questionnaires were collected from the students from three academic 

disciplines: Sciences, Social Sciences and Economics that enrolled in Foundation English and 

English for Academic Purposes (EAP) course at a university to investigate undergraduate students’ 

patterns and perceptions of ICT use for learning English (Thang, Jaafar, Nambiar, Amir, & Wong, 

2014). The findings revealed that students’ reception towards the use of technology was very 

positive and ICT is essential and beneficial in language learning.  Although they prefer more 

technology-rich courses, students’ use of ICT are mostly for recreational purposes as compared to 

academic purposes.  All of the students used Facebook, emails and blogs to connect and 

communicate with each other on a daily basis.  

In a later study, Yong et al., (2016) conducted a casual-comparative study from two different 

disciplinary schools at a private university in Malaysia. The objective of the study was to explore 

Malaysian university students’ use of digital technologies. A total of 191 students responded to the 

online survey that assessed their ICT use for academic and non-academic purposes. This study has 

shown that the pre-university students are ‘being’ the digital natives and ‘doing’ the digital native 

activities.  However, students used ICT for non-academic activities (76% or 15.6 hours per day) 

much more than for academic activities (24% or 4.95 hours per day).   

 

 

3. Digital Immigrant  
 

In contrast to digital natives are digital immigrants. Conceptions of the digital native and digital 

immigrant began to take shape in the late 1990s and early 2000s, when a growing number of 

publications began describing an urgent need to recognize and adapt to the characteristics of a new 

generation of students (Smith, 2012).   
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Being portrayed as the older generation, digital immigrants are born before 1980s (Prensky, 

2001). Unlike the groups after them, digital immigrant was not immersed in technology growing up 

hence they are hesitant and skeptic when it comes to ICT use. Further, a study in one American 

University found that majority of students in their 40s and older are less confident in using 

technology for education (Ransdell et al., 2011). The study suggests that they need to be encouraged 

to be more confident and less cautious about their technological skills.   

This is true because, although digital immigrants can “speak the same language” as digital 

natives but often times speak with an “accent” when they refer to actions that limit the use of 

technology such as printing a document to edit rather than editing the document virtually (Prensky, 

2001).  A study revealed that educators in two British Universities are unmindful of the potential of 

ICT because they themselves are not using emergent technologies for their own learning and work 

(Margaryan, Littlejohn, & Vojt, 2011).    The study further illustrated that while some of them 

recognize the educational value of some emergent technologies, others view these as ‘fads’. Taking 

that into perspective, digital immigrant makes up the majority of educators today while students are 

all from the digital native generations in the education settings. Hence, this situation could become 

problematic and remain a challenge for the school leaders and teachers who are not native to ICT to 

integrate and champion ICT in the schools. 

 

 

4. Digital Immigrants, Digital natives – Closing the gap.   
 

There are many proponent as well as critics on the notion of digital native and digital immigrant as 

described by Prensky (2001).  Recent studies seemed to dismiss the idea of generalizing the younger 

students as more proficient in ICT than the older generation, the digital immigrants.  First of all, 

Thompson (2013) argued that the digital native generation is not universal in terms of digital 

technology proficiency because the range of technologies students use are limited.  While digital 

natives use a wide range of technologies for personal empowerment and entertainment, they are not 

always digitally literate in using technology to support their learning (Kennedy & Fox, 2013). The 

literature indicates that students seems to devote more time on-line on entertainment than on 

academic pursuits (Yong, Gates, & Harrison, 2016).  This is true when a study found that students’ 

used the computer and the Internet for mostly non-school activities (Sánchez et al., 2011). 

Although students have a wide-ranging access to ICTs and ICTs are frequently and heavily 

integrated into everyday activities, there are differences in the intensity of this use (Sánchez et al., 

2011).  The finding discovered that ICT usage among students in the Chilean context vary in 

intensity in which some are highly intense and sophisticated uses while others make a far less intense 

use of it.  In their qualitative study which involved 20 students, they found that students’ use of ICTs 

depends on gender, type of ICTs use, and meanings that they attribute to ICTs. Thus, the findings of 

the study do not coincide with the image of a more homogeneous generation as predicted by Prensky 

(2001). Firat (2013) claim that as a result of the daily usage of the computer, Internet and mobile 

technologies, digital native now ‘suffers’ from Continuous Partial Attention (CAP) and Multitasking 

conditions. Although Multitasking may increase production but CAP increases high stress level to 

digital native.  

Further, the digital immigrant/native metaphor is limiting innovative teaching because the 

concept of digital immigrant in this metaphor has been characterized as someone who i) cannot and 

will not adapt to change; ii) cannot relate with digital native; iii) are skeptic and hesitant to changes; 

iv) are intimidated by the technologies; and iv) are easily frustrated due the lack of skill in using 

technologies (Wolsey & Grisham, 2011).  As there are differences, as well as similarities between 

generations, age is not the sole predictor in ICT proficiency.  Besides the age factor, education, 

experience, income, and social play an important role in predicting ICT proficiency in digital native 

and immigrant as well (Williams, 2015; Martin, 2011).  

With the advance of ICT and learning autonomy, ‘digital immigrants’ are gaining the necessary 

knowledge and skills and quickly adapting to ICT use to attain ‘digital competence’ (Helsper and 

Eynon, 2010).  They argue that the generation factor is not the sole predictor of advanced interaction 

with the Internet but breadth of use, experience, self-efficacy, gender and educational levels are also 

important, and in some cases more important than generational differences. This study has offered 

some indication for the education community that educators will not remain immigrant to ICT 
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forever. Over time, digital immigrant can and will progress in ICT proficiency, perhaps not as native 

as the students but the gap between them is getting narrow. Vice versa, based on a case study in 

Houston, Texas which described the application of technology in the instructional practices of five 

Digital Native teachers, Williams (2015) found that it is wrong to assume all Digital Native teachers 

are Digital Native to the full extend. Although they grow up immerse in technology, some of them 

lack of experience and expertise using technology in classrooms. Alas the Digital Native teachers 

are not that different from the Digital Immigrant teachers when it comes to teaching with 

technology. 

This idea of closing in the gap in ICT proficiency between them holds true when a study of 988 

users determined that digital immigrants used the Doctoral Community Network more often and for 

a larger variety of purposes than digital natives did (Berman & Hassell, 2014). Specifically, they 

found that digital immigrants log-on more frequently, read more blogs, use more doctoral 

community network research resources, and send and receive more peer messages than digital 

natives do. Further, according to Wolsey and Grisham (2011), teachers who learned to use 

technologies can actively partake and involve in the twenty-first century learning environment. 

Moreover, a recent study based on 223 participants revealed that there was no significant difference 

in instructional technology use between the digital native and digital immigrant faculty members at a 

university (Johnson, 2018). The aforesaid findings are evidence that digital immigrant has the ability 

to advance ICT use just as good as the digital native because, contrary to popular beliefs, digital 

immigrant can be proficient in ICT just as the digital native (McAuley, Stewart, Siemens, & Cormier, 

2010).   

 

 

5. Conclusions 
 

In a nutshell, many studies seemed to show that the young people, be it digital native, net generation, 

Google generation or millennials, are different from the previous generation when it comes to ICT 

preference.  Although they are not homogeneous in their ICT proficiency but they all embrace ICT 

openly and use them as a way of life. It is important to acknowledge that there is a great deal of 

variance among the distinguishing characteristics within any given generation (Kennedy, Judd, 

Churchward, Gray, & Krause, 2008; Prensky, 2009) and that the education of tech-savvy students is 

still a major issue for education activities (Benett et al., 2008; Lieve, Malin, & Barbara, 2010; Sim, 

2011).   

Perhaps the concept of digital immigrants and digital natives was true enough for the last 

decade but as individuals grow at personal and professional levels, the differences between them is 

getting less as it used to be.  The image of digital immigrants as disbelievers of ICTs, incapable of 

handling ICTs tools, and refusing to participate in ICTs related activities is no longer applicable 

today than it was yesterday.   

The aforesaid discussion provides some rational to the notion that the young students in schools 

today are definitely a different group of learners as their teachers or parents once were.  They are 

different because of ICT and Internet proliferation occurs during their time in which they get to 

experience the benefits of living in digital age with Facebook, online gaming, Skype or online video 

calls, portable and digital devices, smart phones and the likes which offer instant and real-time 

communication.  Recent studies discover that teachers have the ability to be as proficient in 

technology as the students in due time and perspective. As time goes by, more training is provided 

for teachers, better ICT infrastructure is provided to schools, the importance of technology and 

teaching becomes imminent, teachers will be as native as the students. 

In a nutshell, how schools respond to the phenomena is key to student success. Inevitably, 

schools must leverage on how digital natives live and learn and implement new strategies in teaching 

and learning process (Jackson, 2013; Konting, 2016; Zhong, 2016).  Although the Internet and ICT 

proliferation did not start with the intention of education, eventually, the hype has also got into the 

education system resulting in substantial funding by governments all over the world to invest in ICT 

application in support of teaching and learning.  And now, with the new image of digital natives and 

digital immigrants, the task of integrating ICT into teaching and learning is seemed less daunting to 

the teachers. Students are not as superior as they were once thought and teachers will not remain 

alien to the digital age indefinitely.    
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Abstract:  Visiting a botanical garden to study plants are difficult for tourists to understand 

according to their scientific information and contexts truly. With ecotourism-based learning, 

the tourists can enjoy learning with the guiding support; moreover, the traveling experience 

becomes more interesting. In this perspective, Augmented Reality technology could help 

enhance this learning experience by providing a beautiful graphics and sound effect. 2D and 

3D graphic could be able to describe herbal plant’s character in this botanical garden. The 

visitors can study the plant by both of the real herbal plants and augmented reality data 

technology. Before conducting this project, all requirements have been gathered from 

botanical garden officers and visitors, which mostly preferred to have the freedom to learn 

by their own paths while enjoying the garden. Therefore, the mobile application has been 

designed and developed. The visitors can use the developed mobile application and walk 

through the garden in a self-learning environment. To make sure that the visitors could be 

able to seek for herbal plants that they want to study, the application creates a realistic 3D 

plant model, which make it more convenient to match the data with the real trees. The plant's 

information could present a plant’s character and how the plant has been used by local 

people. This enables visitors to study the garden from the graphic and sound of the 

application.  This mobile application can be further developed in the future, which could 

create more engaging and meaningful learning activities in the gardens. The visitors could 

have fun while learning at the same time from the mobile learning activity. 

Keywords: Augment Reality, Mobile Learning, Botanical Garden, Herbal Learning, 

Ecotourism 

1. Introduction

In Thailand, people use many types of herb to flavor their national food, which makes its flavor 

famous all around the world. Furthermore, it also has properties to cure many diseases such as a 

cough, fever that could be cured with lemongrass (Nambiar & Matela, 2012).  As a result, many Thai 

farmers decided to increase green production line for sale. Some villages invent a way to keep and 

transform their products to increase the value. Thailand exports herb product has a value of more 

than 100,000 million baht a year. The countries that have a high value in exporting herb product 

include France, Germany, and Japan, which tend to continue increasing in value (Posttoday, 2017). 

Many types of the herb have been planted in Botanical Garden that includes bush, vine, 

climber, annual crops, flowerer, and herb. Each garden has the specific plants, which decided by 

topography and weather in that region or some garden could have compiled specific species plant 

from another region because it has a suitable environment. Botanical Garden is a data source for 

scientific, research and development. It also has ecology to be able to study the living thing such as 

insect, bird and small reptile. Typically, most of Botanical Gardens have two problems that happen 
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all the time. Firstly, many researchers usually have a problem with dividing the type of plant because 

many gardens do not have any specific plant’s label, which could be lead to a misunderstanding. 

Secondly, although they have a label, it usually doesn’t have enough space to put on the data 

information of that specific plant that couldn’t give all of the meaningful data of each herb. Herbal 

research and development could be easily found everywhere in Thailand.  

It has been interested in many research studies; for example, Chokevivat (2005) reported 

that Herbal medicine could be separated into three education majors, including Thai traditional 

medicine practitioners, applied Thai traditional medicine practitioners and Practitioners with 

Bachelor Degree in Thai traditional medicine. To start with the first one, student who wants to join 

Thai traditional medicine practitioners course does not need to have a high school degree at all and 

this course focus on medical plants, animal anatomy parts, and minerals that are used as medicinal 

ingredients. To continue with applied Thai traditional medicine practitioners, for students who want 

to participate in this course has to graduate from a high school degree. In this course, students have 

to study life science knowledge such as human anatomy, physiology, biochemistry and botany as a 

prerequisite for knowledge. However, they have to study Thai traditional pharmacy and medicine at 

the same time. The last one is Practitioners with Bachelor Degree in Thai traditional medicine, 

which focuses on both of Thai complementary medicine and Thai traditional medicine. For high 

school students, herbal study has been taught in biology and physical education subjects. Some 

schools have their botanical garden, but the types of herbal are not diverse. In 1992, Her Royal 

Highness Princess Maha Chakri Sirindhorn had a Royal initiation to the Lord Chamberlain to 

conserve plant genetics. Plant Germplasm was established in 1993 at the Royal Chitralada Projects 

and plant genetic conservation activities were started. Botanical garden in school is also one of the 

activities inside the plant genetic conservation activities. Nowadays, there are around 200 schools in 

Thailand that have been participated in this activity.  

Ecotourism is a journey that tourists seek to study natural and culture in that area, which 

makes it interested from every country these days. Wearing and Neil (1999) said, “As much about 

environmental education, the fostering attitudes and behavior that is conductive is maintaining 

natural environments and empowerment of host communities, as it is about fostering a sustainable 

industry.” Van Winkle and Lagay (2012) said, learning throughout the age of man is learned in 

diverse contexts and travel presents a unique learning environment enabling both unplanned and 

planned opportunities. Ecotourism is a tourist that will absorb the things that travel through the 

contact and visual experience. 

Augmented reality is one of a new way to present the data knowledge in 3-dimensional 

graphics and also include sound effect too. It is remarkably effective in term of presentation. The 

data that could be bored by some audience could be amused and presented on the mobile device or 

tablet, which makes the audience in Botanical Garden be able to choose only part of data they want 

to study by walking through the garden. The mobile device or tablet is going to be a tool for them to 

do self-study. Augment reality technology allows learners to be free to see what they want to learn. It 

offers real-time knowledge representation, allowing learners to control their visibility. Another 

advantage is if the audience is unable to find the data. They could be able to restudy the data by 

themselves. Kaufmann and Schmalstieg (2003) experiment by use AR technology with construct 3D 

mathematical and geometrical models. From their evaluation results that AR-based construction 

environment encourages experimental learning and improves spatial skills for students. 

Based on the limitations of learning herbal plants in the botanical gardens, therefore, this 

paper endeavors to address these issues by taking advantage of AR technology and the eco-tourism 

concept to develop a mobile application for tourists. The design of this application has been made 

after a careful process of gathering requirements from the local staffs and visitors. This developed 

application could enhance the tourists’ learning and travel experience by having more freedom to 

learn by having their own learning paths. Moreover, AR technology on this application facilitates 

this mobile-based learning by presenting insights information about the plants in beautiful 2D and 

3D graphics with brief sound narration. The presented information will be shown in corresponding 

with the herbal plant that is scanned. This paper implemented in MFU Botanical Garden contexts. 

The results of this application shed the light of alternative means of simultaneous learning and 

traveling for the more meaningful learning experience. 
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2. Related Study 

 

2.1 Botanical Garden 
 

From history, the main objective for initiating Botanical Garden was to collect and preserve 

medicinal plants (IUCN, 1989). However, the roles of a modern botanical garden have moved away 

from plant collection. Three major roles of modern botanical gardens have to offer which are as 

follows; Public education, ex-situ conservation, and scientific research. In addition, there are 12 

types of botanical gardens in the world such as ‘Classic’ multi-purpose gardens, ornamental gardens, 

historical gardens, conservation gardens and university gardens, etc. (Jackson & Sutherland, 2000). 

Interestingly, Botanic gardens (including arboreta and related research facilities) are one of the main 

foundations elaborated in ex-situ conservation of wild species with 105,634 species (30% of known 

plant diversity) that was occupied in the world's botanic gardens (Mounce, Smith, & Brockington, 

2017). Furthermore, the International Agenda including the Convention on Biological Diversity 

(CBD) and the Global Strategy for Plant Conservation (GSPC), indicates the essential for botanical 

gardens worldwide to aim education as a significant part of biodiversity conservation and focus on 

the necessity to rise the understanding and awareness of the importance of biodiversity (United 

Nations, 1992; CBD, 2002). The ‘International Agenda’ (Jackson & Sutherland, 2000) provides a 

guideline for botanical gardens as it lists a number of criteria that botanical gardens should attempt 

to accomplish. The basic principles of botanic gardens including (1) having scientific basis for their 

plant collections, (2) offering sufficient papers of the plant collections, (3) permanent associations, 

and (4) welcome to the community and to the civic scientific. The scientific concept beyond the 

existing plant collections is a key characteristic that differentiates botanic gardens from common 

ornamental gardens. 

Recently, education is turning into one of the ultimate tasks for modern botanical gardens. 

The most agreement would be on the four crucial roles of public display, research, education, and 

conservation, the latter recently has developed a main attention of many botanical gardens 

(Ballantyne, Packer, & Hughes, 2008; Chen, Cannon, & Hu, 2009; Donaldson, 2009). Botanical 

gardens around the world are varying broadly in design and purpose, but most are usually related 

with environmental conservation, education, or historical interpretation. The research study 

indicated that botanical gardens would be operate to provide a rich, overall experience that supports 

relaxation, other than sustaining a healthy, interesting, and diverse collection of plant resources that 

allows visitors to experience new plants and promote occasions for learning (Wassenberg, 

Goldenberg, & Soule, 2015). It may surprise many that botanic gardens and universities share a 

common heritage because the founding of the physic gardens was often associated with universities. 

So it emphasizes that, botanical gardens are living laboratories of colleges and universities. 

However, botanical gardens are not replacements for study in natural areas but would be noticed as 

complementary, and they offer several benefits to the next generation. Among the advantages of 

botanical gardens are as follows; convenience and accessibility, diversity, global perspective, repeat 

visits, aesthetics, outdoor learning and human-nature relationship (Bennett, 2014).  

Nowadays, from the remarkable new Gardens by the Bay in Singapore to London's own 

legendary Royal Botanic Gardens at Kew, the world's botanic gardens collectively host 500 million 

visitors a year. Subsequently, botanic gardens can supply the compulsory education, citizen science 

and information to facilitate plant conservation action through the wider society (Mounce, Smith & 

Brockington, 2017). Many gardens are considered famous tourist attractions in their own right. He & 

Chen (2012) conducted a study in five botanical gardens containing visitor education centers 

(VECs) throughout mainland China with the purpose of understanding the range that VECs can 

improve the educational utility of botanical gardens. In all five botanical gardens were examined the 

visitors who the VECs believed that they gained significantly more knowledge compared to those 

who did not visit VECs. The research results highlight the meaningful of developing educational 

amenities such as setting up VECs to allow botanical gardens to perform better role in biodiversity 

conservation. Ward, Parker, & Shackleton (2010) informed an evaluation of the use and 

appreciation of six national botanical gardens as urban green spaces in South Africa. The gardens 

provided various advantages in terms of conservation, education and recreation while the 

mainstream of users visited the gardens for leisure and psychological reasons rather than educational 

ones. Most visitors fascinated the conservation dimensions of botanical gardens, and sensed that 
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there was inadequate public green space in their place. If botanical gardens are to foster community 

understanding of education and environmental awareness. The visitor research is needed to inform 

the design and delivery of garden experiences that continue to attract, innovate and inspire visitors. 

 

2.2 Ecotourism-based Learning 
 

In 2002, the United Nations (UN) declared the International Year of Ecotourism and in this year, the 

World ecotourism Summit in Québec was held, ecotourism has become a famous global strand of 

sustainable development (Walter, 2010; Wood, 2002). One of the most significant definitions of 

ecotourism is a low effect nature tourism which contributes to the conservation of species and 

habitats either directly through a contribution to maintenance and/or indirectly by providing profits 

to the local community sufficient for the people to value, and consequently look after the wildlife 

zone as a source of earnings (Goodwin, Kent, Parker, & Walpole, 1997). The better definition of 

Ecotourism is included with conservation, education, ethics, sustainability, impacts and local 

benefits (Fennell, 2001). Furthermore, ecotourism can contain both cultural and environmental 

tourism and additionally, welfares to the local people would be an integral part of the activity which 

is helping the tourist to learn more about living with natural and culture in sustainable way. It is 

interested by many countries not only making a sustainability tourism but it also can create many 

tourism activities and money for local people. It is one of the biggest industry on the earth that has an 

increasing rate of 10-15% a year (Scheyvens, 1999).  

Ecotourism is a tour in a natural environment, which sometime is a place that made by the 

natural or human.  As the result, Ecotourism has 3 common concepts, which included natural-based, 

education and sustainable. It must be included with economic, social criteria and focusing on 

conserving a society and culture which is the main mechanism of this industry. Environmental 

education is an important element in ecotourism for helping tourists gain more awareness and 

understanding of natural phenomena. Ecotourism can help providing an experiential and emotional 

element to learning in nature that can have more behavioral effects than classroom and online 

learning about nature. They proposed the model of education goals and outcome which are consist of 

awareness, emotional, ethical and volitional (Osland & Mackoy, 2015). Ecotourism is not only a 

new way of tourism but it makes tourist attraction to be a data sauce of nature and culture which are 

one of the most important process for learning system. The tourist is going to absorb the knowledge 

by themselves for example, an elephant touring in Thailand which using the elephant for traveling in 

nature environment. The tourist would be able to study the elephant life and a social link between 

mahout and elephant that has been greatly interested by many tourists. On the other hand, having too 

many elephants is expensive because mahout has to pay a lot of money for the food and elephant 

accommodation which could be lead to losing money. 

The hearth of Ecotourism is a learning activity at the same time as touring, which going to 

create the participation during the activity. This will be lead to the 3 main concept of Ecotourism that 

include natural-based, educational and sustainability. Eco-tourism guide is being the facilitator for 

tourists to experience nature. It seems like Eco-tourism guide lies at the heart and soul of ecotourism 

because they have many responsibilities such as expected to provide organization and management 

of the tour, facilitate interaction with the host community, provide leadership, and especially deliver 

interpretation. The role of the tour guide is not only an important one, but also one of influence 

therefore the well training of them is needed (Skanavis & Giannoulis, 2010).  

As the consequence, the idea to create sustainability ecotourism should come up with 

learning the natural to create last long knowledge for tourist by using many ways of learning 

strategies. We are also thinking that innovation may be help Eco-tourism guide to organize a better 

tourism. 

 

2.3 Mobile Augmented Reality (AR) 
 

AR or augmented reality is the combination between the real objects and digital technology. In the 

past few years, developers must use a tool headset to using AR technology. But in 2008, a new 

software was created, which make the handheld mobile and console to be able to use this technology 

without the headset. Therefore, this makes AR technology become popular in many industry such as 

education, game, medical, entertainment and tourism.  The main purpose of AR is to present the data 
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content in 2D or 3D graphic by putting the virtual object on the real world object that could show the 

simple graphic in the picture below (Carmigniani, Furht, Anisetti, Ceravolo, Damiani & Ivkovic, 

2011). The main function of AR technology could be divided into 2 functions, which are tracking 

and reconstruction/recognizing. To begin with tracking, the trigger picture is going to be detected by 

a mobile device’s camera. The detection will be marked by an interest point of each individual 

picture.  Normally the tracking position will be multiply marked all over the picture for accuracy. 

Furthermore, the color has to be highly contrasted between each pixel, which has been used by many 

programs such as Vuforia. To continue with reconstruction and recognizing, the program will 

overlay the virtual object on the trigger picture. The virtual object viewer application could be easily 

found everywhere such as LayAR, Ausasma. On the other hand, if the developer want to create their 

own application, they could create it on a personal computer that has Unitty3D and Vuforia, which 

could build a mobile application or personal computer (Carmigniani, Furht, Anisetti, Ceravolo, 

Damiani & Ivkovic, 2011). 

Augmented Reality Technology has been applied with many research and education. 

Shelton and Hedley (2002) has tried to use AR with education by using ARtoolkit to teach an 

undergraduate geography student about “Earth-Sun relationships”. The result after using the AR 

exercise is the improvement of the student in term of understanding. Chang, Hou, Chang, Sung, 

Chao and Lee (2014) used AR with art gallery visitors. The application has been use on mobile 

device for guiding and supporting the visitor in an art gallery. Moreover, they also use AR 

technology for teaching grade 1 mathematic in 2016. 3 classrooms were using the application, which 

has divided Math in many categories that included difficulty level. Furthermore, the application is 

allowed for lecturer to matching AR with their curriculum topic of mathematic (Radu, McCarthy & 

Kao, 2016). In the same year, Akçayır, Akçayır, Pektaş and Ocak (2016) also used AR in science 

laboratories for study the effect of augmented reality on university student in laboratory skills and 

attitudes toward science laboratories.  

This research want to improve skill of the students and also builds a positive attitude toward 

physic laboratories. AR technology could be used in many industries, which create a learning 

activity via 3d image and sound because they are learning and playing AR application that has an 

animated graphic at the same time. Lastly, it could be used on any mobile device, which makes it 

very easy for everyone to get a hand on them. 

 

 

3. Methods 
 

3.1 Contextual Analysis 
 

Mae Fah Luang University (MFU)’s botanical garden has been divided into many sections depend 

on the type of plants such as herbal garden and evolution garden. MFU botanical garden has more 

than 5,000 plants and 388 types of herb, which has been set up on the land of 6.72 acres. Most of the 

plant can cure many diseases. To make it easy for MFU botanical garden visitors, the garden has 

been separated into six sections divided by their properties that included (1) Herb treatment for skin 

disease, Defecate and insect repellent, (2) Herb treatment for alimentary system, (3) Herb treatment 

for circulatory system, (4) Herbal for analgesia, Anti-inflammatory and analeptic, (5) Poisonous 

herbs and herbal for detoxicate, and (6) Decease dyslipidemia herbs, Anarcartharsis and Antitussis 

herbs, as shown in Figure 1. The garden has a variety of visitors such as high school student, Thai 

traditional medicine student, state agency, private cooperation and general tourist. 
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Figure 1. Mae Fah Luang University’s Botanical Garden 

 

Inside the garden have too many plants, which make it difficult to study. To make it more 

convenient, the university decided to separate the herbal into six zones by their properties. The 

benefit of separation is to make it easier for the visitors to access the source of herb that they want to 

study. Nevertheless, it also groups the herbal plant that has the same medical effect too. Table 1 

presents the information of the herbal plants, both common name and scientific name, used in the 

mobile application. 

 

Table 1 Herbal Plants used in The Developed Mobile Application  

 
Galanga: Alpinia 

galanga (L.) Willd.) 

 
Menthol: 

(Cinnamomum 

Camphora (L.) 

J.Presl) 

 
Acanthus ebracteatus 

Vahl 

 
Vitex glabrata: (Vitex 

glabrata R.Br.) 

 
Cotton tree: (Bombax 

ceiba L.) 

 
Cinnamon: 

(Cinnamomum spp.) 

 
White cheesewood: 

(Melodorum fruticosum 

Lour.) 

 
Cananga: (Cananga 

odorata (Lam.) 

Hook.f. & Thomson) 
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Wild Himalayan 

Cherry: (Cerasus 

cerasoides 

(Buch.-Ham. ex D. 

Don) S.Y. Sokolov) 

 
Osmanthus fragrans 

Lour. 

 
Gardenia carinata: 

(Gardenia carinata 

Wallich.) 

 
Milk bush: 

(Euphorbia tirucalli 

L.) 

 
Azadirachta indica 

A.Juss. 

 
Carmona retusa 

(Vahl) Masam. 

 
Teak: (Tectona grandis 

L.f.) 

 
Baccaurea ramiflora 

Lour. 
 

3.2 Application Requirement & Analysis 
 

Application requirements were collected from a garden officer. They want an activity that would be 

able to teach the visitor about herbal plants common names and a scientific name of the herbal 

plants. They want visitors to learn about the physical description of each specific plant, and the most 

important is the data knowledge of each herbal medicine properties. Some of them might be used as 

a cooking ingredient or everyday life tool. The user interface must be simple and easy to use and 

must be able to use by every age of visitor. After getting the requirement, the research team has 

conducted a survey in the garden and found that the internet signal is weak, which could be a 

problem for the application that uses the internet. With all of this information, the research team 

going to develop the application continually. The six zones that have been divided are connected 

with a walkway that doesn’t have any basic navigation such as a guidepost or location map. As a 

result, many visitors get lost inside the garden, and the garden still lacks a tool or application to 

create an activity for tourist. The primary requirement of this application is to present a 3D graphic 

that includes a photo-realistic texture of the herbal plant, which is one of the most important data to 

present the physical description. Because sometimes the different types of herbal plant are planted in 

a close distance that makes it very difficult for visitors to matching the label with the herbal plant. 

Then, the application must have a vocal sound to describe the data that has been written on the label 

such as the medical effect and intellect from a local people. 

 

 

4. Results of Application Design and Development 
 

To create a learning activity for the botanical garden, the augmented reality technology application 

has been employed to present the plant information in the 3D graphic. In corresponding with the 

botanical garden requirement, the application has been divided into three parts, see Figure 2. The 

first one is a data source which included 2D graphic (UI) and information. The second one is the 3D 

models of every herb which could present the detail of trunk, branch, and leaf of each herb. The 
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audio content could describe each herb properties in a short time (no more than 30 seconds). The last 

part, it detects the image-based target for showing 3D models. All of these will create a learning 

activity in the garden which could be installed on any mobile devices. The garden visitors could 

download the application and gains a piece of knowledge by using the application to scan the trigger 

which has been installed in front of every herb in the garden, and all of the data will be presented on 

the visitor’s mobile device. 

 
Figure 2. An Overall Structure of The Developed Mobile Application 

 

 Each part of the application has been developed from several software. The first part of the 

application has been created to be the same model as a game, which makes a Unity3D (Helgason, 

Francis & Ante, 2005) program and the C# programing language become the primary tool to 

complete the first part. All of the 3D models have been made by Autodesk Maya (Walker& Drake, 

1982) which could be downloaded from an Autodesk website. However, the 3D model could not be 

completed with a texture over them which could be gathered by photographing from each part of the 

herbal plant (trunk, branch, and leaf) which make the 3D models have a super realistic look. The 

identifying part is made by Vuforia (Heppelmann, 2008) which help to create an image target and 

AR Camera. The image target is a trigger image that could be scanned by a mobile device. The AR 

camera is the main function for scanning the trigger picture which could present 3D graphics models 

over the trigger picture, as presented in Figure 3. 

 

 
 

Figure 3. Example of Trigger Image and Information shown in The Application 

 

 For make it simple as much as possible is the key idea of this application because it is 

designed to be used outdoors. To make it comfortable for the garden visitors, the application could 

be downloaded from the entrance area of the botanical garden. In the learning activity, visitor’s 

mobile device is an essential tool for learning. Visitors could walk around six zones of the garden, 

and if visitors want to use the application, it could be activated by pressing the start button which 

could activate the AR camera. The AR camera is going to be a tool for scanning the trigger image 
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and after the image has been scanned, the 3D models and sound effect will be automatically 

presented on the mobile device, as shown in Figure 4. If the visitors want to study another herbal 

plant, they to move their mobile device to scan another trigger image which could provide another 

herbal plant data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Illustrations of How Application Works 
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Abstract: Owing to the limited access to get diagnosed with Mental Depressive Disorder 

(MDD), people who get suffering from this illness are dramatically increasing in recent 

years. In Thailand university’s psychiatrist program, prospective psychiatrists are required 

to support in-service psychiatrists diagnose patients with the interview. Concerned with the 

subjectivity issue, this process usually results in disappointed diagnosis; eventually, the 

patients encounter delayed treatment courses. With these considerations, this study attempts 

to address the before-mentioned flaws by proposing a simulation game to help the patients 

determine the level of MDD regardless of psychiatrists’ subjectivity and long-waiting list 

matters. To be more personalized, this game is designed into three themes for different age 

groups. The mechanism of this game is based on diagnosing tools, and Patient Health 

Questionnaire-9. While playing on game scenarios, the users are automatically diagnosed; 

accordingly, the guideline for initial recovery is given. Before game development, this paper 

primarily presents the game interface which is designed to be simple and comfortable for the 

MDD patients and any persons. To evaluate the effectiveness of the proposed design, a 

game prototype on a teenage group is developed and examined by experienced psychiatrists 

on medical perspective, UX/UI experts on game design, and sample users on their attitudes. 

The findings of this study can serve not only as a foundation to develop the better game but 

also as an alternative learning tool for psychiatrist program. 

Keywords: Educational game, game interface design, Major Depressive Disorder, medical 

education, psychiatrist program 

1. Introduction

The definition of mental illness is an illness that affects directly to patient mindset (Cambridge 

English Dictionary, 2017). One of mental illness is a major depressive disorder which cases a lot of 

suicide case in the last year, 2017. The patients from all age range suffered from mental disorder and 

committed to suicide. We lost people nearly 800,000 per year due to suicide case which means 

people die in every 40 seconds every day because of depression (WHO, 2014). Depressive is a term 

of mental condition that patients are stated in a low mood and lost interest or lost appetite which 

effects to the patient daily life (Jan, Meng, Gaus, Zhang, & Turabzadeh, 2014). 

In Thailand, more than one million people that suffer from the depressive disorder. Thai 

people commit suicide one person per two hours, and Thai’s male has a high statistic of completed 

suicide more than female. In essential psychiatry diagnose course, there are three main steps which 
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psychiatry student must completely understand, first is the patient interviewing; to let the patients 

explain their mindset and experience to explore the cause of mental illness. The second is asking 

about history illness and behavior of patients. The last topic is a psychological test which has to 

proceed step by step to receive the accurate information from the patients. Those all above diagnose 

tool and step in Thailand is based a paper platform which deviates by a human error (“Department of 

Psychiatry, Faculty of Medicine Siriraj Hospital Mahidol University,” n.d.; Somdet Chaopraya 

Institute of Psychiatry, n.d.; Wongpakaran N, 2009). 

The game was used as a tool for learning. Nowadays game is one kind of medium that 

students in this generation familiar with and used to interact since their childhood. In a variety of 

subjects, the game was used in their class to support the learning skills of students. There are many 

benefits of using the game in education such as to increasing memory capacity, Strategic and 

problem solving or skill building; Map reading or language (OpenEducationEuropa, 2016; 

TeachThought Staff, 2017). Nowadays, we use a game application as a tool of diagnostics which 

still not becoming a great framework (Sajjadi, Vlieghe, & De Troyer, 2017). 

Therefore, this paper aims to address the gap of diagnosing MDD patients or any people 

with the proposed game application. The game will help psychiatry students of Psychiatry and 

Advanced Clinical Psychiatry courses while practicing diagnosing the users with more 

time-effective and less subjectivity-concerned. In this phase of the study, game design was proposed 

and mainly presented; meanwhile, its evaluation has been conducted for further improvement. 

Therefore, the following research questions were formulated to direct this study: 

1) What are the overall structure and mechanics of this game? 

2) What are the flow and the design of the game interface? 

3) What is the effectiveness of the proposed game design on content and satisfaction 

aspects? 
 

 

2. Literature Review 
 

2.1 Mental Disorder Diagnostics 
 

A mental illness clinical procedure can be divided into three essential parts: Intelligence tests, 

Personality test and the presence of organic involvement test. In this paper, we will focus on the 

patient health questionnaire (PHQ-9) which is widely used for scanning the depressive disorder 

patients. Thai mental health department also concerned and recommend this questionnaire platform 

for the patient’s self-scanning (Lotrakul, Sumrithe, & Saipanish, 2008). 

As mentioned above, screening for Major depressive disorder in 9 questions. The nine 

questions contained about the symptoms in two weeks before interview: (1) depressed mood, (2) 

anhedonia, (3) sleep problems, (4) feeling of tiredness, (5) the change of appetite and weight, (6) 

feeling of guilty or worry, (7) concentrating, (8) feeling sluggishness or worry and (9) the suicidal 

idea. The PHQ-9 screening score can help the psychiatry generate the level of Major Depressive 

Disorder patient in 4 levels; rarely depressive, minor level of depressive, medium level of depressive 

and high level of depressive which create risk for suicidal ideation (Liu et al., 2016; Muñoz-Navarro 

et al., 2017; Suzuki, Kumei, Ohhira, Nozu, & Okumura, 2015). 

Somehow the questionnaire from the interviewer may let the patient feel more pressure and 

an anxious that lead to the incorrect data collection. This paper will focus on using the media; Game 

as a medium for a friendlier user interface for patient and psychiatry student to collect the right 

information and planning for proper treatments for each case. 

 

2.2 Game for Medical Education 
 

There are many types of educational game which can improve the learning skills of learners in 

specific subjects (MikeD, 2014). The learners can enjoy an interaction of game unique interface and 

storytelling or platform. Many game mechanics theories were used to create a learner’s skill training 

course. The learner has the freedom of exploring the contents of the game storytelling while learning 

new knowledge. Game-based learning can improve the learning outcome of learners while playing 
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is an activity of human learning fundamental. Moreover, the serious games were linked to education 

learning mechanics (Sajjadi et al., 2017). 

In medical education, variety type of game become a part of learning tools such as a board 

game, web-based online quiz creator or simulation game for a specific subject such as microbiology, 

pathology. All of the platforms are focusing on the satisfaction of learner and the learning outcome 

which compared with passive learning; a class lecture with active learning; game education. The 

medical education game mechanic may force the user to solve the simulate danger situation; Save 

the patient’s life. The user or student has to choose the right answer in time to save the patient’s life 

or pass the quiz question. From these research studies, the game is not only a platform for 

entertaining but was developed for the active learning tool to motivate the learner (Education, 1998; 

Struwig, Beylefeld, & Joubert, 2014; World Federation for Medical Education, 2015). 

From the above context, this paper will focus on developing the game media as a useful 

learning tool for psychiatry student. The objective of this game development is using the game as the 

medium between psychiatry and patient which is complicated and need the experience to diagnose 

the case. 

 

2.3 User Interface of Game Design 
 

Nowadays, game is not the tools for entertaining but is used as learning tools as well. Besides, the 

design of an interface can use to solve the problem of our daily life (Nakamura, Koyama, Sakamoto, 

& Igarashi, 2016). In education perspective, the game was used as the medium in the many subjects. 

The key of the game design is a user interface which can interact directly with users or players. In 

developing a game, the design has to be concerned with the following issues. First is simplicity; 

focusing on the basis which not confused or overloads information to the user. The next one is the 

key to visibility which is the feedback to provide useful information to the user. The last topic is the 

similarity which is the key to lead the user options to choose from. The last one is familiarity which 

is to let the user understand and recognize how to use the tool (Kevin Saunders, 2012). Game SAN 

or Simulation game of diagnosis of Coronary artery is the most related education game. The game 

aims to develop game interface design to support the communication of learner and subject contents. 

The result of the research which based on the principle of proper interface development shows that 

user satisfied and feel comfortable while learning through playing game SAN (Rahadiani, Ida, & 

Mardiono, 2012). 

In this research will focus on developing the game interface design to create the simple 

interface based on theory above which made the user or the patient who participated in research feel 

more comfortable and open their mind about mental illness diagnosis especially the Major 

Depressive Disorder patient. 

 

 

3. A Development of Game Interface Design and Prototype 
 

In this paper, we focus on user experience and user interface design on game platform matching with 

the Patient Health Questionnaire-9 (PHQ-9). The expected result of this paper is to create a game to 

collect information of Major Depressive Disorder self-rating and generate a depression level. The 

patients will receive proper advice for further treatment. The patients in different age ranges will 

receive different themes of role-playing which concerned about their related life experience. From 

this point, this study expected that the proposed game would help psychiatrist students collect data 

from the patients who are not satisfied or not ready with the regular interviewing and counseling 

procedure. 

From the points as mentioned earlier, this paper decides to create a game application-based 

learning tool. The theme of gameplay will generate three main themes which are divided by the 

patient’s age range; children, teenage and elderly. The system will set the different background of 

theme story by choosing the most related experience from his/her age range. However, this study 

will mainly focus on game design for the teenage group. 
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3.1 Overall Game Structure  
 

The application was developed for the psychiatry student and patient using as a tool for Major 

Depressive Disorder rating. The application uses the concept of flat design game as a theme to 

decrease the stress and provide the more comfortable platform. The game design was created by 

Adobe Illustrator which is suitable for creating flat design character and background, where the 

interactive design prototype was developed by Invision software; an online web application to create 

an interactive prototype. 

 As shown in Figure 1, overall structure displays about the flow of the application which also 

show the interaction between the user and the system. The system was created to support 

information management by collecting necessary information from the patient or user. Another vital 

role of the system is a tool for diagnosing for a depression level and giving the patients pieces of 

advice which lead to a proper treatment accordingly. 
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Figure 1. Overall Structure. 

 

3.2 Game Flow 
 

The game flow structure in Figure 2 displays the overall details of the proposed system. Starting with 

registration information; age and gender, to generate for the clinical term. The game system will 

select the theme automatically for the user from the age range; Child, Teenage and elderly. After 

register information, the user can select the situation or the map of the gameplay. In the next state is 

the gameplay which entertained the user and let user challenge by using the vivid flat design game; 

character and application background. The Player has to collect the coin to unlock the new story. 

 After the next state was unlocked, the system will encourage the user to answer the question 

about personal experience and ask to share the story of their own. This step was aimed to prepare the 

user to rate and analyze the mindset before doing the series PHQ-9 questionnaire. In the 

questionnaire series, the user has to choose the level of their emotion in each question which 

contained three level; Always, Sometimes and never. The score will collect and use to calculate the 

user depression level. The last important part is the Major Depressive Disorder screening result and 

analyze the result and give the user a recommendation for the user in each group. 

544



 

 

Player starts the game

Fill in age and gender

Select a situation 

(from 5 different ones)

Immersed into a situation 

with dialogue

Encouraged to share 

experiences/stories

Go to regular 

procedure

Y

Have 

experienced 

the similar 

situation?

Encouraged to recall experience 

Consider a series 

of questions to 

recall

Explain those 

experiences

Prompted with a series of diagnosis 

questions based on PHQ-2, PHQ

Automatic scoring

Results

MDD Level

Guideline for 

initial 

aids/recovery

M
D

D
 D

ia
g
n

o
sis P

ro
cess

P
H

Q

-9

Player’s initial 

information

Psychiatrist 

student

Share 

experienc

es?

Game story based on age range

Y

N

N

 

 
Figure 2. Game Flow. 
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3.3 Game Design and Prototype  
 

The game prototype in Figure 3, the first page that interacts with the user is data collecting part which 

asks the user to identify personal information. After the login part and situation selection, the game 

application will lead to the gameplay interface, as shown in Figure 3 (a), User can press jump and fight 

button to collect the coin or against the enemies in each state. The coin that user had collect will show in 

the score bar in the top of the interface and the life of the user also shown as well in the heart shape. 

After achieving the mission, the system will lead to the unlock story page which represents in the 

treasure box in Figure 3 (b). From this state will lead to the questionnaire part which contained nine 

question series based on a PHQ-9 questionnaire. The interface will let the user rating the level of 

depression by the score bar, as shown in Figure 3 (c). After the self-rating interface, the system will 

generate the score of user depression which divides into three level; high, moderate and low which 

shown in Figure 3 (d). 
 

  

(a) Lead-in story I (b) Lead-in story II 

 

  
(c) Diagnostic questions (d) Diagnostic result and recommendation 

Figure 3. Game Screenshots. 
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4. Evaluation & Results 
 

After designing an interactive prototype on the teenage theme, a simple evaluation of the proposed 

game was conducted with an experienced psychiatrist and the sample users on two developed 

questionnaires.  

The first questionnaire, for the psychiatrist evaluating the content validity (CV) of the game, 

consists of six five-point Likert Scale items and four open-ended questions. The second questionnaire 

was revised for evaluating game satisfaction (GS) by the samples drawn with the convenient sampling 

method towards interaction (GIA) and game user interface (GUI) dimensions in considering of 

simplicity, visibility, and similarity of the proposed game (Rahadiani et al., 2012). It includes six 

five-point Likert Scale items and three open-ended questions. These two questionnaires have been trial 

and edited before collecting data with the accepted internal consistency (Cronbach’s alpha: CV = 0.76, 

GS = 0.84). 

 

4.1 Content Validity  
 

Based on the results of CV questionnaire, it was found that the psychiatrist rated the attitudes towards 

the content on game design were at medium level (M = 3.52, SD = 0.23); moreover, the psychiatrist 

provided qualitative attitudes and suggestions, as shown in Table 1. Based on this finding, it can be 

implied that the content represented on this version of the game design is appropriate for the targets, 

while the game activities for the high depression patients need to be improved for better motivation. 

 

Table 1 

Qualitative Results from the Psychiatrist 

Attitude Suggestion 

- It’s a creative tool with content matching.  

- It’s impressive of using a symbolic to represent 

the depression.  

- The theme and the key content are creative and 

suitable for the targets. 

- Reconceptualization brainstorm of platform for 

more effective. 

- The adventure game may hard to motivate the 

high depression patient. 

 

4.2 Game Satisfaction  
 

To further understand how the samples are satisfied with the proposed game design and prototype, the 

results of GS questionnaire were analyzed based on the dimension (Game Interaction: GIA, Graphic 

User Interface: GUI) and samples’ confidence level (Low: LC, High: HC). It was found that the samples 

with high confidence level rated their satisfaction towards the game lower than those with low 

confidence on both dimensions. In the meantime, the former group gave the feedbacks by concentrating 

on game story and interaction to improve rather than the game theme and interface. 

Therefore, based on these findings, the current version of game interface design, a game story 

and game interaction shall need to be improved to meet different target groups of MDD levels, which 

may prefer different game storylines. 

 

Table 2 

Satisfaction Results of Samples with Different Confidence Levels 

Dimension Group M ± SD Interpretation Feedback 

GIA LC 3.73 ± 0.72 Med - Confusing about game theme and self-rating 

interface. 

HC 2.40 ± 0.54 Low - Add more complex story based telling and 

some interaction feature. 

GUI LC 4.44 ± 0.17 High - Adding more instruction of game guideline.  

- Cute interface can theme color which attractive 

to user. 
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HC 3.00 ± 0.47 Med - Impressive idea concept and friendly user 

interface.  

- The lead-in game play and stress rating 

interface can improve. 

- The interface is suitable for age range and 

impressive theme color but can improve 

overview concept. 

 

 

5. Conclusion 
 

This study aims to address the subjectivity concern of mental illness patients, namely MDD on getting 

screening diagnostics with psychiatrist students’ interview procedure; therefore, the game has been 

proposed to address the issue mentioned above. Before developing the game, game design and interface 

were essentially presented in this paper; while the game prototype was developed for the initial 

evaluation. The game has been designed with two main considerations which are content validity and 

game satisfaction. Based on the evaluation results, it was found that this version of game design needs 

to undergo a substantial improvement. In addition to that, the contribution of this proposed game would 

go for the university’s psychiatry program and general use of any people.  

However, to better improve this game before the development, a game storyline should be 

reconsidered to motivate all levels of MDD patients. A game interaction should be more user-friendly to 

avoid incorrect responses from the users. Moreover, a user interface of the game can be improved on 

two aspects. Each game question can be separated into different pages to gain the direct attention from 

the user with the relevant game scenario; meanwhile the rating scale can be adjusted to maximize the 

user experience. 
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Abstract: Current, technology is the most important for the daily life. In education, 

technology is the most context in learning style. Game is one technology that previous study 

found that game can promote student learning because game have important property to 

engagement and funny. Therefore, the research has two studies. The first study, to design 

and development of digital game-based learning (DGBL). The second study, the objective 

of this study to evaluate of DGBL. Research found that DGBL’s effectiveness in learning 

Science and Mathematics. DGBL motivated learners’ motivation and supported their 

understanding of content, even though the nature of them is complex and hard to understand. 

Keywords: Digital game; smart learning environments; model-based learning; technology 

enhance learning; STEM 

1. Introduction

Technology plays important roles in daily life and its significant factors attributed to change the 

aspects of education in the 21st century. Almost new generations get involved in technology and 

applied it to support learning in the future. It stimulates learners to be automatically digital learners 

and assists them to acquaint with technological rapid technology. Education institutes have 

attempted to incorporate technology into the classroom to make changes and deliver learning and 

teaching. Technology enables to capture learners’ attention and motivate digital natives as Gen Z. 

They develop their understanding and accommodate their misconception to learning, Mathematics, 

and Science, particularly (Kärrqvist,1985). The general natures of these subjects are absolutely 

complex and abstract. Students are lack of motivation and unwilling to participate in learning 

because of their difficulty.  Additionally, It requires students’ efforts to deal with intricate 

problem-solving. Learning Mathematics and Science context found that methodology mostly 

applied in teaching is implication and knowledge transfer. Learning content directly transfer to 

learner and students receive that knowledge. Especially, teaching Mathematics teachers provides 

questions and then students focus on the teacher's problem. Teaching science needs a laboratory 

room and experimental tools for the experiment, but they are built in some schools. Specialist 

teachers for teaching science and know how to apply the tools in the laboratory are sufficient. As a 

result, teaching is mostly orientation. Students miss opportunities to participate in the experiment, 

tool application, and full part of learning activities. These attributed to the lower average of learning 

Mathematics and Sciences achievement.  

Digital game-based learning is a technological integration into translate content and concept of 

learning. It can help to promote student learning in classroom and promote student motivation in 

learning science (Liu, Cheng & Huang, 2011). The impact of games on learning have resulted in 
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conflicting findings depending on what criteria for inclusion and exclusion of articles were used, 

and which outcome variables were considered. These decisions were influenced by the authors’ 

theoretical approach to the use of digital games for learning. Among these approaches, two are 

particularly prominent: a cognitive perspective (Blumberg, 2011; Fletcher & Tobias, 2005; Mayer, 

2005; Shute, Ventura, & Ke, 2014; Spence & Feng, 2009) and a sociocultural perspective (De 

Freitas, Rebolledo-Mendez, Liarokapis, Magoulas, & Poulovassilis, 2010; Shaffer, 2006; Squire, 

2008, 2011; Steinkuehler, Squire, & Barab, 2012). Depending on which perspective is taken, 

games are considered either environments that are motivating but likely to require excess amounts 

of information to be processed by the learner (cognitive perspective) or, conversely, approaches 

that provide the rich contextual information and interactions needed for learning in the 21st 

century. Moreover, technology can help student to learn in a meaningful by linking their prior 

knowledge to new knowledge and can apply the new knowledge for daily life (Jonassen, 1997). In 

previous research found that technology can use to support learners to understand the concept of 

learning science in a more meaningful and understandable way. In term of physics technologies 

can improve student to understand in complicate and abstract content (Srisawasdi & Kroothkeaw, 

2014). However, teachers’ perspectives on digital game-based learning are entertainment purpose 

and students neglect to emphasize to its complex content. As a result, this research is to design 

methodology that integrates learning theory, brain theory, and technology characteristics to 

develop digital game-based learning. The design is to increase motivation and understanding of 

Mathematics and Science learning.  

 

 

2. Theoretical framework  
 

Researcher had reviews related literature to create a theoretical framework for designing digital 

game-based learning. The theory study revealed learning that is fun appears to be more effective 

(Lepper & Cordova, 1992). Also, Quinn (1994) argues that for games to benefit educational practice 

and learning, they need to combine fun elements with aspects of instructional design that include 

motivational, learning and interactive components. Nonetheless, the elements of instructional design 

not only focus on entertaining purpose, but it also aims to develop learners’ higher thinking. 

 

2.1 Constructivism Learning Environment 
 

Learning theory is principles that describe human learning to acquire knowledge and abilities. 

Jonassen and others (2003) proposed that human has constructed knowledge when they are 

stimulated with certain conflicts, questions, and learners’ curiosity. Knowledge construction is the 

process of cooperating between what is to be learned and what is observed in real life. In the other 

words, Teaching is not a vital process in which knowledge is constructed because learners are unable 

to expect what teachers know and their knowledge is not utter transferability to learners. Therefore, 

environment learning management is the important process to construct knowledge and knowledge 

representation. Meaningful models derived from learners' experiences, action and reasonable 

decision making. This concept is applied to develop learning Science and problem-solving 

mathematics (Looi, et al, 2005; Jonassen, et al, 2011). 

 

2.2 Model-Based Learning 
 

The significant learning approaches with model comprised of 2 modelling: functional-pragmatic 

approach and a constructivist approach. These approaches are used to create a learning modeling 

because of their relevance to mental model. Modeling as a process is also important because it is one 

of the most concept engaging cognitive process that can be performed. Solving design problems are 

potentially more engaging, however, technology to date better afford modeling process than 

designing activities which are less constrained and more complex. Mayer (1989) assumed that 

learners have more opportunities to create a systematically mental model when they are treated with 

modeling instruction. Modeling is used as a clue to problem-solving and enables to connect to other 

contextual problems. The learning model has its effectiveness in understanding development and 
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problem solution in learning complex and abstract subjects. According to more than 100 researches 

in mental model, it revealed that pre-learning and during learning information model preparation has 

substantial efficiency and effectiveness to assist learners creating a mental model (Mayer, 1989; 

Jonassen & Henning, 1999). Discovery-based modelling is a method and applied to develop a 

mental model in learning and teaching Mathematics and Science (Lehrer& Schauble, 2000; Penner, 

et al, 1997). 

 

2.3 Brain-Based Learning  
 

Brain-Based education applied the results of neuroscience and how the brain works to be an essential 

ground in learning design. Based-based research studies about sensory perception attention, memory 

and emotion that affects learning (Goleman, 1997; Sprenger, 1999). The significant findings are 

applied to be a ground of learning design. Learning atmosphere is created by compatibly integrating 

knowledge and emotions; positive emotion refers to happiness, self-confident and self-valued, for 

example. Amygdala enables to pass emotions to the hippocampus. The content design is necessary 

to connect learners’ prior experience at easing understanding content. Another is learning 

management that needs to support learners’ independent, feel free of controlling and promote to 

learn by doing (Caine, et al, 1994). The understanding of executive functions’ working is also 

important. Executive functions (EFs) are brain-based cognitive skills that facilitate critical thinking 

and self-regulation. Executive functions call upon the prefrontal cortex of our brains to help with 

goal-setting and decision making. These skills include flexibility, focus, organization, planning, 

self-awareness, self-control, time management, and working memory (Diamond, 2013). 

 

2.4 Game-Based Learning 
 

Definitions of game-based learning mostly emphasize that it is a type of game play with defined 

learning outcomes (Shaffer, Halverson, Squire, & Gee, 2005). Usually it is assumed that the game is 

a digital game, but this is not always the case. A corollary to this definition is that the design process 

of games for learning involves balancing the need to cover the subject matter with the desire to 

prioritize game play (Plass, Perlin, & Nordlinger, 2010). This corollary points to the distinction of 

game-based learning and gamification. What exactly is meant by gamification varies widely, but one 

of its defining qualities is that it involves the use of game elements, such as incentive systems, to 

motivate players to engage in a task they otherwise would not find attractive. Similarly, there is an 

ongoing debate among scholars as to the exact definition of a game, and especially what is not a 

game. One definition defines a game as “a system in which players engage in an artificial conflict, 

defined by rules, that results in a quantifiable outcome” (Salen & Zimmerman, 2004). Consider as an 

example the gamification of math homework, which may involve giving learners points and stars for 

the completion of existing activities that they consider boring. Game-based learning of the same 

math topic, on the other hand, even though it may also include points and stars, would involve 

redesigning the homework activities, using artificial conflict and rules of play, to make them more 

interesting and engaging. 
 

 

3. Methodology 
 

3.1 Research Framework  
 

This research has designed the research as shown in the following diagram. 
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Figure 1. Research framework 

 

3.2 Data Collection and Analysis 
 

The study divided into 2 phases, (1) Product design and development: researcher design and develop 

the product by surveying learners’ learning context and their characteristics in learning. The 

population of this study was Grade 6th students of Elementary School in the number of 90 people. A 

test and questionnaire used learning-based theory to design. Data derived from Learning 

achievement and perception and knowledge background of learning Science and Mathematics, 

being synthesized to be a design framework for game-based digital learning. A framework was 

scrutinized by 5 experts and then researcher created game-based digital learning. (2) Product 

evaluation: Researcher brought the product to experiment in the real classroom to evaluate with 

Grade 6th students of Elementary School in the number of 41 people. In organizing activities, DGBL 

is used as a learning tool in learning plan in the flipped classroom designed by teacher. DGLB was 

used in Pre-class and Post-class to review learners’ content comprehension. The research tools 

comprised of opinion survey form, comprehension and motivation test form, experts’ tool 

evaluation form. The data was calculated by statistics. 
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Figure 2. Illustrated data collection and students learning with digital game-based learning  
 

3.3 Digital Game-Based Leaning  
 

The conceptual framework of DGBL design consisted of 5 principles, namely Knowledge 

engagement, Constructivism learning engagement, Cognitive, social engagement, Model-based 

engagement, and Brain’s executive function engagement. These principles were synthesized to be 

components of DGBL: (1) Context/task refers to problem representation to stimulate learners’ 

curiosity and exploration. (2) Learning mechanic refers to path design of game based-learning which 

emphasized on knowledge acquirement through a mission setting. (3) Incentive system refers to 

mission design to motivate and arouse learners’ emotion and challenge. (4) Scaffolding refers to 

assist design that learners apply to solve problems. (5) Aesthetic design refers to interface design to 

engage learner’s attention in activities. (6) Knowledge resource refers to information source to 

support learning and problem-solving. 
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Figure 3. Illustrated Digital game-based learning (DGBL) framework 

 

Table 1 

An Example Screen Design of Digital Game-Based Learning 

Description Example Screen Design 
Illustrated DGBL interface for 

sciences and mathematics 

  
Illustrated context/learning task 

focused on the real context in 

order to motivate students to 

solve problems and inquiry 

knowledge. 

  
Illustrated DGBL Learning 

mechanic interface 
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4. Result and Conclusion 
 

4.1 Result of experts’ evaluation 

 
According to bar chart above, it illustrated that total quality of DGBL was the highest level with the 

average of (  =4.59, S.D. =0.20). Context and task were  =4. 80, Aesthetic design and music was  

=4. 72 and learning progression was  =4.59 respectively. 

 

4.2 Students’ motivation on learning with DBGL 

 
According to bar chart above, it illustrated that total quality of DGBL was the highest level with the 

average of (  =4.59, S.D. =0.20). Context and task were  =4. 80, Aesthetic design and music was  

=4. 72 and learning progression was  =4.59 respectively. 

 

4.3 Students’ understanding on learning with DBGL 

 

Table 2 The displayed mean and statistic deviation of learners’ understanding assessment of 

learning Science. 
 

Grade Test Number Mean Percentage S.D. 

Grade 6th Pretest 41 7.54 18.84 2.85 

Posttest 41 21.17 52.93 3.65 
 

From table 1.1 above, it showed that the average of pretest and posttest of Grade 6th students of 

elementary school in learning Science in the topic of electricity. The average pretest and posttest 

were significantly different. The pretest was  = 7.54, S.D = 2.85 and pretest was  = 21.17, S.D = 

3.65. Importantly, the average of posttest increased. 
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Table 3 The displayed mean and statistic deviation of learners’ understanding assessment of 

learning Mathematics. 
 

Grade Test Number Mean Percentage S.D. 

Grade 6th Pretest 41 13.41 33.54 4.94 

Posttest 41 22.76 56.89 5.20 

 

From table 2 above, it showed that the average of Pretest and Posttest of Grade 6th students of 

elementary school in learning Mathematics in the topic of Algebra. The average pretest and posttest 

were considerably different. The pretest was  = 13.14, S.D = 33.54 and pretest was  = 22.76, S.D = 

5.20. The posttest score increased when comparing to pretest score. 

 

4.4 Discussion and Conclusion 

 

According to the result above, it determined DGBL’s effectiveness in learning Science and 

Mathematics. DGBL motivated learners’ motivation and supported their understanding of content, 

even though the nature of them is complex and hard to understand.  DGBL’s design stimulated their 

challenge to problem-solving. These are consistent with research of Looi, et al, (2006), Jonassen & 

Marra (2011). Additionally, DGBL’s system creation continuously motivated learners’ curiosity and 

affected to their learning emotion (Sprenger, 1999; Caine, et al, 1994; Diamond, 2013).  The 

alteration of content-oriented presentation applied a model to ease at processing information. The 

application of model-based leaning principles helps to create a mental model to understand difficult 

and complex content (Lehrer & Schauble, 2000; Penner, et al, 1997). Based on the findings, it can be 

insisted that DBGL is a tool that supports unconfident learners in learning Science and Mathematics 

and able to apply in activities for Flipped classroom. Students enable to study from DBGL before 

learning and it is also used as a tool for reviewing comprehension after classroom activities. 
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Abstract: Traditional configuration model of digital educational resources (DERs) leads to 

digital divide. To achieve the public service equalization of DERs for K-12 in China, this 

paper proposes an "intra-regional co-construction and sharing, inter-regional sharing and 

exchanging" (IRCS&IRSE) model and three mechanisms. Firstly, the ratio of resource 

development fund to environment construction fund is dynamically regulated to improve the 

resource allocation efficiency. Secondly, determine resource purchase funds by users’ 

feedback to improve the quality of DERs. Thirdly, determine schools’ information 

environment construction fund by their utilization of DERs to better utilize the resources. 

Simulation experiment was conducted using the Vensim software, the result showed that the 

three mechanisms were all effective and they worked well for the public service equalization 

of DERs. 

Keywords: Resources configuration; Digital learning environment; K-12; Performance 

improving 

1. Introduction

It is well known that education is one of the most essential and fundamental parts for a country, and 

is even vital for an emerging country like China. However, the unbalanced development of economy 

in China results in the urban-rural economic gap and the regional development disparity. 

Traditionally, educational funds of K-12 schools in China are allocated depending on each county 

which is a regional administrative unit with uneven economy level. Hence, serious education 

imbalance emerges, and there is no doubt that only will the rational allocation of education resources 

that can this serious imbalance be solved. Under this circumstance, massive methods have been 

proposed to narrow this gap. This paper aims to optimize the resource utilization and improve the 

education quality by designing an "intra-regional co-construction and sharing, inter-regional sharing 

and exchanging" (IRCS&IRSE) model and three incentive mechanisms to achieve the 

co-construction and sharing of digital educational resources (DERs).  

2. Literature Review

In the past few years, there are many scholars studied the serious education problem (Long, 2016; 

Cobb-Clark, 2016; Tao, 2016), and struggled to propose some adaptive and rational solutions. 

Therefore, plenty of methods have been proposed, such as the transferred-payment system in 

education (Wang, 2011)), offering some recommendations for resource allocation policies (Matthew 

R., 2017), etc. These methods indeed solve certain aspects of this problem, nevertheless, it appears 

that the status-quo is still not optimistic, which is reflected on continuous significant regional 

education informatization index gap. Fortunately, benefiting from the internet, people expect that 

there are some rosy changes happening in education resources fairness. The information and 

communication technology (ICT) brings in innovative solutions, which are completely different 

from the traditional measures, to bridge the educational gap (Sahoo, 2012). For example, worldwide 
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open course wares (OCW) and massive open online courses (MOOCs) projects promoted 

accessibility of DERs and fairness of education. It attracted Chinese government's attention, and the 

Ministry of Education of China stated that the government should encourage the development of 

high quality educational information resources and improve the public education service system. 

Thus, the equalization of basic public education services and fair education maybe realized steadily 

(The Central Committee of the Communist Party of China, & the State Council of China, 2010). 

Nevertheless, the development of high-quality digital educational resources addresses only one part 

of the educational problem (Huang, & Spector, 2012). Besides, ensuring the educational quality and 

efficiency as well as universal comprehensive growth of education is also the core of education 

fairness (Giddens, 2000). Accordingly, we propose a new model and three mechanisms to 

optimize existing ways. 
 

 

3. Design OF IRCS&IRSE MODEL 
 

The traditional construction model of DERs based on individual schools fails to bridge digital divide 

and provide equalization of public educational service (Xiong, Yang, & Zhang, 2013). With the ICTs 

applied in education, distributed DERs of all the schools in the same region can link. Unfortunately, 

there still exists barriers in the co-construction of DERs, which leads to fragmented Information 

Island. We had abandoned the obsolete notion that DERs could only develop by teachers and 

schools, but had brought in marketization mechanisms, and designed the co-construction 

configuration model of DERs achieved by a three-way partnership of the government, enterprise and 

school (Yang, & Yu, 2014, p.113). The government collects and manages the funds which was used 

to disperse to schools, and plans and purchases the educational resources and services. Enterprises of 

educational software development focus on instructional design, technical innovation and learning 

material development. As customers, schools can utilize the resources and give feedback on the 

quality regarding their contents, presentation styles, usefulness and usability of the learning tools. 

The model separates purchase, development and utilization, and is supposed to improve the quality 

of the resources. It is assumed that the model can exert the competitive advantage of three parties: 

enterprises with high technology and efficiency, the government which has the advantages of 

funding, supervision and management, and schools which can focus on teaching and learning design 

as well as feedback. Integrating outsourcing of public service with the idea of “application-driven, 

government-led and enterprise-develop”, the IRCS&IRSE service configuration model was 

established, as shown in figure 1. 
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Figure 1. Co-construction and Sharing and Exchanging Model of DERs 

 

Application-driven mechanism means the educational resources should meet users’ diverse 

demands, and users’ feedback may decides the resource purchase price. Obviously, in order to 

maximize benefits, enterprises are forced to improve the quality of educational resources 

continuously. Government-led means the government actively leads the third party organizations 

into the supply of DERs by funding, management and supervision. Enterprise-develop refers to 
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introducing market competition into educational resources supply. Enterprises can produce high 

quality educational resources and provide personalized service due to their technological and 

intellectual advantages. Besides, they can also afford quality improvement, technical support and 

other services. The government is the purchaser of DERs; enterprises who developed DERs take the 

role of providers; and all the teachers and students act as users of DERs. Traditionally, the 

government appointed schools to develop DERs, which resulted inadequate and in inferior of the 

resources that could not satisfy the users. Therefore, the establishment of the demand-oriented 

education information resource supply system shall conform to the concept of “application-driven, 

government-led and enterprise-develop”. 

The aim of DERs configuration is to provide users with equal opportunity to get access to 

the educational resources. The realization of the aim depends on the performance improvement of 

every related part in the resource supply system (Swanson, 2007). Performance means the degree of 

effective output of different levels, including efficiency, the quality of products and services, and the 

contribution of the institutions (Premchand, 1993). Performance improvement in this paper means 

utilizing reasonable combination of various resources to achieve the optimization of function and 

utility. In order to achieve high performance of DERs configuration, several equal public service 

mechanisms were explored from the perspectives of resource allocation efficiency, service quality 

and efficiency of IRCS&IRSE model.  
 

 

4. Capital-shunt mechanism 
 

Against the traditional “comprehensive quota and special subsidy” method, which means that the 

funding is not only based on the actual number of students and each student’s quota standards, but 

also considering schools’ special needs. (Lin, & Chen, 2011). Apparently, this strategy which is 

influenced by planned economy and equalitarianism, leads to the imbalance between the fee of 

hardware and software (some schools invest heavily in hardware and environment construction, but 

lack high quality educational resources, and other schools purchase massive educational resources, 

but lack matched educational environment), and irrational purchasing (e.g. large numbers of 

educational resources or hardware and devices, neglecting the quality and utilization of resources) 

(Yang, Xiong, & Bian, 2013). We put forward the resource construction investment strategies 

featured by “dynamic capital-shunt”, as shown in Figure 2. We simply change the capital 

distribution strategy to improve efficiency of educational resources funds without changing total 

amount of investment. Optimal utilization of educational resources is the destination and criterion of 

resource allocation, which depends on the quality of resources and the information environment. In 

order to improve the efficiency of educational expenditures, the dynamic balance between software 

funds and software funds is necessary. In this case, the utilization of educational resources will 

increase significantly in the long run. 
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Figure 2. Dynamic Investment Model of DERs 

 

As shown in Figure 2, the construction fund of DERs no longer dispersed to every school, 

but distributed by the education sectors wholly, and the total budget E is divided into digital resource 

development funds R and information environment funds S. R will be used to purchase high-quality 

DERs, and S is mainly used for environment construction. The ratio between S and R will be 

determined by the actual utilization of each school. The dynamic adjustment of the proportion 

between two kinds of funds forms positive correlation between resource quality and utilization.  

From the perspective of digital educational resource utilization, the information 

environment construction funds of every school will be determined by its utilization of resources 

and participation in giving feedback. In order to acquire the higher funds of information 

environment construction, schools will encourage teachers and students to utilize the resources. 

Dynamic capital-shunt strategy employs the economic leverage to realize the efficiency of resources 

configuration. Resource configuration model changed from single school “self-construction” to the 

“multiple-determine” model of “government purchase, enterprise develop and school utilize”. 

Furthermore, the payment method of government changes from package deal to paying according to 

users’ formative evaluation. Obviously, the static investment strategy is replaced by the dynamic 

optimal regulation strategy. The transformation ingeniously solves the separation between resource 

construction and utilization, and the efficiency of resource configuration will greatly improve. 

In order to validate the efficiency of the mechanism, a simulation software programed by 

Vensim is developed to simulate the capital shunt mechanism. As is shown in figure 3, a five-year 

cycle of education informatization is selected to simulate the variation of the dynamic balance 

between resource development and environment construction. Aiming at different problems at 

different stages of education informatization, the optimal result can be acquired by setting different 

values for correction parameters in Vensim. The simulation demonstrates that investment strategy 

will vary at different stages of education informatization. At the early stage of education 

informatization (e.g. 0-24 months), there exists a lack of high-quality resources, and it is necessary 

to increase the resources development budget. When the quality and quantity of resources reach a 

certain stage (e.g. 27 months), the utilization of the developed high-quality resources will become 

the focus of the fund investment. Normally, at the early stage of informatization, while the 

foundation of the information environment has already deployed, the resource development funds 

are more likely to be increased. If the region’s informatization is under steady development (27-60 

months), the ratio of resource development to environment construction will present moderate 

fluctuations between a certain extent. If the region’s informatization has been well developed, the 

quantity and quality of the resource generally meet the current users’ requirements, then the 

distribution of funds should be inclined to improve the environment to incentivize for resource 

utilization. In addition, education resources, equipment and platforms should be updated according 

to the development during a certain time period. Obviously, decision makers only need to adjust 

education informatization funds by changing the input allocation coefficient. The total investment 

remains relatively unchanged, but only the structure of funding configuration is to be optimized to 

obtain the highest investment benefit. 
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Figure 3. Simulation of the Dynamic Balance between Resource Development and Environment 

Construction 

 

 

5. Determining DERs’ price by users’ feedback 

 
According to Robbins, quality refers to the ability that a product or service can meet the customers’ 

requirements and expectations (Robbins, 2005). Analogized to the quality of DERs, it can be 

illustrated as the degree to which the DERs can meet the users’ requirements and expectations. More 

specifically, high quality DERs should be developed under the guidance of learning science and 

theory, considering learners' cognitive styles and knowledge levels, and catering to learners’ 

requirements, with innovative instructional design, logic content organization and favorable 

presentation. High-quality DERs are those that can be adapted to different learners, environments 

and social development, and can constantly update to satisfy users’ requirements. Traditionally, 

teachers develop DERs for themselves according to their requirements. In fact, primary and 

secondary school teachers possess good ability of instructional design, but lack digital art design and 

multimedia creation skills. It results in low quality of DERs even though huge funds are invested in 

educational resource development. To eliminate this long-existing problem, the on-demand service 

has been designed. It means that the government purchases DERs from the educational software 

enterprises, and the payment depends on users’ satisfaction degree which is reflected on DERs’ 

utilization bonus point accumulation (BPA). In this way, the high-quality DERs will be provided to 

the users in the form of "services" according to service agreements. Therefore, personalized DERs 

and services is dynamically provided to the users according to their demands. Specifically, 

educational software enterprises bid to develop DERs, and they must obey market regulations and 

the rule of “survival of the fittest”. The DERs payment is calculated according to the DERs’ BPA 

which will be settled in a certain period according to the whole users’ utilization in a certain region, 

such as clicks, downloads and browsing time, as well as users' grading on DERs. DERs are paid 

according to the actual utilization BPA in every half year or one year as a settlement cycle, according 

to the payment measurement model shown in formula (1). Therefore, the enterprises will be forced 

to develop and revise DERs according to users’ dynamic requirements. 
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            (1) 

Here, M represents the funds that the government paid to a certain educational software 

enterprise in a settlement cycle. F refers the total budget of the government of a certain region for 

purchasing DERs. Cj refers the BPA acquired by resource j, and Pj represents the control parameters 

of purchase price for resource j. n means the total DERs purchased by the educational department, 

and k refers the total DERs developed by a certain educational software enterprise. 
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Table 1 

 Simulation of DERs’ BPA and Payment Variation 

NO. Total users BPA Payment (CNY) Coefficient Actual Payment (CN) 

R1 6539 27008 9812.94 1.0 9812.94 
R2 6381 43186 15690.97 1.2 18829.16 

R3 6051 38256 13899.73 1.2 16679.67 
… … … … … … 

R998 5832 11923 4332.03 0.8 3465.63 
R999 6074 39336 14292.13 1.2 17150.55 
R1000 5669 43562 15827.58 1.2 18993.1 
       average BPA：27523 STDEV of BPA：12762 

range of BPA：[5001,49968]               total budget：10 million(CNY) 

 

The simulation result in Table 1 demonstrates that DERs’ BPA ranges from 5001 to 49968 

in the settlement cycle T. The total number of DERs is 1000, the government’s budget of DERs 

development is 10 million CNY, and the average BPA of the 1000 DERs is 27523, thus the 

conversion rate of the BPA is about 0.3633. The BPA is related to the number of users and the 

quality of DERs, especially the satisfaction of the users. As shown in Table 1, the number of users 

for R1 is more than that of R2, but the BPA of the former is significantly less than that of the latter. 

It implies that the quality of R2 outperform that of R1, and the payment will be less accordingly. 

Figure 4 shows 20 different enterprises’ BPAs and payments in a settlement cycle. Obviously, the 

payment of a DER is proportional to its BPA. For the enterprise, they are paid developing fees by 

government according to the BPA of all the DERs developed by them. It is assumed that a resource 

development enterprise entrusted by the government (E1) is responsible for the development of the 

resources.  

The purchase price of each DER can be calculated by multiplying the conversion rate with 

the acquired BPA. Coefficient is introduced to encourage the enterprise to develop high-quality 

DERs, which drives the cash to flow towards high-quality DERs although the investments of every 

DER are the same. Thus, the actual payment of each DER is the product of the BPA, conversion rate 

and the coefficient. For example, R9, R12 and R20 in figure 4 are required to improve their quality 

badly. 

 

Figure 4. Simulation of DERs’ Payment Depending on BPA  

 

 

6. Determine schools’ information environment construction funds by utilization 
 

Schools can share the same high-quality DERs developed by enterprises, and their duty is to make 

the best use of DERs. The reality is that the DERs pool possesses massive high-quality DERs, but 
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many of them is idle. Without supervision, users’ learning motivation may not be high, which leads 

to the waste of high quality DERs. Therefore, to achieve education fairness, the utilization of DERs 

need to improve. According to the idea of capital-shunt mechanism, DERs are developed by the 

enterprises, but the information environment construction is funded by the government under the 

schools planning. Therefore, all the users’ utilization of the DERs of a certain school decides its 

information environment construction funds. Each user in a certain region is given an account with a 

certain amount of educational vouchers according to the uniform standard to access DERs in the 

common library. Users consume points in the utilization of DERs. Meanwhile, they can get bonus 

point (BP). And the account can be replenished with points after exhaustion except for those who are 

not active in utilizing DERs and fail to reach the consumption benchmark. The education authority 

sums up all the users’ BPAs in a certain region and period, and accordingly determines the total 

information environment construction funds of this region. The conversion rate of the BPA into 

funds is acquired through dividing total funds by the total BPA in the region. Every school calculates 

the total BPAs of its users within a settlement cycle, and gets the funds for information environment 

construction via multiplying its total BPA by the conversion rate. The funds usually are used for 

information environment construction, training service and user incentive. In order to obtain more 

information environment construction funds, schools will stimulate their teachers and students to 

access and utilize DERs according to their own teaching or learning needs. Therefore, the funding 

distributed from the government to certain school can be defined as formula (2): 
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Here, Q represents the utilization budget that a school can get in a certain settlement cycle; C 

represents a single user’s total BPA; P represents education authority’s total education budget; n 

represents the number of users in the school; and m represents the total number of users in a region. 

In a settlement cycle, the users’ utilizations of DERs are different. Accordingly, their BPA 

will be various, and the distributable information environment construction funds of each school 

will be different. Traditionally, the appropriation for information environment construction will be 

distributed according to the number of students in each school. In contrast, the new distribution 

model distribute fund based on the actual usage of DERs in each school. This model changes from a 

stereotype way of distribution to a flexible user-centered usage incentive way which in turn arouses 

the external and internal motivation. Through the analysis of users’ motivation of utilizing DERs 

and the decision-making behaviors, we will explore the factors affecting DERs’ usage, improve the 

recognition and satisfaction of DERs, and ultimately improve the utilization of DERs. The user 

utilization incentive is the breakthrough point of the mechanism design, and the BPA can 

dynamically monitor schools’ efforts on the improvement of the information environment and the 

promotion of the DERs utilization. Different incentive strategies based on users’ utilization is 

designed to promote the principle of “more benefits, more utilization”. From the schools’ 

perspective, the higher the utilization rate means the more information environment construction 

funds. Thus their motivation of improving information environment construction will be 

incentivized which in turn facilitate users to utilize DERs. Apparently, the user’s enthusiasm to 

utilize DERs will increase, and it will form a virtuous cycle regarding the increase of number of 

users, the improvement of information environment and the effective investment of government 

funds.  

As a kind of electronic virtual currency, BPA of a certain DERs can represent its relative 

value. The BP can be obtained from the numbers of visits, downloads, and the duration of online 

learning. The visiting refers to the accessing frequency, and with one visit, the BP will be added once 

according to the rules. When a resource fulfills the user’s requirements, the user tend to download 

the resource for repeated offline learning, then the DER will get the maximum BP. In a settlement 

cycle, the BPA of the resources developed by a certain enterprise will be converted to the 

enterprise’s income. 

The BPA of a DER can reflect users’ satisfaction and utilization of the resource. The BP 

mechanism is based on users’ feedback, and the BPA of the DER decides its purchase price, which 

brings about the transformation of the concept of DER construction and management. Firstly, by 
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using economic means to control the quality of resource development and evolution, a new business 

operation mode of DERs is created. There will be many educational software enterprises involving 

in the education resource development. Thus, the cooperation among enterprises, universities and 

research institutes will be promoted. Secondly, the quality of resources is ensured at the 

development stage by transforming from school self-construction to unified purchase of DERs by 

the government. The government entrusts teachers and experts to fully study the types of DERs and 

develop construction schemes. Meanwhile the government makes qualified software enterprises to 

bid for the development of high-quality DERs. Thirdly, it promotes the evolution of DERs. It 

stimulates enterprises to increase the quality of the resources continuously to obtain a higher 

purchase price of DERs according to users’ feedback. According to the payment protocols, the 

purchase of DERs is not a package deal. It means DERs are not one-time products, but continuously 

evolve and generate multiple upgraded versions according to the users’ feedback.  

According to the above incentive mechanism, the government is supposed to issue each user 

400 educational vouchers (equal to 400 CNY) and define that each user can obtain one BP after 

consuming one educational voucher. As is shown in Table 2, the total number of users at school S1 is 

1838, and it can obtain 735,200 vouchers in advance. However, the funds a school can get are not 

related to the initial vouchers, and what really matters is only the consumption of the vouchers and 

acquisition of the BPA. For example, the initial vouchers of S2 is 675,800, and it only obtains 

180,800 BP in the settlement cycle. In contrast, the initial vouchers of S259 is 421,600 CNY, and it 

obtains 693,000 BP in the same settlement cycle. It implies that the users of S259 utilized DERs far 

more frequently than that of S2. 

The conversion rate of BPA refers to the funds per BP, and it varies with the government’s 

budget for DERs and the total BPA of the region in each settlement cycle. In condition that DERs’ 

utilization funds of the region remain unchanged, the greater the total BPA is, the smaller the 

conversion rate is, which indicates a higher utilization rate of DERs in this region. 

As aforementioned, the actual funds of certain school is no longer directly related to the 

number of students in this school, instead, is determined by the product of the BPA and the 

conversion of that region. As we can see in table 2, the school’s actual incentive funds in a settlement 

cycle can be calculated by multiplying the total BPA of the school and the conversion rate. 

Table 2  

Simulation of schools’ BPA and its IECFs 

School Numbers of users Voucher (CNY) BPA (points) Conversion rate get funds (CNY) 

S1 1838 735,200 4027,900 0.06 421,600 
S2 1692 675,800 180,800 0.06 10,800 
S3 1981 792,400 3067,400 0.06 184,100 
… … … … … … 

S257 1457 582,800 117,400 0.06 7,000 

S258 968 387,200 2115,400 0.06 126,900 
S259 1054 421,600 693,000 0.06 41,500 

 

Figure 5 demonstrates that the funds of the schools according to traditional distribution 

strategy are proportional to their total students at school, while the actual incentive funds are 

irrelevant to that. Since the number of students in S3 is close to that of S4, and their incentive funds 

may also be of little difference according to the traditional distribution strategy. However, under the 

incentive mechanism, the actual incentive funds of S3 is 140000 CNY, and that of S4 is 106400 

CNY, which is about 40000 CNY less than S3. It indicates that the population of the two schools is 

almost the same, but their different BPAs lead to different amounts of incentive funds. Assuming 

that other conditions remain unchanged, in a certain period, the more frequent the users in a school 

utilize DERs, the larger BPA the school gets, which indicates that the school’s education 

informatization level is higher. In the settlement cycle, the fact that the BPA of S3 is more than that 

of S4 can partly reflect that the users’ motivation to utilize DERs and the education informatization 

level of S3 is higher than that of S4. In order to get more incentive funds, S4 needs to adopt 

appropriate incentives, such as enhancing the network environment, improving the information 

literacy of all the teachers and students, motivating users to use DERs actively. The comparison 
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between the two strategies is shown in Figure 5. 

 

 

 
Figure 5. Simulation of Schools’ IECFs Depends on Their Use of DERs  

 

 

7. Conclusion 
 

The IRCS&IRSE model is conducive to high-quality resource development and resource utilization. 

In order to reach the goal of the model, three mechanisms are introduced. The core is the 

capital-shunt mechanism, which means dynamically regulating the expenditure ratio of DERs’ 

development to environment construction to improve the resource distribution efficiency. In essence, 

the capital-shunt strategy just divides the capital into two parts, one is used as the development fees 

of DERs and motivation to stimulate enterprises to improve their resource quality, the other is used 

as IECFs and encouragement to stimulate schools to strengthen the utilization of DERs. 

Consequently, DERs’ purchase prices are determined by users’ feedback, which may help improve 

the quality of DERs. In order to acquire higher development fees of DERs, enterprises may take 

brains to polish the content and presentation of DERs, thus improve the quality of the resources 

DERs. And the other mechanism is determining schools’ information environment construction 

funds by their use of DERs. In order to obtain higher information environment construction funds, 

schools may strive hard to stimulate and encourage their teachers and students to utilize DERs, and 

improve the utilization of DERs. 

In this paper, we propose the IRCS&IRSE model and introduce public service outsourcing 

notion into the optimal configuration of DERs, exploring the "government purchase, enterprise 

develop and school utilize" resource service system. The capital-shunt strategy needs not increase 

the total investment but just regulates the proportion of the funds for DERs development and 

education informatization, and promotes utilization efficiency of these funds. Determination of the 

purchase price of DERs by user feedback not only eliminates defect of emphasizing development 

while neglecting utilization of resources, but also ensures high quality of DERs from the initial stage 

of development and promotes the quality of DERs in the process of utilization. The school’s BPA is 

an important reference for the distribution of information environment construction funds, which 

prompts the schools to improve education information environment, encourages the teachers and 

students to actively use high-quality DERs and promotes DERs utilization. Simulations and findings 

show that the mechanisms work well and achieve the desired results.  
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Abstract: This study determined the portraits of underprivileged language learners in 

attempt to design educational software for them. Toward this goal, we conducted an 

ethnographic study which involved surveys and interviews of the informants (i.e., teachers). 

Textual analysis on the responses of the informants revealed that underprivileged language 

learners can be classified into four types. Implications to computer-based educational game 

design are also offered.  

Keywords: language learning, types of language learners, underprivileged students 

1. Introduction

Children are given voice in educational game design considerations to ensure inclusive digital 

materials. Their inclusion in the participatory design of educational software ensures that their 

learning needs and age-appropriate design requirements are met and addressed (Druin, 2002). 

However, students’ access to digital educational resources remains a persistent challenge because 

inequality of access to Information Communication Technologies (ICT) of learners in developing 

countries. This problem has been observed in global (Jesus, Oleveira, & Bacao, 2018) and in local 

settings (Alampay, 2006). While there are studies (Kim et al., 2012; Folotiya et al., 2014) that 

attempted to address this gap, very little is known how socio-economic status, ability levels, and ICT 

access (computers, laptops, tablets, cell phones, and the Internet) influence the design of educational 

game of students from the underprivileged background. The homogeneous perspective on the 

characteristics of the beneficiaries of the educational game may not specifically cater the educational 

concerns of every type of students.  

We conducted an ethnographic study in attempt to address this research gap. In this paper, 

we aim to determine the different portraits of students in order to understand their educational needs. 

The results of the study may serve as inputs for the development of a computer-based English 

language learning system tentatively called JOLLY. JOLLY is intended to teach English-language 

phonemic awareness to disadvantaged students for whom English is a second language, using 

popular songs.  

This paper analyzed students survey results and interview responses of English teachers 

(subsequently referred as informants) in order to determine the portraits of the economically 

disadvantaged students. A more inclusive understanding of English language learners in the light of 

their economic background, English competencies, attitudes towards English, and ICT access will 

be considered in the design of a computer-based game. Toward this goal, this study aims to (1) 

determine the types of language learners based on their socio-economic status, ability level, 
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attitudes towards English language learning, and level of access to ICT, and (2) determine 

the implications of the types of language learners to software development. 
 

 

2. Literature Review 
 

There are studies that discussed portraits of language learners. For example, the study of Khatib and 

Rezaei (2013) explored the identity of an Iranian English language learner. The authors provided a 

single image of an Iranian learner named Reza. The image of the learner was depicted in terms of his 

Persian identity, cultural norms, values, and pronunciation in relation to his learning of the English 

language. Reza was characterized as a 26-year-old boy from a highly educated family. He held a 

bachelors degree in Petroleum Engineering. He studied English for at least 16 years, which explains 

his English proficiency. His business trips motivated him to further strengthen his English skills. 

In a similar recent study, Amirullah, Andrew and Eckersley (2015) described the portraits of 

Indonesian learners to learn their native language as well as the English language. The context of 

language learning was viewed in terms of motivation and “future selves”. They described Kadir, 

third-year Mathematics student in a bilingual program, as a student who envisioned himself 

contributing to the national development through English language learning. Another student, 

named Gary, perceived that English is necessary in order for him to work in one of the countries in 

the ASEAN region (Association of South East Asian Nations). Azizah had the same perception with 

Gary as the former intended to be part of an international agency. The authors concluded that the 

participants of their study aspired to become bilingual because they desired to belong to local and 

global communities.  

 

 

3. Methods 
 

3.1 Ethnographic Approach, Setting, Participants, Sample, and Data Collection 
 

Ethnographic approach is the appropriate method of this study since it determines the categories of 

language learners in a disadvantaged setting. Informants of this study were teachers of two public 

schools in Quezon City in the Philippines. Both schools were selected because of its geographic 

proximity to the Ateneo and they were recommended by the Ateneo Center for Educational 

Development (ACED). ACED is an office at Ateneo de Manila University that is mandated to 

support state schools in improving teaching and learning (e.g., teacher training, materials 

production, and student nutrition programs). The two schools had comparable student populations 

(7,419 students in School A, 6,377 in School B).  

Both School A and B had approximately 50 students per class. Students had access to 

textbooks but lack other print reference materials like newspapers, magazines, and dictionaries. 

They do not have computer in the classroom and Internet connection. The informants bring their 

own laptops and projectors in their class. 

Twelve 4th-6th grade English teachers were invited to participate in the interview sessions: 

two per grade level for each of the two schools. Invitations were also balanced by the ability level of 

the class sections to which these teachers were assigned. The informants were all female teachers 

with at least 5 years teaching experience, and had advanced English-related degree programs.  

Formal, face-to-face, semi-structured interviews were conducted with the informants. They 

responded to 11-item close-ended questions. The interviewees followed an interviewee protocol to 

ensure data consistency. The questions were all about the students including their English 

proficiency and usage, socio-economic status, and access to technology. The interview lasted for an 

hour. Note-taking and audio-recording were employed to gather the responses of the informants.  

Survey forms were equally distributed to low, average, and high performing sections. The 

questionnaire contains items pertaining to the students’ attitudes towards English and access to ICT. 

Seven hundred ten students participated in the survey. The ages of the students ranged from 8 to 18 

years old and averaged 10.6 years old.  

 

570



3.2 Data Analysis 
 

The responses of the informants were typed in a word processor. Texts were analyzed through thick 

description in order to determine the types of students in this study (Mertens, 2015). The first author 

analyzed the texts line by line using the initial coding process proposed by Bringula et al. (2018). 

However, instead of using open codes, a priori codes were used on which were based on the barriers 

to learning framework of Chisholm (1996). According to the Chisholm, there are four factors that 

contribute to the failure (or success) of learning, namely, 1) infrastructure, facilities, and resources 

of the school, 2) leadership, management, and administration of the school, 3) the relationships 

among its stakeholders (principals, teachers, students, and parents), and 4) socio-economic context.  

Guided by this framework, words or phrases were highlighted that signal the 

socio-economic status (e.g., poor, financial problems, etc.), ability levels (e.g., struggling, 

low-performing, high-performing, competent, etc.), interests towards English (i.e., no interest, 

hesitant, etc.), and the level of ICT access of the students. To illustrate, the interview transcripts said 

that “Many of them get up early in the morning to sell pan de sal or balut in order to make money for 

their families. One 11-year old child was employed as a storekeeper at a bakery. He had to watch the 

store from 2 pm to 11 pm. Hence, he was always sleeping in class.”  signal that the student is from a 

low income family (make money, employed as a storekeeper) and low performing (always sleeps in 

class). This process is repeated until all texts are analyzed. The texts that reflect the type of students 

are grouped together and given fictitious students’ name. These names and its characteristics depict 

the portraits of the English language learners from a disadvantaged background. Students’ attitudes 

towards English and ICT access were tabulated. The results were presented in percentage.  

 

3.3 Validity and Limitations 
 

The different types of students were presented to the informants. They all agreed that these types of 

students existed in their schools. Nevertheless, this paper has inherent limitations. The two schools 

in this study are situated in a city which may have different settings and conditions to those of rural 

schools. Consequently, underprivileged students from the rural areas may experience different 

conditions and environment from the students in this study. Another limitation of the study is that it 

only considered the students-parents relationships (i.e., parental support). Therefore, it is suggested 

that readers and researchers apply cautiously the findings of the study to settings with the same 

environment and conditions.  

 
 

4. Results  
 

4.1 Socio-Economic Status and Ability Levels 
 

Ethnographic interviews with the informants revealed that the students in the study generally 

belongs to the lower income families (monthly family income of at most Php15,780 or 

approximately US$303) (Albert, Gaspar, & Raymundo, 2015), whose parents are working as 

construction workers, drivers, sales ladies, security guards, carpenters, and the like. Their parents are 

unlikely to have finished college. There are cases that there are students helped their parents to earn 

income for the family. It was disclosed that there were students sell pan de sal, balut, sampaguitas, 

or other items on the street. One 11-year old child was employed as a store keeper at a bakery. He 

had to watch the store from 2 p.m. to 11 p.m. These students, according to the informants, usually 

struggle in class, not because of cognitive abilities, but because of lack of focus. They usually sleep 

during class discussions because of exhaustion. Informants further revealed that students that 

struggle financially are usually found in the lower sections.  

On one hand, there are students that belong to the middle-income class as their parents 

works as professional overseas workers (Overseas Filipino Workers or OFW). Their parents have 

university degrees and hold managerial positions. The relatively higher income of their OFW 

parents afforded them to have ICT access. According to the informants, parental support is highly 

visible for these types of students and it has positive impact on students’ academic performance. 
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This finding supports the study of Boonk et al. (2018). Parental support creates a home environment 

that is conducive to students’ learning. Students from this income group are more likely to be found 

in the higher class sections. These students have higher proficiency levels in English as well as in 

other subjects.  

Parental support is not only found in the middle-income group. For instance, Carl is a class 

valedictorian. He is from a poor family and yet he is a model student. He wears well-pressed and 

clean clothes, recites in class, and excels on his subjects. Despite the hardship, Carlo’s parents are 

supportive on him; probably believing that education is the best remedy to their poverty. 

 

4.2 Attitudes towards English 
 

Table 1 shows the students’ attitudes towards English. Students enjoy learning English (87%) and 

reading materials in English (78%). They find English easy to learn (50%). They perceive that it is 

important (90%) that is why they have the desire to learn it (79%). However, English learning is 

impeded by their nervousness when speaking the language (42%), not by practicing it at home 

(40%), or by not using it as a conversational language with their friends (51%). The informants 

corroborated this find saying that their students do not use English outside the classroom.   

 

Table 1.  

Students’ Attitudes towards English 

Attitudes towards English Strongly Disagree 

/ Disagree 

Strongly Agree 

/ Agree 

I speak English at home. 40% 35% 

I speak English with my friends. 51% 24% 

I enjoy learning English. 4% 87% 

I enjoy reading in English. 7% 78% 

I find English difficult to learn. 50% 19% 

I feel nervous when I need to speak English in class. 33% 42% 

I want to learn to speak and read in English. 9% 79% 

Learning English is important. 4% 90% 

 

4.3 Access to ICT 
 

The majority of the students reported to have access to the Internet at home (70%), cellular phones 

(63%), computers (54%), and tablets (36%). Personal device ownership is relatively low (40%). 

Other students reported that 45% of the devices they are using are owned by a family member. More 

than 25% of the students make use of rented devices. It was also reported that other students use 

cyber cafés to access the Internet, which charge Php1.00 (approximately US$0.02) for three minutes 

of computer use. Educational-related activities are the primary purpose of the students of visiting 

cyber cafés. Furthermore, the purposes of using Internet in cyber cafés include visiting social media 

websites (54%), playing online games (50%), surfing the web (29%), and sending email (18%). This 

is consistent to the findings of Bringula et al. (2013). 

 

4.4 Portraits of Underprivileged Learners 
 

Based on the findings above, we present four portraits of students that personify the types of learners 

from an underprivileged background (Table 2). The first student is named Tala – a high-performing 

student who enjoys school and likes English. She is competitive and diligent. Strictly speaking, Tala 

does not belong to an underprivileged family. Nonetheless, she is not rich. She is from a 

middle-income class family. Her parents are supportive—they check whether she has done her 

homework and take time to consult with the teacher. She has access to ICT and personally own 

devices. Tala is more likely to be in the higher class sections.  

 

Table 2.  

Types of English Language Learners from an Underprivileged Background 
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Leaners Socio-economic Status Ability Level 
Attitudes towards 

English 
ICT Access 

Tala Middle income High performing Positive  High access 

Danisay Middle income Average performing Negative High access 

Jerome Low income Low performing Negative  Low access 

Carl Low income High performing Positive  Low access 

 

The second student is Danisay. She represents average students, enjoys schools, appreciates 

the importance of English, and has a supportive home environment. She is similar to Tala in terms of 

economic background. She has also access to ICT, and owns personal devices. She belongs to the 

middle-class section. However, she is quite hesitant to use the English language.  

The third type of students is the low-performing students. He has limited access to ICTs and 

does not own devices or even his family members. Instead of dedicating his time to study, this type 

of students helps their family to earn a living, which leaves them very little time to study. This 

student strives to balance his studies and work. Hence, the poor class performance may not be 

attributed to their cognitive abilities but because of lack of focus and support (financial and 

motivational) from their family members. Brought by his inabilities to cope with his studies, he is 

uncomfortable using the English language. Because of their low academic performance, they are 

usually assigned to lower class sections. We called him Jerome. 

Carl is the last type of student. As mentioned in the previous section, he excels in class like 

Tala. They share common characteristics in terms of academic excellence, English language 

proficiency, and parental support. The only difference between Carl and Tala is that the former and 

his family struggle financially. As such, he has limited access to ICTs. He augments this by availing 

himself the services of cyber cafés in his neighbourhood. All types of students are 

technology-literate. Taken all together, they comprise the kinds of English language learners in an 

economically-deprived environment. 

 

 

5. The Portraits and its Implications to Computer-based Game Design 
 

As mentioned in the Introduction, the goal of the study was to identify learner characteristics that 

might influence the design of the software. The results of informant interviews and survey responses 

of the students suggest that their economic backgrounds, ability levels, attitudes towards English, 

and level of ICT access of students from the disadvantaged background varied. Students like Tala 

have no barrier in accessing computer-based games. The game design consideration for these types 

of students could focus on the levels of difficulty of the game and the content of the game itself. 

Since her cognitive abilities in English may be advanced as compared to her contemporaries, the 

game may have a certain levels of difficulty appropriate to their competency. They may also use the 

game as an additional learning material to practice their English competency. The Carl-type of 

learners will also benefit in this design consideration.  

Game level difficulty can also address the educational needs of Danisay and Jerome. Game 

developers must ensure that the content of the game target the desired competency levels of both 

Danisay and Jerome. As for the former, the game should address her shyness or hesitation to 

practice the English language. The game may provide encouraging textual feedback to eliminate her 

hesitations.  

The game design considerations for Jerome are more challenging. Skipping classes and 

poor class participations endanger Jerome of failing his subjects. The game may serve as an 

educational resource for Jerome to catch-up with his English lessons. The school may 

institutionalize a remedial program using the game as a tutoring material. Game developers may 

consider developing standalone and online versions of the game. The standalone version may be 

helpful in the absence of Internet connection. On one hand, the online version may be accessed 

through cyber cafés. Public access of ICT for a fee is relatively inexpensive in the Philippines. 

Hence, Jerome and Carl will both benefit in the online version of the proposed game.  

The results of the attitudinal survey provide further perspectives towards game design 

considerations. In one side of the scale, students have positive attitudes towards English. On the 

other side of the scale, there are students that are unenthusiastic towards English learning. Game 
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developers are informed by these findings in two ways. First, the game must sustain the positive 

attitudes and meet the learning expectations of the learners. Second, game developers have to design 

the game that could change the attitudes of the unenthusiastic students.  

While the studies presented in the literature section are similar to this study in terms of 

concept, the contexts in which language learning is investigated are different. Additionally, we 

extend the previous studies by providing multiple personalities which offer broader understandings 

of English language learners. Accordingly, Reza, the portraits depicted in the study of Amirullah and 

his colleagues, and the four types of learners here in this study are incomparable. 

 

 

6. Conclusions and Future Works 
 
This study provided the types of disadvantaged Filipino youth who are learning the English 

language with the purpose of developing an inclusive game. Even though that the students were 

drawn in the same socio-economic background, we found that there were dissimilarities in terms of 

their personas. We found that that there were categories of learners based on their socio-economic 

background, learning abilities, attitudes towards English, and ICT access. Thus, it can be concluded 

that the participants of this study are heterogeneous and that their digital educational needs vary 

from one another.  

Based on these types of English language learners, we identified a single game with 

different levels and features that are suitable for each kind of student group. The game 

considerations include the platform of the game (i.e., standalone or online version), the competency 

levels of the students, feedback mechanisms, and content of the game. Generally, content and 

accessibility of the game are the primary game design considerations for the types of learners in this 

study.  

Given these findings, it is recommended that game developers consider these variations 

among the students and design considerations in game development. Testing, user acceptance, and 

usability studies may then be initiated after the game has been developed. Lastly, it is suggested that 

the study be replicated in the rural areas in order to achieve wider digital inclusiveness.  
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Abstract : With the development of technology and internet, more and more public 

universities in Malaysia has put in their efforts and investment in MOOC. The benefits of 

MOOC cannot be maximized, as there is high enrolment but low courses completion rate. 

The aim of this paper is to explore the influence perceived usefulness, perceived ease of use 

and time spent towards MOOC continuance intention among Higher Education students. 

Data from 447 students in Malaysian Public Universities was collected and multiple 

regression approach was adopted. The results revealed that perceived usefulness and 

perceived ease of use have a strong significant correlation with MOOC continuance 

intention while time spent has no significant correlation with MOOC continuance intention. 

The findings provide insights to MOOC providers in planning improved continuance 

intention towards using MOOCs. 

Keywords: MOOC, continuance intention, higher education 

1. Introduction

Technology has brought many changes in our everyday life and education is one of the fields where 

the impact can be noticed (Ferrari, Brecko & Punie, 2014). With digital technologies and the Internet 

growing rapidly, new ways of learning were created (Redecker & Johannessen, 2013).  The 

developments in technology had reached a stage where new terms and concepts were introduced in 

the education field (Baleighi-Zadeh et al., 2014). Education is an important area, where the Internet 

is used widely to promote and improve the quality of the learning process (Alkhanak & Azmi, 2011).  

The increase utilization of e-learning in advanced higher education has led to the establishment of 

Massive Open Online Courses (MOOCs) that seemed to be a very reasonable outcome of 

digitization (Haggard, 2013; Clarke, 2013).  MOOCs have lately pulled in the attention of many 

individuals around the globe (Rai & Chunrao, 2016) through various MOOC providers such as 

Coursera, edX, Udacity, and others (Fowler, 2013).  MOOCs are now changing the face of education 

by providing ways in which all concepts of learning are employed by hundreds of universities 

(Teplechuk, 2013) and are offered in an online domain with a clear difference from the past online 

education (Alraimi et al., 2015). 

There were several studies where the contributions of MOOC were stated (Ridwan, 2015). 

Krause and Lowe (2014) presented a useful synthesis of the assertions made about the promise and 

issues of MOOCs. They revealed that MOOCs have the potential to challenge the closed and 

privileged nature of academic knowledge in traditional universities. Perceived usefulness was 

realized to be associate with satisfaction and continuance intention in various studies. The study by 

Premkumar and Bhattacherjee (2008), found that just as perceived usefulness was the predictor of 

intention in TAM, it would continue to be a strong predictor of continuance intention compared to 

satisfaction when TAM merge with ECT. The relative power of usefulness justified its part as a 

driver in continuation of choices, especially when compared to the usefulness value over hedonic 
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value (Premkumar & Bhattacherjee, 2008). Bhattacherjee (2001) reported an individual was 

expected to accept continued intention to use when such usage was perceived to be valuable. 

  Previous studies had found the positive connection between PEOU and information 

technology acceptance (Dishaw & Strong, 1999; Gefen et al., 2003; Venkatesh, 2000). There were 

also several studies that supported the positive association of PEOU with PU (Davis, 1989; Hsu & 

Lu, 2004). PEOU was discovered to have a great effect on satisfaction and continuance intention to 

operate an information system (IS) (Bhattacherjee, 2001). The positive impact of PEOU on 

continuance intention to use technology was supported by many studies such as the intention to use 

the e-govt website (Wangpipatwong et al., 2008), Facebook (Sibona et al., 2012) and others. 

 Bhattacharjee (2001) had built up the Expectation-Confirmation Model (ECM) by extending 

the Expectation-Confirmation Theory (ECT) with Technology Acceptance Model (TAM). The 

ECM theorizes that perceived usefulness along with confirmation of expectations from the initial use 

of the products or service lead to user satisfaction and confirmation that likewise influence perceived 

usefulness (Bhatacherjee, 2001).  The Expectation Confirmation Theory proposed by Oliver (1980) 

had shown that perceived ease of use influenced perceived usefulness. Perceived ease of use had 

been considered and proved in TAM that it could improve users’ continuance usage (Davis, 1989; 

Venkatesh et al., 2003). 

 

 

2. Research Objective 
 

The study aimed to explore the influence of students’ perceived ease of use, perceived usefulness 

and time spent towards students’ continuance intention in using MOOC. 

 

 

3. Methodology 
 

Correlational Survey research design was chosen for the current research to predict factors 

influencing MOOC continuance intention among undergraduate students. In this study, population 

refers data collected among 447 undergraduate students in Malaysian public Universities registered 

in putraMOOCs during their period of study to learn online. Data was gathered using an online 

questionnaire which appears to be the appropriate way to collect data for this study since 

putraMOOC is an online course and students cannot be reach through paper-based surveys. 

 For the study, the researchers developed an instrument consisting of frequence time spent on 

MOOC, perceived usefulness, perceived ease of use, and MOOCs continuance intention. The time 

spent on using putraMOOC data was measure by asking the respondents “On average, how much 

time do you spend each time you log in to PutraMOOC?  Perceived usefulness examine the level to 

which students believe that using PutraMOOC will improve their learning performance. Eight items 

are used to measure this construct adapted from Davis (1986), Pituch and Lee (2006), and Sánchez 

and Huerous (2010). Meanwhile, perceived ease of use will assess the degree to which students 

believe that using PutraMOOC will be free of effort. Five items adapted from Davis, (1989) and 

three from Sánchez and Huerous, (2010) were used to measure the construct of perceived ease of use. 

Lastly, students’ continuance intention towards using MOOC aims at assessing the intention of 

students to continue using putraMOOC. This construct consists of six items which three items 

adapted each from Bhattacherjee (2001) and Roca et al., (2006). 

 All the dependent and independent variables were found to be reliable instruments to 

measure all the variables studied in a pilot study that had been conducted on 32 undergraduate 

students from UPM enrolled in putraMOOC. The reliability coefficient, Cronbach Alpha, for each 

subscale ranged from 0.7 to 0.8 (Table 1). The internal consistency of the questionnaire is regarded 

as an acceptable instrument since all values exceed 0.6 according to Leech et al., (2008). 

 

Table 1: Reliability of the constructs 

Construct No. Items Pilot Study [n=32] 

Perceived Usefulness 8 0.738 

Perceived Ease of Use 8 0.762 
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MOOC Continuance Intention 6 0.797 

4. Findings

The discussion will be based on the four variables studied for this study. In this study, three 

independent variables, which are perceived ease of use, perceived usefulness and hours spent were 

used to predict students’ students’ continuance intention towards using MOOC. The respondents 

were undergraduate students at Malaysian public universities who enrolled in PutraMOOC for one 

of the university course. The time spent on using putraMOOC for every hour in a day shows that 

39.7% of the respondents reported they spent one to two hours using putraMOOC each day, while 

41.6% of respondents spent three to four hours daily on using putraMOOC. 14.9% of respondents 

used putraMOOC for five to six hours, and only 14 (3.8%) of the respondents reported to have used 

putraMOOC for more than six hours in a day. Overall mean for hours spent on putraMOOC per day 

is 1.33 (SD = .806). 

The overall mean for the perceived usefulness using putraMOOC is 3.67 (SD=0.749) shows 

that respondents have a positive perception that using putraMOOC would improve their learning 

performance. For perceived ease of use of putraMOOC, the mean value is 3.58 (SD=0.671) meaning 

that the respondents perceived putraMOOC would be easy to use. Overall, the mean for MOOC 

continuance intention is 3.48 (SD=0.800) exhibiting that the respondents have the intention to 

continue using putraMOOC. 

Table 2: Mean and standard deviation of the variables 

Construct Mean 
Standard 

Deviation 

Time Spent 1.33 .806 

Perceived Usefulness 3.67 .749 

Perceived Ease of Use 3.58 .671 

MOOC Continuance Intention 3.48 .800 

Table 3 shows the Pearson correlation coefficients between perceived ease of use, perceived 

usefulness and time spent and MOOC Continuance Intention. There was a positive correlation 

between perceived ease of use (r = .721; p < .001), perceived usefulness (r = .747; p < .001), and time 

spent (r = .129; p < .001) with students’ MOOC Continuance Intention. 

Table 3: Correlation coefficients between perceived ease of use, perceived usefulness and 

time spent towards students’ continuance intention in using MOOC 

Perceived ease of 

use 

 Perceived 

usefulness 

Time spent 

Continuance intention 

towards using MOOC 

.721** .747** .129** 

p < .001 p < .001 p < .001 

To identify factors that influence students’ continuance intention using MOOC, a stepwise multiple 

regression was conducted. Table 4 indicates the statistics test of significance was at the 0.05 (F(3,443) 

= 232.445, p=0.000).  

Table 4: ANOVA 

Sum of Squares df Mean Square F Sig. 

Regression 172.468 3 57.489 232.45 .000 

Residual 109.565 443 0.247 

Total 282.033 446 

Table 5 shows the multiple correlation coefficients was .782, indicating approximately 61.2% of the 

variance of the students’ continuance intention using MOOC accounted for by perceived ease of use, 

perceived usefulness and time spent.  
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Table 5: Model summary 

R R2 Adj R2 F Sig.F Change 

0.782 0.612 0.609 232.445 .000 

Based on the results presented in Table 6, the most significant contributor to students’ continuance 

intention was perceived usefulness.  This factor contributed 55.8% of the variance in students’ 

continuance Intention. Perceived ease of use was also identified as one of the significant contributors 

and explained 51.9% of the variance in students’ continuance intention. However, time spent was 

not a contributor in this study. 

Table 6: Coefficient 

 T Sig. 

B Std. Error Beta 

Const. 0.086 0.134 0.638 .524 

PU 0.486 0.05 0.458 9.644 .000 

PEOU 0.431 0.056 0.363 7.705 .000 

T S 0.053 0.03 0.054 1.789 .074 

5. Discussion and Conclusion

 Massive Open Online Course (MOOC) is a new online medium for course delivery and learning. It 

enables thousands of learners to participate in the same course with high-quality content and 

interactive tools for learning. This study was to investigate factors that influence MOOC 

continuance intention among higher education students. The selected factors were perceived 

usefulness, perceived ease of use and time spent using MOOC. The study shows that putraMOOC is 

useful to the students whereby they think that using putraMOOC would have a positive effect on 

their learning and also useful for their online learning. It also appears to be that the respondents have 

the intention to continue using putraMOOC as they strongly recommend others to use it. Besides, 

they intend to continue using putraMOOC rather than discontinue its use. 

The Pearson’s correlation analysis indicated that perceived ease of use, perceived usefulness 

and time spent have significant relationships with MOOC continuance intention. This signifies that 

the more students find MOOC useful and easy to use, the more likely they would continue using 

MOOC. Further analysis concluded that perceived usefulness and perceived ease of use influence 

students’ continuance intention of MOOC use among students in Malaysian Public Universities. 

 The influence of perceived usefulness on MOOC continuance intention is inline with the 

findings of Mouakket (2015) who observed that it was the antecedent of user continuance intention 

with regards to facebook. The above findings are also in accordance the results produced by Alraimi 

et al., (2015), as well as Wu and Chen (2017), who observed that perceived usefulness has a positive 

effect on intention to continue using MOOCs. This indicates that when students believe that learning 

through MOOCs will be useful and can improve their knowledge, they will prefer to continue using 

MOOCs. 

Meanwhile, the contribution by the perceived ease of use towards MOOC continuance 

intention reflected the previous results obtained by Bhattacherjee and Barfar (2011), which revealed 

that perceived ease of use has a significant effect on continuance intention with an information 

system. In the same manner, Chang et al., (2015), verified that the continuance intention of 

technology or system is influence by perceived ease of use. With this, it shows that students will 

continue to use MOOC as far as they find it easy to use and no much effort needed.  

Conclusively, the continuance intention in using MOOC showed the existence of the 

significant influence of perceived usefulness and perceived ease of use on MOOC continuance 

intention. Hence, for an increase in the continuance use of MOOC at Public Universities in Malaysia, 

the MOOC providers need to ensure the quality of the courses and the MOOC platforms will be 

taken into due consideration. 
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Abstract: Technology enhanced language learning to support flipped classroom. This 

research used constructivist learning environment (CLE) to be base for designing and 

developing learning environment as well as Learning Management System (LMS). 

Constructive learning emerges in online learning environment called SOCIALClassnet. The 

aim of the study was to design and develop flipped classroom learning environment to 

enhance English reading comprehension for Grade 8 Students. The target group comprised 

of 15 students at Bannongtana Publicschool in Thailand. Data collection performed in the 

first semester in English in academic year 2018. Developmental research included 1) Design 

and development and 2) Experimental research. Research methodology was to synthesize 

designing framework, learning environment design and pilot study. Descriptive statistic was 

used in this study.  The result of pilot study found that the synthesis of the designing 

framework based on theoretical framework which then put into practicing comprised of 7 

components: (1) Problem base, (2) Information resource, (3) Cognitive tools,  (4) Related 

Case, (5) Scaffolding, (6) Coaching, and 7) Social/context support, and reviewed the 

effectiveness by experts in the evaluation process 1) productivity assessment, 2) contextual 

utilization assessment, 3) learner]s opinions assessment on 3 aspects; content, media and 

designing, , 4) assessment of  learner’s English reading comprehension 5) assessment of 

learner’s achievement was x  of about 14.00,  S.D. of about 1.69 that every learners passed 

70 %  of the subject standard 

Keywords: Constructivism learning environment, flipped classroom, reading 

comprehension 

1. Introduction

Instruction in English is a priority around the globe, but instructional methodologies have not always 

kept pace with the changing needs of students and English is still often taught as a conventional 

classroom subject. Innovative educators seek instructional methodologies that improve learning as 

well as motivating students to excel (Johnson, Adams Becker, Estrada, & Freeman, 2014).  

Reading comprehension is important because it is one of the most frequently used language 

skills in everyday life, as witnessed by the use of Internet. Students search for information through 

the web and most of it is published in English (McDonough & Shaw, 1993, p. 89). In Thailand where 

English is taught as a foreign language (EFL) and is a required subject from the first grade, students 

spend a tremendous amount of time learning English, but in the past year 2017 result of Ordinary 

National Education Test (O-NET) English is the lowest at x  =36.34 than all subjects. 

The flipped classroom is a blended learning strategy with the aim to improve student 

engagement and outcomes. It is a pedagogical method, which employs asynchronous video lectures 

and practice problems as homework, and active, group-based problem solving activities in the 

classroom.  It’s as an educational technique that consists of two parts: interactive group learning 

activities inside the classroom, and direct computer-based individual instruction outside the 

classroom. Furthermore, the flipped classroom, an approach that utilizes CALL (computer assisted 

language learning) to snapshot the essence of lectures and uploads the videos online, allowing 
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students to have flexible access and to choose their own pace of learning, has gained in popularity 

over the past 5 years (Goodwin and Miller 2013).  

This research has been used constructivism learning environment (CLE) is the basis for 

designing and developing LMS called SCOCIALClassnet, which it’s an online learning environment 

provides an easy tool for creating an online learning environment for flipped classroom (Kanjug, I.,  

Na-ngam, C. & Kanjug, P. ,2017; Kanjug, 2015).     

From the important and necessity above, the researcher is interested in designing and 

developing Constructivism Learning Environment Management System to Flipped Classroom and 

Enhance an EFL’S English Reading Comprehension for Grade 8 Students. 

 

 

2. Literature Review 
 

2.1 Constructivism Learning Environment Management System 
 

The constructivism learning environment (CLEs) theory are characterized as hands-on learning 

environment that strive to imitate real-life contexts, (Jonassem,1999). The CLEs has a social 

learning: learning is to construct knowledge individually and socially based on learners’ 

interpretations of experiences in the world. Instruction is to engaging learners in meaning making 

(Kanjug, Chaijaroen, and Samat,C.,2015). The CLE is the basis for designing and developing 

Learning management system (LMS) called SCOCIALClassnet which key elements of 

SCOCIALClassnet are problem base & learning task, knowledge bank & related, collaboration & 

cognitive tools and coaching & social support. 

 

2.2 Flipped Classroom Learning Environment  
 

The flipped classroom is a blended learning strategy with the aim to improve student engagement 

and outcomes. It is a pedagogical method, which employs asynchronous video lectures and practice 

problems as homework, and active, group-based problem solving activities in the classroom.  It’s as 

an educational technique that consists of two parts: interactive group learning activities inside the 

classroom, and direct computer-based individual instruction outside the classroom. The term of 

flipped classroom originally came from teacher Jonathan Bergmann and Aaron Sams in 2007 

(Sohrabi and Iraj, 2016). In this study, flipped learning is adapted from Kanjug’s model (2015) and 

will describe in the next section. 

 

2.3 Reading Comprehension  
 

Most definitions of reading comprehension (Davey and Miller, 1990; Pulido and Hambrick, 2008) 

embody an assumption that reading comprehension is a product of a reader's interaction with a text.  

It’s the ability to process text, understand its meaning, and to integrate it with what the reader already 

knows. (William Grabe (2009) Fundamental skills required in efficient reading comprehension are 

knowing meaning of words, understand meaning of a word from discourse context, follow 

organization of passage and to identify antecedents and references in it, draw inferences from a 

passage about its contents, identify the main thought of a passage, answer questions answered in a 

passage, recognize the literary devices or propositional structures used in a passage and determine 

its tone, to understand the situational mood. Miller (1990) devise level of reading comprehension in 

4 levels 1) textually explicit comprehension 2) Textually implicit comprehension 3) Critical reading 

comprehension and 4) Scripturally implicit comprehension 

 

 

3. Methodology 
 

3.1 Constructivism Learning Environment Management System to Flipped Classroom 
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Design 
 

Table 1: Component of Constructivism Learning Environment Management System to Flipped 

              Classroom Design 

                                                                                                                                                                             

3.2 The Design Flipped classroom to Enhance an EFL’s English Reading Comprehension 
 

In this part, the researchers would like to present combing flipped classroom by using the 

constructivism learning environment management system called SCOCIALClassnet to enhance 

Principles and 

theories 

Design principles Example of design 

shot 
1) Activating 

Cognitive    

Structure and 

Reading 

Comprehension 

It was illustrated the relationship between theories and 

the components as follows: cognitive constructivism 

(Piaget, 1992); cognitive conflict, 

OLEs(Hannafin,1999), Reading Comprehension 

(Miller,1990) as follows of 4 abilities: textually explicit 

comprehension, textually implicit comprehension, 

critical reading comprehension, and scripturally implicit 

comprehension. The composition of the problem base 

and learning task to enhance reading comprehension. It 

helps activating cognitive structure of the students. 

 

 

 

 

 

 

2)  Supporting 

Cognitive 

Equilibrium and 

Reading 

Comprehension 

It was illustrated the relationship between theories and 

the components as follows: constructivism (Piaget, 

1992); OLEs (Hannafin,1999), CLEs Model 

(Jonassen,1999); Cognitive tools. The designing of the 

components was called Cognitive tools which to support 

their mission to solve complex problems. And Relate 

Case was supporting to encourages students personalize 

the experience to close the case and to expand the view 

to change the perception; SOI (Mayer, 1996); selecting, 

organization, integrating. The designing of the 

component was called Information Resource which was 

to support discover the answer to solve the problem by 

discovered knowledge from various sources and can help 

students understanding easily; Social Constructivist 

(Vygotsky, 1978); zone of proximal development The 

designing of the component was called Collaboration 

tools which were to support encourage students to share 

experiences between students, teachers and experts for 

expanded view of thinking. 

 

 

 

 

 

 

 

 

 

 

 

3)  Supporting and  

Enhancement for 

Reading 

Comprehension 

It was illustrated the relationship between theories and 

the components as follows: Social Constructivist 

(Vygotsky, 1978); zone of proximal development, 

OLEs(Hannafin,1999); conceptual, metacognitive, 

procedural and strategic scaffolding. The designing of 

the component was called Scaffolding is a systemic 

approach to support the learners in different aspects of 

the learning environment; base on learner’s level of 

understanding and need, adjust tasks difficulty and 

restructure the task ; Cognitive Apparent ship (Brown et 

at, 1989), the designing of the component was called 

Coaching which the constructivist learning influences 

teacher to become more coach rather than just teach 

which is to support encourage, imply and give the 

learners’ advice to complete the mission by principles 

of cognitive apparent ship model. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Reading Comprehension 
Tasks 

 

Problem situation 
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reading comprehension. 

 

An Example of Flipped Classroom to Enhance an EFL’s English Reading Comprehension 

 

Table 2: An example of learning process in Flipped English reading comprehension Learning        

classroom adapted from Kanjug, I., Na-ngam, C. & Kanjug, P. (2017) 
 

Components Description of learning process Example of learning activity 
Learning material : SOCIALClassnet 

Out of Class  the teacher oriented a course then 

provided an online learning on 

Constructivism Learning 

Environment Management System 

call SOCIALClassnet 

 

Knowledge acquisition 

- Problem base & 

Learning Task  

- Knowledge Bank 

-Scaffolding 

Learning material : Teaching reading comprehension as an Active Learning 

In class  the students came to class with a 

question which provided in online 

learning. then, teacher created 

activities for taught reading 

comprehension in active learning.  

 the students collaboration learning 

task and discuss about activities as the 

teacher was coaching. 

 

Knowledge Transfer 

-Enabling Context 

-Problem base 

Knowledge 

Construction 

- Learning Task 

- Collaboration 

- Coaching 

Knowledge Reflection 

- Reflection 

Out of Class  the teacher provides supports to help 

the student perform a task. 

 the teacher and Students share 

knowledge, problems or opinions and 

comments   about activities in class 

together on social media such as 

SOCIALClassnet, facebook, blogger, 

etc. 

 

Knowledge sharing 

- Collaboration 

- Coaching 

                                                                                                                                                    
Before class, Teacher oriented a course then provided an online learning on Constructivism Learning 

Environment Management System call SOCIALClassnet then students learning online out of class.             

In class, students came to class with a question which provided in online learning. After that, teacher 

created activities for taught reading comprehension in Active Learning.  Students collaboration 

learning task and discuss about activities as the teacher was coaching. Finally, out of class teacher 

and students share knowledge, problems or opinions and comments   about activities in class together 

on social media such as SOCIALClassnet, facebook, blogger. Etc 

 

3.3 Pilot Study 
 

3.3.1 Participant 
 

 Experts including 1) Content expert was teacher who was teaching in this subject 2) Learning 

media expert and 3) Learning environmental design expert. 

 The target group of 15 students in grades 8 at Bannongtana Publicschool in Thailand  

                                                                                                                                                      

3.3.2 Research Instrument 
 

The instrument in this study consisted of 1) the instrument for experimental including the 

constructivism learning environment management system to flipped classroom and enhance English 

reading comprehension. The process of the design was as follows: (1) to examine the principles and 
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theories, (2) to synthesize designing framework of constructivism learning environment 

management system to flipped classroom and enhance English reading comprehension, (3) to design 

constructivism learning environment management system to flipped classroom based on above 

mentioned designing framework and (4) to evaluate the efficiency of the constructivism learning 

environment management system to flipped classroom. 2) the instrument for data collecting 

including (1) the record from document analysis, (2) evaluation of the productivity from experts, (3) 

evaluation of context of use (4) evaluation of student’s opinions (5) evaluation of student’s English 

reading comprehension and (6) evaluation of student’s learning achievement 

 
3.3.3. Data Collection and Data Analysis 
 

1) Synthesis of theoretical framework were data collected by analyzing principles, theories, media 

and technology theory, pedagogy and contextual study. 2) Synthesis of Designing framework of 

learning environment by synthesized of theoretical framework was taken in to process. The theories 

base such as technology and media, contextual, pedagogies and learning theories base. 3) Design 

and development of the learning environment based on foundation of creating designing framework. 

Proposed the learning environment to the expert to assess 1) content, 2) media and 3) design then 

recorded on learning environment quality assessment form expert. The data was analyzed by data 

interpretation to be used improve the learning environment quality. After that try out with the 

students who apart of target group in the purpose of studying the contextual utilization. The 

researcher studied students’ cognitive process  

as term of 1) the context of use analysis by interviewing and interpreting. 2) Studied student’s 

opinions  

towards the learning environment analysis by rating scale and interpreting analysis, 3) Studied 

Student’s  

English reading comprehension and 4) student’s learning achievement analyzed data by using 

descriptive statistics as ratio, mean, S.D, and percentage. 

 

 

4.  Result and Discussion 
 

The results shown the effectiveness of the using CLMS to flipped classroom and Enhance an EFL’s 

English Reading Comprehension as the flowing: The result of an expert review on learning content, 

learning media design and CLMS to flipped classroom design, a way to check the quality of the 

specialists.  1) The result of an expert review as follow: learning content., media design found that 

and CLMS to flipped classroom design found that they were appropriate. 2) Evaluation of Context 

of Use: the appropriate group size was 3 students to collaborative solve a problem. They collaborated 

to study, do tasks, search information and include do all activities in class. They can complete do 

the tasks in time and quickly. If members group of 2, they are too small to complete do the tasks in 

time, and members more group of 3 could lead not to see the screen clearly and not pay attention in 

the tasks. 3) Evaluation of Student’s Opinions: Studied their opinions towards innovation throughout 

the survey form questionnaire which comprised (1) content: found that content of reading 

comprehension was appropriated with student’s level. It was up to date and not too difficult or too 

easy and clear for them to study and solve the problems base at ( x of about 4.56) (2) media: found 

that the designing of Navigator which helped them to easily search information, Icon showed the 

meanings of information resources. The Architecture in learning environment was suitable, 

interesting via Figures, highlighted, alphabets size and colors was very interesting at ( x  of about 

4.58). (3) designing: found that all components in the learning environment were appropriated at ( x  

of about 4.55). 4) Evaluation of Student’s English reading comprehension: evaluated their reading 

comprehension from English reading comprehension test has 40 items consists of 4 levels of reading 

comprehension (Miller,1990). The results was found that, after they learned with CLMS to Flipped 

Classroom, they in levels (1) textually explicit comprehension was at ( x  of about 8.67) (2) Textually 

implicit comprehension was at ( x of about 8.00), (3)Critical reading comprehension was at ( x  of 

about 7.33) and (4) Scripturally implicit comprehension was at ( x  of about 6.67) as shown in the 

Figure 1. 5) Evaluation of Student’s Learning Achievement: The learning achievement of the 15 
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target group was found that the posttest was x  of about 14.00,   S.D. of about 1.69  more than pretest 

x  of about 8.73 , S.D. of about 1.75  which 70 %  of  the students pass 70% of the subject standard.  

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 1. Result of Student’s English reading comprehension Evaluation 

 

 

5.  Conclusion and Future Work 
 

This study designed reported using constructivism learning environment management system to 

flipped classroom and enhance an EFL’s English reading comprehension a pilot study. However, to 

enhance student’ English reading comprehension, we are going to study about the effect of flipped 

classroom learning environment to enhance learner’s English reading comprehension. 
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Abstract: This paper presents the Development of Constructivist Cooperative Game 

Learning Environment Model to Enhance Problem Solving for Veterinary Students. The 

purposes of this research were: 1) to study and analyze principles, theories and related 

researches, 2) to synthesize the theoretical framework, 3) to survey instructional context, 

and 4) to synthesize the designing framework. The results revealed as followings. The 

theoretical framework consisted of 5 bases: (1) psychological base, (2) pedagogical base, (3) 

technological base (4) problem solving base, and contextual base. The designing framework 

consisted of 4 steps and 7 elements included: 1) to activate cognitive structure and promotes 

problem solving, 2) to support for adjusting cognitive equilibrium, 3) to promote the 

knowledge construction and problem solving, and 4) to support and enhance knowledge 

construction and problem solving. The 7 elements of game-based learning environment as 

follows: 1) problem base, 2) resource, 3) collaboration, 4) problem solving center 5) 

scaffolding and 6) Coaching.   

Keywords: Cognitive process, problem solving, learning environment, game 

1. Introduction

Education is important for learners. The learners should be given a higher-order thinking skills such 

as critical thinking, analytical thinking, problem solving, and information transfer which focus on 

the use of methods. Simulation, discovery, problem solving and collaboration. Learners were 

received the authentic experience, it can be congruent with the real life. Therefore, the instruction 

design must be changed in order to foster problem solving, information seeking skills and 

knowledge construction rather than passively receive the knowledge. Instructional design theory (ID 

Theory) was used in this design. Essential theories used as foundation were as follows: constructivist 

theories, problem solving, transfer knowledge theories and media attribute, game, symbol system of 

web-base technology. These support the knowledge construction and problem solving. 

2. Literature Review

2.1 Constructivism Learning Environment 

Constructivism is a learning theory that focuses on learners' self-knowledge creation (Piaget, 1980). 

Primary goal of the theory is to design for a learning environment to foster problem solving and 

conceptual development in ill-structured problem solving. The ill-structured problem solving is 

associated with constructivist and situated cognition approaches for better learning. 
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2.2 Problem Solving 
 

Problem solving, as an activity, is more complex than the sum of its component parts. Without 

question, problem solving necessarily engages a variety of cognitive components, such as 

propositional information, concepts, rules, and principles (domain knowledge). However, it also 

involves structural knowledge (information networking, semantic mapping/conceptual networking, 

and mental models), applicative skills (constructing/applying arguments, analogizing, and 

inferencing), and metacognitive skills (goal setting, allocating cognitive resources, assessing prior 

knowledge, assessing progress/error checking) in the learner. Additionally, problem solving also 

engages motivation/attitudinal components (exerting effort, persisting on task, engaging 

intentionally) and certainly requires knowledge about self (articulating prior knowledge, articulating 

sociocultural knowledge, articulating personal strategies, and articulating cognitive 

prejudices/weaknesses) (Jonassen & Tessmer, 1996). Ill-structured problems are those on which 

opposing or contradictory evidence and opinions exist, for which there is not a single, correct 

solution that can be determined by employing a specific decision-making process (Kitchner, 1983). 

The description of the ill-structured problem solving process (Jonassen, 1997) follows: 1) learners 

articulate problem space and contextual constraints, 2) identify and clarify alternative opinions, 

positions, and perspectives of stakeholders, 3) generate possible problem solutions, 4) assess the 

viability of alternative solutions by constructing arguments and articulating personal beliefs, 5) 

monitor the problem space and solution options, 6) implement and monitor the solution, and 7) adapt 

the solution. 

 

2.3 Game 
 

Games for learning research should account for prior research on learning in general rather than 

reinventing the wheel. Situated, authentic problem solving is an effective way to ensure that games 

can support problem solving. For a game-based simulation, our instructional designers apply game 

design and modeling. The simulations enable learners to apply their knowledge and skills in a 

simulated environment. 

 

 

3. Method 
 

3.1 Research purposes  
 

To synthesize the designing framework of constructivist cooperative game learning environment 

model to enhance problem solving for veterinary students(CCGLE model). 

 

3.2 Research design    
 

Model research design base on richey and klein (2007) consisted of 3 phase: model development, 

model validation, model use. This study use only model development phase. The research method is 

documentary research, that consisted of to examine and analyze the principle, theories and related 

researches, to study the context teaching and learning. to synthesize the theoretical framework and 

the designing framework of CCGLE model. 

 

3.3 Target Group  
 

The target groups of this study consisted of 3 experts to assess the designing framework of CCGLE 

model. 

 

3.4 Research instruments 
 

The instruments in this study consisted of 2 instruments as following: 1) The expert review record 

form for checking the quality of the designing framework. 2) The synthesis of the designing 
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framework record form for record the data for synthesis of the designing framework of CCGLE 

model 
 

3.5 Data collecting and analysis 
 

The procedure of gathering and analysis data were as follows: 1) Synthesis of theoretical framework 

of CCGLE model. The data were collected by using the recording form for synthesis of the 

theoretical framework. 2) Synthesis of designing framework of CCGLE model. The data were 

collected by using the recording form for synthesis of the designing framework. Summarization, 

interpretation and analytical description were used to analyze the data. 

 

 

4. Research Results 
 

4.1 Theoretical framework 
 

The results show that the theoretical framework of learning environment comprised of four basic 

theories: (1) Psychological base, (2) Pedagogical base, (3) Problem solving base, (4) Technological 

base, and (5) Contextual base. Figure 1 shows the relationship between the underlined basic theories 

components of the theoretical framework for augmentation. 

 
Figure 1. The theoretical framework of CCGLE model. 

 

4.2 The Designing framework 
 

The stage of the designing framework according to this study, the findings of synthesis of the 

designing framework of CCGLE model were showed 5 stages as follows: (1) activating cognitive 

structure and promoting problem solving, (2) supporting for adjusting of cognitive equilibrium, (3) 

promoting the knowledge construction and problem solving, and (4) supporting and enhance 

knowledge construction and problem solving. The designing framework in the design of the learning 

environment model illustrates in Figure 2. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Activating cognitive 

structure and promoting 

Problem Solving 

Cognitive Constructivist  

(Piaget, 1965) 

Cognitive Conflict  

Problem based Situated Learning 

(Brown et al,1989) 

Authentic 

Problem Solving   

(Jonassen,1997) 

1. Learners Articulate Problem Space and 

Contextual Constraints  

2. Identify and Clarify Alternative Opinions, 

Positions, and Perspectives of Stakeholders  

3. Generate Possible Problem Solutions  

4. Assess the Viability of Alternative 

Solutions  

5. Monitor the Problem Space and Solution 

Options 

6. Implement and Monitor the Solution 

 7. Adapt the Solution 

Game Theory Gaming aspects, Learning 

aspects, Technical aspects 
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Figure 2. The designing framework of CCGLE model. 

 

4.3 The 6 components of CCGLE model 
 

CCGLE models designing framework comprised of 6 components as follows: (1) problem based, (2) 

resources center, (3) collaboration, (4) problem solving center, (5) scaffolding, and (6) coaching. An 

example of CCGLE model was showed in Table. 

 

Table 1  The CCGLE model  

Element Describe the element Example of Design Shot 

(1) Problem based Problem base was designed     as a frame work to 

activate cognitive structure into disequilibrium 

by using enabling contexts 

 
 

((2) Resources Center Resources was designed to support for adjusting 

cognitive disequilibrium by using essential 

principles and theories. The theories were 

applied to design the learning resources for 

providing information for the learners to 

construct the knowledge. This may help the 

learners processing information effectively and 

understand easily. 

 

Supporting for adjusting 

of cognitive equilibrium 
Cognitive load theory 

(Sweller, 1994) 

Chunking 

Information processing 

)Klausmeier, 1985) 

 

Sensory Register 

Short-Term 

Memory 

 Long-Term 

Memory 

 
 

SOI (Mayer, 1996)  
S )Selecting(,                

O )Organization(,             

I )integrating( 

Resources Center 

Collaboration 
Social constructivism 

(Vygotsky, 1978) 
Language, Culture, 

Society 

Problem Solving   

(Jonassen,1997) 

 

 

Promoting the 

knowledge construction 

and problem solving 

1. Learners Articulate Problem Space and 

Contextual Constraints  

2. Identify and Clarify Alternative Opinions, 

Positions, and Perspectives of Stakeholders  

3. Generate Possible Problem Solutions  

4. Assess the Viability of Alternative 

Solutions  

5. Monitor the Problem Space and Solution 

Options 

6. Implement and Monitor the Solution 

 7. Adapt the Solution 

 

Game theory 
Gaming aspects, Learning 

aspects, Technical aspects 

 

Problem Solving  

Center 

Supporting and enhance 

knowledge construction 

and problem solving 

Social Constructivism 

(Vygotsky, 1992)  

 
Cognitive 

Apprenticeship 

(Brown et. al, 1999)  

 

Zone of Proximal 

Development 

Hint, Help, 

Monitoring 

Scaffolding 

Coaching 
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Element Describe the element Example of Design Shot 

(3) Collaboration Social collaboration base was designed to 

support for enlarging cognitive structure and 

promoting  Problem Solving .  Social 

constructivism (Vygotsky, 1962) was used to 

design the Social Collaboration base. It may help 

support the learners for sharing experiences, 

multiple perspectives, adjust misconception, and 

collaboration problem solving. 

 

(4) Problem 

Solving Center 

Problem situation in order to induce the learners 

into discovery learning process. And 7 abilities 

of ill-structure Problem Solving (Jonassen,1997)  

 
(5) Scaffolding Scaffolding was designed to support and 

encourage knowledge construction of the 

learners. It may help the learners to guide and 

support learning efforts in their knowledge 

construction process. 
 

(6) Coaching Coaching base was designed to support for 

providing hints and helps when needed, monitor 

learners, performance and help learners reflect 

on their performance. It may help the learners to 

conduct their performance effectively and 

prevent misconception of the learners.  

 

4.4 The CCGLE Model to Enhance Problem Solving for Veterinary Students 

 

 
Figure 3. The CCGLE model. 
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Conclusion 
 

Design of the CCGLE model, the procedures were as follows: (1( to study and analyze principles, 

theories and related researches, (2( to synthesize the theoretical framework, (3( to survey 

instructional context, and to synthesize the designing framework. The results revealed that 1( The 

theoretical framework consisted of 4 bases as following: )1( psychological base, )2( pedagogical 

base, )3( technology base, )4( problem solving base, and (5) context base. 2( The designing 

framework consisted of 4 steps and 7 elements included: 1( to activate Cognitive structure and 

promotes problem solving, 2( to support for adjusting cognitive equilibrium, 3( to promote the 

knowledge construction and problem solving, 4( to support and enhance knowledge construction 

and problem solving. And 7 elements of the CCGLE model as following: 1( Problem base 2( 

Resource 3( Collaboration 4( Problem Solving Center 5( Scaffolding and 6( Coaching This finding 

was consistent with Chaijareon, S., Samat, C., Kanjug, I., )2012(; Techapornpong, O., 

Chaijaroen,S., ) 2017( These previous research found that the students showed their problem solving 

and the framework of game-based learning environment models. As for this research finding may be 

the result of Instructional design Theory )ID Theory(. This was shown in the designing framework 

of the game-based learning environments model to enhance Problem Solving. The designing 

framework of the game-based learning environments model was recognized as the important one, 

because it can support and help the designers to design effectively and clearly. If this framework is 

lacking we can not design learning effectively. This study focuses on theoretical synthesis of 

theoretical framework. It is the first factor that is critical to the design and development of a learning 

environment based on a Constructivist learning environment. To Enhance the Problem Solving. The 

next effective, It also allows designers to perform clearly based on theoretical frameworks. As well 

as the use of research processes as a basis for design and development. 
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Abstract: This paper exhibits the learner sited in the zone of proximal development as it 

aimed to display the performance efficacy in the two levels of the zone of proximal 

development, the actual development level, where a learner performs independently, and the 

level of potential development, where a learner performs with the assistance of a more 

skilled individual.  Execution viability in this study mounts learner experiences using 

learning scaffolds and determines efficacy performance using a pretest and posttest scheme 

and the mean scores of a controlled and experimental course learning activities.  The study 

employed descriptive-quantitative design to ascertain efficacy in learners’ feat.  The 

experimental method of research was employed across researcher-identified tracking 

phases.  It consisted of 65 student participants belonging to three sections taking Computer 

Programming course under the 1st year level of the Bachelor of Science in Information 

Technology program curriculum and were purposely selected based on qualifiers.  The 

study revealed that the utilization of scaffolding strategies appears to be operative amidst the 

tracking phases from zero or little knowledge to the widening of the competency of a learner 

as results reflect incremental percentage frequency distribution in the learner experiences 

and considerably significant differences in the mean scores of a pre-test and post-test, and in 

the mean scores of the controlled and experimental laboratory activities.  Henceforth, the 

researcher recommended that learners in areas across and outside information technology 

courses and curriculum may protrude distinctive scaffolding strategies as they manifest. 

Keywords: learning scaffolds, zone of proximal development, level of potential 

development, actual development level 

1. Introduction

This paper exhibits the idea of the Zone of Proximal Development (ZPD) developed by Russian 

psychologist Lev Semenovich Vygotsky.  ZPD is defined by Vygotsky in his work, Mind in Society: 

Development of Higher Psychological Processes (1978), as “the distance between the actual 

development level as determined by independent problem solving and the level of potential 

development as determined through problem solving under adult guidance or in collaboration with 

more capable peer.” Educators and the experts of the corporate world in the workforce environment 

agree that student learners this day possess 21st century skills.  In the identification of the critical 

areas of the 21st century skills, collaboration and teamwork, creativity and imagination, critical 

thinking, and problem solving, learners are challenged to be more competent and skilled. 

Accordingly, this study reflects on learner performance as Vygotsky have placed, on how students in 

the verge of learning process in tertiary level progress in the ZPD, particularly in its two aspects, the 

level of potential development where they are expert guided, and the actual development level, 

where they perform on their own skills and abilities.   The ZPD is originally developed to account for 

the learning potential of children and investigates ZPD applications to the concept of teacher 

professional development (Shabani, K., Khatib, M., & Ebadi, S., 2010).  It is also defined as the 

range of tasks that a learner can perform with the help and guidance of others but cannot perform 

independently. Within the ZPD are two levels, the actual development level, which is the upper limit 

of tasks that a learner can perform independently. And the second level is the level of potential 

development, where the upper limit of tasks that a learner can perform with the assistance of a more 
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competent individual. The study examines students taking the Bachelor of Science in Information 

Technology program under the Computer Programming course mining in the two levels of ZPD 

through course learning activities. 

 

 
Figure 1. Zone of Proximal Development  

(Source: https://en.wikipedia.org/wiki/Zone_of_proximal_development) 

 

In Figure 1, the outermost circle presents what a learner cannot do.  The study emphasizes a 

set of student learners who undergo a middle term course learning outcome (CLO) item as identified 

in a course syllabus. The topic under discussion is Java predefined methods.  As the study highlights 

the two levels in the ZPD, the middle inner circle is where the learner can do with guidance. This is 

the Level of Potential Development, where students underwent course learning activities in the form 

of laboratory exercises through learning scaffolds passing through teaching/learning activities 

(TLA) i.e., concept discussion, actual program demonstration in the presence of a faculty, thus 

termed as controlled learning activities.  In the Actual Development Level, represented by the 

innermost circle, students underwent course learning activities in the form of laboratory exercises on 

their own capability and aptitude, passing through self-paced learning scaffolds, thus termed as 

experimental learning activity.  This is where self-instruction is applied by the student. In his book, 

Dickinson (1987) has defined that “self-instruction is a neutral term referring generally to situations 

in which learners are working without the direct control of the teacher.”  Both experimental and 

controlled learning activities engaged by students were assessed by a rubric applied to laboratory 

activities in courses adhered by the IT department of the institution. This study aimed to present the 

learner performances in the ZPD levels in topical area of Computer Programming to students under 

the BSIT program. Specifically, the following objectives were addressed: 

 

1.1 Identify efficacy in learners’ performance in the level of potential development level to the 

actual development level if there is a significant difference in the mean scores of a pretest and a post 

test and the mean scores of controlled and experimental learning activities. 

1.2 Mount learner experience based on a seven-item questionnaire on the student learning 

experience, scaffolding strategies in the experimental CLA, devices used by students, IDE used, and 

SDK version sourced. 

 

 

2. Learning Scaffolds 
 

Scaffolding which is straightforwardly identified in the ZPD is defined as the support mechanism 

that helps a learner effectively perform task assignments branded within the ZPD. This process is 

completed by a more skilled individual, i.e. a faculty, supporting the learning of a less proficient 

individual, thus the student. As Bikmaz, et al. (2018) have put it, in scaffolding instruction, another 

more knowledgeable individual provides scaffolds or supports to facilitate the learner's 

development.  In an educational context, scaffolding is teaching techniques or tools that provide a 

supporting framework for student learning. (Yantraprakorn et al., 2013). To implement scaffolding 

successfully, teachers must first determine the differences between what each student can 

accomplish independently and what he or she can accomplish with guidance, i.e.  the student’s ZPD 

(Gaskin et al., 1997).  An important aspect of scaffolding instruction is that the scaffolds are 

temporary.  As the learner’s abilities increase the scaffolding provided by the more knowledgeable 

other is progressively withdrawn.  Finally, the learner can complete the task or master the concepts 
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independently (Chang, Sung, & Chen, 2002). The scaffolding strategies used in this paper were 

identified whilst the learner is in the pace of actual development and potential development. These is 

presented in the 2nd and 3rd tracking phases as presented in figure 2. In the controlled course learning 

activity, identified learning support and scaffolding strategies will be presented via the delivery 

methods of the faculty. In the experimental course learning activity, they were identified by the 

researcher from which the respondents of this study have chosen. 

 

 
Figure 2. Tracking Phases of Learners 

 

Therefore, the goal of the educator when using the scaffolding teaching strategy is for the 

student to become an independent and self-regulating learner and problem solver (Hartman, 2002).  

The researcher labeled the tracking phases as shown in Figure 2. “Teacher scaffolding and more 

specifically, support that is adapted to or contingent upon a student's understanding, is considered 

effective in promoting student learning” (van de Pol, Janneke & Elbers, Ed. 2013).  A faculty 

followed the phases in the conduct of this study. A pretest was administered to associate a curb in the 

learner performance.  In the ZPD, this is where the learners have zero or little knowledge of the Java 

predefined methods topic.  Learning scaffolds addressed in this study, is where the faculty performs 

responsibilities in accordance with the course learning outcomes, implementing delivery or 

teaching/learning activity (TLA) to students. This is to address key performance indicators 

developed in the HEI’s Course Assessment and Evaluation Plan. The teaching/learning activity 

(TLA) mentioned in this document includes Lecture and Interaction/Recitation, Direct Instruction, 

Guided Discussion, Program Demonstration, and Accomplishment of laboratory exercises as shown 

in Figure 3, an excerpt screenshot from the HEI’s Course Assessment and Evaluation Plan for 

Computer Programming 2 course. 

 

 
Figure 3. Delivery Methods in Teaching and Learning 

 

These delivery methods were implemented to the learners as materialized in the level of 

potential development. This 2nd phase exhibited in the level of potential development is where the set 

of learners were steered with scaffolding strategies and assessed by controlled learning activities.  

Passing through 3rd phase identified in the level of actual development, the students was examined 

venturing on experimental learning activities. This is where the learners solved the laboratory 

activities in their own aptitude. “Scaffolding is another instructional strategy which assists in 

strengthening confidence as students slowly build their knowledge and skills as the content 

progressively increases in difficulty” (Hammond & Gibbons, 2005). The researcher termed the 
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learning scaffolds as: lecture and interaction/ direct instruction and guided discussion, program 

demonstration, and accomplishment of guided laboratory exercises.  From these scaffolds, inventive 

styles were engaged.  In direct instruction and guided discussion, context flows of programming 

problems included simulation, formative assessment included approaches such as the 

think-pair-share and pair programming. In the program demonstration, the skilled individual has 

commissioned MS Excel spreadsheets in the comparison of program output to aid the learners in 

catching up the logic of the program cited.  It has been noticing that after comparing the process 

flows from an Excel spreadsheet, some learners already knew how to attack the program solution. 

Learning scaffolds used by the respondents in the experimental CLA included internet sources, help 

from classmates, help from other experts. Some even didn’t use any. The researcher’s 4th phase 

demarcates the posttest in the discovery of the efficacy of the learning scaffolds used in the levels of 

the learner performance in the ZPD. The 5th phase determines the user experience as to their feel of 

these phases. 

 

 

3. Learning Management Systems 
 

Various LMS were enumerated in the study of Dasig & Pascua (2015).  Facebook as an LMS used 

for putting up announcements, sharing resources, organizing weekly tutorials and conducting online 

discussions at a teacher education institute.  Moodle supports social constructionist epistemologies 

of teaching and learning in distance education, Blackboard, WebCT, and Desire2Learn. Several 

open-source and free LMS systems, such as Schoology, Moodle, Segue, Interact, CourseWork, 

Atutor, KEWL and several others.  In another study, (Dasig, 2014) used Schoology to deliver 

blended learning approach in an Embedded System class which learners were provided online 

groups, classroom where assignments, project requirements, assessments, and other class activities 

are delivered. In this study, the Canvas LMS was commissioned in the delivery of the pretest, 

posttest, controlled and experimental course learning activities. Figure 4 displays the dashboard of 

the Canvas LMS interface and Figure 5 shows the weekly modules. 

 

 
Figure 4. Canvas LMS Interface – Dashboard 

 

 
Figure 5. Canvas LMS Interface – Weekly Module 
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The Canvas Dashboard shown in Figure 4 consists of two focal elements, the actual 

dashboard and the global navigation view. The former immediately displays the course view that 

provides access and updates in the courses. The latter provides quick links to all areas and can be 

accessed from any screen. The dashboard shows a screenshot view of six (6) courses from which the 

three (3) sections of Computer Programming course are captured. The sections mentioned are posted 

with its course code, ITC 19i, completed by the section code, ITC 19i-101i, ITC 19i-102i, and ITC 

19i-103x.  In figure 5, the global activity stream view displays of one of the Computer Programming 

courses. The figure indicates one of the weekly modules. A larger amount of this view contains the 

recent activities from the ITC 19i course including class announcements, discussions, assignment 

notifications, and quizzes. As the Canvas LMS is an easy-to-use and intuitive system, it is highly 

important to keep at pace in the classroom management skills of the faculty to its learners. 

 

 

4. Research Design 
 

The study employed descriptive-quantitative design to ascertain efficacy in learners’ feat in the 

ZPD.  The experimental method of research was employed in this study across the tracking phases 

the researcher had ascertained. In the pretest phase, the student participants were seasoned to yield 

on the topic of Java pre-defined methods as an item in the course syllabus of the Computer 

Programming course.  The next phase is undertaking the controlled course learning activity (CLA) 

cumulative scoring using three (3) laboratory exercises, from which the participants had scaled 

coming from teaching/learning activity delivery methods with a more competent individual, 

exemplified by a faculty and pegged as the level of potential development in the ZPD.  Further, the 

student participants took next phase where the participants were examined in the experimental 

course learning activity (CLA) cumulative scoring using three (3) laboratory exercises which they 

have solved on their own aptitude, thus stating this level as the actual development level.   
 

Respondents consisted of three sections totaling 85 students taking Computer Programming 

course under the 1st year level of the BSIT program curriculum. These students belonged to the 

College of Computer Studies and Engineering division of a higher education institution (HEI) in 

Metro Manila.  Sixty-five (65) student participants were purposively selected based on the following 

qualifiers: they have accomplished and completed the researcher-identified tracking phases as the 

pretest, controlled CLA, experimental CLA, and posttest, and user experience. 

 

 

4.1 Instrumentation 
 

The researcher used a 30-item pre-test and post-test scheme. Data collected as students procured the 

tracking phases in the line of using an LMS from which the HEI has instructed to utilize across its 

divisions. The participants were assigned three laboratory exercises for the controlled and 

experimental course learning activities (CLA). They were graded by means of a 10-point laboratory 

rubric guide developed by faculty committee teaching programming courses under the IT 

department supervised by the chairperson. A 7-item researcher-made survey questionnaire with 

4-point Likert scale was floated online using Survey Monkey to determine learner experience in the 

actual development level phase instrumented in the learning scaffold strategies pegged by the 

researcher. The 4-point scale with no neutral option was used to extract specific responses from the 

students, from which the options were: strongly agree, agree, disagree, strongly disagree.  The 

7-item questionnaire designed for this study was subjected to a validation process for content 

validity, as preceded by a project headed by the Office of the Vice President for Information Systems 

in using BYOD contrivance in the HEI. Content validity is defined by McBurney (1994:123) as the 

notion that a test should sample the range of behavior represented by the theoretical concept being 

tested.  In the validation process, this type was used.  The 7-item questionnaire were formulated by 

six experts of the Bring Your Own Device project study of the HEI.  These were the VP for 

Information Systems, IT director, coordinator of the Institute of Technology-Based Learning, and 

three faculty of the IT department under the College of CSE who were implementing the Canvas 
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LMS for their delivery methods in teaching and learning. The experts have formulated and tapped 

the questions in the intention of measuring the relevance of the objectives of the study.  Following 

the formula in calculating the content validity ratio (CVR), the questionnaire’s worth is based on the 

ratings of the experts. 

 

Formula: CVR = [(E - (N / 2)) / (N / 2)] 

where: E is number of experts who rated the questionnaire as essential, N is total number of experts 

 

In the compliance of the experimental course learning activity (in the actual development 

level in the ZPD), where the students have conformed to submit their three (3) laboratory exercises, 

other elements observed by the researcher were: scaffold strategies, devices used outside the HEI 

assigned laboratory room, IDE used, and JDK version sourced. The 30-item pre-test and post-test 

subsequently followed by the scores of controlled and experimental course learning activities were 

administered to the group to determine the difference of performance as well as to mention the 

efficacy of the learning scaffolds. The researcher utilized percentage frequency distribution to 

display the data expressing relative frequency of the responses for the learner experience in the 

experimental CLA in the actual development level afterward the level of potential development in 

the ZPD. The statistical mean and t-test value for the learner efficacy in the results of the pretest and 

posttest, and the controlled and experimental course learning activities. 

 

 

5. Results and Discussion 
 

This section presents the results of the analysis conducted.  Of the 65 respondents, 52 or 80% are 

male and 13 or 20% are female. Correspondingly, the succeeding parts will contain the: percentage 

frequency distribution of the Learner Scaffolding Strategy Experience, percentage frequency 

distribution of the 7-item questionnaire from the learner experience, statistical mean of pretest and 

posttest and; statistical mean of controlled and experimental course learning activity (CLA) to 

measure efficacy of the learning scaffolds 
 

5.1 Learner Scaffolding Strategy Experience 
 

5.1.1 Learning Tasks in the Controlled Course Learning Activity (CLA) 
 

Following the tracking phases of the study, the HEI’s Course Assessment and Evaluation Plan 

served as the basis of trail of monitoring learner paces.  This plan adapts to the Outcomes-Based 

Education measure for each course offered in the HEI.  A measurement tool reports its attainments. 

The teaching/learning activity (TLA) conforms with the Assessment Method, Assessment Tool, and 

Evaluation Target.  The scaffolding strategies employed in this study for the Course Learning 

Activity disclosed in this study is the Accomplishment of Laboratory Exercises as the main 

substance utilized.  Laboratory exercises included demarcates the topic on Java methods.  Table 1 

shows the result of the laboratory exercises for the controlled and experimental CLAs in the duration 

of this study. 

 

Table 1 Measurement of students under ZPD in the Laboratory Exercise Learning Task 

 

Assessment 

Method & 

Tool 

Laboratory 

Exercises 

Results 

Controlled 

Section 

A 

Section 

B 

Section 

C 

Laboratory 

Exercises 

Results 

Experimental 

Section 

A 

Section 

B 

Section 

C 

Evaluation 

Target 60% of 

students 

get >=80% 

21/28 

(75%) 

13/20 

(65%) 

16/17 

(94%) 60% of 

students get 

>=80% 

28/28 

(100%) 

17/20 

(85%) 

16/17 

(94%) 

Remark Attained Attained Attained Attained Attained Attained 

Average of 

Scores 
90% 93% 94% 97% 96% 98% 
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5.1.2 Learning Tasks in the Experimental Course Learning Activity (CLA) 
 

On the other hand, results in the experimental learning activities underwent by the learner on the 

tracking phases signify the learning scaffolds tapped reflects that 47.92% utilized the internet for aid 

in solving the laboratory activities, only 3.08% needed aid from another competent individual. 

Students tapped in the study who underwent the tracking phases of the delivery methods in the level 

of potential development zone have reflected much improvement as seen in the actual development 

zone. Further, 17.24% or 10 of 65 students managed to ensure that their compliance is on their own 

propensity, gaining enough skill from the level of potential development in the ZPD where they 

were aided by a faculty through the teaching/learning activities.  Table 2 presents the actual number 

of learners involved. 

 

Table 2 Strategies Used in the Experimental Laboratory Activity 

Strategies Number of Students  % 

Internet sources 28 47.92% 

Help from classmates/friends 25 38.46% 

Help from other experts 2 3.08% 

Did not use scaffolding strategy 10 17.24% 

TOTAL 65  

 

Table 3 Percentage of Devices Used 

Devices Responses % 

Smart Phone Owned 5 8 

Laptop Owned 20 
37 

 
Borrowed 4 

Tablet Owned 1 
5 

 
Borrowed 2 

Desktop Owned 10 

51 
 

Open Laboratories 21 

 Library 2 

 

Table 3 stages the list of devices the students have utilized in the compliance of the 

laboratory exercises outside the laboratory room. 51% have used desktop computers, and only 5% 

have operated on their tablets of which 1 owns, and 2 have borrowed. The Computer Programming 

course allows students to become well versed in Java. Different IDEs might be employed to hard 

code programs. Table 4 shows the type of IDE the students have used in the compliance of the 

laboratory exercises outside the laboratory room. 

 

Table 4 Percentage of Integrated Development Environment Used 

IDE Responses % 

JCreator 47 72 

Netbeans 9 14 

Eclipse 3 5 

Other IDE 6 9 

         N=65 

 

The largest representation of 72% or 47 of 65 students have used JCreator as their preferred 

IDE in coding their programs. Three (3 of 65) students or 5% were able to utilize the Eclipse IDE. In 

trailing the IDE usage, table 5 presents a list of the Java SE that the students have installed and used 

in conjunction with their favoured IDE. 
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Table 5 Percentage of Java Development Kit Version 

JAVA Version Responses % 

JDK Beta 1 2 

JDK 1.1 2 3 

J2SE 1.3 1 2 

J2SE 1.4 1 2 

Java SE 6 3 5 

Java SE 7 4 6 

Java SE 8 36 55 

Java SE 9 7 11 

Java SE 10 (18.3) 3 5 

Unknown 7 11 

       N=65 

 

Substantiating the records on table 5, most of the students have favored Java SE 8 as the 

installed JDK version in their devices.  Shadowing 2% of respondents, it sums up to three (3) JDK 

versions of JDK Beta, JDK version 1.3, and JDK version 1.4 respectively.  

 

 

5.2 Learner Experience Questionnaire Responses 
 

The seven-item researcher-based questionnaire as validated by a committee presents the following:  

Q1 I find the instructional materials (such as lecture files, links, etc.) in Canvas easy to understand. 

Q2 I find the course learning activities (laboratory exercises) doable. 

Q3 I am able to effortlessly connect to Canvas when my class requirement commands me to do so. 

Q4 I am comfortable doing the activities inside the laboratory room. 

Q5 I am comfortable doing the activities outside the laboratory room within campus. 

Q6 I am comfortable doing the activities outside the laboratory room and outside the campus. 

Q7 For future courses, do you prefer bringing and using your own device to fulfill the activities 

required by the course?   

 

Table 6 presents the percentage distribution of the seven questions commissioned and their 

responses as the effects of the learner experiences in the complying with the laboratory exercises 

outside the laboratory room assigned to them identified as the experimental course learning activity 

applied in this study. 

 

Table 6 Learner Experience Results 

 Strongly 

Agree 

% Agree % Disagree % Strongly Disagree % TOTAL N 

Q1 28 43 36 55 1 2 0 0 

100 65 

Q2 29 45 35 54 1 2 0 0 

Q3 20 31 42 65 3 5 0 0 

Q4 20 31 40 62 5 8 0 0 

Q5 13 20 38 58 13 20 1 2 

Q6 26 40 26 40 11 17 2 3 

Q7 16 25 38 58 8 12 3 5 

 

Topping this list is question 2 where 45% have strongly agreed they find the course learning 

activities were doable. Falling behind is question 5 which marks that 20% of the students have 

strongly agreed that they were comfortable doing the activities outside the laboratory room within 

campus. This suggests that the 20% had their opportunities of being inside the university utilizing its 
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resources such as the computers in open laboratories, desktop PC, loanable netbooks inside the 

library, or simply using own devices brought in the school premises. Then table 7 presents the 

computed weighted mean for each question as these have been interpreted using a 4-point Likert 

Scale to determine exact results.  As reflected, the computed responses in all questions ranges from 

3.4 to 3.0 which can be interpreted that the responses gathered from the learners concludes that they 

“agree.” And the overall computed mean for all is 3.2 which yet can be interpreted as “agree” as 

evaluated by the respondents.  

 

Table 7 Learner Experience Results – Weighted Mean 

 SA A D SD Weighted 

Mean 

Interpretation 

Q1 28 36 1 0 3.4 A 

Q2 29 35 1 0 3.4 A 

Q3 20 42 3 0 3.3 A 

Q4 20 40 5 0 3.2 A 

Q5 13 38 13 1 3.0 A 

Q6 26 26 11 2 3.2 A 

Q7 16 38 8 3 3.0 A 

Grand Mean 3.2 Agree 

 

5.3 Efficacy of the Learning Scaffolds in the Learner Performance in the ZPD  
 

The study resulted in the groundwork of the objective to identify efficacy in learners’ performance if 

there is a significant difference in the mean scores of a pretest and a posttest; and the mean scores of 

experimental and controlled learning activities.  The table 8 shows that the tracking phases 

employed by the researcher were operative. This implies a significant difference in the result data. 

The SD in the pretest was 5.262 while in the posttest was 5.857. The mean for the pretest is 14.54 

while the mean for posttest is 19.14. The difference between the two is -4.600 which has a t-value 

-6.017 and significant difference in the score with 0.001 at α=0.05 and 64 degrees of freedom. 

 

Table 8 Pre-Test and Post-Test Scores 

Variables Mean SD Difference bet. the Means t Sig 

Pretest 14.54 5.262 
-4.600 -6.017 0.000 

Post test 19.14 5.857 

 

The experimental laboratory activity has gained remarkable improvements on the learner 

performance after the interventions on the controlled learning activity was given and the faculty has 

used the identified delivery on the teaching and learning activities (TLA). It entails a significant 

difference in the efficacy of the controlled and experimental laboratory activity performance as 

shown in table 9. The standard deviation in the Controlled CLA was 21.17 while in the Experimental 

CLA was 26.74. The difference between the two is 5.569 which has a t-value -6.261 and significant 

difference in the score with 0.000 at α=0.05 and 64 degrees of freedom. 

 

Table 9 Scores of the Controlled and Experimental Course Learning Activities 

Variables Mean SD Difference bet. the Means t Sig 

Controlled CLA 21.17 7.648 
5.569 6.261 0.000 

Experimental CLA 26.74 6.091 

 

 

6. Conclusion and Recommendation 
 

In the ZPD, it is highly essential that the development of mental capacities of students, especially in 

the early years of tertiary must be assessed through collaboration with a more competent individual, 
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and not solely based on one’s independent pace. In the course of this paper, students under the IT 

program in a university were tapped by the researcher to allow discovery beneficiaries that the 

utilization of scaffolding strategies were operative amidst the tracking phases from zero or little 

knowledge to the widening of the competency of a learner as results reflect significant differences in 

the mean scores of a pre-test and post-test, and in the mean scores of the controlled and experimental 

laboratory activities. The researcher utilized the Course Assessment and Evaluation delivery 

methods as the teaching/learning activities as scaffolding techniques for the controlled laboratory 

exercise in one tracking phase of this study. For the experimental laboratory exercise, students have 

identified that after undergoing the delivery methods from a faculty as their guide in the level of 

potential development zone, much improvement is seen in the actual development level where the 

group showed that only 3.08% needed aid from another competent individual. The respondents in 

this study leads to the degree of BSIT program of the College of Computer Studies and Engineering 

umbrella. Forthcoming researches may consider an attempt to investigate and contextualize on the 

applicable learning scaffolds to measure learner performances in the ZPD in other programs offered 

in the higher education institution (HEI). Consequently, it may be imperative that other groups in the 

program may act as participatory respondents to develop learner pace in the ZPD in other courses or 

areas of the IT track.   
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Abstract: Cognitive flexibility is an individual competency for solving complicated 

problems. It uses flexibility to weigh multiple alternatives in solving a problem. It also 

involves the capacity to adapt knowledge in other situations, which is necessary, especially 

in the fields that deal with complicated problems. This study was aimed to examine the 

learner mechanisms of the cognitive flexibility using the constructivist learning environment 

model at a tertiary level, in which cognitive flexibility was enhanced. The target group 

comprised 43 students who enrolled in the course, 410201 System Analysis and Design 

under computer education program during the second semester of 2010 in the at the Faculty 

of Science and Technology, Nakhon Ratchasima Rajabhat University. A pre-experimental 

design was employed. Using the One-Shot Case Study method, followed the qualitative and 

quantitative data collected. The quantitative data was statistically analyzed using means and 

standard deviations, whereas protocol analysis and interpretation were used to analyzed the 

qualitative data.  The findings indicated the cognitive flexibility of the learners were found 

in moderate level (X14.97,S.D. 2.61). Interview results revealed three stages in the learners’ 

cognitive flexibility mechanisms, namely: (1) knowledge selection (2) knowledge 

deconstruction, and (3) adapted knowledge reconstruction. 

Keywords: Cognitive flexibility, Knowledge selection, Knowledge deconstruction, 

Adapted knowledge reconstruction, Constructivist Learning Environment Model, Ill-

structured problem solving 

1. Introduction

Cognitive flexibility is an individual competency to solve complicated problems using flexibility to 

weight various alternatives. This includes adapting knowledge in other situations, for example, 

design information technology system and its programming especially in computer education where 

theories have to be practically applied. For instance, system analysis and design as well as 

programming, require knowledge in related theories, such as analyzing needs of users, analyzing 

and designing various ill-structured systems. System designing should answer the target objectives 

and meet the needs of users. Additionally, the knowledge acquires must be adapted for analysis and 

design systems in other applications.   

Cognitive flexibility is in fact important for all professions. Jonassen (2004) showed that 

medical students need to investigate a lot of patient cases and apply cognitive flexibility with other 

information sources in order to treat other patients.  Lacking cognitive flexibility, these students 

have to begin by learning the information of new patients since they are not able to apply former 

knowledge and adapt it for solving the problem. Cunningham (2004) found that some education 
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students who passed professional training and gained experience from an institution were not able 

to apply learned concepts to actual classroom instruction. The problem is a lack of competency in 

solving complicated problems, where solutions lead to impact on other issues, requiring 

consideration of related contexts or flexibility in selecting from multiple alternatives—the so-called 

cognitive flexibility. Research reports have indicated that cognitive flexibility is composed of case-

based learning, which supports the 5 principles of Spiro and Jacobson’s cognitive flexibility, namely: 

(1) Substituting multiplicity of knowledge for comprehensive thought, (2) Connecting concrete 

concepts with different cases, (3) Having complex boundaries, (4) Emphasizing links to various 

websites, and (5) Enhancing compilation of knowledge. Besides, the principle of Case-based 

Reasoning (CBR) of Aamodt & Plaza was applied in the design and development of teaching media 

(Schmidt and Boncella, 2007) to encourage knowledge acquisition at an advanced level. Here, 

problem solution is based on construction of a Hypertext Learning Environment designed by the 

theory of cognitive flexibility (Jonassen, 1992). 

Moreover, efficiency of cognitive process using media upon the learners depends on the 

media attribution and symbol system. The twos enhance cognitive flexibility include the web-based 

learning environment in which the principle of cognitive flexibility integrates with hyperlink, 

hypertext and hypermedia (Chaijaroen, 2004; Kozma, 1991), hence multi-dimensional and 

crisscrossing connections. These characteristics support cognitive process to solve problems with 

complicated connections; such as problems in one system may lead to negative impacts on another 

system.  

With these reasons, the research on enhancement of the cognitive flexibility aimed for 

computer education learners, especially in system analysis and design is necessary. Learners should 

be able to adapt their knowledge in solving other problems and create new operation models which 

are important to operations and professional development.     

 

 

2. Purpose of the study 

 
To examine the mechanism of cognitive flexibility of learners learning with the constructivist 

learning environments in higher education. 

 

 

3. Cognitive flexibility 
 

Cognitive flexibility refers to the ability of learner to solve complicated problems.  

The mechanism of its consists of 3 stage as following:  Knowledge selection – learners selected to 

use prior knowledge by retrieving it. Knowledge deconstruction –– each of selected prior knowledge 

as the theories and cases, is deconstruction into piece of knowledge. Adapted knowledge 

reconstruction – learners adapt and reconstruction their knowledge by linking with the new 

situationalproblem. If the knowledge can be readily applied in the new situation confronted or if 

they need to adapt and reconstruct the knowledge in order to solve another complicate problem 

solution. 

 

 

4. Research methodology 
 

4.1 Research design 
 

The one-shot case study method was used in this research, emphasized on qualitative data collection. 

 

4.2 The Target Group 
 

The target group was consisted of 43 second-year undergraduate students in Computer education 

who enrolled in the course 410201 System Analysis and Design under computer education program 
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during the second semester of 2010 at the Faculty of Science and Technology, Nakhon Ratchasima 

Rajabhat University. 

 

4.3 Research Instruments 
 

The research instruments used in this study consisted of the following:  

 1) The constructivist learning environment model enhancing cognitive flexibility. 

2) A cognitive flexibility test form constructed by researchers based on Spiro and Jehng’s 

(1990) concept of cognitive flexibility.  

3) Interview form of cognitive flexibility to conduct with learners. This unstructured 

interview was used in the in-depth interview. 

 

 

5. Data Collection and Analysis 
 

The researchers collected information and analyzed it through the following steps:  

1) Dividing learners into small groups of 3-4 students; introducing them on how to learn 

with the constructivist learning environment model, where the topic was “the design of context and 

data flow diagrams”.  

2) Introducing to the lesson by linking prior knowledge of learners to the topic, “the design 

of context and data flow diagrams”. 

3) The learners learned with the constructivist learning environment model by studying a 

problem situation. This component is called the cognitive building center. They then attempted to 

find solutions or answers by learning components in the environment model called the cognitive 

bank. Scaffolding and coaching were called as the system analysis community. Collaboration in 

problem solving was called a specialist’s clinic. For similar cases, learners applied cognitive tools 

to find the answers and may study in the cognitive flexibility enhancement room. 

During the lesson, learners cooperated to search solutions and share cognition in order to determine 

and summarize the solution according to the learning tasks. The teacher performed as a coach, 

encouraging, advising, supporting and activating learners to develop their cognitive flexibility. The 

study was conducted twice, 4 hours each session. 

4) The teacher and the students concluded the learning concept together at the end of each 

period.  

5) The cognitive flexibility test was administrated. The researchers interviewed them 

regarding the mechanisms of cognitive flexibility. The data obtained from the cognitive flexibility 

test was analyzed using descriptive statistics, i.e., percentages, means ( ), and standard deviations 

(S.D.). The qualitative data obtained from the interview was analyzed via the protocol analysis and 

interpretation. 

 

 

6. Result 
 

The study showed that the cognitive flexibility of the learner measure by the test was  =14.97, S.D.= 

2.61. This indicated that the learners’ cognitive flexibility was in moderate level. Furthermore,  

the qualitative data revealed that there are two folds of findings: a) three stages of the cognitive 

flexibility b) three types of cognitive flexibility as following: 

 

6.1 Three stages of the cognitive flexibility 
 

Three stages of the cognitive flexibility revealed as follows:  

 

Knowledge selection – It showed that learners selected prior knowledge regarding system 

analysis and design by retrieving it. They were found to be able to retrieve prior knowledge by 

stating and describing what they learned before. They could select the symbols for analyzing and 

precisely designing operating system in a context and data-flow diagrams as in a real system. They 
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could explain in details regarding how tables are used for data storage; what kinds of data are related, 

how much data is there on one table that are related; how many tables are there in one database; and 

how they are related. The learners could use their prior knowledge to design some parts of an 

operating system. But they could not design and analyze the whole system, as in the System Analysis 

and Design course, in which the processes of a system have to correspond to each other. The system 

design was done by analyzing the system process and then they designed the context diagram 

according to the principle and theories (Yourdon,1989; Gane and Sarson,1979). Then the symbols 

for the design of an operating system were to be selected. The evident procedures conducted by 

learners are as follows: the learners decided in their group what symbols they would use to analyze 

and design context and data flow diagrams. They compared the symbols with ones already learned 

from the Database system course in which symbols are used to design a database. This was put into 

an Entity-Relationship Diagram. Then the difference between the two sets of symbols was compared 

and a decision was made. Some learners reported, the empirical evidence were shown as following 

the interviewed data:  

 

“Before thinking and analyzing to design the context diagram and the data flow chart, we needed to 

study the component called cognitive bank in order to investigate the symbols for designing the 

contextual diagram and the data flow diagram.” 

 

 “The difference between the two systems was in process symbols. Storage symbols also differ, but 

only slightly.”  

 

This was evident when learners could name the system learned both from the System Analysis and 

Design course and the Database System course that aims at database design. That is Knowledge 

selection in the first stage of cognitive flexibility. 

 

 
 

Figure 1. Comparison of symbols used in diagram design between Yourdon’s and Gane and  

Sarson’s 

 

Knowledge deconstruction – It showed that the learners were able to deconstruct their 

thinking and drafted an outline of the context and data flow diagrams, which could be seen from the 

evidence stated above. The learners were able to think together in their group to deconstruct the 

major process of work in each system, which differs from one another. The thinking process involves 

reasoning and retrieving of information from the resource called a cognitive bank and from using 

cognitive tools to study the software to be used in the decomposition diagram, context diagram and 
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the data flow-chart diagram. The decomposition diagram was thus exemplified for using in different 

operating systems. The empirical evidence was illustrated in Figure 2, showing evidence of learners’ 

outlining of the decomposition diagram.    

 

 
  

Figure 2. The learners’ drafting of the decomposition diagram for a car-renting system 

 

 
  

Figure 3. The learners’ drafting of the decomposition diagram for a people’s library 
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Figure 4. The learners’ drafting of the decomposition diagram for a community medical center 

 

 Adapted knowledge reconstruction – It showed that learners were able to adapt their 

knowledge and relate it to the new situational problem. Whenever relationship exists, the knowledge 

can be used to solve the problem in a new situation. However, learners had to consider whether 

reconstruction was required. If they are able to reconstruct the knowledge in various ways, then it 

proves that learners are competent in developing cognitive flexibility. This is depicted in Table4, the 

analysis and design of a car renting system in a contextual diagram, and Figure 5, the flow chart of 

the car renting system.  

 

 
  

Figure 5. Designing the contextual diagram for a car renting system 
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However, reconstruction was to be carried out in order to create knowledge in the design of 

data flow that was truly suitable for the car renting business. The adaptation was done by adding the 

external entity symbol for officers in the system. Learners in this respect adapted and applied it in 

their construction of a flow diagram in the new context, as shown in Figure 6. 

 

 
 

Figure 6. Designing data flow diagram in the context of a car renting system 

 

 
  

Figure 7. Designing a data flow diagram in the car renting system reconstructed by the learners 

and creating a new data flow diagram in the new context 
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6.2 Three types of the cognitive flexibility 
 

Type 1–the learners of this type reach a low level of cognitive flexibility. Learners having 

the first type of cognitive flexibility recall prior knowledge and compare and contrast the former 

with the new items. However, type 1 cognitive flexibility is in fact at a low level the only little 

adaptation is performed. Moreover, learners spent a long time in the adaptation of knowledge to the 

new situation.  

Evidence can be shown from the following interviewing results: 

“The solution of car renting problems is like that of renting a dormitory in front of the 

campus. There are more similar operation processes than with other systems.”  

“I thought it was similar to renting a dormitory because I compared both the major process, 

which is renting, and the related external entity in renting which is the client. The components for 

system design therefore comprise the process and the external entity. From the principle of system 

design, there must be a similar process, that is, the external entity. Therefore, we compared this 

before taking into account other systems.” 

“The reason for choosing dormitory renting was because of the project given in the previous 

semester of the Database System course. I had to design the database for dormitory renting involving 

the renting process and setting rental fees. That’s why we chose to compare dormitory renting and 

car renting.”  

Type 2–Learners of this type reach a moderate level of cognitive flexibility. They possess 

knowledge or experience related to the problem (Problem domain). They know how to analyze and 

design the contextual diagram and flow diagram of the data. Their cognitive flexibility corresponds 

to Spiro and Jehng’s theory (1990). However, the required thinking time is not long enough for 

individuals to adapt the knowledge in a new situation. 

The empirical evidences were illustrated as following: “After comparing the two systems, 

we had to deconstruct the main system process; that is, renting. This had to be deconstructed into 

sub-processes. If it is renting play stations, then there are also rental cancelations. Prior knowledge 

in borrowing and returning books at the people’s library can be used. The knowledge in renting a 

play station can be adapted to borrowing books. The step in renting a play station may involve paying 

overdue fines. The borrowing process may be different. For renting a play station, no membership 

is required. You only have to deposit an amount, but you get it back when the machine is returned. 

For borrowing a book from the people’s library, you need to be a member first.” 

Type 3–Learners proved that they used cognitive flexibility according to Spiro and Jehng’s 

framework (1990). They selected the prior knowledge, then deconstructed and adapted the 

knowledge to a new problem situation. 

The empirical evidence was illustrated by the following interview result:  “The 

deconstructed items were considered and the suitable one was selected for problem solving. For the 

library system, the items were related and the problem could be solved.”  

“When we solved the people’s library problem, some items were readily usable. Some had 

to be adapted. For example, we changed from renting play stations to borrowing books in the library. 

The problems at the library had to be linked through consideration of relationships between 

components, which were related by information. For example, the information used in process 

computation is the input which can be derived from external entity, data store or from other 

processes. The process outcome becomes the process output to be transferred to an external entity, 

data store, or other processes. For example, for overdue fines, the information is the number of days 

overdue. The outcome is the fine for the member. When all obtained components are considered, 

flow data linking is completed.” 

 

 

7. Discussion 
 

The research results showed that the learners were able to solve complex problems applying 3 steps 

of cognitive flexibility, namely: 1) knowledge selection, 2) knowledge deconstruction, and 3) 

adapted knowledge reconstruction in order to appropriately apply problem solving solutions in 

different context. This corresponds to the mechanism of cognitive flexibility defined by Spiro and 

Jehng (1990). The findings could result from the web-based learning environment model where 
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problematic situations were designed and called cognitive building, which enhances cognitive 

flexibility in solving learning problem in 3 steps (Spiro and Jehng, 1990). This help proving 

opportunity for learners to train how to apply cognitive flexibility to solve problems, sharpening 

their competence in solving complex problems in other situations.  

As for level of cognitive flexibility of the learners were revealed from low level to high 

level. 

Type 1 cognitive flexibility is in fact at a low level. While cognitive flexibility is in accordance with 

the framework of Spiro and Jehng (1990), only little adaptation is made. Moreover, learners spent a 

long time in the adaption of knowledge to the new situation. They also had to study more from 

learning resources and related cases in order to be able to better apply the adapted knowledge. In 

short, learners require a lengthy period of time to think. 

After that they adapted the prior knowledge that they had to solve the new situation problem 

for renting play stations. As for this type the learners spent a long time in the adaption of knowledge 

to the new situation. Since only little adaptation of knowledge was performed. They tried to search 

more information and learn more from the cognitive bank and cognitive flexibility enhancement 

room for related case.  In contrast, Type 1 cognitive flexibility of the learners revealed 3 stages as 

selected the prior knowledge, then deconstructed and adapted the knowledge to a new problem 

situation. ตรงนี ้

This can be illustrated that the constructivist learning environments help proving 

information and how to solve the complex problem in other situations for learners in the adapted 

knowledge reconstruction 

This proved that learners were able to adapt their knowledge to new situations many times. 

They can repeat the process if the reconstruction still does not suit the problems in the new problem. 

They also took less time to think and adapt and were able to give appropriate reasons. Little time 

was spent on studying related cases and making alterations. 

This correspondent with Spiro’theory of cognitive flexibility that describing on adapted knowledge 

reconstruction. However, in this study showed mechanism of cognitive flexibility of the learners 

that they used during the process of learning.  Consideration with the three stages, it was seen an 

operation of them. For example, the adapted knowledge reconstruction stage: the learners had 

compared the prior knowlege (between borrowing and returning books at the people’s library ) 

and(renting play stations) and the new situational problem and then deconstructed into sub-

processes.  

This can be illustrated how the cognitive flexibility operate functionally. This finding may 

be beneficial for instructional designer to apply to design learning environment enhancing 

mechanism of cognitive flexibility. 
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Abstract: The purpose of this study was to design and develop of Constructivism Mobile-

Based Learning Environment on English subject for junior high school students, with the 

technological enhancements of online learning is learning management system (LMS) that 

responds to constructive learning, called SCOCIALClassnet (Constructivism Learning 

Environment Management System). The target group was comprised of 31 students. In 

phase1 was found that the pretest of  Soktae school was x  =  4.5,   S.D. = 1.27  and 

Nongsiangsui – Nonsa-at school was x  =  4.43,   S.D. = 1.77 and two schools have T-Test 

that is -0.07754. 

Keywords: Mobile-Based Learning Environment, Mobile-Learning, English Learning, 

Constructivism Learning Environment, Learning Management System 

1. Introduction

In recent years, Thailand has tried to reform education by all. To increase and competitive with other 

countries. When the test results in 2016 showed that English language students in Grade 3, 

candidates for all 637,406 people, the test of English with a mean score of 31.80 points (MP TOT, 

2016) and the outcomes. the above shows that the English language skills of students in the third 

level is lower than the target value, which is at 55 percent and considering the results of tests of 

English, Soktae school. Showed a mean score of 29.08 points, lower than the national average at 

2.72 (National Institute of Educational Testing Service, 2016). 

In addition to teaching the textbook is important, the media and education are also very 

important. The current technologies have a role in life and was very active in teaching various 

subjects in schools and educational institutions. Current and mobile electronic devices such as cell 

phones, smart phones, iPads and other important and essential communications. Whether on social 

contact or it can be easier to find information on your mobile phone. The researchers believe 

that. Mobile electronic devices as a medium of instruction stimulates another form. Appeal Added 

incentive and improve student learning in the Generation Z (or Gen Z) mobile phones. Both the 

smart phones and tablet is a 33 organs of Gen Z have many features including call and chat and take 

pictures, listen to music, play games, watch video, etc. to meet the digital life cycle. 

In addition to the mobile application or mobile now. The study-based learning management 

system learning environment based on constructivist Whistler. (Constructivism Learning 

Environment Management System) is a type of learning that can be considered as social media, 

online environment where new forms of learning along the Connecticut Post Stoughton activity. A 

framework designed to: 1) the stimulation of intelligence and creativity, 2) support intellectual 3) 

supporting the creation of knowledge and creativity, and 4) to help build creativity. By using the site 

as a channel of communication that is the link between a person's social networks via the 
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Internet. Including associated services such as Facebook, Google, and YouTube featured on the 

app's functionality for many applications. Enabling Internet users to publish content easily. Whether 

in the form of text, images, audio and more to others with convenience and ease. Including the 

development of web 3.0 is to focus on the role of the learner as the creator and inventor of knowledge 

sharing. Social networks and social benefits play a role in learning. (Issara, 2016)  

Thus, to develop a model curriculum for use as a mobile base with the environmental 

management system of learning based on constructivist Whistler. The research conducted to find 

ways to improve teaching and learning of English and the ability to use English. That will result in 

successful students can learn and understand English to be applied and work more efficiently. And 

is on part with international language skills. 
 

 

2.  Literature review 
 

2.1 Mobile-based learning environment 
 

Mobile-based learning environment is a simple studying method that take place with assistance of 

cell phones, otherwise mobile computing’s connection (the utilization of small feature, handy, and 

the wireless computing and device of communication) and E-learning (learning facilitated and 

supports trough the employment of information communication technology). The teacher uses 

mobile learning when the teacher want to encourage students to search the information and the 

teacher will give the mission and stimulate them to do it. The teacher things that learning using 

mobile in teaching and learning will encourage students more than teaching by the teacher only. 

 

2.2 Constructivism Learning Environment management system 
 

The Constructivism learning environment (CLEs) theory are characterized as hands-on learning 

environment that strive to imitate real-life contexts, (Jonassen, 1999). The CLE has a social learning: 

Learning is to construct knowledge individually and/or socially based on learners’ interpretations of 

experiences in the world. Instruction is to engaging learners in meaning making (Kanjug, Chaijaroen, 

and Samat, C., 2015)  The CLE is the basis for designing and developing Learning management 

system (LMS) called SCOCIALClassnet which key elements of social class are problem base & 

learning task, knowledge bank & related, collaboration & cognitive tools and coaching & social 

support in the CLEs. 

 

 

3. Method 
 

3.1 Constructivism Mobile-Based Learning Environment Design 
 

3.1.1 Activating cognitive Structure and reading comprehension 
 

To stimulate the ability to learn about Past Simple Tense, problem base is an important component 

of leaning interaction. Learning is designed to focus on issues that define the contexts and the 

missions of learning. According the conceptual framework contents for Past Simple Tense consist 

of 3 contents 1) structure 2) words that appear in Past Simple Tense  

3) Types of Verbs in Past Simple Tense as shown in Figure 1. 
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Figure 1. Screen design of Problem base. 

 

3.1.2 Supporting Cognitive Equilibrium and  

 
The components of Supporting Cognitive Equilibrium and reading comprehension are 

1) Information resource was to support discover the answer to solve the problem by discovered 

knowledge from various sources and can help students understanding easily which base on SOI 

model (Mayer, 1996); selecting, organization, integrating designing of this component.  

2) Cognitive tools were to support their mission to solve complex problems. They are tools to expand 

the concept, design tools, intellectual basis of the information processing theory (Klausmeier, 1985) 

and OLEs (Hannafin,1999). 3)  Collaboration tools were support to encourage students to share 

experiences between students, teachers and experts for expanded view of thinking. Its helped adjust 

misunderstanding that occurred while learning, based on Social Constructivist of Vygotsky (1978) 

theory. 4) Related Case was support to encourages students personalize the experience to close the 

case and to expand the view to change the perception as shown in Figure 2. 

 

    
 

Figure 2. Screen design of Information Resource (Left) and design of Cognitive tools (Right). 
 

 

3.2 Pilot study 
 

Past Simple Tense 
task 

Problem situation 

 

VDO from YouTube 

 

Components 
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3.2.1 Participant 

 

 Experts including 1) Content expert was teacher who was teaching in this subject  

2) Learning media expert and 3) Learning environmental design expert. 

 The target group of 31 students in grades 1-3 at Soktae school and Nongsiangsui – 

Nonsa-at school.  
 

3.2.2 Data Collection and data analysis 
 

In this study, the researcher conducted experiments and collect data for the design and development 

of the environmental management system of learning based on constructivist. This includes a 

review of the lessons learned from the environmental management system of learning based on 

constructivist Whistler. To promote motivation to learn. For classes that are used as mobile 

bases. And quantitative data points are tested before and after learning of the group of 31 people 

from the quiz after learning states. English finished the data collection done in the first semester of 

the 2560 academic year second semester of academic year 2561 first place in the experiment is 

Soktae school and Nongsiangsui – Nonsa-at school. 

 Take the poll to take place after the lessons learned by the environmental 

management system of learning based on constructivist.  

 Make sure Achievement states. The multiple-choice quiz, analysis of the data in this 

town. Quantitative Data Analysis and qualitative the researcher will present the study data 

analysis parameters. 

 performance evaluation of the learning environment minister. Mobile classrooms for use as 

a base. Data were analyzed by means of a summary interpretation. 

 a measure of motivation of the learner. Find statistics mean, standard deviation (SD) and 

percentage (Percentage) were then compared to the predetermined criteria. The students 

had an average score of at least 70 percent. 

 an achievement of learners, learning environment with learning disabilities. From the 

posttest. The student must pass 70 percent to 100 percent of full points. 

 Review of students who use the Mobile Base System Management Learning 

Environment. Protocol analysis using the framework to evaluate the effectiveness of the 

learning environment. And summary and interpretation of analytical narrative. From the 

feedback of the students. After studying the learning environment minister. This is an 

open-ended questionnaire. 

 

          
 

Figure 3. Soktae school studied by Mobile-based learning (Left) and Nongsiangsui – Nonsa-at 

school studied Traditional learning (Right). 
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4.  Result and discussion  

 

4.1 Evaluation of Student’s Learning Achievement in Phase1 

 

Evaluation of Student’s Learning Achievement: The learning achievement of the 31 target 

group was found that the pretest of  Soktae school was x  =  4.5, S.D. = 1.27  and 

Nongsiangsui – Nonsa-at school was x  =  4.43, S.D. = 1.77 and two schools have T-Test 

that is -0.07754 as shown in the Figure 4. 

 

 
 

Figure 4.  Result of Learning Achievement Evaluation (Pretest) (Left) and T-Test (Right). 
 

4.2 Evaluation of Student’s Opinions 
 

Evaluation of Student’s Opinions: Studied their opinions towards innovation throughout the survey 

form questionnaire, students at Soktae school told that using Mobile-based learning made them was 

excited and encourage them want to learn and think. They got to search the information that they 

didn’t know before by using mobile. It is easy and contemporary. But students at Nongsiangsui – 

Nonsa-at school told that learned from traditional learning just learn from the teachers and materials 

that they prepared that only. When they wanted more information, they could not search from other 

information source and they thought that Learn using Mobile-based learning will make them get 
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t-Test: Paired Two Sample for Means 

 Variable 1 Variable 2 

Mean 2.290323 2.322581 

Variance 3.146237 1.625806 

Observations 31 31 

Pearson Correlation -0.13122  

Hypothesized Mean Difference 0  

df 30  

t Stat -0.07754  

P(T<=t) one-tail 0.469356  

t Critical one-tail 1.697261  

P(T<=t) two-tail 0.938711  

t Critical two-tail 2.042272  
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more knowledge. 

 

 

5.  Conclusion & future work 
 

This study designed reported using Constructivism Mobile-Based Learning Environment on English 

Subject for Junior High School students in Thailand. The value of this study Constructivism Mobile-

Based Learning Environment on English Subject was approved by experts and constructivist 

learning was made among the target group. For future study, we plan to improve the Constructivism 

Mobile-Based Learning Environment functionality and develop mobile application. 
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Abstract: This research study aimed to synthesize theoretical framework and designing of 

constructivist mobile application learning environment to foster creative thinking on basic 

photography skill for high school students. The target group consisted of 3 expert reviewers 

for content, instructional design and constructivist mobile application learning environment 

design. Research methodology is developmental research; developmental research consisted 

of 3 processes which were designing process, developing process, and evaluating process. 

The procedures were as follows: (1) to examine and analyze the principles and theories, (2) 

to synthesize theoretical framework, and (3) to synthesize designing framework. The result 

revealed that: 1) to synthesize theoretical framework comprise of 6 components as following 

that. Contextual base, Psychological base, Pedagogies base, Creative Thinking base and 

Technologies and media base.  2) To synthesize design framework of mobile application 

learning environment to foster creative thinking of 6 components i.e., (1) Problem base, (2) 

Resource, (3) Creative Thinking Photo Lab, (4) Collaboration, (5) Coaching, and (6) 

Scaffolding. The efficiency of this learning environment was evaluated by expert review. It 

was found that the learning environment is appropriate on 3 aspects: content, mobile 

application learning design, and learning environment design.   

Keywords: Creative Thinking, Mobile Application, Learning Environment, Constructivist 

1. Introduction

Thailand society stepped into the digital world and economic social activities are carried out quickly, 

Competition was increasing for more data access of information through the online world, so Human 

Development to prepare to face the change is important (National Education Act of B.E. 2542 

(1999). Creativity has been identified as a key educational goal and essential 21st century skill that 

should be supported in schools (Chan & Yuen, 2014; Robinson, 2011). Creativity has been identified 

as a key educational goal and essential 21st century skill that should be supported in schools. In 

recent years, scholars and educators alike, have stressed the importance of preparing students for a 

future that will demand complex problem solving and creative thinking. Enhancement of creative 

thinking on learner based on the web-based learning environment was achieved using the principles 

and theories for synthesizing the theoretical framework and the environmental design which promote 

creative thinking (Chaijaroen, Kanjak & Samat, 2012). The theories and web-based characteristics 

were brought into the design of instruction that utilized the learning environment media and methods 

with important components of the Constructivist Theory. A constructivist mobile application 

learning environment is the constructivist learning environment where learners can capitalize 

on mobile learning tools, such as laptops and tablets and their associated high access to broadband 

Internet. These constructivist learning environments foster communication beyond the local group, 

efficiently provide resources and research, as well as empower the user to think more broadly. An 
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effective constructivist mobile learning environment was built by following the conceptual models 

of technology, pedagogy and content knowledge (TPCK) and substitution, augmentation, 

modification and redefinition (SAMR). Emphasis was placed on shared learning resources, course 

redesigns, formative assessment and reflection.  

Thus, this research was aimed at designing framework of constructivist mobile application 

learning environment to enhance creative thinking, from synthesizing of the theoretical framework 

and learning environment. In order to obtain the basis for constructing the appropriate and efficient 

learning environment models for the learners.     

 

 

2. The purposes of this study 
 

This study aimed to synthesize theoretical framework and designing of constructivist mobile 

application learning environment to foster creative thinking on basic photography skill for high 

school students. 

 

 

3. Methodology 
 

The research methodology is Developmental Research in Type I (Richey, R.C and Klein J.D., 2007) 

consists of three processes, the first is product design process, the second is product development 

process, and the third is product evaluation process.  

 

3.1 Target Groups 
 

The expert reviews for assessment the efficiency of constructivist mobile application learning 

environment were as follows: three content validity experts, three instructional designers, three 

constructivist mobile application learning environment designers. 

 

3.2 Research Instruments 
 

The instruments in this study consisted of experimental instruments: the constructivist mobile 

application learning environment to promote creative thinking and data collection instruments. Both 

are described below. 1) The instrument for experiment included the constructivist mobile application 

learning environment to promote creative thinking. The process of the design was as follows: (1) to 

examine the principles and theories, (2) to synthesize designing framework of the constructivist 

mobile application learning environment, (3) to design the constructivist mobile application learning 

environment based on above mentioned designing framework, and (4) to evaluate the efficiency of 

the constructivist mobile application learning environment. 2) The instruments for data collecting 

including: (1) the record form of document analysis, and (2) the evaluation form for the experts. 

 

3.4 Data Collecting and Analysis 
 

The researchers collected the data as follows: 1) Synthesis of theoretical framework and Components 

of the learning environment. The data were collected by analyzing principles, theories, related 

research of the constructivism theory, cognitive theory, media and technology theory, and pedagogy.                        

2) Synthesis of Designing framework of the learning environment: The above synthesized 

theoretical framework was taken into this process. The underlined theories base such as, contextual 

base, constructivist base, pedagogical base, creative thinking base, and technology and media base 

(mobile learning and media symbol system) for the synthesis of the theoretical framework of the 

learning environment. 3) Design and develop of the learning environment based on foundation of 

creating designing framework was adopted. 4) Evaluate of the learning environment by experts.  

 

 

4. Research Results 
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The designing and development of the learning environment that promote student's creative thinking 

are following: 

 

4.1 Synthesis of theoretical framework 
 

The results show that the theoretical framework of learning environment comprised of five basic 

theories: (1) Contextual base are follows: basic education curriculum in Thailand, and Course 

content, (2)  Psychological base  are follows: Constructivist cognitive (Piaget, 1992) and social 

constructivist (Vygotsky, 1992) theory and cognitivism; and Information processing theory 

(Klausmeier,1985), (3)  Pedagogical base are follows: OLEs Model (Hannifin,1999), SOI Model 

(Mayer,1996) , Situated learning ( Brown, Collins, and Dugoid, 1989) , Cognitive apprenticeship 

( Brown and Collins, 1991) , ( 4)  Creative thinking base are follows: creative thinking theory 

(Guilford, 1967) consisted of 4 abilities to think as follows; Fluency, Flexibility, Originality and 

Elaboration, and (5) Technologies and media base are follows: Web-based learning (Badrul, 1998), 

Mobile application (Ktoridou and Eteokleous, 2005), The media symbol system (Sumalee, 2009) as 

shown in the following “Figure. 1”. 
 

 
Figure 1. The theoretical framework of the learning environment to enhance creative thinking. 

 

4.2 Synthesis of Designing framework 
 

The results of designing framework of the constructivist mobile application learning environment to 

enhance creative thinking was synthesized to examine and analyze the principles, theories, review 

relevant literature, and explore the context concerning mobile application learning environment to 

enhance creative thinking. Also, the designing framework consist of 4 main ideas as following: 1) 

The Activating cognitive Structure, Creative Thinking (2) The Supporting cognitive equilibrium (3) 

Enhancing knowledge construction and creative thinking, and 4) Supporting enhancement for 

construction knowledge base as shown in the following Figure 2. 
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Figure 2. The designing framework of constructivist mobile application learning environment 

to enhance creative thinking 

 

 The constructivist mobile application learning environment to promote creative thinking 

comprise 6 components as following: 1) Problem base 2) Resourses 3) Creative thinking center                           

4) Collaboration 5) Coaching and 6) Scaffolding obtaining from major theories in various aspects: 

Contextual base, Psychologies base, Creative Thinking base, Pedagogical base, Technologies and 

Media base, and as shown in the following Figure 3 - 8. 

 

Element Describe the elements Example of design Shot 
(1)            Problem base 

 

 

 

Problem base: It was shown Problem base for 

enhancing the learners to construct 

knowledge and creative thinking. 

 

 

 
 

Figure 3. Problem base 
(2           ) Recourses 

 

 

Recourses: It was shown Resources for 

collecting information, content, technology 

which the students used in Problem base while 

they were facing it. 

 

 
                            Figure 4. Recourses 

                 Creative 

thinking center 

     center 

 

Creative thinking center: It was shown 

Creative thinking center for enhancing 

creative thinking (Guildford, 1967) approach 

for all 4 aspects including fluency, flexibility, 

originality, elaboration. 

      
         Figure 5. Creative thinking 

center 
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Element Describe the elements Example of design Shot 
           (4) Collaboration 

 

 

Collaboration: It was shown Collaboration for 

supporting the students to share their 

experience with experts on science subject 

through facebook for expanding their multiple 

perspectives. 

 
                               Figure 6. Collaboration 

(5)            Coaching 

 

 

Coaching: It was shown Coaching by teachers 

and experts on scientist with best practice. 

 
                              Figure 7. Coaching 

(6)            Scaffolding 

 

 

Scaffolding: It was shown Scaffolding for 

enhancing students to solve problems or 

learning in case that they couldn’t be able to do 

their own task by themselves. 

 

 
                 Figure 8. Scaffolding 

 

4.3 Evaluate the efficiency of the design framework 
 

The results of an expert on learning content, instructional design and the constructivist mobile 

application learning environment design, a way to check the quality of the specialists (Expert 

reviewer) Content Design and constructivist mobile application environment to learn from the 

evaluate form. The learning environment is designed according to the principles of the theory as a 

basis for the design. Overall fitness and help promote the creation of knowledge-based theory 

constructivist Whistler undertakings mobile learning is a new technology that promotes creative 

thinking as well.  

 

Table 1: The result of the efficiency of the constructivist mobile application learning environment 

 
No List assessment Experts' opinions 

percent 

Learning content 

1 Appropriate learning content. 80 

Synthesis of the theoretical framework 

2 Theoretical framework 80 

The design elements of the learning environment 

3 Problem Problem base 72 

4 Resources 75 

5 Creative thinking center 80 

6 Collaboration 74 

7 Coaching  82 

8 Scaffolding 80 

                                                       Total 77.16 

Comments about the constructivist mobile application learning design       

9 The constructivist mobile application learning design promotes creative thinking   

                                                       Total 77.87 

 According to Table 1, the results of experts consisted of 3 issues as following; 1) the 

learning content was 80 percent on appropriate learning content, 2) synthesis of the theoretical 
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framework was 80 percent, and 3) the constructivist mobile application learning environments was 

77.16 percent. The total of preconception towards the constructivist mobile application learning was 

77.87 percent. 

 

 

7. Discussion and Conclusion 

 
This study designed the constructivist mobile application learning environment to promote creative 

thinking. The finding of this study showed that both of theoretical framework and designing 

framework of the constructivist mobile application learning environment to promote creative 

thinking (Samat & Chaijaroen, 2015; Chaijaroen, Kanjak & Samat, 2012). However, to enhance 

students’ creative thinking ability, we are going to study about the effect of the learning environment 

learning with mobile technology on students’ creative thinking and knowledge creation. 
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Abstract: Currently, smartphones play an important role in the field of STEM-related 

education. The use of smartphones and mobile devices has changed the way of learning in 

and about science with the support of mobile applications. This paper presents a 

development of hands-on guided inquiry laboratory lessons in physical science with the 

support of smartphone, as instructional intervention, and presents also the impact of 

smartphone-based laboratory lessons on middle school students’ learning performance in 

science, regarding scientific understanding and explanation. In this study, forty-four middle 

school students in a public secondary school located northeastern region of Thailand 

voluntarily participate in this study, and they were assigned to interact with a series of 

smartphone-based hands-on guided inquiry laboratory on solution for six weeks. The results 

indicated that the instructional intervention could promote Thai middle school students’ 

better scientific understanding of and positively induce their ability to explain solution 

phenomena scientifically. This revealed that it is a challenge to use smartphone-based 

hands-on guided inquiry laboratory environment as a modern pedagogy for new generation 

learners who have digital skills to perform science learning in 21st century education era. 

The main implication of this study is the rethinking of pedagogy used for modern and 

up-to-date science teaching for young generation. 

Keywords: Smartphone, guided inquiry, simulation, scientific understanding, scientific 

explanation 

1. Introduction

For the past decades, science educators and researchers have attempted to develop science 

laboratory learning for promoting students’ understanding in the connection of the subject matter 

with how the world works. With the advancement of mobile technology, mobile devices, such as 

smartphone and tablet, has been recognized as effective teaching tools. Recently, smartphone is 

recognized as modern, powerful, and convenient laboratory tool which potentially encourages 

laboratory learning for students in school science level (Premthaisong & Srisawasdi, 2016). The use 

of smartphones in laboratory makes the science learning in context of laboratory more interesting 

and challenging, and this kind of learning setting may stimulate effective scientific learning for 

students. Furthermore, Hwang and Chang (2011) suggested that integration of mobile devices into 

learning environment can encourage students’ learning interest and motivation. Moreover, Hwang, 

Wu, and Ke (2011) reported that the use of an interactive concept map with mobile learning can 

promote learning attitude and achievement for students. Moreover, Williams and Pence (2011) 

additional suggested alternative ways to use smartphone for science learning as follows: (a) giving 

access to the wealth of material on the world wide web; (b) employing inexpensive applications 

(commonly called apps) for specific purpose of instruction; and (c) creating smart objects by using 

two-dimensional barcode labels.  
In context of Thailand’s science education, implementation of the mobile digital technology 

as a pedagogical tool to support inquiry-based learning in science was still limited (Srisawasdi, 
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2014, 2015). Currently, researchers, developers, and educators in our nation are paying attention to 

utilize smartphone technology into traditional science class for reforming the learning of science. 

With the support of smartphone technology, smartphone-based science laboratory makes the science 

learning in context of laboratory more interesting and challenging, and this kind of learning setting 

may stimulate effective scientific learning for students (Premthaisong, Pondee, & Srisawasdi, 2017). 

To promote the quality of science education, the purpose of this study was to evaluate middle school 

students’ scientific understanding and their quality of scientific explanation after receiving 

smartphone-based hands-on inquiry laboratory lessons in physical science learning of solution. 

 

 

2. Literature Review 

 
In recent years, digital technologies have important role in education. Researchers, educators, and 

science teachers have paid much attention on how to use and apply the digital technologies, e.g. 

mobile devices and smartphones, as instructional tools in inquiry-based science learning in school 

science (Srisawasdi, 2014). To promote digital native students’ learning performance in science, 

inquiry-based learning with the enactment of digital technology offers new opportunities to facilitate 

the ability to store and manipulate large quantities of information, the ability to present and permit 

interaction with information in a variety of visual and audio formats, the ability to perform complex 

computations, the support for communication and expression, and the ability to respond rapidly and 

individually to them. 

The advancement of mobile devices, e.g. tablet PC, and smartphones brings about change to the way 

to deliver science laboratory learning (Srisawasdi, 2018). In term of teaching and learning, mobile 

devices (or m-devices) are recognized as an emerging technology instructional tool with the 

potential to facilitate teaching and learning strategies that exploit individual learners’ context (Jeng 

& Chen, 2010). Nowadays, smartphones can be applied as integral part of science laboratory and it is 

becoming popular in the field of science and technology education (Chang, 2012). These mobile 

devices have many valuable capabilities that have tremendous potential for use in science education 

(de Morais et al., 2016). As such, the researchers and educators have recognized the importance of 

mobile learning in science for various instructional contexts, e.g. curriculum design and 

implementing, effective pedagogy, and assessment of learning supported by mobile technology. 

 

 

3. Smartphone-based Inquiry Laboratory on Solution  
 

The advancement of personal, portable, and wirelessly networked technologies leads us into a new 

phase in the evolution of technology-enhanced learning. Currently, smartphones are clearly 

ubiquitous in the hand of students. In this study, the researchers design smartphone-based 

guided-inquiry laboratory lesson to address student-centered science inquiry learning with guidance. 

With the use of the smartphone as an inquiry tool to conduct physical science learning activity, each 

student controls their own learning by manipulating their own smartphone and then interacts with 

computer simulation. To create student-centered approach, inquiry-based laboratory learning with 

smartphone, the researchers employ a guided-inquiry learning process and foster students’ 

self-directed inquiry facilitated by teacher’s supports. Figure 1 illustrates the computer simulation 

on smartphone-based laboratory environments in physical science learning of factors affecting 

solubility used in this study.  

 

 

 

 

 

 

 

 

 

                              Figure 1. An illustration of computer-simulated laboratory on smartphone    
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For the smartphone-based guided-inquiry laboratory learning, students have been assigned 

to install a mobile app called Istyle Science Note, which is available for both iOS and android, 

developed by Niwat Srisawasdi and Komkat Meuansechai for implementing in KKU Smart 

Learning Academy project. The Istyle Science Note app has been particularly designed to enhance 

inquiry-based learning in science in order to promote students’ scientific explanation performance. 

Figure 2 illustrates smartphone screens of the mobile application and its components regarding 

students’ scientific explanation.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 Illustrative examples of the mobile app. screens emphasizing scientific explanation: 

student’s claim before hands-on experiment (left), an evidence collected from the experiment 

(middle), a reasoning concluded by student (right) 

 

 

4. Context of the Study 
 

4.1 Research Design 
 

In this study, the researchers conducted a pre-experimental research to examine impact of 

smartphone-based guided inquiry laboratory on middle school students’ scientific conceptual 

understanding and their scientific explanation ability. A pretest-posttest research design was 

selected to to study the impact of the proposed instructional intervention regarding the students’ 

science learning performance as abovementioned.  

 

4.2 Study Participants 

 
A total of 44 student-respondents in their sevventh grade, age ranging from 11 to 13 years in a local 

public school at the northeastern region of Thailand participated in this study. They were attending a 

physical science course for basic education level. All of them have satisfactory skills on basic 

computer and information and communication technology, but they have no experience yet using 

smartphone in science learning. In an addition, they have never experienced having guided-inquiry 

learning process with the support of mobile technology in any formal class. This implied that they 

are heterogeneous before interacting with the pre-experimental study. 
 

4.3 Instrument and Measures 
 

The research instrument for measuring students’ scientific understanding on solution was a 12 

two-tier conceptual test focused on six specific-domain science concepts as follows: (i) solution 

colloid suspension; (ii) electrical conductivity of solution; (iii) solution preparation; (iv); factors 

affecting solubility; (v) acid-base solution; and (vi) acid-base solution in everyday life. The perfect 

score of the conceptual test was 36 points. Another, the Istyle Science Note mobile app. has been 
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used to collect data for exploring students’ scientific explanation performance regarding the three 

components, i.e. claim, evidence and reasoning. The students were assigned to use the mobile app. in 

all six science lessons during their inquiry-based learning activities. 

 

4.4 Data Collection and Analysis 
 

In this study, all students took 30 min to complete the 12 two-tier conceptual items as pretest. Then, 

the students received 20-minute orientation of the learning steps of the smartphone-based guided 

inquiry laboratory on chemical solution by the first researcher. Then, students were exposed to 

interact independently in a small group with smartphone laboratory environment. All the students 

received the learning setting of smartphone-based guided inquiry laboratory on chemical solution 

for six 100-minute class periods. In addition, they were assigned to investigate the phenomena 

related chemical solution by using the iStyle Science Note app. along the class periods. As such, their 

performances of scientific explanation were recorded into the mobile app. automatically. Figure 3 

illustrates students’ learning interaction with the smartphone-based guided inquiry laboratory in this 

study.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. An illustration of students’ interaction with smartphone-based inquiry laboratory by                 

conducting in small groups. 

 

Finally, a 30-minute posttest was applied after the smartphone laboratories were completed. 

For the posttest, the same two-tier conceptual question items were administered to the students again 

for investigating conceptual status of their scientific understanding of chemical solution. The 

obtained data has been analyzed by using descriptive statistics, i.e. arithmetic mean, standard 

deviation, frequency, percentage and paired t-test. The paired t-test was used to examine the 

difference in scientific understanding scores both overall and individual science concept, before and 

after the instructional intervention. 

 

 
5. Results 
 

In order to explore the impact of smartphone-based guided inquiry laboratory on the students’ 

scientific understanding of chemical solution phenomena, Table 1 presents the results of statistical 

comparative analysis for students’ pretest and posttest using paired t-test. 

 

Table 1 
Descriptive statistics and paired t-test results to compare students’ scientific understanding in 

overall 
Test N Total Mean S.D. t-score p 

Pretest 44 36 16.57 2.07 
310.028 .000* 

Posttest 44 36 32.85 1.92 

*significant difference at .05 (p<0.05) 
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The results indicated that the posttest mean scores (Mean = 32.85, S.D. = 1.92) was 

significantly higher (t43 = 310.028, p = .000, p < .05) than the pretest mean scores (Mean = 16.57, 

S.D. = 2.07). In addition, it revealed that the students made substantial gains in their scientific 

understanding of chemical solution from pretest to posttest. 

 To be more precise, the pretest and posttest of each concept for all six scientific concepts 

about solution has been analyzed using paired t-test. The t-test was used to compare both test scores 

in order to investigate the particular influence of smartphone integrated into guided-inquiry 

laboratory learning. Table 2 presents the comparative results of individual scientific concept.   

       

Table 2 

Descriptive statistics and paired t-test results to compare students’ scientific understanding for each 

concept  

Code Concept Pretest Posttest t-score p 

Mean S.D. Mean S.D. 

C1 Solution 

colloid 

suspension 

3.36 0.99 5.41 0.54 12.854 .000* 

C2 Electrical 

conductivity 

of solution 

3.00 0.78 5.45 0.90 17.116 .000* 

C3 Solution 

preparation 

3.11 0.69 5.64 0.53 22.892 .000* 

C4 Factors 

affecting 

solubility 

2.43 0.62 5.43 0.70 23.068 .000* 

C5 Acid-base 

solution 

2.18 0.50 5.20 0.67 25.314 .000* 

C6 Acid-based 

solution in  

everyday life 

2.48 0.66 5.57 0.55 26.553 .000* 

 

 Table 2 showed the t-test scores that indicated the difference on students’ conceptual 

learning achievement in the smartphone-based guided-inquiry laboratory learning. For the solution 

colloid suspension concept (C1), the mean score results of C1 implied that students were more able 

(Mean = 5.41, SD = 0.54) to learn as compared to the pretest (Mean = 3.36, SD = 0.99). The t-test 

results further indicate a significant difference between the pretest and posttest for C1 (t = 12.854, p 

= .000, p < .05). For the concept of electrical conductivity of solution (C2), the mean score results of 

C2 implied that students were more able (Mean = 5.45, SD = 0.90) to understand as compared to the 

pretest (Mean = 3.00, SD = 0.78). The t-test results further indicate a significant difference between 

the pretest and posttest for C2 (t = 17.116, p = .000, p < .05). For the concept of solution preparation 

(C3), the posttest score (Mean = 5.64, S.D. = 0.53) was higher than the pretest (Mean = 3.11, S.D. = 

0.69) that the result implied significantly better understanding of this concept (t = 22.892, p = .000, 

p < .05) as compared to the initial status of understanding. For the concept of Factors affecting 

solubility (C4), the mean score results of C4 implied that students developed better understanding 

(Mean = 5.43, SD = 0.70), as compared to the pretest (Mean = 2.43, SD = 0.62). The t-test results 

further indicate a significant difference between the pretest and posttest for C4 (t = 23.068, p = .000, 

p < .05). For the concept of acid-base solution (C5), the posttest score (Mean = 5.20, S.D. = 0.67) 

was higher than the pretest (Mean = 2.18, S.D. = 0.50) that the result implied significantly better 

understanding of this concept (t = 25.314, p = .000, p < .05) as compared to the initial status of 

understanding. For the acid-based solution in everyday life of the last concept (C6), the mean score 

results of C6 implied that students developed better understanding (Mean = 5.57, SD = 0.55), as 

compared to the pretest (Mean = 2.48, SD = 0.66), at the end of their learning. The t-test results 

further indicate a significant difference between the pretest and posttest for C4 (t = 26.553, p = .000, 

p < .05).      
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 To explore middle school students’ scientific explanation performance towards the 

smartphone-based inquiry laboratory lessons, the result showed that their scientific explanation 

performance with the proposed science learning experience reached a high level, gaining the mean 

score over 80 percentage. Figure 4 illustrates scientific explanation performance of the study.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       Figure 4. Percentages of the middle school students’ scientific explanation performance 

 

 In order to gain better understanding of the influence of smartphone integrated into 

guided-inquiry laboratory learning, we have conducted a semi-structured informal interview with 

some of students. According to the individual interview, some of interview data reflected their 

cognitive gaining with the intervention. Some evidences of their attitudes could be illustrated as 

follows. 

 

Student A and F (Males):  

“Doing science experiment with the use of smartphone is very fun and easier than 

conventional laboratory work. This kind of laboratory activity made me feel enjoy and 

challenge. The most important thing is that it is very convenient to do science experiment 

because I and my friends can work together, and every member of the group has assigned 

their roles, e.g. picturing, experimenting with both conventional lab and smartphone lab. 

In addition, we can conduct and repeat the experiment many times.” 

  

Student C and D (Females):  

“With the use of smartphone in science laboratory, we can precisely measure quantity of 

things in the laboratory. It is very interesting experiment in science. We can see and obtain 

the number of light intensity without any estimation or guess when we use the mobile app. 

scanning solutions, fresh milk, and raw starch.” 
 

Student G (Female):  

“When we employed smartphone as a tool for doing science laboratory, it is very challenge 

that what we will get from the mobile application, and I really want to know how my 

smartphone would help me in science learning. Finally, I found that it is a quick way to do 

science, e.g. measuring light intensity and acid-based solutions. In this laboratory, we can 

clearly see the experimental results and can make sense what happen. I also tell this 

learning experience to my friends in other class and they said to me they would like to learn 

science by this way.”  
 

 

6. Conclusions  
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This study reported an impact of smartphone-based inquiry laboratory on middle school students’ 

scientific understanding and their scientific explanation performance. The finding showed that the 

significant different in students’ scientific understanding was detected between pretest and posttest 

after their participating with smartphone-based laboratory. In addition, they expressed positive 

scientific explanation performance to the technology-enhanced physical science learning with 

smartphone-based laboratory. This revealed that it is a challenge to use smartphone-based hands-on 

inquiry laboratory learning in physical science class as a pedagogy for new generation learners who 

have digital skills to perform science learning in 21st century education era.   
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Abstract: In this paper, we describe our experience to design mobile-assisted language 

learning (MALL) activity. The participants learned new knowledge in class and then applied 

it to the real world using mobile devices. Several strategies were applied by the instructors 

during the learning process to minimize cultural attributes of language learners inherent in 

Asian countries. In this study, we tested how our strategic learning activity can minimize 

cultural attributes of language learners inherent in Asian culture. Our results demonstrated 

that the strategic learning activity was useful in minimizing the cultural attributes, such as 

shyness, reservedness, passiveness, inhibition, lack of confidence, risk-avoidance, 

test-oriented learning, reliance on teachers for knowledge, memorization and lack of 

creativity. Based on these results, we provide some implications and useful suggestions for 

educators and researchers. 

Keywords: MALL, activity, cultural attributes, Asian culture 

1. Introduction

Scholars argued that some specific cultural attributes to language learning exist in Asian countries 

(Goh, Quek, & Lee, 2010). Some of them influence learning performance negatively. In the 

following, we provide ten attributes with their definitions we found from the literature (Goh et al., 

2010; Loh & Teo, 2017; Meyer, 2012; Talley, 2014; Tran, 2013): (1) Shyness – Being nervous or 

reserved to communicate in the target language around other people; (2) Reservedness – Refrained 

from expressing their thoughts and views in front of others; (3) Passiveness – A passive student 

usually takes a backseat in most learning activities; (4), Inhibition – Unable to act in a relaxed and 

natural way; (5) Lack of confidence – Low degree of the trust or faith that a student has in 

her/himself and his/her abilities; (6) Risk-avoidance – The elimination of learning activities that can 

result to unpleasant situations; (7) Test-oriented learning – Usage of examination in which the 

outcome determines student academic performance; (8) Reliance on teachers for knowledge – 

Students see knowledge as something to be transmitted by the teacher; (9) Memorization – 

Committing something to memory; (10) Lack of creativity – Lack of usage of imagination or 

original ideas to create something.  

Rapee et al. (2011) suggested that these factors may be partly influenced by cultural norms 

and expectations. Biggs (1996) mentioned about Confucian-heritage cultures. According to Goh et 

al. (2010), it values a quiet, self-effacing behavioral style including modesty, social harmony, and 

deference to parents. Biggs (1996) argued that under Confucianism students show their great respect 

to the knowledgeable teacher and passivity and reticence are indications of such respect. So it is both 

acceptable and desirable for students to have shy and withdrawn behaviors, and they not only listen 

to but also obey their teacher and challenging the teacher by asking questions is not acceptable. 

However, these attributes impede language learning and performance. Aubrey (2011) suggested that 

these issues can be addressed through adopting various strategies. Tsui (1996) concluded that the 

degree of these attributes in the language classroom largely depends on the instructors’ strategies; 

successful strategies minimize negative effects on language learning. Talley (2014) argued that 
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scaffolding students by the instructors is one useful strategy to remediate the above-mentioned 

issues. 

To the best of our knowledge, not much attention was paid on cultural attributes in MALL 

studies (Shadiev, Hwang, & Huang, 2017). Therefore, in this study, we aimed to address this gap in 

knowledge. To this end, we designed MALL activity. The participants learned new knowledge in 

class and then applied it to the real world using mobile devices (Hwang et al., 2014; Hwang et al., 

2016). Several instructional strategies were applied by the instructors of this study during the 

learning process in order to minimize above-mentioned cultural attributes of language learners 

inherent in Asian countries. In this study, we explored whether our approach can be useful in 

minimizing cultural attributes. 

 

 

2. Methods 
 

Twelve university students majored in foreign languages voluntarily participated in this study. The 

participants were native speakers of Chinese studying Russian as a foreign language. Seven of the 

participants were females and five were males. The age of the participants was between 18 and 20 

years old. 

In the beginning we collected demographic information from the participants and informed 

them about details of our MALL activity. The MALL activity was designed following general 

recommendations from earlier related studies (Huang, Shadiev, Sun, Hwang, & Liu, 2017; Hwang et 

al., 2016; Shadiev, Huang, Hwang, & Liu, 2018; Shadiev, Hwang, & Liu, 2018). Russian as a 

foreign language course was administered for this study during one semester. The instructor lectured 

on weekly base. There was one lesson every week and it consisted of three classes each lasting for 

forty minutes. The following five topics were covered in the course: (1) About myself; (2) My 

family; (3) My study; (4) My work day; and (5) Visiting someone. During lessons, students learned 

new vocabulary and sentence patterns. In addition, students read texts and dialogues from the 

textbook. After the class, the instructor assigned students to complete homework by applying new 

knowledge to the real world - they had to write and talk about the topics they learned and relate 

created content to their daily lives. For example, for “My family” topic they could write and talk 

about their family members such as grandparents, parents, and siblings. We asked them to use 

mobile phones for completing their homework and sharing them with their instructor. For 

completing homework, students used mobile phones functions such as texting (to type textual 

content), voice recording (to record verbal content), photo taking (to take pictures of people, objects 

and scenarios related to homework) and messenger (to share homework with the instructor). 

Informed by earlier related studies, the instructors employed several strategies to minimize cultural 

attributes of language learners inherent in Asian countries. First, they asked the participants to link 

essay content to their everyday life. Second, they provided examples of how to complete the tasks. 

Third, they established teacher-student relationship based on trust. Fourth, the instructors gave 

follow up questions to extract more information. Finally, they asked students to share their essays 

with the instructors only in the beginning and later, with all students. These strategies were useful for 

making learning effective and minimizing cultural attributes. At the last class we carried out 

interview surveys. 

All participants and two instructors were interviewed by the researchers in order to explore the 

participants’ perceptions towards usefulness of our activity to minimize cultural attributes inherent 

in Asian culture. During the interviews, the participants and instructors were asked open-ended 

questions to tell about whether our MALL activity minimized their shyness, reservedness, 

passiveness, inhibition, lack of confidence, risk-avoidance, rote learning, test-oriented learning, 

reliance on teachers for knowledge and lack of creativity. For interview data analysis, we 

audio-recorded all interviews with the participants’ permission first. We then fully transcribed all 

interviews for our analysis. Next, we highlighted and coded the text segments that met the criteria of 

providing the best research information. After that the codes with similar meanings were sorted into 

categories and established categories formed a framework to report findings.  
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3. Results and discussion 
 

According to the results, one category (i.e. Cultural attributes) and ten sub-categories emerged from 

interview data analysis (i.e. shyness, reservedness, passiveness, inhibition, lack of confidence, 

risk-avoidance, rote learning, test-oriented learning, reliance on teachers for knowledge and lack of 

creativity). Results of the interviews showed that our MALL activity was useful in minimizing 

cultural attributes inherent in Asian culture. The participants mentioned that they did not feel shy to 

speak in Russian during the activity. They also said that they were not afraid to speak in Russian 

anymore neither to use new or unfamiliar vocabulary in their writing/speaking. The participant said 

that they actively tried to apply new concepts to the real world and were confident and could take 

risks to use the language because MALL activity was linked to their everyday life and the instructor 

provided examples of how to complete the tasks. Some participants mentioned that the learning 

process was student-oriented so they were free to select what to learn and how to learn. For example, 

they selected authentic contexts by themselves to practice the language. The teacher-student 

relationship was established so that the participants could contact the instructors and request for 

assistance or suggestions. The instructors provided scaffolding and gave follow up questions to 

extract more information and details related to created content. Furthermore, the participants tried to 

find some extra resources on the Internet to enhance their language skills and make their created 

content more creative. The participants admitted that they tried to apply new knowledge to solve 

real-life problems. In this way, they could acquire the language better. The participants admitted 

that, in the beginning, they were not happy to share their created content with others because they 

felt not confident and were afraid to be criticized y others. Sharing their content with the instructor 

helped them to improve their work and gain confidence. Later, the participants were not afraid 

presenting their work to other participants.  

 

 

4. Conclusion 
 

The results of this study showed that the strategic MALL activity supported by mobile technology 

was useful in minimizing cultural attributes. Therefore, we suggest designing such learning activity 

and use strategies as in this present study. Such approach can help the participants become more 

active, confident and creative as well as make learning process student oriented and based on 

application of newly learned knowledge. 
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Abstract: Direct exposures to and contacts with the target language environments are useful 

in learning second languages. Unfortunately, it is not always possible for average learners 

to travel to another country or have a chance to converse with a native speakers of the 

language. Virtual Reality (VR) technology can provide a solution. We developed an 

immersive Virtual Reality (VR) English conversation training program in which learners 

can practice English conversations with a virtual character. We tested a pilot version of the 

program in this study. Six college students received the training either with a headset (HMD 

condition) or with a computer screen (non-HMD condition). We assessed their learning 

outcomes as well as their language anxiety and also asked them for suggestions about how 

to improve the environment. No significant differences in learning outcomes and language 

anxiety were found between the HMD and the Non-HMD conditions yet, but participants 

open-ended responses provided insights about how to further improve the VR training 

program. 

Keywords: Technology Enhanced Language Learning(TELL), Immersive Virtual 

Reality(VR), Language Anxiety 

1. Introduction

As the world becomes smaller, it is increasingly important to be able to communicate with people 

from other cultures. As English became a standard language for global communication, students 

around the world strive to learn and speak fluent English. Learning a foreign language such as 

English, however, is quite challenging for many students in Asia including Korea because of the 

differences in phonetics and grammatical structures as well as cultural backgrounds. Technology 

has played an important role in learning foreign languages since the invention of writing, audio-

recordings, and other multimedia resources (Chun, Smith, & Kern, 2016). With the development of 

digital technology, an increasingly diverse range of technologies are used to help students to learn 

foreign languages. Personal computers and the Internet allow an instant access to electronic 

dictionaries so that learners can look up vocabularies as they read. Automatic speech recognition 

program provides instant feedback and helps learners to correct and adjust their pronunciations. Chat 

and social networking sites also provide a space for learners to interact with people speaking the 

target language (Golonka, Bowles, Frank, Richardson, & Freynik, 2012).  

Virtual Reality (VR) technology is also making a rapid progress in this area. VR 

environments provide a realistic and yet safe environment for learners in which they explore and 

practice their skills. There exist a number of commercial VR training programs on the market. For 

example, a product called Mondly (https://www.mondly.com/), available in 28 languages, provides 

learners a VR environment in which they converse with virtual characters and receive instant 

feedback on their pronunciation and vocabulary. Another example is Talkish 

(https://talklish.com/main/), available only in Korea at the moment, in which users learn the English 

language by interacting with virtual characters. Learners play the role of a tourist, doctors, scientists 

in these environments and are usually given a specific task or missions to complete (e.g., ordering 

in a restaurant). Although still in its infancy, the use of VR technology for language learning is very 

promising. Practicing and learning such skills directly in the target culture is often too costly and/or 
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not feasible to most learners. In addition, the traditional method of teaching and learning second 

language emphasize the acquisition of grammatical knowledge and vocabularies. But VR provides 

an environment in which learners can practice and use these knowledges and skills. It is also socially 

safe because learners need not worry about how their failures and errors may be perceived by their 

interaction partners. According to Maclntyre and Gardner (1994), many second language learners 

experience language anxiety, that is, a kind of 'tension or fear' when they listen to or speak the second 

language. The language anxiety can be a significant obstacle in developing target language 

competencies. The virtual environment can provide them with a safe environment in which they can 

practice and learn their language skills without worrying too much about how their language abilities 

might be perceived. Given their potentials, it is useful to develop an effective VR training program 

for second language acquisition. The goal of the current study is to describe a prototype of VR 

training program and report on a pilot study to test its effectiveness. 

 

 

2. Methodology 

 

2.1 Participants  
 

Six college students participated in the study. Participants were randomly assigned to HMD 

condition in which they used an immersive VR with a headset or the Non-HMD condition in 

which they used computer monitors (three participants in each condition).  

 

2.2 VR conversation training program  
 

The VR conversation training program consists of three scenarios (e.g., packing for a trip, potty-

training puppies, working overtime) from a book about English conversations by Redstone, 

Cunningham, and Lee (2010). In each scenario, participants first listen/read a dialogue between two 

a man and a woman (see Figure 1). After participants read and listen to the dialogue, each turn of 

the dialogue is spoken one at a time, and participants are asked to repeat it. Participants can repeat 

this process until they feel ready to practice the conversation with a partner. In the conversation 

practice, participants practice the dialogue with a virtual character (see Figure 2). The virtual 

character initiates the conversation, to which participants generate their line of responses. 

Participants signal the beginning and end of their speech using a controller or keyboard. The system 

processes the recorded responses and presents the results of their speech recognition back on the 

screen in terms of accuracy. The accuracy represents the degree of match between users’ response 

and the correct dialogue moves stored in the system. If the entire turn matches, 'Accuracy 100%' is 

displayed on the screen. If nothing matches, the accuracy is 0%. Participants can proceed to the next 

turn regardless of the accuracy. The conversation practice ends when participants speak their last 

turn. The same process was repeated for the three learning scenarios.  

 

 
Figure 1. A dialogue sequence used in the VR Conversation Training Program  
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Figure 2. Conversation practice with a virtual character  

 

The conversation training program was presented in immersive VR (HMD condition) or on 

a screen (non-HMD condition) in this study. In the HMD condition, participants viewed the whole 

learning materials with a HMD (head-mounted display) device (Oculus Rift CV1 model). 

Participants in the HMD condition controlled the sequence of the presentation with an Oculus 

controller. In Non-HMD condition, the program was presented on a 22 "monitor. Participants used 

a keyboard to control the program sequence. The system was empowered by Intel Core i7 CPU (Intel 

Core i7-2600 @ 3.40 Hz), 8GB memory, NVIDIA GeForce GTX 750M Ti graphics card, MS 

Windows 10. The computer was equipped with a 64-bit operating system. The training program was 

developed using Unity's game engine software (Unity 2018.2.1f1). For speech recognition, 

Microsoft Speech Platform from Microsoft was used. The n-gram algorithm is used to measure the 

similarity by comparing the correct answer with the user's answer. We used 4-gram as the phoneme.  

 

2.3 Measurement Tools 

 

2.3.1 Language Anxiety Questionnaire 
 

FLCAS (Foreign Language Classroom Anxiety Scale) designed by Horwitz, Horwitz and Cope 

(1986) was used to assess participants level of language anxiety. The questionnaire consists of 16 

statements (e.g., I would probably feel comfortable around native speakers of the foreign language) 

on a five-point Likert scale. This questionnaire was administered both before and after the training. 
 

2.3.2 Presence Questionnaire 
 

In order to measure the presence of virtual reality, we used the questionnaire designed by Witmer, 

Jerome, and Singer (2005), but excluded questions irrelevant to the current system (e.g., questions 

about haptic interface) were excluded. The questionnaire contained nine statements (e.g., I felt that 

the character in the virtual environment actually existed in front of me) on a 7-point Likert scale. 

 

2.3.3 Pre-test 
 

A pre-test was administered to assess participants’ prior conversational proficiencies in English. The 

test questions were taken from several English conversation texts (Armstrong, & E2K, 2012; Hong, 

Nam, Nam, Lee, & Cha, 2015; Lee, 2007). Participants were asked to respond to questions in English 

(e.g., Have you ever thought about study in abroad?). They had to answer nine questions, with three 

questions in easy, mid-level, and difficult level each. As was in VR environment, they pressed a 

recording button when they begin speaking and pressed another button when they finished. Their 

recorded responses were later scored in terms of appropriateness and fluency on. Appropriateness 

of the response refers to how well the participant 's English responses are relevant to the situation, 

and fluency was assessed using indicators such as the relative speed of their responses and 

640



amount/frequency of hesitations and pauses. Each item was scored using a 3 - point scale with the 

highest score for each question being 9. The scoring criteria were modified from Kim and Gong 

(2008). 
 

2.3.4 Post-test 
 

After all the participants finished the training, they took a post-test in which participants were asked 

to reproduce the conversation they learned during the training. One of the turns from the training 

dialogues (e.g., “You look tired. Did you have a long night?”) was presented in Korean, to which 

participants responded with an appropriate turn in English. Participants’ verbal responses were 

recorded and later scored in terms of accuracy (e.g., how well they reproduced the learned dialogues), 

appropriateness (e.g., how appropriate their responses were even though they may not be what they 

learned), and fluency (e.g., prompt responses with little hedging). 

 

 

3. Procedure 

 
The study was conducted in a lab. Participants, upon arrival at the lab, first answered a few questions 

about their demographic information (e.g., age, years of English education) and their prior 

experiences with English. For example, they answered how favorable their attitude toward English 

is and what is their preferred method of learning conversational English among (1) native speaker, 

(2) VR, (3) texts with audio, and (4) other methods. Participants then took the pre-test of English 

conversational proficiency test and completed the Language Anxiety questionnaire. 
During the training, participants learned and practiced three scenarios of English 

conversations. Participants in the HMD condition interacted with the system while wearing a 

headgear, whereas those in the non-HMD condition interacted with the virtual character on the 

screen. Only one of the three participants in the HMD condition have used HMD before the 

experiment. All participants were asked to practice the manipulation of the controller and get 

comfortable with the devices. Training began when participants indicated that they are ready. 

On the completion of the training, participants filled out the presence questionnaire and took 

the post-test, which was followed by the Language Anxiety Questionnaire and questions about their 

attitudes and preferred methods. Lastly, we asked whether participants have any feedback and 

suggestions about the VR system. 
The study took from 40 minutes (non-HMD condition) to an hour (HMD condition) on 

average. Participants in the HMD condition needed extra time to get used to the VR environment. 

 

 

4. Results 

 
Given the small sample size, we describe the main descriptive differences between the two 

conditions. Participants in the HMD condition had higher level of pre-test conversational proficiency 

(M = 7.37, SD = 1.39) than those in the non-HMD condition (M = 5.56, SD = 2.08). Their post-test 

performances were about the same (M = 9.78, SD = 1.94 in the HMD condition versus M = 9.70, 

SD = 1.58 in the non-HMD condition).   
The two conditions did not differ much in their language anxiety before the training: 

Language anxiety score was 3.38 (SD = 1.43) in the HMD condition and 3.38 (SD = 1.12) in the 

non-HMD condition before training. Anxiety level did not change much after the training, although 

the level of language anxiety was somewhat reduced in the non-HMD condition (M = 3.25, SD = 

1.43) as compared to HMD condition (M = 3.37; SD = 1.19). It seems that participants who practiced 

the conversation with the computer screen felt less anxious after training, whereas participants who 

used headgear did not. It is likely that the unfamiliarity of the devices might have prevented them 

from lessening their anxiety.  
As for the presence of the VR questionnaire, the score was slightly higher in the HMD 

condition (M = 2.40, SD = 2.15) than the Non-HMD condition (M = 1.88, SD = 1.69), suggesting 

that the immersive VR environment was perceived to be more realistic than the screen environment. 
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Participants’ most preferred method of learning English conversation was practicing with 

native speaker partners followed by VR before the study. This preference did not change after the 

study, but one of the participants changed her mind after the VR experience. Learning English 

conversation in VR was not an option for her before the study, but she was willing to learn with VR 

afterward. 

In the open-ended response about the system, participants indicated that the VR character 

was unrealistic and/or distracting at times. They also indicated that the training contents need 

improvement as well as the technical aspects of the program. One of the participants commented 

that "The program seemed to focus on memorizing the conversation rather than practicing 

spontaneous English conversations". 

 
 

5. Discussion 

 
The goal of our research is to develop a VR conversation training program in English. We tested the 

prototype in a pilot study. The results are inconclusive because of the small sample size, but it 

appears that learning English conversation in the HMD condition and the non-HMD condition did 

not produce any differences in all the measures we examined. Participants are used to learning from 

computer screens. One might expect that participants’ performance would suffer because of the 

unfamiliarity of the immersive VR devices. The fact that participants in the HMD condition learned 

about the same in spite of the unfamiliarity suggests that the immersive VR may outperform the non-

HMD condition with further design improvements. 
 The results of the study suggest a few areas for further improvement in the design and use 

of the environment. First, immersive VR requires headset, which means that participants with 

glasses would suffer from low vision. Upgrading the graphics card is an option, but we may also 

make the display bigger or ask participants to wear lenses during the training. Second, the contents 

of the training programs need to be expanded with more diverse scenarios and instructional activities. 

At the moment the training relies on simple practice model, but more diverse instructional activities 

and activities sequences are needed to make the conversational training effective. With these and 

other improvements, we hope and expect that immersive VR can play a bigger role in second 

language learning in the future. 
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Abstract: Although the Problem-Based Learning (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 English as a Foreign 

Language (EFL) learners. In view of this, and with Social Constructivist Theory in mind, the 

researchers of this study redesigned the curriculum of an English Business Communication 

course in order to create a more 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, with each 

consisting of six to seven members, and each was assigned one professionally-trained 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. The quantitative 

findings of pre- and post-surveys revealed that social interaction and problem solving skills 

did improve significantly as a result of this PBL instruction. Qualitative findings also found 

that learners preferred learning via active discussion and interaction with their peers to 

learning via traditional teacher-centered lecture-based instruction. Detailed descriptions on 

the curriculum design and the implementation of the study are also provided as a guideline 

for language instructors who wish to re-design the curriculum for their future language 

courses. 

Keywords: Problem-Based Learning (PBL), English as a Foreign Language (EFL), Social 

Constructivist Learning Environment (SCLE), problem solving, critical thinking 

1. Introduction

Over the past two decades, Problem-Based Learning (PBL) has been widely practiced in various 

academic disciplines with extreme popularity in the areas of medical and nursing related studies 

(Lin, 2015). PBL is an instructional approach in which learners are encouraged to employ critical 

thinking, problem solving skills, and content knowledge to solve real-life problems or issues in the 

provided scenarios. The PBL approach centers on problem solving where learners start with 

identifying problems existing in the given scenarios/cases, proceed to active discussion with their 

peers, and wrap up with the ultimate goal of seeking optimal solutions to the identified problems 

(Evensen, Hmelo, & Hmelo-Silver, 2000). Professional knowledge that learners are expected to 

acquire is attained through, and built on, social interactions and active discussions with their peers. 

Therefore, the Social Constructivist Learning Environment (SCLE) is a genuine learning 

environment situated in social constructivism theory, which describes a way of knowing/knowledge 

building in which students or learners construct their new understanding and knowledge during the 

process of social interaction with others (Sthapornnanon et al., 2009). In a word, PBL and social 

constructivism are the two essential components needed to build SCLE. 
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In Taiwan, the research site, most EFL instructors still practice the teacher-centered 

lecture-based teaching approach instead of adopting a more active student-centered PBL orientation. 

Very few EFL classes provide learners with opportunities to challenge and activate their higher 

order thinking skills and problem solving ability, which are considered as essential skills in their 

future lives. Therefore, there is an urgent call for innovative instructors to review and redesign their 

language course curricula to respond to the needs of learners and society.  

In view of the aforementioned drawbacks existing in current EFL courses, the instructor and   

second researcher of this study redesigned the curriculum of her Business Communication class, 

based on the PBL approach. The main goal of the instructor was to enhance problem-solving skills 

as well as to foster critical thinking ability of the EFL majors via building a social constructivist 

learning environment. Considering PBL studies are under researched in the language filed, the 

contribution of this empirical study lies in filling the gap in the existing literature PBL research. The 

three research questions guiding the study were: 1) Did the learners make significant improvement 

in problem-solving ability? 2) Did the learners achieve a significant difference in social 

interactivity? 3) What are the perceptions of the learners with regard to this PBL approach? 

 

 

2. Methods 
 

2.1 Participants 
 

The participants were 51 English-majored juniors enrolled in a Business Communication course at a 

four-year comprehensive university in Central Taiwan. They had learned English for around nine 

years at high schools and the university, and their English proficiency was at the Intermediate level 

or above, capable of using English for daily conversation and for interpersonal communication. 

 

2.2 Research design 
 

The research spanned 12 weeks, including the pre-task stage (taking the pre-survey in Week 1), the 

main-task stage (implementing the PBL curriculum during Week 2 through Week 9), and the 

post-task stage (completing the post-survey, and the interview during Week 10 through Week 12). 

Specifically, the implementation of the PBL curriculum spanned eight weeks (100 minutes a week). 

The orientation lasted for two weeks, which allowed the learners to become familiar with the diverse 

learning platforms (ZUVIO, Kahoot, LINE, Moodle, and YouTube) and to equip themselves with 

the core concepts of PBL. In addition, the instructor trained nine tutors to monitor group interaction 

and to provide timely help if they deemed necessary. The main instruction consisted of two 

three-week problem-based collaborations, in which the students worked in groups of six to solve 

designated case-related problems. During collaboration, the students engaged in multiple tasks, 

including taking on responsibilities in group discussion, defining the problem, discussing with 

partners, reaching joint group decisions, preparing a group report, and providing peer feedback. 

 

2.3 Instruments & Data analysis 
 

To answer the three research questions of the study, multiple sources of data were collected, 

including a survey on problem-solving, one questionnaire concerning social interactivity, and 

in-depth interviews. To examine whether the learners made significant improvement in 

problem-solving ability as the result of the PBL instruction, a 41-item problem-solving survey 

adapted from Wong Yang, Sha, and Wang (2015) (http://www.mysurvey.tw/s/PxbW3MXM) was 

employed. With regard to the probe into the learners’ social interactivity, a 27-item social 

constructivism questionnaire adapted from the Constructivist On-Line Learning Environment 

Survey developed by Peter Charles Taylor and Dorit Maor was used 

(https://surveylearning.moodle.com/colles/). A pilot test on the adapted survey was conducted, with 

the reliability reaching 0.91. Statistical analyses, including descriptive statistics and a 

Paired-Samples t-Test, were conducted to determine if significant differences existed in 

problem-solving and social interactivity between the pre-survey and the post-survey. Finally, in 
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terms of learner perceptions about the PBL approach, in-depth interviews were carried out with 10 

students. The interview data were transcribed and read repeatedly. Recurring themes were then 

identified by the researchers. 

 

 

3. Results 
 

The major findings of the study indicated that the social-constructivist PBL approach effectively 

enhanced the students’ problem-solving abilities and social interaction skills. Most of the students 

were positive about learning via active peer discussion and interaction over learning in conventional 

teacher-centered lecture-based instruction. 

 

3.1 RQ1. Did the learners make significant improvement in problem-solving ability?  
 

The results from the 41-item problem-solving survey revealed that the learners significantly 

enhanced their problem-solving abilities as the result of PBL approach (shown in Table 1), echoing 

the findings from previous research (Lin, 2017; Savery, 2015). The mean score of the post-survey 

was significantly higher than that of the pre-survey (p < .05). In other words, the PBL approach was 

significant in helping the students to (1) apply different strategies in the face of problems, (2) 

organize multiple resources and information, (3) think about reasons, all possible solutions, and 

consequences of problems, and (4) come up with effective solutions to problems, if granted 

sufficient time and preparation. 

 

Table 1  

Statistical analysis of the problem-solving survey 

 Mean N SD 

Pre-survey 3.85 47 .56 

Post-survey 4.23 47 .59 

 

3.2 RQ2. Did the learners achieve a significant difference in social interactivity?  
 

With regard to the results related to social interactivity, the results suggested that the learners made a 

significant improvement, as the result of the given PBL instruction (p < .001). Such results are in line 

with those found in previous studies (see Yew & Goh, 2016). More specifically, the social 

constructivism embedded in the team-based discussion of business-related cases boosted knowledge 

development, social interaction, critical thinking, peer support, and collaboration. 
 

 

4. Conclusions 
 

Applying the PBL approach to this Business Communication was carefully designed and 

implemented based on social constructivism. The PBL instruction promoted a social constructivist 

learning environment in which various learning tasks enabled the learners to exchange and negotiate 

their experiences with their peers, and construct knowledge in English business communication. 
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Abstract: Grammar  acquisition in English as foreign language (EFL) setting has been a 

challenging task for language learners, including Taiwan. Grammar Translation Method 

(GTM) and Communicative Language Teaching (CLT) have been extensively practiced by 

EFL instructors over the years as principal pedagogical methods for teaching grammar, and 

there has been a debate about which method is more beneficial for EFL learners. More 

recently, the prevalence of computer assisted language learning (CALL) promoted Flipped 

Classroom (FC) to become an innovative, effective teaching mode, where learners preview 

on-line instructional materials before class and then are engaged to interactive learning 

activities during face-to-face meetings. In view of aforementioned concerns, the present 

study aims to investigate effect of these three distinctive approaches with regard to grammar 

acquisition among high school students in central Taiwan. A group of 69 high school EFL 

learners were invited to participate in this empirical study and they were divided into three 

groups with each receiving different methods, respectively. The results of the written 

post-tests indicated that the FC group performed significantly better than the other two 

groups; yet the significant difference was not found between the GTM group and CLT 

group. As for the speaking tests, both the GTM and FC groups improved significantly, with 

much more improvement in the FC class.  

Keywords: Communicative Language Teaching, Flipped Classroom, Grammar acquisition, 

Grammar Translation Method 

1. Introduction

Grammar in English has played an important role in Taiwan, where English is considered as a 

foreign language. As the fever for English education was brought to Taiwan, grammar was the basic 

sentence-structure for learners who are passionately eager to learn and are acquired through 

Grammar Translation Method (GTM). Grammar, a system of “lexico-grammatical patterns,” is 

implemented to make meaning in proper ways (Larsen-Freeman, as cited in Brinton, Celce-Murcia 

& Snow, 2014, p. 258). Nonetheless, Grammar Translation Method (GTM) has a negative influence 

on the Taiwan’s English learners’ modes of thinking based on test-oriented examination and 

teacher-centered instructions (Chen, 2001; Tseng, 2014). In order to tackle the drawbacks of the 

method Grammar Translation Method (GTM) (Liang, 2002; Huang, 2016); such as, students’ 

deficient competence of listening and speaking capability, the method of Communicative Language 

Teaching (CLT) was promoted to initiate at the fifth and sixth grade in 2001. In other words, the 

nature in CLT is more student-teacher interaction (Larsen-Freeman & Anderson, 2011). The teacher 

may demonstrate certain part of the lesson and then facilitate with students interacting in pairs, small 

groups or the entire group in arranged situational activities (Chen, 2001; Huang, 2016; 

Larsen-Freeman & Anderson, 2011). While there are some constraints with CLT, like neglecting of 

oral communication in test-oriented examinations and limited class time form CLT practice in class, 

there is an urgent call for a more efficient and effective teaching mode to teach grammar in Taiwan 
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EFL context. This Flipped Classroom (FC) approach benefits both the instructor and the learners. It 

is advantageous for the instructor to prepare lessons recorded as videos with technology as an 

assisted learning. It also allows for flexible time management in teaching approaches through 

in-class activities (Brame, 2013; Reyna, 2015). Learners can gain their individual learning 

experience through on-line instructional videos to acquire grammatical knowledge, and then engage 

in group activities such as “role-play, problem-based learning, case analysis, and service-learning” 

during class meeting time to foster listening and speaking skills (Missildine, Fountain, Summers, & 

Gosselin, 2013, p. 597). This can be processed through individual or group problem-solving 

discussions, tasks, games, activities to form their critical thinking processes (as cited in Keengwe, 

Ed., 2014). 

In view of the above mentioned problems, the current study, was conducted to assess the 

impact of Flipped Classrooms (FC) on grammar acquisition among junior high school students in 

Taiwan. The study was to compare a traditional grammar translation method (GTM) lecture and a 

communicative language teaching (CLT) instruction. With the motivation aligned with instruction, 

this study investigates students’ perceptions of and the impacts of the teaching methods correlated to 

their English achievement. 

The present study was designed to address the following two research questions: 1) To what 

extent were there differences in grammar acquisition among the three classroom instructional 

approaches including GTM, CLT and Flipped Classrooms?  2) What were the students’ perceptions 

of the English grammar learning environment with the three different instructional approaches, 

including GTM, CLT and Flipped Classrooms? 

 

 

2. Methods 
 

2.1 Participants 
 

The participants were made up of three English EFL classes, being selected in one of public junior 

high schools of central Taiwan. Class A with 23 students received GTM instruction, Class B with 20 

students received CLT instruction, and Class C with 26 received both CLT and FC instructions.  

Table 1 is indicated that three distinctive instructional design is based on the comparison 

among GTM, CLT and the FC. For GTM instruction, the traditional GTM group had class meetings 

for the instructor to focus on weekly content of grammar topic during their self-learning morning 

time and students’ grammar learning engagement. 

 

Table 1 

The Comparison for Instructional Approaches among GTM, CLT and FC  

Instructional 

Approaches 

Grammar Translation 

Method   

Communicative 

Language Teaching   
 Flipped Classroom 

  

Instruction  

Time 

Once a week  

Instructional 

Content 
‧  Lesson One: Infinitive Verbs 

‧  Lesson Two: Gerund Verbs 

‧  Lesson Three: Indirect 

Speech 

‧  Lesson Four: Causative 

Verbs/Verbs of the Senses 

‧  Lesson Five: Linking Verbs 

‧  Lesson Six: Relative 

Pronouns 

‧   
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Instructions 1.Deductive grammar 

teaching. 

2. Focus sheets 

3. Worksheets  

4. Individual activity  

sheets  

  

 

1. Inductive grammar 

teaching 

2. Focus sheets 

3. Worksheets 

4. Activity sheets 

5. Group discussion/ 

CLT Group activities 

 

 Before class: 

1. On-line 

Instructional 

videos 

2. Worksheets 

In-class meeting:  

3. Focus sheets 

4. Activity sheets 

5. Group discussion/ 

CLT Group 

activities 

 

 

3. Results 
 

3.1  RQ1. To what extent were there differences in grammar acquisition among the three 

classroom instructional approaches including GTM, CLT and Flipped Classrooms? 
 

Table 2 presents the means and standard deviations of post-grammar English speaking test by 

groups. One-way ANOVA was conducted to gauge the grammar speaking proficiency of the three 

classes of Grammar Translation Method, Communicative Language Teaching, and Flipped 

Classroom. As shown in Table 2, the students in the FC group performed their speaking competence 

significantly better than those of GTM and CLT instructions (M = 45.38>M = 34.43 >M = 31.40); 

however, as indicated in Table 4.25, there was no a significant difference of pre-test results (p > .05) 

among the three classes [F (2, 66) = .859, p = .428]. Accordingly, results indicated that the mean 

scores of FC group achieve the highest of post-grammar speaking test among the three groups 

though no significant effects on a pair of means between GTM group and FC group, GTM group and 

CLT group as well as CLT group and FC group. It is concluded that all the significant levels were 

greater than .05, so there was no difference in the means of the three groups. 

 

Table 2 

Group Statistics among the Three Groups of the Post-grammar Speaking Test  

The 

Post-Speaking 

Test 

N M SD Std 

Error 

Mean 

95% Confidence Interval of the 

Difference 

Min. Max. 

Lower Bound Upper Bound 

GTM Group  23 34.43 37.769 7.875 18.10 50.77 0 100 

CLT Group  20 31.40 37.214 8.321 13.98 48.82 0 92 

FC Group  26 45.38 40.571 7.957 29.00 61.77 0 100 

Sum 69 37.68 38.620 4.649 28.40 46.96 0 100 

 

Table 3 

One-way ANOVA among Three Groups of the Post-grammar Speaking Test 

 Sum of Squares df Mean Square F Sig.  

Between Groups 2574.379 2 1287.190 .859 .428 

Within Groups 98846.606 66 1497.676   

Total 101420.986 68    

*. The mean difference is significant at the .05 level. 

 

3.2 RQ2. What were the students’ perceptions of the English grammar learning 

environment with the three different instructional approaches, including GTM, CLT and 

Flipped Classrooms? 
 

Students’ perceptions of positive and negative feedback of the English grammar learning 

environment with three different instructions, five students’ semi-structured interview in each group 

(Appendix M, N & O) were analyzed. students value highly their first exposure material through 
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online videos outside the classroom and focus on their understanding (Keengwe, Ed., 2014); hence, 

students’ learning attitude and motivation can be improved through flipped class approach (Bishop 

& Verleger, 2013). 

 

 

4. Conclusion 
 

Flipped classroom is a blended approach where students assess their first exposure material through 

online videos in the outside classroom and focus on their understanding, then talking over their 

assignment in the classroom with the support of their peers and teacher (as cited in Keengwe, Ed., 

2014; Brame, 2013). On the other hand, Grammar Translation Method (GTM) is being used mostly 

in the EFL classroom, however, there is little specific guidance highlighted on EFL’s grammar 

pedagogy. Using three groups of seven graders for example, this study will argue that the flipped 

classroom approach, compared to the traditional-based and Communication Language Teaching 

(CLT) instruction, can provide a groundwork in junior high school students where students acquire 

knowledge of grammar. 
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Abstract: In this paper, a Conversation Quest in the educational game platform MEGA 

World v2.1, for English learners to practice their speaking skill is introduced. The system is 

designed specifically for assisting English learners to cultivate their speaking proficiency. 

Providing a non-threating environment with goal-oriented tasks, learners are invited to join 

a game with scaffold speaking tasks. Based on Vygotsky’s socio-cultural theory, social 

interaction is a key element for improving language acquisition and speech fluency. It is 

believed that English learners would improve their communicating skills of using the target 

language while interacting with native English speakers because they can provide support or 

authentic language usage examples for learners through scaffolding structures like 

modeling, repetition, or linguistic simplification. In reality, however, a native English 

speaker may not be available for all English learners, so the Conversation Quest in MEGA 

World v2.1 is designed and developed to provide learners with simulated conversation 

scenarios.  

Keywords: English learner, speaking proficiency. socio-cultural theory, interaction, MEGA 

World 

1. Introduction

Among the four language skills, speaking, listening, reading and writing, speaking is considered the 

riskiest one to cause embarrassment or humiliation for second and foreign language learners (ESLs 

& EFLs), especially in a language learning classroom setting. (Kessler, 2010) Some students did not 

recognize the difficulties of speaking until they have to face the real situations using the target 

language. According to the conversations with the researcher’s students, speaking in real world 

could cause the greatest anxiety for language learners due to the following reasons: not enough 

reaction time to plan what one wants to say, no time to revise or self-correct, no time to check 

dictionary for better understanding (of what they have heard) or for what phrases or words they 

could use to express their minds, no time to organize their thoughts. Hence, many language learners 

seek authentic opportunities to practice speaking with native or more advanced English speakers. 

In many Multiplayer Online Role Playing Games (MORPGs), it is common to see players 

having conversation with another game character, either controlled by another player or a NPC 

(Non-Player Character). Since players are from different countries, English is one of the most 

popular languages for online game players to communicate with one another or with the NPC. Some 

students, whose first language is not English, even claimed that they could practice English 

conversation by playing online games (Jason et al. personal communication). However, this type of 

random conversations may contain certain problems. For example, misunderstand the real usage of 

certain words or phrases, and overuse the abbreviations.  

A commonly used term “GG” is a good example for both problems. For native English 

speakers, “GG” is just an Internet acronym for “Good Game,” which is a phrase people usually say 

right after a basketball game or similar competitive events to show good sportsmanship. In Taiwan, 

however, the meaning of “GG” has been transformed as “game over” since certain non-native 
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English speaking players always see it when the game is over. Thus, some people started to say, “I 

am GG!” referring to “I am doomed!” 

 Seeing so many students untiredly emerged in playing online games, it is expected to keep 

the fun for the students, and also transmit the fun into language learning and practicing process. At 

the same time, in order to avoid the abovementioned problems, a systematically designed 

conversation program is considered to be a possible solution for providing students a game-based, 

and non-threatening environment to practice English speaking in a fun manner. 

 

 

2. Literature Review 
 

2.1 Social Interaction and Language Learning  
 

In second language acquisition (SLA) field, some scholars are deemed as “social interactionist,” 

who believe social interaction is essential for second language learners to construct their second 

language (or foreign language) abilities. Among the social interactionists, Gass (2002) proposed that 

“how learners use their linguistic environment (in particular, conversational interactions) to build 

their knowledge of the second language.” It is correspondent with Vygotsky’s sociocultural theory, 

which emphasis on the role of social environment (Vygotsky, 1962). 

 As another interactionist, Swain (1990) believes that meaningful conversations is helpful 

and necessary for successful SLA. Based on the concept, Long (1996) proposed the Interaction 

Hypothesis which indicates that interaction facilitates second language learning because various 

linguistic modifications occurred in the conversation become valuable linguistic input for learner to 

internalize the structure and common usage of the target language. Muho & Kurani (2014) also 

conclude with the following statement in their study regarding the role of interaction in SLA, “If we 

are to claim that our language learning is meaningful, it should be embedded in conversation.”  

 In short, interactionists advocate incorporating social interactions into second/foreign 

language learning, and promote similar environment for language learners in order to assist them to 

advance more efficiently. Since providing the authentic environment with native English speakers as 

real conversation partners is not easy or realistic for many circumstances, creating simulated 

conversation environment and scenarios in an online game setting will be more feasible.  

  
2.2 Task-Based Learning  
 

In many multiplayer online role playing games (MORPGs), an effective way to keep players 

engaged is providing different levels of quests for learners to solve the problems and gain points 

correspondently, which is called quest-based contextualization process (QBCP) (Lu, Luo, Chang, 

Kuo & Li, 2018). This process is similar to a popular CALL (computer assisted language learning) 

method: task-based learning (TBL). No matter which term to be used, it is undeniable that tasks with 

specific goals are usually key elements to elicit learner’s motivation and to prolong their persistence 

in the game-playing or learning process. When applying TBL in language teaching, seven stages are 

suggested by Long (1997): 

1. Task-based needs analysis to identify target tasks.  

2. Classify into target task types.  

3. Derive pedagogic tasks.  

4. Sequence to form a task-based syllabus.  

5. Implement with appropriate methodology and pedagogy.  

6. Assess with task-based, criterion-referenced, performance tests.  

7. Evaluate program 

 

Therefore, this project also follows the sequence to create meaning conversation scenarios, 

which are classified into different task types. Pedagogic tasks will also be derived next, and a 

task-based syllabus will be formed as well. During the evaluation stage, students will be assessed not 

only with task-based objectives, but also with their performance tests. More detailed descriptions 

can be found in Section 4, the Evaluation Plan section. 
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2.3 Studies on English Speaking of Computer Assisted Language Learning 
 

Since most English learners whose official language is not English usually do not have ample 

opportunities to interact with others using the target language (English) in an authentic condition, 

especially for English as a foreign language (EFL) learners. Scholars and educators began to see 

some lights while computer assisted language learning (CALL) became popular. With the rapid 

development of computer-related device and the widespread Internet coverage, new opportunities 

and new methods are booming in language learning field (Morton & Jack, 2010). 

 According to previous research, many language learners prefer to join CALL activities due 

to the low-anxiety, non-threatening environment and self-paced learning speed. When facing a 

computer, not a real person (either teacher or peer), learners have more courage to produce the target 

language, and they are less afraid of making mistakes (Chen, 2008; Hauglie, 2000; Morton & Jack, 

2010). Therefore, researchers have created various CALL programs for assisting language learners 

to increase practicing opportunities. Morton and Jack (2010) evaluated a CALL program, SPELL, 

which provides animated agent in animated scenes to converse with learners’ avatars. Similar to 

SPELL, input from the player is required in the conversation process for the dialogue to continue in 

Conversation Quest in MEGA World v2.1, and whatever the player says will affect the rest of the 

conversation.     

  

 

3. Conversation Quest in MEGA World v2.1 
 

3.1 MEGA World  
 

MEGA World is a web-based multiplayer educational game originally developed by Maiga Chang 

and Kinshuk, two renowned professors in game-based learning field, during their one-year research 

project from December 2008 to November 2009 as Figure 1 shows (Chang & Kinshuk, 2010). The 

term ‘MEGA’ refers to Multiplayer Educational Game for Assessment, so the major goal of the 

game is for “assessing students’ knowledge and skills in particular learning domains,” for example, 

Java programming.  

 

  
(a) chessboard-like game world (b) a Java programming quest 

Figure 1. The original MEGA World (v1.0) in 2010 

 

 In MEGA World, students can create their own avatars to travel around the virtual world. 

They will meet with non-player controlled characters (NPCs) who deliver different quests, the tasks 

or assignments for players to challenge or complete. MEGA World currently has seven types of 

quests include greeting, item collection and delivery, sorting, treasure hunting and digging, 

calculation, fill-in-the-blank, and short answer quest type (Li, Zou, Xie, Wang, & Chang, 2018). For 

moving on to the next stage, students will need to solve the problems or complete the tasks with or 

without time limitation. Ideally, with the game-related characteristics of multiplayer role-playing 
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game, students should enjoy more during the process of doing their homework or exercises as 

playing in a game. This research adopts and designs conversation quest on MEGA World v2.1 (see 

Figure 2). 

 
Figure 2. MEGA World v2.1 

 

3.2 Conversation Tree 
 

For designing a practical and meaningful conversation system, a variety of conversation trees were 

built up by the research team with consultants from professional English instructors. Various types 

of topics are included, for instance, Food, Lodging, Transportation, Shopping, Entertainment, 

School life, Sports, and the like. 

 Figure 3 shows two samples of the conversation trees created specifically for the 

Conversation Quest in MEGA World v2.1. The one on the left is for ordering in a fast food 

restaurant, and the one on the right is for buying train tickets. As shown in Figure 3, after hearing the 

first question from a non-player character (NPC) in a dialogue, learners are allowed, and actually 

encouraged to answer differently just like in an authentic conversation scenario. With the 

pre-designed conversation trees, the NPC will be able to continue the conversation as a real person 

based on the player’s response. Therefore, according to the replying sentences from the player, the 

conversation may lead to the same result (e.g., complete the order and successfully get the food), or 

different results (e.g., bought a single trip ticket, multiple tickets, or round trip tickets). 

 
 

(a) complete an order in a fast food restaurant (b) bought a ticket at train station 

Figure 3. Conversation Trees for Conversation Quest in MEGA World. 
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 Once the conversation tree structure is confirmed, the research team started to build up the 

system. One graduate student and one undergraduate student from the Department of Information 

Management of Chung Yuan Christian University are recruited for designing the system under the 

guidance of Smart Informatics Ltd., the sponsor of MEGA World.  

   

3.3 Conversation Quest Design-Teacher Interface 
 

Both of teachers and students can use the system and can be redirected to from the landing page, as 

shown in Figure 4. 

 

 
Figure 4. Landing Page of Conversation Quest Management System. 

 

 In addition to the pre-designed conversation trees, all teacher users can create their own 

conversation trees based on their own interests or their teaching content on the syllabus. To begin 

with, a teacher just needs to enter the topic and title for a new conversation as Figure 5 shows, and 

then s/he could choose to identify the difficulty levels or not. If the small box for ‘Setting difficulty 

to the conversation’ is not checked, the system will assign a level for the conversation based on the 

number of layers in the conversation tree design. 

  

 
Figure 5. Create a new conversation tree. 

 

Figure 6 shows the first step for creating your own conversation tree. As shown in Figure 

6(a), the teacher can choose his/her preferred colors to indicate the sentences’ ownership (i.e., NPC 

or player). Once the first sentence (usually a question) has been added, the question will appear on 

teacher’s screen in a box in the preferred color selected by the teacher earlier.  

 

  
(a) create the first question of a conversation 

tree 

(b) the question shown in a box in preferred color 

Figure 6. Key in the first question. 
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From this step on, the teacher can choose ‘Add’ or ‘Edit’ using the drop-down menu on the 

right corner of the first sentence/box (as shown in the screenshot at left-hand side of Figure 5). If the 

teacher chooses ‘edit,’ s/he can edit the existing sentence. If the teacher chooses ‘add,’ s/he 

can add a sentence/box under the existing sentence. For a question that NPC has for the 

students, teachers can ‘add’ more than one responses showing in different boxes. So far, the 

system did not set a limitation for adding following sentences/boxes, but it may become 

difficult to read on the screen when there are too many boxes. Also, it will take much longer 

time for teachers to design a complete conversation tree. 
 

  
(a) Add/Edit function for existing sentence/box (b) Add a potential response that students may 

say 

Figure 7. Build a conversation tree from first sentence. 

 

 After the first sentence, teachers may find one more function in the drop-down menu: 

‘delete.’ As for all the boxes located at the bottom layer, teacher can find another useful function 

‘connect,’ as shown in Figure 6. By using the ‘connect’ function, the system can clone a stream of 

conversation from existing boxes. For example, after certain decision making process, the new 

response in the third column may trigger an existing NPC question in the first or the second column. 

Therefore, teacher users merely need to click ‘connect,’ and then an existing NPC question to bring 

the following conversation to the third column. 

 

 
Figure 8. Additional two function, Delete and Connect, for an existing conversation.  

 

 If the teacher as well as the conversation designer needs to delete a certain sentence/box, 

s/he merely needs to choose ‘delete’ from the drop-down menu of particular sentence. Since the 

deleted sentences will not be able to be retrieved or recovered, a confirmation message would pop 

out to ask the user whether s/he really want to delete something or not (see Figure 7).  
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Figure 9. Confirming message for deleting an existing sentence/box 

 

 Before students can practice their speaking skill, the teacher needs to create a NPC and 

associate the NPC to a particular conversation tree s/he created earlier. Figure 8 shows an easy 2-step 

process for creating an NPC: (1) entering a name for the NPC and (2) choosing any pre-created 

conversation stored in the system. 

 

   
Figure 10. Add a new NPC and associate it to a pre-created conversation tree. 

  

3.4 Conversation Quest Design-Student Interface 
 

If a user chooses to enter as a student, s/he can select a NPC first, and then the conversation task will 

start right away. Different from most commonly seen conversation method in MORPGs, players 

cannot ‘type’ what they want to say. They can only click on the microphone icon (as shown at the 

bottom center of Figure 9), and start talking. The utterance will be converted into text message using 

modified online speech recognition program.  

 

 
Figure 11. Student Interface: Conversation Status 

 

 The program has been tested effectively for latest version of major browsers, including 

Google Chrome, Firefox, Apple Safari, Internet Explorer and Microsoft Edge. One key element of 

the speech-to-text program is that it can recognize the speech based on keywords used by the player, 

and thereby generate the complete sentence into text form to show the player the accurate usage. 
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Based on the systematically designed conversation trees, the NPC will respond in real time 

according to the player’s responses.  

 If the player does not answer within 10 seconds, the NPC will repeat the question again. If 

the player provides inappropriate answers, the NPC will ask the player to answer again in a polite 

manner. Take the conversation from Figure 10 as an example. Once the player answered “How are 

you today” after NPC’s question, “Would you like some fries to go with that,” the NPC will respond, 

“Sorry! I don’t understand what you mean. Could you please say again?” In short, no response or 

errors will both prompt the NPC to direct the player back to the conversation scenario. 

 If the player fails to provide logical responses for more than three times, the NPC will end 

the conversation with a ‘force end’ sentence. The ‘force end’ sentence can also be edited by teachers 

or selected from the system. As to the game points system, teachers do not have to assign points, 

while the system will determine the points based on the completeness of the conversation, and the 

number of layers the player have accomplished.  

  

 

4. Evaluation Plan 
 

In order to evaluate the effectiveness and practicality of the game, the researchers will conduct a 

quasi- experiment research design in Fall 2018. EFL (English as a foreign language) learners will be 

recruited from English Speaking and Listening courses of a private University in northern Taiwan. 

The game will be introduced to the participants near the beginning of the semester. Before the 

introduction, participants will fill out a brief demographic questionnaire regarding their CALL 

(computer assisted language learning) experience.  

 During the semester, participants will be invited to play the game as frequently as possible, 

or at least once per week. Participants’ English oral proficiency related with the game content will be 

evaluated by the course instructor by the end of the experiment. Moreover, another questionnaire 

will be given to the participants for exploring their attitude and reflection about the game. 

 The data will be collected and analyzed for improving the game as well as for identifying 

how effective and useful the game is considered from EFL learners’ perspective. Simultaneously, 

the in-game date regarding the frequency of playing the game, the game points earned by each 

participant, and the types of dialogues been chosen for practicing during the experiment will also be 

collected, analyzed, and compared with participants’ actual oral exam scores and survey results.   

 

 

5. Conclusion 

  
Originally, social interactions in MORPGs are for players to seek guidance, support and assistance 

in order to complete the game or win a battle. As more and more people engaged in MORPGs, the 

types of conversations in the games varied. Some players consider their online game friends are 

sincerer and ‘more real’ than their friends in reality. Some players even found their romance based 

on the social interaction opportunities in MORPGs (Bennerstedt, 2007). The intriguing elements of 

online games and social interactions keep attracting people, including many students, into the virtual 

world. Therefore, educators in the modern era should take advantage of this trend, instead of merely 

criticizing the ever changing society and the new-era phenomenon. As to the developing system, 

Conversation Quest in MEGA World v2.1, more functions are yet to be created, and the design may 

be polished as well. Nevertheless, it cherished the value of online social interactions and further 

applied the advantages into language learning field. Future development of the game and further 

research plans related with similar context should worth anticipating.     
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Abstract: With the rapid development of science and technology, the availability and 

popularity of technology-enhanced learning is increasing in recent decades especially in the 

fields like m-Learning, MALL (Mobile-Assisted Language Learning), CALL 

(Computer-Assisted Language Learning) etc. Lots of previous studies have researched how 

do high-tech devices (like smartphones, tablets etc.) and mobile apps facilitate learners’ 

language learning. However, very little has been published on the features of the mobile 

apps for vocabulary learning and lacking a well-developed framework and taxonomy of the 

mobile apps for vocabulary learning. Therefore, the present research reviews the previous 

studies on language learning apps and codes the vocabulary learning apps available on the 

market aiming to figure out what kinds of features do these apps possess and provide a 

taxonomy of the features of these apps. The article also presents a framework for viewing 

the features of these apps from two different dimensions (app features focusing on different 

aspects of word knowledge and app features focusing on the functions of the apps). In the 

end, the article implies the direction for future research. 

Keywords: Taxonomy, apps, vocabulary learning, technology-enhanced language learning 

1. Introduction

Vocabulary is of great significance in learners’ second language learning. From the linguistics’ 

perspective, vocabulary is the most basic component of language expression and use. Just as the 

well-known linguist David Wilkins (1972) pointed out in his book Linguistics in language 

teaching:” Without vocabulary, nothing can be conveyed”, vocabulary is the cornerstone laid for our 

use of language in the way we want to. From the language learners’ perspective, vocabulary plays a 

fundamental but indispensable role in learners’ second language learning. Since enlarging 

vocabulary size is the pre-requisite to improve learners’ four language skills (i.e. listening, speaking, 

reading and writing skills), enlarging vocabulary size could improve learners’ overall language 

proficiency. From the researchers’ perspective, vocabulary is at the core of language learning and 

teaching. In decades, large amount of academic research centered on vocabulary learning varying 

from which words should be prioritized to learn to what kinds of word knowledge should be 

acquired, from how to learn vocabulary in an economic way to which strategies are efficient in terms 

of vocabulary learning. These large amounts of studies not only provide important knowledge of 

vocabulary learning, but also emphasize the important status of it in learners’ successful language 

learning. 

        With the rapid development of economy in recent decades, science and technology has 

dramatically improved the convenience of people’s lives. The widespread use of high-tech devices 

(like mobile phones, tablets etc.) in language learning is growing very fast and of great promise 

(Burston, 2014; Godwin-Jones, 2011; Kim & Kwon, 2012; Lys, 2013 etc.) especially in the fields 

like Mobile-Assisted Language Learning (MALL), Computer-Assisted Language Learning (CALL) 

etc.. Software applications (mobile apps) specialized in language learning is another important 

stream in technology-enhanced language learning, which could usually be downloaded and installed 

from the app stores either for free or commercially available. Although the use of high-tech devices 

and mobile apps for language learning is widely welcomed by learners due to its evident advantages, 

it received criticisms as well. Take mobile apps as an example. Some believed it is only a sort of 

replication of the language-learning activities already done by other technologies (e.g. Burston, 
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2014). Others pointed out the lack of opportunities for learners to participate in collaborative 

learning activities (Kim & Kwon, 2012). However, no one could deny the great flexibility, 

availability, portability, personalization and convenience it brings to language learners in the new 

era. 

        Due to the significance of vocabulary towards language learning, with the rapid development 

of Computer Assisted Language Learning, Computer Assisted Vocabulary Learning sprang up as 

well. Numerous research have been conducted in this area. Some compared vocabulary learning in 

the CALL ways with the traditional ways (e.g. Hirschel & Fritz, 2013; Hubbard, Coady, Graney, 

Mokhtari & Magoto, 1986; Zapata & Sagarra, 2007 etc.). Some explored learners’ learning 

preference between using mobile phones and PCs (e.g. Stockwell, 2007 etc.). Some explored its 

advantages through analyzing the features reflected in the studies (Coll, 2002; deHaan, Reed & 

Kuwanda, 2010; Fox, 1984; Groot, 2000; Palmberg, 1988 etc.). Despite lots of research have studied 

technology-enhanced language learning and Computer-Assisted Vocabulary Learning, studies 

focusing on mobile apps for vocabulary learning are very few in number. Thus, the present research 

aims to: 

        1). explore what kinds of features these vocabulary learning apps possess; 

        2). offer a taxonomy of the features of these apps and a framework for viewing their features.  

 

 

2. Literature Review 
 

2.1 Different Aspects of Word Knowledge 
 

In order to learn the vocabulary of a second language successfully, first of all, it is necessary for us to 

clarify what aspects of word knowledge are necessary to learn in terms of knowing a word. 

According to Nation (2001), in general, knowing a word at least involves three main aspects: 1). 

Form (which includes spoken, written and word parts); 2). Meaning (which includes form and 

meaning, concept and referents and associations); 3). Use (which includes grammatical functions, 

collocations and constraints on use such as register, frequency etc.). Further, each minor category in 

the bracket could be sub-classified in terms of two dimensions: receptive and productive. Thus, in 

total, 18 specific aspects of knowledge are included in what is involved in knowing a word. Nation 

believed that different kinds of knowledge require different kinds of learning (i.e. explicit learning & 

implicit learning), further, different kinds of learning require different kinds of learning activities 

(Nation, 2001). 

 

2.2 Vocabulary Learning Strategies (VLS) 
 

2.2.1 Paper Title  
 

Lots of scholars have conducted research on vocabulary learning strategies throughout years; 

however, the taxonomy of vocabulary learning strategies varies from one researcher to another. 

Schmitt (1997) classified all vocabulary learning strategies into two main categories: 1). Discovery 

Strategies (i.e. strategies for the discovery of a new word’s meaning) which include two 

subcategories: Determination and Social Strategies. 2). Consolidation Strategies (i.e. strategies for 

consolidating a word once it has been encountered) which include four subcategories: Social, 

Memory, Cognitive and Meta-cognitive Strategies. Zhang and Li (2011) designed three dimensions 

(cognitive, meta-cognitive and affective) consisting of six categories in total through conducting a 

factor analysis. Nation (2001) developed a taxonomy of vocabulary learning strategies, which 

divided the whole into four general classes: 1). Planning: choosing what to focus on and when to 

focus on it; 2). Sources: finding information about words; 3). Processes: establishing knowledge; 4). 

Skill in use: enriching knowledge. Each general class was further sub-divided into several minor 

types. Gu & Johnson (1996) classified all vocabulary learning strategies into eight dimensions and 

categories which include beliefs about vocabulary learning, meta-cognitive regulation, guessing 

strategies, dictionary strategies, dictionary strategies, note-taking strategies, rehearsal strategies, 
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encoding strategies and activation strategies. As we can see, the taxonomy of vocabulary learning 

strategies varies when being considered from different dimensions as well as perspectives. 

 

2.2.2 The Choice of VLS & Vocabulary Learning Outcomes 
 

Previous studies have demonstrated that compared with others, some learning strategies are more 

effective in terms of vocabulary acquisition (Wang, 2013) and are more likely to bring learners’ 

language proficiency to higher levels (Carrier, 2003; Ikeda & Takeuchi, 2003; Macaro, 2001; 

Cohen, Weaver, & Li (1996); Nakatani, 2005; Rost & Ross, 1991; Vandergrift, 2003 etc.). Thus, 

accordingly, these strategies should be made fuller use of by language learners during their 

vocabulary learning. In 2005 and 2012, Intaraprasert’s research together with Rezvani, Kalajahi and 

Pourshahian’s research found that one particular vocabulary learning strategy cannot significantly 

influence learners’ vocabulary knowledge. Whereas a combination of a variety of strategies could 

effectively build up learners’ vocabulary knowledge (Ahmed, 1989; Gu, 1994; Sanaoui, 1995 etc.). 

Further, studies also found that different sets of combination would ultimately lead to different kinds 

of vocabulary learning outcomes and the more well-balanced and integrated the combination of 

vocabulary learning strategies are, learners are more likely to produce ideal vocabulary learning 

outcomes (Gu & Johnson, 1996). When learners choose different kinds of vocabulary learning apps, 

they actually unconsciously choose different combinations of vocabulary learning strategies (which 

are decided by the features possessed by their chosen apps) at the same time and thus would finally 

get different vocabulary learning outcomes correspondingly. Thus, it is necessary for researchers to 

figure out the features of these vocabulary learning apps in order to facilitate learners’ vocabulary 

learning in an effective way. 
 

 

3. Methodology and Results 
  

In this study, we first reviewed previous studies on apps for language learning and distinguished all 

the related features of apps for vocabulary learning. Then, we classified these vocabulary learning 

app features into different categories based on Rosell-Aguilar’s (2017) taxonomy of mobile apps for 

language learning and Nation’s (2001) different aspects of word knowledge. As a result, we got a 

preliminary taxonomy of apps for vocabulary learning. Then, we codes the apps for vocabulary 

learning available on the market to test whether our taxonomy could contain all the features these 

vocabulary learning apps possess and at the same time, we kept refining our taxonomy and 

framework for vocabulary learning apps at hand. Finally, we obtain a new taxonomy and framework 

for vocabulary learning apps as follows (please see Table 1 and Table 2): 

 

Table 1 

App features focusing on different aspects of word knowledge 

Word 

knowledge 

aspects 

App features Definitions (the working definition for the 

purpose of this study) 

Form Pronunciation 

 

Pronunciation is defined as the symbols 

aiming to instruct language learners to 

pronounce the word in a standard way, 

which includes items like the phonetic 

symbol (e.g. the syllable), tone, stress 

etc. 

 Orthography Orthography refers to the writing system 

aiming to instruct language learners to 

write the word in a standard way, which 

includes items like the strokes, the 

alphabetic letters etc. 

 Word parts 

(affixes, 

Affixes refer to the parts of the word which 

could only be used when being added 
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stems etc.) onto another morpheme (i.e. another 

root or stem) of the word, which 

typically includes three types: prefixes 

(at the beginning of the word); suffixes 

(at the end of the word), infix (in the 

middle of the word) (Hu & Liu, 2001). 

Stems refer to one morpheme or 

combination of morphemes which an 

affix can be added onto (Hu & Liu, 

2001). 

Meaning Word meaning Word meaning refers to the explanation of 

the meaning of the word. 

 Associate 

words 

(synonyms, 

antonyms 

etc.) 

Synonyms refer to words that have the same 

or close meaning of the target word (Hu 

& Liu, 2001). 

Antonyms refer to words that have the 

opposite meaning of the target word (Hu 

& Liu, 2001). 

 Grammatical 

use 

(number, 

gender etc.) 

Number refers to the grammatical category 

which could help to analyze whether the 

word is singular, dual or plural. (Hu & 

Liu, 2001). 

Gender refers to the grammatical category 

which could help to analyze whether the 

word is “masculine, feminine or 

neuter”, “animate or inanimate”, etc. 

(Hu & Liu, 2001). 

 Idiom Idiom refers to the phrasal expression which 

is used as one unit either semantically or 

syntactically functioning like one word 

(Hu & Liu, 2001). 

 Collocation Collocation refers to the co-occurrences of 

certain particular words which are often 

used together (Hu & Liu, 2001). 

 Occurring 

context 

 

Register refers to the situation where the 

word should be used, which is closely 

related to the following issues between 

the user and the receiver: (1) their 

experience; (2) their relationships; (3) 

communication medium (Hu & Liu, 

2001). 

Frequency refers to the situation where the 

word is most or least often used by 

people in certain situations. 

Cultural information indicates whether this 

word correlates with or carry any culture 

factors (like local customs, traditions 

etc.). 

Language varieties refers to the variants of 

the language which deviate from the 

standard ones caused by regional or 

national factors. 
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Table 2 

App features focusing on the functions of the apps 

Functions Definitions 

Way of 

presentation 

Way of presentation refers to the multimedia identification of the 

presentation of the word, which includes sound, images, 

graphs, videos etc.). 

Assessment Assessment refers to whether the app includes the function of 

assessing the learners’ achievements towards learning the 

word. 

Record of 

learning 

progress 

Record of learning progress refers to whether the app includes the 

function of recording the learning progress of the learners. 

Personalization Personalization refers to the personalized design of the apps for 1). 

User experience; 2). Learning difficulty (Vygotsky, 1987); 3). 

Vocabulary types. 

Engagement Engagement refers to whether the apps could let learner’s 

motivated. 

Interaction Interaction refers to whether the apps provide learners with an 

environment which allows them to interact with the app or 

with each other. 

Sharing Sharing refers to whether the apps allow learners to share learning 

content with others on social media. 

Gamification Gamification refers to whether the apps have game features. 

Offline work Offline work refers to whether the apps could still work without 

internet connection. 

 
As you can see, the whole taxonomy is classified into two main categories from two different 

dimensions: 1). App features focusing on different aspects of word knowledge and 2). App features 

focusing on the functions of the apps. The first main category is further sub-divided into 10 minor 

categories in terms of Nation’s (2001) aspects of word knowledge. Whereas the second main 

category is classified into nine minor ones in terms of various functions of the apps. The rightmost 

column of the above two tables also provides the working definition of each specific category of the 

taxonomy as well. 

 

 

4. Conclusion and Future Research 
 

In summary, this research provides a new taxonomy and framework for apps for vocabulary learning 

based on previous related studies and research on language learning apps as well as the reviewing of 

the features of the available vocabulary learning apps on the market. Due to the fast development of 

science and technology of the current era, it is not easy to predict the direction of the future research. 

However, a proposal for putting this taxonomy and framework into practice to test its feasibility 

might be a potential direction for future research. 
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Abstract: Communication is a critical skill in today's world. Students relied on technology 

increase, instructors worry that students are losing face to face communication skill in 

English. However, using technology might help students to increase their talking skills. 

Motivation is another factor to affect the willing of talking. Sadness and happiness are 

natural feeling for everyone. The feeling is born from everyone and affect everyone’s 

behaviors and mental action. However, the effect of those emoticon using in e-learning is 

seldom discussed. This study is going to use an APP with 3D emoji. The 3D emoji can scan 

user’s facial expressions, so that an emoji play user’s behavior including his/her voice. It 

delivers students’ English conversation without face to face. All participants use 3D emoji 

to represent their talking and communicate with other participants. The conversation will be 

examined by 2 experts and give it a score.  After finished the study, all participants have to 

complete an attitude questionnaire. 

Keywords: English writing, App, 3D emoji 

1. Introduction

Whether the students are struggling to learn basic communication skills, or they need help in 

thoughtful talking. Technology can help students illustrate their ideas from brain to mouth.  It is a 

commonly fact that app is an important factor for students in their daily life. Emotional icon is a 

friendly sign for many students when students write or talk in app. In this study, authors used app to 

assist students in learning English speaking. Emotional icons represent interesting idea and play as 

vocabulary to easy connect two different sentences. This study provides 3D emoji to check if those is 

useful when they are talking English in app.  

2. Literature Review

Happiness and sadness are natural feeling for everyone to affect people’s emotions. The feeling are 

born with everyone and affect every people’s behaviors and mental action. However, the effect of 

3D emoji on app is never discussed before 

Previous study didn’t use 3D emoji to check the relationship between communication and 

emotional icon. Positive feeling pictures improve learning when they compare to negative feeling 

pictures (Isen & Reeve, 2005).  It may cause to negative outcome when learners used positive 

feeling pictures (Oaksford, et al. 1996).  A study suggests to check students’ emotional situation 

before they learned because their emotion affects by many different condition (Klimes, et al. 2007). 

Since different studies have opposite result for feeling pictures. The author does an experiment to 

check the result when learners use different feeling pictures. 

3. Methodology
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Motivation is another factor to affect the willing of talking. Sadness and happiness are natural 

feeling for everyone. The feeling is born from everyone and affect everyone’s behaviors and mental 

action. However, the effect of those emoticon using in e-learning is seldom discussed. This study is 

going to use an APP with 3D emoji. The 3D emoji can scan user’s facial expressions, so that an 

emoji play user’s behavior including his/her voice. It delivers students’ English conversation 

without face to face. All participants use 3D emoji to represent their talking and communicate with 

other participants. The conversation will be examined by 2 experts and give it a score.  After finished 

the study, all participants have to complete an attitude questionnaire. 

This study is going to use an app with feeling pictures. The system is based on theory in 

behavioral science. It delivers different English materials for students to read first. After that, 

students have to write an essay and they allow to use any feeling pictures in their essay. The essay 

will be examined by 3 experts and give it a score.  After finished the essay, all students have to 

complete a questionnaire to check their feeling. 
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Abstract: As a problem-solving skill, Computational Thinking (CT) is getting more and 

more popular beyond the spectrum of Computer Science. Scientists and researchers in the 

field of K-12 education particularly have a passion for it. Language skill, an essential ability 

for every individual, is one of the most significant capabilities which students need to 

cultivate. It is possible that students can improve their language skill to communicate when 

adopting or learning CT. Insufficient literature has explored the feasibility of connecting 

language education with CT activities. This study aims to investigate teacher and students’ 

perceptions towards integrating CT into language education and explores how to improve 

the integration of CT into language education with the elements of programming. In order to 

achieve these objectives, the researcher conducted a pilot case study by interviewing one 

teacher and four students who have attended the maker space lesson in an elementary school 

in Hong Kong. The interview results show that the teacher and students hold positive 

perceptions towards integrating CT into language classes. In addition, their 

recommendations to better connect CT with language education through programming 

instruments were presented. 

Keywords: Computational thinking, language education, constructionism, programming 

1. Introduction

As a promising problem-solving ability rooted from Computer Science education, CT is adaptable to 

different aspects of people’s life (Wing, 2006). Some researchers have been attempting to explore 

the power of CT. A typical approach for younger children to connect CT with programming practice 

is to use graphical platforms like Scratch, Alice, and Minecraft. Researchers have been examining 

how students’ creativities and problem-solving abilities are cultivated through CT (Chang, 2014; 

Pellas & Peroutseas, 2017; Zhong, Wang, Chen, & Li, 2016). Given that computers have the 

potential to make learning more interesting (Jong, Shang, Lee, & Lee, 2008), studies have also been 

conducted to combine CT with writing, journalism, or poetry to probe some insights about the 

influence of CT (Zhong et al., 2016). However, inadequate investigations have been carried out on 

how CT influences students’ language learning experience (Burke & Kafai, 2012), which deserves 

more attention both out of the consideration of students’ language development and CT infusion.  

Actions are required to fulfil the potential of CT in the area of language education. This 

research attempts to contribute to the literature by exploring the perceptions of students and teachers 

about the feasibilities of connecting CT with language education by adopting the CT instrument 

Scratch in English language learning class. Therefore, there are two targets for this study. One 

purpose is to understand students and teachers’ perceptions on integrating English learning and 

graphical programming language learning after an intervention involving the infusion of CT into 

English learning. Then suggestions on integrating CT with language education will be put forward 

according to the research results. 
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2. Literature Review 
 

Since Wing (2006) put forward the concept of Computational Thinking, research in this area has 

been thriving. Wing’s work inevitably leads to discussions about the foundation issues of CT, which 

have not received a commonly recognized definition yet (Grover & Pea, 2013). Nonetheless, there is 

a deepening consensus of investigating the possible effects CT may have on the 21st century K-12 

students (Yadav, Hong, & Stephenson, 2016). Another area of research revolves around designing 

valid instruments to assess CT (Lockwood & Mooney, 2017).  

            Second language education is one of the most challenging and essential parts of K-12 

education. Acquiring fluency in the second language can greatly enhance one’s market 

competitiveness. People who are capable of a second language have more job opportunities to work 

in the multinational corporations. Furthermore, the English language is likely the lingua franca for 

people to communicate all-through the world. Half of the world knowledge is stored or 

communicated through English language (Seidlhofer, 2009). We were unable to locate literature in 

our search through major research databases on the published study which employed CT as an 

independent variable to influence students’ language learning. However, some insights about the 

cognitive aspects of students’ language learning process in the context of CT could be found from 

the previous researches.  

            Burke and Kafai (2012) have investigated the possibility of introducing fundamental 

programming concepts to secondary school students in a writing workshop. In their study, students 

used programming tool Scratch to draft, revise, and publish digital stories made by themselves. 

While finishing their writing tasks, students studied the basic Computer Science concepts and 

recognized that programming and writing could operate in an interrelated approach while finishing 

the composition task (Burke & Kafai, 2012). Jenkins (2015) conducted a study to explore the 

possible relationship between language learning and CT by using computer-based microworlds to 

teach English poetry. The researcher employed an experimental design to compare students’ 

performance in both of CT and poetic thinking before and after the intervention English lessons. 

Based on the research findings, students gained growth both in their CT and poetic thinking after the 

intervention. The researcher has presented some evidence that there is a positive correlation between 

the two thinking capabilities (Jenkins, 2015). If the integration of CT and students’ language ability 

is feasible as the previous researchers have proposed, it is important to explore the possibilities of 

integrating CT into K-12 students’ language education. 

            From the dimension of English language education, this practice is designed with respect to 

task-based instruction (TBI) theory (Leaver & Willis, 2004). TBI recommends students to develop 

their language by conducting meaningful tasks. For example, making an appointment with a doctor, 

taking an interview, or completing a story. Ellis (2003) defined that a qualified task should have four 

features, including having real meaning, having ‘gaps’ to be fulfilled, needing leaners to use 

linguistic resources to finish the task, and having non-linguistic task outcome. Well-designed tasks 

can enhance English language learning in an effective way (Ellis, 2003).  

            One theoretical framework that supports this approach to develop CT is constructionism. 

Constructionism describes the process of gaining knowledge as “building knowledge structures” 

(Harel & Papert, 1991). Inspired by his teacher Piaget’s constructivism which emphasizes learners’ 

previous experience in constructing new knowledge, Papert’s constructionism stresses that people 

gain new knowledge by engaging in doing and making artifacts, regardless of learning 

circumstances (Li, Cheng, & Liu, 2013). Constructionism provides some foundations for 

educational applications of programming in learning. With the spread of maker movements, 

constructionism emerges as a prominent theoretical foundation for learning by doing. In recent 

years, constructionism has extended the reach of its development to applied linguistics. For 

example, in 2004, the game SimCity was adopted as an instructional tool to teach Japanese high 

school students English with constructionist techniques (Pavlidis & Markantonatou, 2018). 

Nonetheless, applying constructionism in the computational context for language learning needs 

many further studies. Accordingly, this proposed research aims to pursue a fair understanding of 

such explorations. At this point, its feasibility is explored through qualitative interviews with 

students and the teacher.  
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3. Research design 
 

3.1 Research Participants  
 

This study was conducted in a primary school in Hong Kong. Students studied major subjects 

including Chinese Language, English Language, Mathematics, and General Studies. Besides, 

students also studied some technical subjects like Science, Technology, Society & Humanities, Art 

and Physical Education as the supplementary subjects. Even though because of the academic 

pressure and resource limit in elementary schools, major subjects occupied the largest portion of 

students’ time, the development of STEM education encouraged school leaders to highlight the 

importance of Science and Technology. As a result, all elementary students in this school had a 

chance to take Computer Science as a selective interest-oriented subject once a week. There were 9 

students study in this selected class when the research was conducted. The teacher called this class 

“Maker Space” and employed Scratch to teach students programming. Students came from different 

grades above grade 4, when was the starting grade for them to learn programming. 

 

3.2 Learning Activity 
 

Supported by TBI in language education and constructionism in CT development, the class 

consisted of the following phases: 

 

 
Figure 1. The One-Session Intervention Class. 

 

3.3  Semi-Structured Interview with Students 
 

Four students were selected to be interviewed (see table 1) after the intervention based on the criteria 

that interviewees should be different in age and gender, teacher’s suggestion and researcher’s 

classroom observation were also taken into consideration in this process. The interviews were 

conducted at the most convenient time for students after the lesson. Each interview lasted 10 to 15 

minutes and all were audio-recorded with students’ consent. The interview guide was adopted by the 

researcher to investigate student’s opinions on (1) Scratch learning, (2) English language learning, 

(3) CT-infusing class and (4) their suggestions on how to better bridge CT and English education. 

Meanwhile, the researcher followed several rules to reduce the Pygmalion Effect. For instance, all 

the questions asked in the interviews were open-ended, no misleading questions were posed 

throughout the whole process, interviewees were encouraged to express their personal views freely, 

and questions were clarified more than once when inconsistencies arose.    

 

Table 1 

Student Interviewees’ Information 

              Student 1    Student 2 Student 3 Student 4 
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Age                  10         10       10      11 

Grade          4          5        4       5 

Gender       Male     Female    Male    Male 

 

3.4 Semi-Structured Interview with the Teacher 
 

The teacher took on three different roles in the school under study: he was primarily an English 

teacher for P5 students, but he was also the ICT coordinator given his interest in ICT. Besides, he 

taught Computer Science, in which he promoted Scratch programming. The interview with the 

teacher lasted approximately 40 minutes. Questions about his perceptions on (1) ICT, (2) STEM 

education, (3) Scratch programming teaching, and (4) the challenges/opportunities of using 

programming as a tool for English language teaching were discussed in detail. This interview was 

audio-recorded with the teacher’s consent. 

 

 

4. Results 
 

4.1 Perceptions towards integrating English learning and graphical programming 

language 
 

First, three out of four students thought the experience was interesting. For example, student 2 said 

“I think it was very interesting to study English dialogue with Scratch. I could conduct conversations 

with the computer. However, in our English class, our teacher tended to adopt the simplest approach. 

He often has us study English dialogue together with other students who sit in front or behind us 

nearby. I prefer using Scratch in English dialogue learning” and student 3 said “I think our class in 

which we studied English dialogue with Scratch was very impressive. In all my experience of 

learning Scratch, that infusing class was the most interesting one. I was able to make the characters 

by myself and control their movements. The best part was the way in which the computer reacted to 

my responses; when I replied to its question, it would continue to ask me questions or finish the 

dialogue. These different reactions were provided based on my answers”. Both of them would like to 

engage in more such activity. However, Student 1 said that he thought using Scratch in English 

learning was excellent and he enjoyed the change from the usual English classes, but he did not want 

to have more of this kind of infusing class since he was confused about the learning focus. In the 

interview, student 4 said the class which adopted Scratch in English dialogue learning was neither 

very good nor very bad. He had learned English dialogue in that class through communicating with 

the computer. The class itself was amusing; he could solve all the programming problems he had 

come across easily through learning from the online community. 

            The teacher presented his positive perceptions towards this infusing class; he said: “I think 

the interventional class was good enough for me to achieve my teaching goals in helping students to 

finish their English dialogue Scratch projects while leaving them room for creativity.” 

            Overall, it seems that integrating CT for English learning has the potential to improve 

interest of learning as an alternative in the traditional classroom teaching and learning. As students 

today are exposed to many different ways of learning, such an approach should not be discounted, 

especially for students with high interest in computing but low interest in traditional English lessons.  

Nonetheless, it was also clear that some students will focus more on the programming than English 

learning while some may feel no need for such intervention.  

 

4.2 Suggestions for integrating CT into English education via a graphical programming 

language 
 

Students suggested a range of further activities that were automated, more challenging and enriched 

through multiple contexts. Student 1 hoped in the future the computer could ask him English 

questions by itself rather than being limited to the questions and answers that he had programmed in 

Scratch before. He wanted to do something else next time. Student 2 regarded the English language 

requirements should be suitable. She hoped next time they could introduce more characters in 

673



Scratch; just two sides of the conversation were not sufficient for her to think about more extended 

dialogues. Student 3 would like the computer to react automatically to his questions or answers 

without pre-designed programming. Student 4 hoped Scratch could make English learning activities 

into a game, for example, a Racing Game; while the racing car is running around the track, it could 

ask questions for its next operation and react accordingly after the answer was given. This would be 

more interesting than merely communicating with the computer. 

            In the interview, the teacher proposed that Scratch may help little in English learning 

compared with some other ICT scaffolders, like Powerpoint, Photostory or story maker, since it 

required the high-level thinking skill CT from students. But he suggested Scratch could be applied in 

the summary project or in a final assignment in English learning. For instance, after students gained 

some knowledge of vocabulary and grammar, they could use Scratch to make an animation, or they 

could use Scratch to introduce objects like tourist attractions in Hong Kong. He said: “In that 

infusing class, my goal was not to teach students how to learn English, but to teach them how to 

program with Scratch and develop their CT. However, I can see students’ interest was piqued in the 

class. Just like how students draw their characters on the paper while they are writing, in this 

infusing class they can present more vivid characters in Scratch and conduct dialogues interactively. 

This can improve their confidence in this class and increase their interest in English.” 

 

 

5. Conclusion and Discussion 
 

Generally speaking, students and the teacher welcomed the novel practice of utilizing Scratch in 

other courses. From the interviews, it was found that students expressed some interest in learning 

English with Scratch. During the infusing class, Scratch served as a tool for expressing English, 

which was consistent with the writing workshop designed by Burke and Kafai (2012). Hence, 

students not only cultivated CT by using this programming tool but also learned about the English 

dialogues involved.  

A big challenge in K-12 education is how to maintain students’ sustained interest and 

attention. Constructionist learning theory ((Papert, 1980) seems to be implicitly addressing this issue 

by engaging students in building digital artifacts, of which is an engaging mediated process with 

emerging artifacts representing one’s understanding. In this study, Scratch was adopted to meet 

students’ needs and could keep children’s interest. Learners can gain knowledge of other course 

being taught in the context of the Scratch environment in a subtle way, and they would not get bored 

when they were studying. In addition, since all the interviewees have learned Scratch and English 

both, they were willing to propose their opinions on how to take advantages of Scratch in English 

learning. This phenomenon could be regarded as supporting evidence for the positive influence of 

the class intervention. 

            Interviewees suggested some advice to connect CT with English education through graphical 

programming instruments in the semi-structured interviews as well. In general, these suggestions are 

pedagogical in nature. First, suggestions seem to be pointing towards automated pedagogical 

support to scaffold students in crafting or reshaping dialogues. Students thought it would be better if 

computers could ask people questions or give responses to people’s requirements automatically 

rather than operating the pre-designed programming procedures. There was the proposal that 

researchers can gamification English learning activity while connecting CT with the English 

language, which would be more interesting compared with the current storytelling design. Second, 

when teachers are designing the learning environment they need to consider carefully about 

students’ prior knowledge so as to prevent cognitive overload (Sweller, 1988) or students focusing 

on computation rather than language learning. From the point of English learning, one interviewee 

mentioned that both of learners’ graphical programming skills and their English language 

capabilities should be taken into consideration. By doing so, students could reach their potentials in 

learning CT and English language. In the teacher’s interview, he recommended that Scratch can be 

used as a summative tool to facilitate language tasks, this was mainly because he would like to reach 

a balance of the tool and content issues and keep class efficiency. 

 The feasibility of integrating language learning and computational thinking is a matter of 

pedagogical design in considerations of human cognition in general and students’ prior knowledge 

in situ. Students and teacher in this pilot study hold a positive view or at least non-negative view 
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towards integrating language learning and computational thinking, this is premised on the fact that 

they have some computation skills and thus it did not result in cognitive overload. This is the 

limitation of this study.    

            Future studies around the topic of integrating CT into language education could be expanded 

to involve more elements. For instance, researchers can employ different scales with validity and 

reliability to evaluate students’ learning gains both in the dimensions of CT and language education 

as learning outcomes of the infusing class. Furthermore, as research has proposed that teachers’ 

pedagogical beliefs and their planning and conduct of computer‐mediated classroom lessons are 

critical for students’ learning process (Lim & Chai, 2008), professional development and 

communications are significant both for teachers who are pre-service and in-service. Assuming that 

teachers understand CT and know how to teach it effectively, students will have a chance to study 

CT in an efficient approach. As teachers are taking the responsibility to teach young generation new 

skills, we recommend that communities of practice should be built for teachers to support their 

constant learning. 
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Abstract: The application of newly introduced computational constructs is challenging for 

learners when they start programming from scratch. Basic code examples can be used and 

modified to help learners exploring these constructs in order to enable a seamless transition 

to create own programming code. This paper presents a redesign of the game-based learning 

environment ctGameStudio to address this issue. The existing level structure is enhanced 

using implicit and explicit scaffolds to support the learning process with respect to 

computational thinking competences. The redesign of ctGameStudio has been evaluated in 

a study with eleven students in a pre-posttest scenario by measuring the learning gain and 

the learning progression. In comparison to a previous study with 40 students, we could show 

that students apply newly introduced computational constructs better if they were supported 

by the proposed scaffolds. 

Keywords: Computational Thinking, Abstractions, Scaffolding, Guidance, Programming 

1. Introduction

“Thinking at multiple levels of abstraction” (Wing, 2006) is an important part of Computational 

Thinking (CT). For this reason, learners need an environment that guides them through these levels 

and supports them in their learning process. ctGameStudio is a game-based learning environment 

and contains a microworld with a programmable virtual robot (Werneburg, Manske, & Hoppe, 

2018). The programming interface of the virtual robot is a visual block-based programming tool 

based on Blockly1. In this environment, two modes are available – a story mode for novices in 

programming and an open stage that can be used subsequently. In the story mode, the users learn 

basic computer science (CS) concepts with a focus on fostering CT competences. In the open 

stage the students have the open-ended task to build strategies to fight against other robots 

programmed by other users to train the learned competences.  

However, a previous evaluation of the story mode revealed weaknesses in introducing basic 

CS concepts such as loops and other abstractions (Werneburg et al., 2018). Based on the findings of 

the associated study, we present conclusions and a redesign of the learning environment in this paper, 

which supports the learning process with scaffolds. 

Also, Grover and Basu (2017) discovered similar problems in other learning environments 

related to CS concepts. To solve this problem, they developed a learning scenario with digital and 

unplugged activities to “draw on dynamic math representations” (Grover, Jackiw, Lundh, & Basu, 

2018) with different interfacing. The provision of “representational flexibility” to make choices 

between different representations like different programming tools but also between abstractions 

and computational models to learn CT is necessary (Hoppe & Werneburg, 2018). The familiarization 

of different kinds of abstractions has to be structured, because CS concepts are hard to learn through 

open exploration (Mayer, 2004). 

Our approach for the redesign of the story mode of ctGameStudio, for learning CS concepts 

and fostering CT competences through a guided learning process is with implicit and explicit 

scaffolds. We point out that abstractions can be learned more easily through structured introduction 

1 https://developers.google.com/blockly/ 
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with these features. Finally, we show the results of a new study we conducted with eleven people 

using ctGameStudio and compare these results with the outcomes of the exploratory pre-study with 

40 people. We present our findings on analyzing the grades of the pre-posttest and the learning 

progression of the students. 

 

 

2. Background and Related Work 
 

The definition of CT has evolved over the past few years. Wing (2006) described CT as “solving 

problems, designing systems, and understanding human behavior, by drawing on the concepts 

fundamental to computer science.” However, Aho (2012) defined CT as “thought processes involved 

in formulating problems so their solutions can be represented as computational steps and algorithms” 

with an appropriate model of computation. Building abstractions based on these models are active 

actions of creating logical artifacts in term of data and process structures (Hoppe & Werneburg, 

2018) and there is a need to invent “appropriate new models of computation” (Aho, 2012).  

Learning environments based on models with a low threshold are needed to give the 

opportunity to build abstractions. Visual block-based programming tools like Blockly (Fraser, 2015) 

let students start early solving CT tasks (Weintrop & Wilensky, 2015) and therefore also building 

abstractions in the related learning environment. They “are relatively easy to use and allow early 

experiences to focus on designing and creating, avoiding issues of programming syntax” (Grover & 

Pea, 2013). 

 However, in the game-based learning environment ctGameStudio where students can use 

such visual block-based programming tool based on Blockly, learners had problems applying 

presented abstractions to given programming tasks (Werneburg et al., 2018). Students had to explore 

these concepts from scratch and struggled with the creation of computational artifacts based on 

abstractions. According to Leutner (1993), “students without any support learn how to play the 

game, but that they only acquire a minimum of verbal knowledge about domain-specific concepts, 

facts, rules, and principles.” Mayer (2004) emphasized, that it is a “mistake to interpret the current 

constructivist view of learning as a rationale for reviving pure discovery as a method of instruction.” 

Studies in the context of LOGO show that learners with “guided discovery methods performed better 

on generating and debugging new programs than did students who learned by pure discovery” (Lee, 

1991). 

 Effective guidance can support student exploration (Mayer, 2004). Scaffolds can restrict the 

comprehensiveness of tasks, give hints towards possible solutions as well as provide affordances to 

perform actions (Podolefsky, Moore, & Perkins, 2013). Lazonder and Harmsen (2016) extend the 

typology of scaffolding – they define guidance as a more generic term. Process constraints reduce 

the number of erroneous paths towards a student’s solution. Prompts are timed reminders to perform 

specific actions. Heuristics provide basic structures how to accomplish a task. Explanations support 

the learners by describing the steps towards a solution or specific action. Podolefsky et al. (2013) 

subdivided mechanisms of guidance into implicit and explicit scaffolds. While prompts, heuristics, 

and explanations are explicit scaffolds, process constraints are more implicit. 

Lee et al. (2011) promoted the Use-Modify-Create-Progression, that we will use as one basic 

scaffold for our approach of the redesign. At the beginning, a minimal example is given – described 

as “not mine” – which can be tried out in the Use phase to become familiar with the learning task. 

Then, the students can modify this programming code and observe changes in its output. As a result, 

“scaffolding increasingly deep interactions will promote the acquisition and development of CT” 

(Lee, Martin, & Apone, 2014). Working with given abstractions in a combined Use-and-Modify 

phase supports the “exploration” of these abstractions. By slightly modifying and running code the 

students discover the functionality of given constructs which reduces the threshold to enter the 

upcoming Creation phase. This phase of creation is the main part for CT tasks and gives the 

opportunity to be creative as „learning the language of creative coding is essential to expression in 

a digital medium” (Peppler & Kafai, 2005). 

With this concept, it is possible to target specific strategies and guide the students to transfer 

their elaborated strategies to other learning tasks, but it is necessary to “provide appropriate levels 

of constraints and guidance” (Grover et al., 2018). Knowledge-based instructions help to structure 
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the development process, because “linking declarative and procedural knowledge is recommended 

as a means to this end” (Swan & Black, 1993).  

 To evaluate CT skills, it is important to understand how the students came to their solutions. 

Many studies have been carried out in the past: Interviews were analyzed, in which students were 

asked how their learning progressed (Baker & Yacef, 2009). In other studies, the solutions of the 

students were analyzed to create appropriate assessments (Grover & Basu, 2017; Werner, Denner, 

Campe, & Kawamoto, 2012). There are also studies in which specific questions about pre-generated 

programming artifacts have been analyzed. The learning process, however, can rather be captured 

with logging of the activities, the analysis of which can provide information on how the final solution 

was reached (Werner, McDowell, & Denner, 2013). For the game-based learning environment 

ctGameStudio such logging agents are implemented to observe the behavior of creating, but also of 

using and modifying of given programming code. Various metrics support this observation 

(Werneburg et al., 2018). 

 

 

3. Redesigning ctGameStudio: Scaffolding and Guidance 
 

ctGameStudio2 is a web-based learning environment to foster CT competences by students with a 

game-based approach. The students control a virtual robot with a visual block-based programming 

tool. The interactions of the robot within the microworld provide direct feedback to the learners. By 

solving pre-defined programming tasks, certain CT competencies are fostered through the learning 

environment. The targeted CT competences are – in line with Selby & Woollard (2013) – algorithmic 

thinking, generalization, evaluation, decomposition, and abstraction. Additionally, ctGameStudio 

provides a seamless transition from guided tasks towards open exploration. According to Bauer, 

Butler, and Popović (2017), learning environments “need to combine open-ended exploration with 

sufficient structured guidance.” The story mode of ctGameStudio will be the guided part with 

scaffolds and the open stage will be a mode for open-ended exploration. 

 The level system of the story mode is the basic layer for the redesign. In the previous version 

of ctGameStudio, each level focused on a specific CS concept and was related to a suitable 

CT competence. In combination with a task, a specific CS construct or abstraction type was 

introduced with descriptions. The learners had to start from scratch to solve these tasks. One 

observation from the previous study was that the students struggled with applying newly introduced 

abstractions. They started to solve the tasks with previous known components with a trial-and-error 

behavior and avoided the use of new mechanisms (Werneburg et al., 2018). 

For the redesign, we apply the concept of the Use-Modify-Create Progression. Each level 

contains several sublevels. Now, the first sublevel of each level addresses using and modifying given 

programming code. This provides affordances in the sense of an implicit scaffold. Learners are 

encouraged to use and modify this given code without the possibility of taking detours. The transition 

from the Use phase to the Modify phase is smooth and both phases are combined in the respective 

first sublevel after a new concept has been introduced. The given programming code is executable 

but does not solve the sublevel – it encourages learners to modify this programming code. Through 

this implicit scaffold, the learners get familiar with newly introduced abstractions starting from a 

basic configuration.  

The second sublevel of each level addresses the Create phase of the Use-Modify-Create 

progression. Students have to build programming code based on the abstraction type introduced in 

the previous sublevel. In the sense of explicit scaffolds, students can request a prompt with heuristics 

for the desired abstraction type. Additionally, only a limited set of commands is available in each 

level. Therefore, the learners are gradually introduced to the functionality of the programming tool 

and the interaction with the microworld. In each level, however, new command blocks are added to 

expand the range of possibilities steadily until the last level, where all command blocks are available. 

The “block library” allows access to descriptions of the commands at any time. These mechanisms 

feature two types of guidance: First, the restriction to command blocks relevant to each task is a 

process constraint. Second, the explanations in the block library specify how to perform actions 

with the given code blocks. In addition to the general concept of scaffolding in ctGameStudio, our 

                                                 
2 http://ct.collide.info/ctgamestudio/ 
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framework contains mechanisms of guidance that are specific to particular CT concepts and levels 

(cf. table 1). Visual feedback of the interaction with the microworld supports the provision of 

affordances. For example, in level 5, when an enemy robot attacks the virtual robot, the learner 

implicitly gets requested to dodge or defend. 

The level system is redesigned to address both, a specific microworld construct as well as a 

specific computational construct (cf. table 1). The microworld constructs are always – primarily or 

secondarily – geometric constructs. Structured moving of the virtual robot is in each level an 

important part to act in the microworld. But the interaction with other objects is also targeted. The 

computational constructs are connected to different abstraction types like loops, events, procedures 

and functions.  

  

Table 1 

Framework for scaffolds of ctGameStudio. 

Microworld 

Constructs 

Computational 

Constructs 

Targeted 

Level 

Guidance 

Implicit Explicit 

Geometric concepts 

like squares and 

equilateral triangles 

Sequences and 

loops 

1.1, 1.2 and 

2.1 - 2.3 

Constraint 

(restricted 

sequence length) 

Prompt  

(Overlay of the 

targeted path) 

Interaction with 

static objects like 

avoiding bombs  

Event 

mechanism 

3.1 - 3.4 Visual feedback 

(scanning of the 

robot) 

Explanation 

(written guide how 

to use scanning) 

Interaction with 

moving objects in 

the shape of an 

enemy 

Procedures 4.1 - 4.4 Visual feedback 

(enemy reaction) 

Heuristic  

(attack strategy 

templates) 

Interaction with 

attacking objects 

Functions with 

parameters 

5.1 and 

open stage 

Visual feedback 

(enemy reaction) 

Heuristic  

(defend-attack 

strategy template) 

 

The first two levels (with their respective sublevels) involve geometric concepts on the layer 

of the microworld. The learners are introduced to simple movements, distances and directions in 

order to be able to let the robot walk on the shape of squares and equilateral triangles in the sense of 

LOGO. At the layer of computation, the possibilities are provided to form sequences and to abstract 

repetitions into loops. Implicitly the learning environment provide the learner with the required 

programming blocks (forward, repeat n times, ...); students can explicitly request a visualization of 

what the movement pattern should look like. Level three sets the focus on the event mechanic as a 

computational mechanism. In the microworld, the student interacts with objects like bombs and 

ammunition. For programming, scanning blocks are introduced. Implicit, the act of scanning is 

visualized with a beam. Likewise, invisible objects become visible when they are detected. In the 

computational constructs layer, flags and callbacks are introduced to realize events. Level four and 

five relate to the idea to interact with enemies. The strategies of the opponents are becoming in each 

sublevel more sophisticated. While the enemy robot is resting at first, he will dodge later, then defend 

himself and then attack the robot of the user. 

 
Figure 1. Given programming code (left) for the microworld of sublevel 2.1 (right). 
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Figure 1 shows the first sublevel for the loop abstraction where the students vary parameters 

in the head of the loop as well as parameters and the sequence of statements in the loop’s body. In a 

first step, the students can run the given programming code and can observe the behavior of the 

virtual robot in the microworld. Varying parameters and running the programming code helps to 

understand the behavior of the virtual robot using this abstraction. If the students need additional 

help, they can click on the mentor in the right upper corner (Figure 2). 

 

 
Figure 2. Visualization of hints available in the sublevel 2.2 related to the loop abstraction. 

 

 For each level, the second sublevel is a Creation level. The students create their own 

solutions using the introduced abstraction. In the third (and fourth) sublevels, the students must use 

the created programming code of the previous level to generalize their ideas to solve these level. In 

the case of level 2 (loop abstraction) the students have to generalize drawing from a square (figure 

2) to other equilateral polygons. This progression is intended from LOGO, the main task for this 

generalization process is the rethinking of the outer angles and the related number of loop repeats 

(Simmons & Cope, 1990) – and this goal can be achieved with an equilateral triangle or an 

approximated circle. 

 

 

4. Evaluation 

 
The aim of this study is to find out whether ctGameStudio leads through guided learning to a learning 

gain for the students. To do this we use a pre-post testing, analyze the programming behavior of the 

learners, and compare the data with the results of the previous study. 

 

4.1 Experimental setting 
 

The participants (female: 10; male: 1; mean age: M = 24.36, SD = 3.57) had a time limit of 45 

minutes to complete the levels related to movement, loops, and events (eight sublevels) of the 

learning environment ctGameStudio. The participants have been introduced to the ctGameStudio 

environment and have been instructed to solve the tasks. In addition to demographic data, a self-

rating regarding to programming experience and was requested (figure 3). The field of study of four 

persons is Applied Computer Science and of seven persons Applied Cognitive and Media Science. 

The previous study was with 40 students (24 men; 16 women; mean age: M = 22.23, 

SD = 3.98). They had a time limit of 45 minutes, too (Werneburg et al., 2018). 
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Figure 3. Self-rating of the students regarding to programming experience. 

 

 

4.2 Learning gain 
 

A pre-posttest with tasks related to basic CS concepts (sequences, loops, branching) was used for 

the assessment of learning gain. The questionnaire is based on the CT test of Román-González, 

Pérez-González, and Jiménez-Fernández (2017). The test contains seven multiple choice questions 

and two tasks where the learners had to write programming code on paper. In addition, these tasks 

have a focus on completion, debugging, and sequencing programming code related to computational 

practices (Brennan & Resnick, 2012). We defined the null hypothesis “Subjects score higher or equal 

in the pretest than in the post test” and the alternative hypothesis “Subjects score higher in the 

posttest than in the pretest” with the results in table 2. 

 

Table 2 

Student pre-post assessment results. 

Descriptive Statistics Shapiro-Wilk-Test Hypothesis test 

Pretest Posttest Pretest Posttest Wilcoxon-Test Effect size 

M = 18.18 

SD = 5.47 

M= 21.00 

SD = 4.15 
p = 0.56 p = 0.57 p = 0.016 r = 0.47 

 

As can be seen in table 2, the Shapiro-Wilk-Test (Shapiro & Wilk, 1965) allows the 

assumption of a normal distribution for both, the pre-test and the post-test since p > 0.05 holds in 

each case. Thus, the Wilcoxon-Test (Wilcoxon, 1945) can be used, and this test shows that the null 

hypothesis must be rejected because of p < 0.05 and the hypothesis “Subjects score higher in the 

posttest than in the pretest” must be accepted, where the effect size with 0.3 < r < 0.5 only suggests 

that it is a medium effect (Cohen, 1992) and seven positive, two neutral, and only two negative ranks 

supports the correctness of the hypothesis. 

These results may depend on the field of study of the students. This results in the null 

hypothesis “Students of Applied CS achieve an average lower or equal score than students in the 

field of Applied Cognitive and Media Science.”  

Another possible dependency can be related to the self-rated experience in programming. 

To analyze this, we clustered the students depending on their self-rating (cf. figure 4) in the group 

with low experience (level 1 or 2; 4 students) and high experience (level 4 or 5; 4 students). This 

results in the null hypothesis “Subjects with higher programming experience score on average lower 

or equal than subjects with low programming experience” and the alternative hypothesis “Subjects 

with higher programming experience score on average higher than subjects with low programming 

experience.” 

 For both cases, the Mann-Whitney-U-Test (Mann & Whitney, 1947; Wilcoxon, 1945) is 

applicable. Table 3 shows for the field of study that in each case is p > 0.05 and the null hypothesis 

must be accepted. There is no significant difference in the results of the pretest and the posttest. As 

a consequence, the results do not depend on the field of study. In case of the self-rating of the 

programming experience the results for the pretest show that the null hypothesis must be rejected 

because of p < 0.05 with a high effect size with r > 0.5. For the posttest the null hypothesis must be 

accepted because of p > 0.05. A higher self-reported programming experience influenced the results 
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of the pre-test positively. After using the ctGameStudio environment, this effect could not be 

observed anymore – the results in the post-test to not differ across the clusters (high/low experience). 

 

Table 3 

Student pre-post assessment results depending on the field of study and self-rating of the 

programming experience. 

Clustering 
Descriptive Statistics Mann-Whitney-U-Test 

Pretest Posttest Pretest Posttest 

Applied CS M = 18.50 

SD = 4.20 

M= 21.00 

SD = 3.16 
p = 0.35 p = 0.51 

Cognitive and 

Media Studies 

M = 18.00 

SD = 6.40 

M = 21.00 

SD = 4.87 

High 

experience 

M = 19.75 

SD = 5.68 

M = 22.75 

SD = 3.59 p = 0.03 

(r = 0.77) 
p = 0.13 

Low 

experience 

M = 13.00 

SD = 0.82 

M = 18.75 

SD = 4.86 

  

 

4.3 Learning progression 
 

To analyze programming code, we defined several features which are related to CT competences 

(Werneburg et al., 2018). The feature “# runs” describes the testing and evaluating behavior of the 

created programming code. One observation of the previous study was, that students need less runs 

if the level was easy to solve. 

 

 
Figure 4. Distribution of # runs per level with the number of users. 

 

 The boxplots in figure 4 show the distribution of the runs per sublevel. It is observable that 

each student finished the first five levels (1.1-2.3), but not everyone started programming in level 

3.1. Level 3.1 and 3.2 were only solved by two of three participants. The last sublevel 3.3 was only 

reached by one student and this student did six runs but did not finished this level. 

The first sublevels (1.1, 2.1, 3.1) contain the Use-Modify approach. A predefined 

programming code is given, and learners should try it out and then modify it to get a correct solution. 

In these sublevels the boxplots show that much more runs were done than in the associated second 

sublevels, which contain the creation part of the Use-Modify-Create progression according to Lee 

(2011). For example, the median in level 2 falls from four runs in sublevel 2.1 to two runs in sublevel 

2.2. This indicates that the respective first sublevel was used extensively to get to know the 

corresponding abstraction type and that the creation process in the second sublevel was easier to 

carry out. 
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With the feature “# Changes per run” the advanced planning behavior can be analyzed. It 

gives an insight into how far the users have kept to the Use-Modify-Create progression. Additionally, 

one observation of the last study was that most changes were done in the first run in a sublevel, when 

the concepts were better understood by the learners. Levels with “abstraction gaps” showed an 

unstructured pattern. Figure 5 shows the first two sublevels for introducing loops of this study. 

 

  
Figure 5. # Changes per run for level 2.1 (Use-Modify, left) and level 2.2 (Create, right). 

 

Sublevel 2.1 was the level to use and modify given programming code related to loops. 

While the learners game01 to game05 used the given programming code without any changes (dark 

blue tiles), the learners game06 to game12 made direct first and major modifications for the first run 

(light blue tiles – skipped using part of the Use-Modify-Create progression). Nevertheless, the first 

five users made major changes for the second run. The following changes per run are minor for all 

users. In the next sublevel, where users should create a solution from scratch with this abstraction 

type, the same behavior – most changes were done before the first run – is observable.  

In figure 6, the behavior of the user game10 in sublevel 2.2 of the just-in-time observation 

is presented. A change (per run) can be moving a block in the block structure, creating new blocks, 

deleting existing blocks and varying parameters. While all blocks used were created before the first 

run, the user only varied parameters for the second and third run, so the last run led to the level’s 

completion. 

 

 
Figure 6. Timeline of the programming code changing behavior  

of user game10 in sublevel 2.2. 

 

That indicates that the use and modify phase are helpful to get a basic understanding of the 

targeted abstraction type. The light blue events in the timelines of figure 6 indicate that they are all 

related to the associated loop block (in this case “controls_repeat”). Green blocks indicate block 

creations that have been placed only on the canvas. For example, after the creation of the “turn” 

block, this block was moved into the loop block and then the parameter of this block was changed. 

Dark blue blocks indicate that parameters have been changed that are either independent of the loop 

or if they are related to the loop, as in this case, after the run for which the loop was created. 

As in the previous study, level 3.1 with the introduction of events is a big gap for the 

students, too. Although each learner reached the level, only three students completed it. Feedback 

of the students after the study showed that primarily the temporal restriction meant that they could 

not begin/complete the level. On average, each user who started the sublevel spent 15.58 minutes in 

this level, while those who completed, it took an average of 1.62 minutes longer. 
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Figure 7. # Changes per run for level 3.1. 

 

 As can be seen in figure 7, an unstructured pattern of changes is for each student observable. 

While two students began directly to modify the given code, the others used the code before 

modifying it. At the end, user game2, game3, and game10 have completed the level. Each of these 

students applied in the propagated Use-Modify approach: initially using the given programming 

code, then inserting minor and then major changes. In the end minor changes followed to optimize 

the behavior of the virtual robot and to complete the sublevel. 

  

 

5. Conclusion 
 

In this paper, we presented a redesign for the game-based learning environment ctGameStudio. The 

new version provides implicit and explicit scaffolds, in which students get just-in-time feedback and 

on-demand hints. The Use-Modify-Create progression, which is integrated in the level structure, 

guides the students through different tasks with a focus on specific microworld constructs and 

computational constructs. The comparison of two studies (with and without scaffolds) showed that 

the students performed better with scaffolds. Also, learners who consistently followed the Use-

Modify-Create progression completed more levels in the same time than learners who, for example, 

skipped the Use phase and started directly with modifications. Of course, it is not desirable to limit 

the learners in their Creation phase by forcing them to work through the Use phase. However, this 

could lead to better results as learners would be able to gradually build understanding of the given 

computational construct. 

 We are aware that our proposed framework for guidance only covers static mechanisms 

which are following best practices for learning CT and introductory programming. In our future 

work, we will extend ctGameStudio by using dynamic and adaptive scaffolds which are built on 

process and content analysis. Code metrics are a common approach to measure code quality in the 

field of software engineering. However, such methods are only partially applicable for “small-scale” 

education-oriented programming. The use of dynamic and static code metrics for a similar use case 

has been proposed in the context of creative problem solving with programming, which demands 

CT competences (Manske & Hoppe, 2014). Implemented features like # runs, # changes per run, # 

creates, # consecutive changes per create, and time spent in minutes will be the basis for this 

approach towards automated assessment of CT competences and for providing dynamic feedback to 

the learners in game-based environments. 
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Abstract: In STEM education, computational thinking is a possible way to help solve real-

life problems. Learning computer programming is an effective way to develop 

computational thinking skills. In this paper, we propose a learning model for programming 

languages based on experiential learning theory. The use of robots carries out the hands-on 

experiences during the learning process. The empirical experiment shows that the 

experiential learning model proposed in this study can effectively affect children's interest 

in learning. 

Keywords: STEM, computational thinking, experiential learning, Scratch, robotic 

application 

1. Introduction

According to ISTE (2015), computational thinking is a possible way to help solve real-life problems. 

Using human creativity and critical thinking, computer programmers can improve the ability to solve 

critical human problems. To succeed in computer programming, programmers must first develop 

and acquire advanced thinking skills such as problem solving, logic and mathematical thinking, 

critical thinking and creative thinking. On the other hand, learning computer programming is also 

an effective way to develop these skills. In STEM (Science, Technology, Engineering, and 

mathematics) education, computational thinking also plays an important role. In addition, hands-on 

practice from students’ STEM learning experience is addressed as important links to the acquired 

knowledge (Connor, Ferri, & Meehan, 2013).  

In recent years, programming education at primary school has prospered, and many visual 

programming tools have been proposed for primary school students, such as LEGO Robotics, 

Scratch, Blockly, Kodu, Alice, etc. These visual programming languages are mostly easy to 

understand and graphically designed. According to Çayır (2010), using LEGO for computational 

thinking education has been successfully in introducing students to real life experiences, providing 

cooperative learning opportunities for students and allowing them to use their interdisciplinary 

knowledge to help solve the problem. The robotic application makes it easier for students to learn 

the concepts of science, technology and engineering (Moore, 1999; Papert, 1980). 

Based on the previous studies, those visual programming languages have a significant 

improvement in the motivation. However, different teaching models might vary the learning 

outcome on the abilities such as logical reasoning ability, problem solving ability, and creative 

thinking. In this study, we tend to propose an experiential learning model for Scratch using Lego 

robots and evaluate the effectiveness of the proposed model.  

2. Related Works

2.1 Computational Thinking 

Computational thinking is considered the heart of all STEM disciplines (Henderson, Cortina, 

Hazzan, & Wing, 2007) and is the key process involved in developing problems and solutions (Wing, 

2011). To train the computational thinking, learning programming languages is always an effective 
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way. The programming process is a process of solving problems. It is closely related to high-level 

thinking skills such as problem solving, logic and mathematical thinking, critical thinking and 

creative thinking (Korkmaz & Altun, 2014). Programming is not only a basic skill in computational 

science, but also a key tool in supporting computational thinking (Grover & Pea, 2013).  

As the modern economy is deeply influenced by technologies, acquiring computatinal 

thinking is critical to the success of the next generation of students. Computational thinking is 

increasingly seen as an important component of STEM learning in primary and secondary education 

(Eguchi, 2014). Since most primary and secondary school students nowadays can easily use a variety 

of electronic products, teachers should use this advantage to teach students computational thinking 

using these devices (Wing, 2008). Many scholars have suggested that computational thinking should 

include abstraction, problem decomposition, modeling and simulation, and algorithmic thinking 

(Barr & Stephenson, 2011; Grover & Pea, 2013; Selby & Woollard, 2014; Wing, 2011). 

 

2.2 Experiential Learning Theory 
 

Experiential Learning Theory is defined as “the process of creating knowledge through the 

transformation of experience, and the acquisition of knowledge from the combination of 

understanding and transforming experiences” (Kolb, 1984). The learning processes require the 

active participation of students, which is often associated with teacher teaching and the class 

curricula (Clark, Threeton, & Ewing, 2010). 

 Kolb's experiential learning theory provides a clear instructional design mechanism that 

emphasizes constructivist views on how people construct knowledge. Kolb believes that in order to 

have a complete learning experience, students must go through a four-stage learning cycle that not 

only allows students to fully investigate a topic through different activities and perspectives, but also 

adapts to different learning styles. According to Kolb, these learning styles are the product of doing 

and observing, thinking and feeling. The processes of experiential learning are divided into: 1. 

Concrete Experience; 2. Reflective Observation; 3. Abstract Conceptualization; 4. Active 

Experimentation as shown in Fig.1.  

 

 
 

Figure 1. Kolb’s experiential learning cycle 

 

The methods and techniques of experiential learning theory in educational contexts include 

group discussions, group responses, listening reports, demonstrations, case studies, games, debates, 

etc (Lee & Caffarella, 1994). It can be seen from the above that experiential learning is not limited 

to outdoor activities. It can be used to learn indoors and use diverse methods and techniques to create 

a new learning style for learners to facilitate learning and integration.  

  

 

3. Proposed Model 
 

3.1 Model design  
 

The proposed model is designed with Kolb's experiential learning theory. Kolb's experiential 

learning theory provides a clear instructional design mechanism that emphasizes how people 
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construct knowledge and allows children to learn through experiences. Fig. 2 shows the proposed 

model based on experiential learning theory. At the concrete experience step, students will construct 

and play with the robots to gain the physical experiences. After the robot is built, students can use 

the demo program to see how the robot is controlled. In this phase, students can build up concrete 

experience through the hands-on practice. After gaining the experiences, students will observe and 

learn the corresponding logic and syntax at reflective observation step. According to the building 

blocks instructions and concepts learned in this class, students now are able to enter the next phase. 

At conceptualization phase, students will try the building block instructions and let the robot perform 

small tasks. Based on previous specific experiences and observational reflections, students will 

construct corresponding concepts that can be used to solve the problem. The final step, active 

experimentation, students will use what they have learnt from the previous steps to re-produce the 

task they experienced at the first step.  

 
 

Figure 2. Proposed model based on experiential learning 

 

Many studies have shown that robotic applications can enhance students' problem-solving 

skills, computational thinking skills (Varney, Janoudi, Aslam, & Graham, 2012; Zaharija, 

Mladenović, & Boljat, 2013). The proposed model uses robotics application as the media to carry 

out the experiential learning to enhance the computational thinking performance of the graphical 

programming language teaching.   In addition, using robots in the classroom offers a unique 

opportunity to change the classroom atmosphere (Piteira, 2011) and gives learners the opportunity 

to “solve” real-world problems and enhance abstract programming concepts. 

 

3.2 Course design 
 

Based on the proposed model, a course plan, which teaches conditional selection logic can be 

designed as shown in table 1. The course design follows the four steps of experiential learning 

theory. Students can establish the solid experiences from playing with the robots and the demo 

programs. Using reflective thinking recognizes the corresponding learning content. After a series of 

small practices, students can form the abstract concepts. Finally, students can use the concepts to 

solve the problems. Fig. 3(a) shows the selection logic with the real life objects such as motors, 

sensor, break, etc. On the other hand, Fig. 3(b) demos the regular Scratch selection syntax block.  

 

Concrete Experience 

Students watch demo 
tasks and play with 

the robots. 

Reflective Observation 

Students observe and 
learn the necessary 

logic syntax.  

Active Experimentation 

Students try to 
accomplish the demo 
tasks by themselves 

Abstract Conceptualization 

Students try small 
exercises to form the solid 

logic concepts 
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Figure 3. (a) Robot selection syntax block  (b) Scratch selection syntax block 

 
Table 1 

Experiential learning  Teaching content Time 

Concrete Experience Construct the robots. Play with the robot with 

demo program, which be able to turn when the 

robot encounters an obstacle.  

10mins 

Reflective Observation Students observe the robot to figure out the 

selection logic. Teacher teaches the selection 

logic syntax block (if-else).  

15mins 

Abstract Conceptualization Students try to use if-else syntax block to control 

the robot to do simple tasks. 

10mins 

Active Experimentation Students try to duplicate the demo program 

using what they have learnt. 

15mins 

 

3.3 Empirical experiment 
 

An empirical experiment is carried out to validate the effectiveness of the proposed framework. 20 

third grader students were given the class designed from the previous section. Students have no 

experiences for Scratch. Pre-test and post-test were given during the class section. Fig. 4 shows the 

empirical experiment for the proposed model. Paired t-test is applied after the pre-test and post-

test. Result shows the significance of the proposed model in Table2.   
 

        
Figure 4. Empirical experiment 

 

Table 2. Paired t-test for the empirical experiment 

   mean     Std. dev    Std. error        t df 
    Sig 

(two-tailed) 

Pre-Post -17.50 23.717 7.500 -2.333 9      .045 
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4. Conclusion  
 

The empirical experiment shows that the experiential learning model proposed in this study can 

effectively affect children's interest in learning. In the future, other subjects of computational 

thinking could be applied with the experiential learning model as well. During the experiment, we 

found that most of the students were able to use their creativity in assembling robots. However, some 

of the students will focus on assembling robots more, and use less time on programming thinking. 

It shows that using robots sometimes might become distractions for programming learning. It is 

necessary to intervene in a timely manner to help students learn better to complete the program tasks. 

 

 

References 
 
Barr, V., & Stephenson, C. (2011). Bringing computational thinking to K-12: what is Involved and what is the 

role of the computer science education community? Acm Inroads, 2(1), 48-54. 

Çayır, E. (2010). Assignment the effect of learning environment supported by lego-logo on science process 

skill and self concept, Master dissertation, Sakarya University, Sakarya. 

Clark, R. W., Threeton, M. D., & Ewing, J. C. (2010). The potential of experiential learning models and 

practices in career and technical education & career and technical teacher education. Journal of Career 

and Technical Education, 25(2). 

Connor, K. A., Ferri, B. H., & Meehan, K. (2013). Models of mobile hands-on STEM education. Department 

for Education in England (DOEE) (2013, September 11). National curriculum in England: Computing 

programmes of study. 

Eguchi, A. (2014). Robotics as a learning tool for educational transformation. Paper presented at the 

Proceeding of 4th International Workshop Teaching Robotics, Teaching with Robotics & 5th 

International Conference Robotics in Education Padova (Italy). 

Grover, S., & Pea, R. (2013). Computational thinking in K–12: A review of the state of the field. Educational 

Researcher, 42(1), 38-43.  

Henderson, P. B., Cortina, T. J., Hazzan, O., &Wing, J. M. (2007) Computational 

      thinking. In Proceedings of the 38th ACM SIGCSE Technical Symposium on Computer Science Education 

(SIGCSE ’07), 195–196. New York, NY: ACM Press. 

ISTE (2015).It’s time to demystify computational thinking. Retrieved from 

https://www.iste.org/explore/articleDetail?articleid=501 

Kolb, D.A. (1984). Experiential learning: Experience as the source of learning and development. Englewood 

Cliff, NJ: Prentice-Hall. 

Korkmaz, Ö., & Altun, H. (2014). Adapting Computer Programming Self-Efficacy Scale and Engineering 

Students' Self-Efficacy Perceptions. Online Submission, 1(1), 20-31. 

Lee, P., & Caffarella, R.S. (1994). Methods and techniques for engaging learners in experiential learning 

activities. New Directions for Adult and Continuing Education, 62, 43-54. 

Moore, V. S. (1999). Robotics: Design through geometry. The Technology Teacher, 59(3), 17–22. 

Papert, S. (1980). Mindstorms: Children, computers, and powerful ideas. New york: Basic Books, Inc. 

Piteira, M., & Haddad, S. R. (2011). Innovate in your program computer class: an approach based on a serious 

game. Paper presented at the Proceedings of the 2011 Workshop on Open Source and Design of 

Communication. 

Selby, C., & Woollard, J. (2014). Refining an understanding of computational thinking.  

Varney, M. W., Janoudi, A., Aslam, D. M., & Graham, D. (2012). Building young engineers: TASEM for 

third graders in Woodcreek Magnet Elementary School. IEEE Transactions on Education, 55(1), 78-82.  

Wing, J. M. (2008). Computational thinking and thinking about computing. Philosophical transactions of the 

royal society of London A: mathematical, physical and engineering sciences, 366(1881), 3717-3725.  

Wing, J. (2011). Research notebook: Computational thinking—What and why? The Link Magazine, Spring. 

In: Carnegie Mellon University, Pittsburgh. 

Zaharija, G., Mladenović, S., & Boljat, I. (2013). Introducing basic programming concepts to elementary 

school children. Procedia-social and behavioral sciences, 106, 1576-1584.  

 

690



Wu, Y.-T. et al. (Eds.) (2018). Workshop Proceedings. 26th International Conference on Computers in

Education. Philippines: Asia-Pacific Society for Computers in Education 

Exploring Design Principles for Unplugged 

Pedagogy for Teaching Computational 

Thinking and Programming 

Liu LIU, Chee-Kit LOOI, Longkai WU 

National Institute of Education, Singapore 

liu.liu@nie.edu.sg 

Abstract: From 2017, Singapore’s Ministry of Education has been implemented a new GCE 

‘O’ Level Computing curriculum. The new curriculum is a distinct shift from teaching 

students the use of software technology to the development of Computational Thinking (CT) 

skills and programming competencies. The development of related pedagogy remains a 

challenge for local computing teachers. Unplugged pedagogy has been possible approach to 

address the challenge for computational thinking to be taught to students before 

programming is involved. This paper reports on a study for CT-related unplugged activities 

to conducted on secondary computing students, and how they have helped computing 

teachers in their teaching. Thus, we conjecture some design principles for unplugged lessons 

to be enacted in authentic school context.  

Keywords: Computational Thinking, Unplugged Pedagogy, Scaffolding, Design Principle 

1. Introduction

Teaching computing unplugged (without the use of computers) has gained momentum in countries 

such as New Zealand and United Kingdom where teachers and students learn computing concepts 

through fun kinesthetic approaches (see efforts like CS Unplugged of the University of Canterbury 

at http://csunplugged.org). Removed from the possible distraction of using computers, participants 

can focus and discuss on the fundamental concepts of Computing. For example, students can act out 

the how items are sorted by different sorting algorithms and make comparisons (see supplementary 

attachment 1 for a sample activity from the CS Unplugged project). Through acting, and visually 

looking and comparing how items are sorted, they can create a mental model of the different 

algorithms to discuss their effectiveness. Unplugged activities are designed to kinesthetically engage 

students in the thinking and understanding computing concepts but teachers may still be challenged 

on how these activities can be integrated into day-to-day classroom lessons and how can they assess 

their students learning on computing concepts. Furthermore, teachers have to understand the 

requirements of the new Computing syllabus, learn new ideas on Computational Thinking and 

develop new pedagogical practices to teach Computing according to the new curriculum. While 

unplugged activities can be used to provide valuable introductory activities for exposing students to 

the nature of computing, we are also interested in activities and pedagogies that move students 

forward from unplugged to crucial computational experiences in general (Grover & Pea, 2015), and 

more specifically, in our context, relevant to the Computing syllabus in Singapore.  

In our study, we intend to adopt structured pedagogical models that emerged (Barr and 

Stephenson, 2011) to focus on identifying core computational thinking concepts and capabilities, 

and providing concrete exemplar learning activities in the Singapore classroom culture. Students’ 

work will be analyzed to assess their level of comprehension and application of computing concepts, 

and this will be done through prior experience surveys, pre-post computing perceptions survey, pre-

post computing tests, quizzes and computing assignments. These are steps towards developing an 

assessment framework for CT. Also, teachers need to develop understanding in the assessment of 

Computational Thinking skills of their students beyond programming assignments and worksheets. 

Teachers’ pedagogical content knowledge will be assessed to understand the level they started with, 

and the level they would have attained after the workshops and teaching in class. Classroom 
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observations will be held to study the teachers’ enactment of computing lessons. We want to 

understand the territory of teachers’ dispositions for, attitudes toward and stereotypes concerning 

CT and Computing. We start with computing teachers as in this proposed work. As a whole, we 

intend to develop and evaluate pedagogies linked to teaching CT. We introduce teaching unplugged 

as an effective student-centered approach to introducing computing concepts without the use of 

computers, and then we design follow-up activities and pedagogies that move students forward in 

the crucial computational experiences. 

 

 

2. Research Design 
 

From January 2017, Ministry of Education in Singapore introduced a new computing subject in 

secondary school which shift its focus from the application of computer software to programming 

language. The programming language used in the class is python. And the results of this subject 

could be calculated into students’ O’ Level results. So far, more than 20 schools are teaching this 

new course. Under the leadership of the Ministry of Education, we cooperate with four public 

schools that have this new computing subject. 

Our research design activities are mainly as follows: 1) We do class observation and 

textbook research. We discuss and analyze the existing teaching methods and resources with teachers. 

2) We select appropriate topics and design the corresponding unplugged lesson content and 

evaluation method with the teacher. 3) We divide the class into experimental group and control 

group. We analyze and contrast the teaching process and effects from these two groups. 4) Later the 

teacher independently designed the unplugged lesson content and practiced it independently. 5) We 

interview with teachers and students.  We also design and collect questionnaires. 6) We edit and 

consolidate these teaching resources and systematically integrate them into the corresponding 

syllabus; we came up with the design principles of the unplugged course. These two parts are 

packaged and submitted to the Ministry of Education for more schools to use. 

 

 

3. A Typical Unplugged Classroom 
 

We use real-life examples as a way to inspire students to think and discuss, and help students 

identify with the content and purpose of learning. For example, when we are teaching the concept 

of deadlock avoidance, we will give examples of traffic jams which we often encounter, and 

inspire students to think about when deadlocks will occur in daily life, and what shall they do 

when it occurs.  

We then introduce some basic concepts with the aid of unplugged learning materials, and 

scaffold students from unplugged to plugged (that is, programming). For example, in the class 

which we introduce variable assignment, we prepare a box to represent variable and filled it with 

paper to represent value. The corresponding programming statements are also provided for the box 

example, so that students can intuitively understand the inner world of computers by looking at the 

process of manipulating these boxes. 

Next, we lay some questions for unplugged and plugged. Our lesson is problem-oriented. 

We let students use the unplugged learning materials to solve the problems independently, and 

achieve the purpose of learning computer science knowledge. For example, in the data sorting course, 

we provide student balance scales and weights, allowing students to find out a sorting algorithm 

through experiments and express them in computing language. 

Lastly, students exchange their program codes, and check out the correctness of the program 

code by operating the learning materials. 

 

 

4. Research Findings 
 

4.1 Student Acceptance  
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Like many other studies, we found that unplugged pedagogy greatly enhances students' interest in 

learning. In the experimental design of teaching sorting, students were allowed to experience both 

the plugged and unplugged teaching. Later in the interview, almost the whole class said they prefer 

the unplugged teaching than the plugged one. However, some students with outstanding learning 

ability prefer plugged pedagogy and write code. Some teachers told us that in a questionnaire at the 

end of a semester, the students still remembered the unplugged class which was held at the beginning 

of the semester and mentioned that they hoped to have more unplugged activities in the future class. 

It can be seen that the impression of unplugged in students’ mind is deep and lasting. 

  Visibility, operability, and contextualization of unplugged teaching make it easier for 

students to understand abstract computer science content. Through the practical manipulation of the 

unplugged learning materials, students intuitively feel the calculation process that actually takes 

place in the internal world of computers. And with the help of these materials, students are more 

able to solve computer science problems. Through the comparison between the experimental group 

and the control group, we found that students with unplugged manipulation process would more 

intuitively grasp the details and steps in the computer program and easily express them in computing 

language, whereas the students in the control group mostly stayed stuck. At the abstract and 

generalized level of thinking, students know what the big direction is, but they don't know how to 

use tools to implement their ideas. It is as if students in the control group only know that the stool 

must be composed of four legs, whereas the students in the experimental group know how to build 

the stool from scratch. Learning psychology theory states that the development of human thinking 

is a contextualized process, and it is difficult to realize the migration and enhancement of students' 

thinking ability. Our research is in full compliance with this theory. 

 

4.2 Teacher Acceptance  
 

Teachers are willing to try and later actively design unplugged lessons. From our interviews with 

teachers, it is known that teachers believe that the design of unplugged lessons would be too 

complicated to try out before we demonstrate one unplugged lesson to them. The resources required 

are also difficult to prepare, and the course time required is also a problem. Therefore, teacher has 

no motivation to try. After we did unplugged lesson design and enactment with teachers together, 

teachers got a lot of positive feedback from the students. Through the actual operation, the teachers 

themselves also realized the unplugged lessons are worth designing and teaching. Designing and 

implementing is no more difficult and time consuming is not more than a regular lesson. Therefore, 

in the later stage teachers began to design their own unplugged lessons and actually improved their 

teaching quality and effectiveness. 

Unplugged pedagogy could also be a way of professional development for teachers. We 

conducted three teacher professional development workshop by using unplugged pedagogy for both 

computing teachers and non-computing teachers, and collected feedback from pre and post-test 

survey. From the result we conclude that the unplugged pedagogy is inspiring to both computing 

teachers and other subjects’ teachers, who believe that this method of teaching is interesting and 

easy to implement. The unplugged professional development course allows teachers to experience 

the fun of learning, the process of visualizing complex concepts, and transform the angle of being a 

teacher to being the learner in order to better understand the cognitive learning process of students 

and identify the learning difficulties. 

 

 

5. Design Principles for Unplugged Lessons 
 

Leveraging on Student Intuitiveness 

 

It is necessary to ensure the consistency between the unplugged lessons and the contents that 

required by syllabus, and more importantly make it intuitive to understand. As unplugged pedagogy 

is to help students intuitively see the actual operation inside the computer, we should not burden 

students' cognitive load by designing complicated unplugged lessons. Besides, not all computer 

science content is suitable and mapped to unplugged pedagogy, so we recommend teachers to use 

unplugged pedagogy only when appropriate. 
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Stressing for Student Manipulation 

 

The biggest advantage of the unplugged pedagogy is that students are able to manipulate the learning 

materials on their own. When students use the materials to solve problems, hands-on manipulation 

help deepen students' cognitive ability and accelerate students' thinking ability. In the design of 

unplugged lessons, we must ensure that each student has the opportunity to manipulate the 

unplugged materials. In team work, we can ask students to take turns to exchange roles to ensure 

that each student has the opportunity to practice and intuitively work through the activity process. 

 

Scaffolding from Unplugged to Plugged 

 

Many unplugged activities focus on generating interests or promoting motivation in the students, 

and do not lead to further study of plugged content (that is, programming). Because of this limitation, 

the online unplugged activity has little significance to students as well as teachers. We believe that 

only connecting unplugged and plugged is necessary and meaningful. Through scaffolding from 

unplugged to plugged (programming), students could actually apply what they learn in 

programming. The conversion process from unplugged to plugged should be gradual, that is, 

scaffolding from simple operation with simple computing statement expressions, to complex 

operations with more complicated computer statements, are critical . 

 

Integrating Computational Thinking Skills 

 

The design of unplugged lessons should include training in computational thinking skills. In the 

problem-oriented design, students can be guided in terms of decomposition, generalization and other 

computational thinking skills, in order to better solve Computer Science problems, and to strengthen 

students' thinking ability. For example, in our deadlock avoidance lesson design, we started to build 

scaffolding for students from N=1, N=2 , and then let students think about how N=X is solved. This 

is the integration of the computational thinking ability training into the unplugged lesson design. 

This is also in line with the trend that computer education and industry are paying more and more 

attention to the computational thinking ability.  

 

Relating to Local Computing Syllabus for Systematic Design 

 

The content of the unplugged lesson should be designed according to the local syllabus, rather than 

directly using the online unplugged resources without modification. Firstly, the online resources do 

not fully meet the local teaching objectives. The existing teaching resources are generally shallow, 

so it is necessary to modify and re-design. Secondly, some of the current unplugged resources are 

fragmented and not systematic. So the fluency and integrity of the entire unplugged teaching process 

cannot be guaranteed. Students have difficulty in building cognitive connections and knowledge 

networks in different unplugged lessons. Therefore it is necessary for teachers to redesign the lessons 

according to local syllabus and make it systematic.  

 

 

6. Conclusion and Future Work 
 

Unplugged pedagogy could be efficiently integrated into the local computing curriculum and help 

to improve the teaching quality. However, at present, the unplugged resource library that mapped to 

the local secondary school computing syllabus has not been fully established. Our research team has 

only completed a small part of the lesson design. It requires the teacher to continue to apply and 

improve these lessons in the actual teaching, and to add new lesson content, to form a library of 

unplugged teaching resources for the Ministry of Education and local schools. 
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Massive technological, social and pedagogical changes are reshaping the nature of learning in the 

21st Century.  In this session at ICCE, researchers and scholars suggest new directions for education 

that take into account these innovations and that draw upon the latest theoretical developments about 

learning.   

The world of learning in both K-12 education and postsecondary education has been altered 

radically and permanently both by new knowledge and by technology during the past twenty-five 

years.  The new educational environment reflects eight dynamics and trends:  

*Advances in digital technology have made powerful new tools available to students and

teachers. 

*Communication and education have become global, crossing national boundaries.

*Educational research has revealed that it is not enough to develop a new app; strategies of

successful 

  implementation must be employed. 

*Cutting edge scholarship increasingly is interdisciplinary; it is not limited to disciplinary silos.

Science, Technology, Engineering and Mathematics (STEM) often are combined with the Arts

(STEAM).

*Teachers and professors are seen more as facilitators, not as experts pouring knowledge into

empty 

  vessels.  

*Students now are much more likely to learn and work in groups or teams.

*The energy and enthusiasm that students bring to games can be transferred to learning in school.

*Creativity and design increasingly are a part of the learning process in schools.

The papers in this session confront this new reality with innovative programs and models 

for deeper learning and creativity, each based upon a strong theoretical foundation. As a cautionary 

note, in the mid-20th century, a company tried to incorporate computers in education and it failed, 

partly because digital technology still was in its infancy and partly because it is difficult to change 

schools, colleges, and universities. There are valuable lessons to be learnt. 

Historical precedents about highly touted technological innovations in education have 

revealed that it is not enough to have a good idea or a new technology.  Thoughtful incorporation of 

the innovation into the learning process is essential.  This is especially true when one is crossing 

disciplinary boundaries or when one is crossing national boundaries. Pham, Garlatti, Lau, Barbry, 

Vantroys’ (2009) investigations into scenarios integrating web service retrieval and orchestration in 

pervasive teaching-learning systems through semantics are examples of efforts which can open 

channels for such dialogue.  

Interdisciplinary Education and Design.  Debates have raged for centuries about the relative 

importance of science and engineering as compared with the arts and humanities.  In the 19th 

Century, Thomas Huxley debated Matthew Arnold about the value of each area.  In the 20th Century, 

C. P. Snow addressed this divide in his 1959 Rede lecture.  Snow was both a scientist and a humanist

and compared his conversations among humanities colleagues in both England and the US with
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 conversations among scientists.  “After a few thousand Atlantic miles, one found Greenwich Village 

talking precisely the same language as Chelsea, and both having as much communication with MIT 

as though the scientists spoke nothing but Tibetan.” (Snow & Collini, 2012, p. 2). 

Recently, policy makers in China, India, and other Asian countries have become quite 

interested in American liberal arts colleges.  India has world-class engineering schools, the Indian 

Institutes of Technology (ITT).  Yet they notice that America remains the world leader in innovations 

and patents.  Perhaps, they speculate, this has something to do with the liberal arts.  One speaker at 

a conference on the liberal arts in Bangalore, a highly successful journalist and author, said that, as 

a child in India, he had a strong interest in literature.  But he saw only one path to success in that 

country at that time, so he attended the ITT and began his career as an engineer.  

In the 25th annual ICCE conference, Drew and Bucciarelli (2017) proposed a new 

integration of the arts and humanities with engineering education, a "Liberal Studies in Engineering" 

program.  More recently, they reported on some results from a feasibility study they have been 

conducting with support from the National Science Foundation (Bucciarelli & Drew, 2018).  They 

have found that more progress has been made integrating the arts with technology than integrating 

the humanities with technology (although they believe that both kinds of integration are 

needed).  Often integrating the arts takes the form of design; the work at the Stanford University 

School of Design is just one successful example. 

In his classic work, Notes on the Synthesis of Form, Alexander specifies the design 

challenge. “It is based on the idea that every design problem begins with an effort to achieve fitness 

between two entities:  the form in question and its context.  The form is the solution to the problem; 

the context defines the problem.  In other words, when we speak of design, the real object of 

discussion is not the form alone, but the ensemble comprising the form and its context.  Good fit is 

a desired property of this ensemble which relates to some particular division of the ensemble into 

form and context.” (Alexander, 1964, p. 15) 

 

The Globalization of Work and Education.  Reich summarizes beautifully the new global, high-

tech, world of work.  “The software engineer from Belmont, Mass., working on a contract for 

Siemens, which is financed out of Tokyo, the routine coding of which will be done in Bulgaria, the 

hardware for which will be assembled in Mexico, is a true symbol of the global economy.” (Reich, 

1991, p. 179) 

The globalization of scholarship has taken two major forms:  new institutional structures 

and increased attention to lessons about effective education from other countries.  The new structures 

have included, for example, a branch of a major university launched in another country, e.g., NYU 

Abu Dhabi, and a new institution created by two universities from different countries, e.g., the Yale-

National University of Singapore College. 

The systems delivering education to a nation’s citizens must be congruent with both the 

culture and the political system of the country.  What works in Hong Kong or Singapore may not 

work in the United States.  Nonetheless, lessons can be learned more the experiences of countries 

whose students excel.   

 For years, students from Finland have performed at the top, or near the top, in international 

assessments of educational achievement.   Educators have been anxious to learn about the Finnish 

keys to educational success.  Teachers in Finland must have a master’s degree.  Admission to the 

master’s programs is very competitive; only a small percentage of applicants are accepted.  Once 

they graduate, they are respected and compensated as professionals.  They are trusted and given 

authority over their classrooms.  Finnish schools are an integral part of their community; principals 

know each student and their family.  Of course, Finland is a relatively small, homogeneous country.  

Nonetheless, the stunning success of their schools cannot be denied.   

Interdisciplinary projects are a key feature of elementary and secondary education in Finnish 

schools.  More recently, there is a national commitment to dramatically increase the amount of 

project-based interdisciplinary education in this nation.  The whole world is watching. 

In a paper prepared for this session, Tenhunen (2018) the founding president of a university 

in Finland, and a leading scholar about Finnish education, presents a comprehensive overview of 

education in Finland and why it is so successful.   

 

697



Transforming the Classroom.  “Flipped classrooms” can take different forms, but they all differ 

dramatically from the traditional model of a teacher or professor lecturing to students in class and 

then assigning reading and homework problems.  For the most part, in the flipped classroom model 

the transmission of information occurs outside the classroom, often by a video mini-lecture, while 

active learning, often learning by groups of students, occurs inside the classroom.  The new model 

moves from “the sage on the stage” to “the guide on the side” (King, 1993; Clinkenbeard, 2018). 

Due to these changes, many research communities, such as the Learning Sciences 

community have looked into ways to scaffold deeper learning. The maker movement in this playful 

transfer of knowledge and engagement, further raises the bar in terms of design challenges. 

Following Resnick’s (2007) novel work, Lee and Wong’s (2014) preliminary design thinking-

theorizing among pre-school pre-service teachers also lends promise for different play in emerging 

economies.  

At a higher and deeper level, Wang, Kirschner and Bridges (2016) have led forums to 

investigate effective learning issues involving complex cognitive processes. This workshop has 

provided a platform for the participants to share: 1) how deep learning in inquiry and problem-solving 

contexts can be empowered through effective design and implementation of computer-based learning 

environments, and appropriate analysis of learning in such environments; 2) the challenges 

experienced; and 3) useful strategies to deal with the challenges. 

The papers prepared for this session address learning for people of all ages, from young 

children to seniors.  Similarly, the topics are varied, from learning Mandarin to physics to a numbers 

game that teaches logical thinking.  The projects also vary in terms of how much they use specialized 

software.  Consistent themes are: a) the focus on creativity and design and b) scaffolding learning 

strategies upon well-developed theories.  In a still-new century, during a period of great innovation, 

where advancements in multimodal technologies, social networks and cognitive technologies 

abound, papers like those in this workshop are glimpses of critical success factors highlighting the 

significance of theoretical foundations and human-computer interaction principles, to design and to 

STEAM. They are interesting contributions to our knowledge that can help shape the future of 

education. 
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Abstract: This paper describes the development of a number guessing game aimed at 

playful learning of logic, search and cracking for the young. It can also be used to train 

memory and intelligent guessing for seniors. Theories and models utilized are Goals, 

Operators, Methods and Selection (GOMS), Norman’s 7 stages, and Schneiderman et. al’s 

design principles for user interface design. Findings among students indicate that the number 

guessing game is easy to use, and useful and that history and feedback are the most important 

design factors. This paper has managed to come out with an expected result where 

multitasking is required and player has to read and understand the meaning from the output 

to complete the game. We look forward to possibly designing for both children and seniors 

in the future by improving the game features without making the game become more 

complicated. 

Keywords: number guessing game, logic, search, cracking, memory, guessing, young, 

seniors  

1. Introduction

1.1 Problem to be addressed 

Children with dyslexia often face difficulties reading and this becomes more pronounced with age. 

An example of the various difficulties is highlighted by the Mott Children Hospital (Table 1). It 

indicates that dyslexia is a complex language problem arising from inability to break down a word 

into the sounds for each syllable. As such, they are often not able to spell or recognize words 

correctly.  Hence, dyslexia is not an intellectual deficiency and some have performed well in STEM 

such as Albert Einstein.  

Table 1 

Problems dyslexic children face from pre-school to 3rd grade 

Preschool Kindergarten 1st and 2nd grades 2nd and 3rd 

grades 

 Cannot tell the difference

between letters and doodles

 Cannot recognize one’s own

name

 Can only utter a small

number of words

 Avoid rhyming games and

cannot fill in the rhyming

word in familiar nursery

rhymes.

 Has difficulty pronouncing

words (may be due to

confusion with words that

sound alike)

 Slow to identify

familiar objects and

colours

 Cannot differentiate

between the sounds

that make up a word

 Cannot remember the

names and sounds of

the letters

 By the end of kindy,

most of the consonant

sounds in a word and

vowels would be

missing till later)

 Has difficulty

pronouncing new

words and

remembering them

 Has difficulty

blending sounds

together to say words

 Cannot figure out

unknown words

 Avoids reading and

reading aloud

 Falls far behind

classmates

 Starts to

withdraw

 Has some

behaviour

problems

 Guess at

unknown

words

 Does not

understand

reading
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Source: Mott Children Hospital (2018) 

Franceschini, Gori, Ruffino, Viola, Molteni, and Facoetti (2013) have discovered that the effect of 

playing video games such as “Rayman raving rabbids”, could help dyslexic children aged between 

7 to 13 years to read faster and accurately. They also find that fun, among other factors such as 

usability, leads to better results compared to the traditional reading interventions. Seniors also love 

to play games such as mahjong, bingo, Candy Crush. These require attention as well as the ability 

to focus and think logically. Therefore, we have decided to create a game, i.e., ‘crack’ the treasure 

box.  

A treasure box is intriguing to many. Furthermore, ‘cracking,’ allows us to have fun and to 

teach young people logic and computer security concepts.  With only three panels to look at, 

attention is focused and cognitive load more manageable. Hence, we hope to provide a good user 

experience to users by developing a human-machine player competitive game.  

 

1.2 Objective 
 

The aim of this research is to develop a game, for cognitive training while enjoying the game. 

Furthermore, multi-tasking by competing with the bot in cracking the code within a certain time 

limit may improve dual-processing ability as well as memory.  

Our system generates a number that requires the user to solve or crack in order to win the 

computer. The game that we have developed is based on a format which helps guide the users along 

the way to help crack the code. A history panel is implemented to help provide information regarding 

their past inputted number and the number that is placed in the wrong or correct order. Implementing 

a none language-based system would help boost confidence and enjoyment towards the game. The 

game would also help users to socialize with other users as they can enjoy solving the code 

together.  Other aspects that our system can benefit users, is improving their concentration level and 

memory, enhancing their reaction time, having a better understanding of things (logic and search). 

 

 

2. Literature Review 
 

Video games are increasingly popular. Many users are dedicating countless of hours of their time to 

play games such as First-Person Shooter (FPS) games, Multiplayer Online Battle Arena (MOBA) 

games, Role Playing Games (RPG), etc. Some of the games would host competitions with a prize 

money of a few thousands and even millions of dollars to the players. This would serve as motivation 

for them if they are to take up playing video games as a profession.  

However, despite the immense popularity of video games nowadays, there are many game 

genres thus far not as popular to the general public such as guessing game. This is because most of 

the guessing games have similar characteristics and functionalities. After some time, for young 

people, similarity does not excite. As such, some websites offer guessing games as side content or 

as mini-games. This application falls under the mini-game category.  

 

2.1 Guessing Game Systems 
 

2.1.1 “Khan Academy” guessing games 
          

In “Khan Academy” guessing games (Khan Academy, 2018), instructions on how the game works 

are provided. Players select a random integer from 1 to 300 within the limit of 9 guesses. The game 

is easy to understand as it provides a clear understandable layout and system functionality, similar 

to a normal guessing game. The players will have to keep guessing the numbers randomly generated 

by the system in order to win the game. The system will also provide hints if the selected number is 

too high or too low from the system’s randomly generated number. For instance, if the player selects 

the number 64 from the range of 1 to 300 as the first number that they guess, if the number is a 

wrong answer, the wrong guessed number will not be able to be selected again. This game converts 
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search logic from linear to binary search. This game attracts as it is fun, easy and simple. An example 

is Figure 1.  

 

           

                      

 
Figure 1. Example of incremental binary search 

                                                        

Source: Khan Academy’s guessing game (2018) 

 

2.1.1 Mozilla guessing quiz games 
   

Mozilla guessing quiz (Mozilla, 2018) is another guessing game. Developed by Mozilla developers, 

the game is deployed into their website to allow players to enjoy the game while developing the 

ability to learn how to build a simple guessing game system. The Mozilla system is different when 

compared to the “Khan Academy” guessing game because instead of a list of numbers and random 

generation of a number based on the list of numbers, the Mozilla guessing game uses a key-in value 

system.  For instance, the system will inform the player that a random number between 1 and 100 

has been selected and he/she will be asked to guess the number in 10 turns or fewer.  The player 

keys-in the guessed value based on the number set by the system and the answer to that question 

will be randomly generated. The system will also inform the player if his/her guess is too high or 

too low. Figure 2 shows an example of the game.  
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Figure 2. Mozilla’s number guessing game  

 

                                                       Source: Mozilla’s MDN Web Docs (2018) 

 

This guessing game may be difficult compared to the previous game as the elimination of 

answers, hint on whether the guessed number is more than or less than the actual answer is not 

shown. However, the history of previous guesses is shown.  So the player knows which number not 

to guess next.  

 

2.2 Improvements / Enhancement  
          

Based on the above reviews, we are able to identify a list of features to be implemented into our 

guessing game. Keeping the game easy to understand and navigate should be the top priority of any 

system. This is because having a complicated system which the player does not understand will have 

a major impact on the growth of a system and affect the users’ experiences.  

Implementing a computer system to compete with the players is important as it allows the 

players to have a sense of accomplishment when they win the game against the computer. Learning 

from video games, instead of just implementing a record function where the system keeps record of 

previously keyed in data similar to the Mozilla guessing game, the three numbers keyed in, how 

many of these three numbers is in the correct sequence and how many in the wrong sequence is 

displayed. The history of each three numbers keyed in is also displayed so that the player can guess 

which of the numbers in the history list is the correct number and in the correct sequence. This would 

be beneficial to the users as guides and tips to improve their chances of winning.  

Furthermore, the design of the system’s user interface, functionalities and interactions are 

important as the design of the system correlates with the experience, engagement/enjoyment of the 

users. These are tied directly to the success of the game. Thus, the keyed in number history list for 

both the player and the system, background images, timers’ count down, can help improve users’ 

experiences in terms of engagement/enjoyment. 

 

 

3. Methodology  

 
The methodology for this paper is presented in Figure 3 below.  
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Figure 3. Design and development methodology  

 

5.1.1 Define the problem 
 

Children with dyslexia often face difficulties reading and this difficulty becomes more pronounced 

with age. The problems from dyslexic children face from pre-school to 3rd grade had been address 

in table 1. Furthermore, multitasking has become difficult to many as it requires retrieval from 

memory and parallel processing of information. Because of the problem been address, we 

implemented this games which could improve children handling multiple task memory and our 

system does not require any reading which could solve children with dyslexia problems. 

 

5.1.2 Collect information 
 

We have collected multiple designed game on number cracking which had been address in Literature 

Review. We found out that the game does not solve people’s multitasking problems which cause 

memory load on guessing different number to win the game. Children with dyslexia shows no 

improvement on the game.  

 

5.1.3 Brainstorm and Analyze Ideas 
 

After gathering enough information and requirements, we come out with several ideas where the 

game must easy to be understand. Clear instructions should be given so that player is the one who 

keep control in the system. Other than that, any inputs enter by the player must receive a feedback 

to ensure all actions taken by player are not ignored. The game is ended when the player fulfills the 

requirement and managed to solve the game. 

 

5.1.4 Develop Solutions 

 
We have develop a history window at the left side to record any 3 number that user had entered to 

acknowledge them to not entering the same number and also allow user to aware of the time count. 

We also reduce reading load on dyslexia children so that they do not require to read a lot when 

interacting the game. 

 

5.1.5 Gather Feedback 
 

We presented our game to our friends and lecturers in our university. We receive most positive 

comments from them and minor disadvantages on the design part of the game which needed to 

improve so that the game meet most HCI aspects like colours, constrast and etc. 
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5.1.6 Improve 
 

We will further improve our developed game meeting all negative comments from our friends and 

lecturers in the future to further receive positive view and comments to make the game a better 

platform for dyslexia childrens and seniors when interacting with our game. 

 Other methodologies and references we used are Card, Moran and Newell’s (1983) Goals, 

Operators, Methods, Selection (GOMS), Shneiderman, Plaisant, Cohen, Jacobs, Elmqvist and 

Diakopoulos’s (2016) 8 golden rules of interface design and Norman’s seven stages of action (1988). 

The latter two are presented in Table 2 below.  

 

Table 2 

Design guidelines: Shneiderman et. al.’s 8 golden rules and Norman’s seven stages of action  

Shneiderman et al.’s 8 golden rules Norman’s seven stages of action 

strive for consistency, forming the goal 

cater to universal usability forming the intention  

offer informative feedback executing the action  

design dialogs to yield closure specifying the action  

prevent errors perceiving the system state  

permit easy reversal of actions interpreting the system state 

keep users in control evaluating the outcome  

reduce short-term memory load  

 

For universal usability, it must provide clear instructions for the player before starting the 

game. The game should provide clear feedback so that the player is not confused while the game is 

processing. Any possible action taken by the player which includes error inputs must also be clearly 

stated to prevent any further errors and chances can be given to the player to re-enter inputs that 

follow the given instruction or warning.  To reduce short-term memory load, the game will provide 

hints whether the number the player input is correct or wrong to let the player improve in future 

performance. A computer will compete with the player to make the game more challenging to 

improve the ability of the player while playing the game. Lastly, all possible outcomes should be 

evaluated for any further enhancement in the future so that the efficiency of playing the game can 

be increased.   

 

 

4.  Requirements gathering 
            

We mainly focus on developing a system that helps address the needs of people who have learning 

disabilities or memory problems. Different stakeholders or users have different interpretation and 

opinion of what a system should do. The user or stakeholder needs to communicate with the 

developer their needs and at the same time the developer needs to be able to anticipate their needs 

and ask the correct questions during the requirement gathering phase of a project in order to further 

understand the user and problems that need to be solved. User requirements refer to the features or 

attributes that a product should have or how it should perform from the user perspectives. In short, 

the developer needs to gather requirements to be validated by every stakeholder that would use the 

system to prevent any misinterpretation or any requirement inconsistency.  

Requirements is a statement about an intended product that specifies what it should do or 

how it should perform. As such, requirements display the product or software capabilities to meet 

the users’ needs and solve their problems. There are many different kinds of requirements. These 

include functional requirement, data requirement, usability requirement, user requirement, 

environmental requirements.  

To gather user requirements, there are several techniques. but in our system we have chosen 

interview, focus groups, and questionnaires as our data gathering techniques. We have chosen 

interview as our data gathering techniques because interviewing allows developers to achieve a 

deeper level of engagement when talking to stakeholders or users. The interview is conducted with 
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a focus group. A focus group usually includes a group of people up to 6 to 12 people who will 

represent the project end users or customers. Focus group can be used to pinpoint users point of view 

or perception towards the concept or the system. Focus group will allow a developer to save time by 

interviewing multiple users or stakeholder at the same time as of compared to interview.   

The list of requirements based on feedback from the focus group is as listed below: The 

system needs to: 

1.     display usable information and give feedback to help the user in further interacting with the 

system; 

2.     ensure the system is easily accessible and navigated by any user; 

3.     have the ability to help improve users’ memory, especially useful for Alzheimer’s patients; 

4.     support different platforms which include Windows, Linux, Mac OS, etc.; 

5.     be easily understandable regardless of age group; 

6.     be enjoyable to all age groups; 

7.   be visually appealing without having any harsh colors such as red or purple which may not be  

        appealing for some people; 

8.     act as a source of entertainment for the users; 

9.     not contain any violent or illegal activities which may violate the rules and regulations; 

10.   provide a sense of accomplishment upon wining or completing the game. 

 

 

5.  Design  
 

The use case diagram for the cracking the treasure box game is presented in Figure 4a below.  

 

 
Figure 4. Use case for the cracking the treasure box application 

 

 

6.  Development  
 

C# is chosen to create this game as this language can be used to create almost everything but is 

particularly strong at building Windows desktop application and games. Unity game engine is the 

most popular game engine today to create games and more than one third of the top games are made 
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with Unity. This makes it a great choice for any programmer to step in to the game development 

industry, especially with possibilities for virtual reality. 

Hence, we choose C# to develop this game because C# is user friendly in terms of 

complexity and flexibility. By using C#, completing the number guessing game would be much 

easier. All the functions provided are used to create different game features such as user interfaces, 

functions to compete with the player and to provide feedback to the player based on the game result. 

 

6.1 The system  
 

The main page of the game contains the Play, Instruction and Exit button. By clicking the Play 

button, the main page will be closed and the player will enter into the game platform. By clicking 

the instruction button, the player will enter the instruction page (Figure 5) where the player can 

understand how to play the game. The last button which is the exit button allows the player to quit 

the game application.  

 

 
Figure 5. Instructions page for the cracking the treasure box application 

 

When the game starts, players are required to guess a 3-digit number by pressing the number 

on the pad in the middle. For every 10 seconds, a chance will be deducted. If the player or computer 

enters a correct number, the game ends. If the player or computer enters a wrong number, the game 

continues and the previous numbers that both the computer and player input will be displayed on 

both sides of the panels. On the right column of the panel displaying the player’s choice of 3-digit 

history, are feedback/hints on how many numbers are in the correct sequence and how many in the 

wrong sequence (Figure 6).  If neither the computer or player wins, the application will force the 

game back to the main page, letting the player choose to play again or not. 
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Figure 6. The player’s history, system’s feedback and system’s attempts at cracking the code  

for the cracking the treasure box application 

 

 

7.  Evaluation  
 

The Technology Acceptance Model (TAM) is originally created in the 1980s to predict the 

usefulness and acceptance of systems by users. TAM (Figure 7) assesses users’ perception towards 

perceived ease of use and perceived usefulness towards the system tested.  Perceived usefulness is 

how users find the system in helping them to achieve their goal whereas the perceived ease of use 

refers to how easy the users find it easy to use the system. These are the two most important factor 

when using the system but are often affected by external factors such as social factor, cultural factor 

and political factor (Davis, 1989). Holden and Karsh (2011) have also viewed the TAM positively 

in healthcare as they find that it is able to predict a significant portion of the use or acceptance of 

health systems. Suggestions from the focus group are positive and indicate that feedback and history 

are the most important in this game. 

 

 

8. Conclusion  
 

The aim of this project is to create a game that has the potential to help people to improve the 

performance of their memory, and logic to create a great user experience for the players in a human-

machine player game. Media richness has been designed through the two design guidelines 

principles. History and feedback are found to be the most important design factors among these 

guidelines/principles. The findings are preliminary and so future work will involve user testing on 

dyslexic children and others who may benefit from such training. We may also develop a more 

interesting game that can make people feel happy/challenged; allowing the user to play multi-player 

online or specially design a game for children.  
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Abstract: The Chinese language is one of the world’s largest language groups. Mandarin 

Chinese, the primary branch of the language, is the basis for the Modern Standard Chinese 

language that we use today. However, it is difficult to learn. This project aims to create a 

game to simplify the learning process of the language and making it more fun. Based on 

GOMS, Schneiderman and Nielsen’s principles, a system embedded with a completing-the-

sentence mechanism is used to help users learn the language and appreciate its beauty. User 

testing results based on the Technology Acceptance model and heuristics evaluation are 

positive. Significance lies in the reuse of the mechanism for the learning of any language or 

for the enrichment/reinforcement of any subject for collaborative/competitive learning 

purposes. 

Keywords: Chinese language learning, game, GOMS, Nielsen, Schneiderman’s HCI 

    principles, reuse, completion mechanism 

The Chinese language is quickly becoming one of the largest language groups in the world. It is 

estimated that China will become the world’s leading economy by the year 2050, and thus the Chinese 

language is expected to become even more influential then [(DayTranslations, 2018). Therefore, it is 

important to learn the Chinese language to remain competitive on the international stage. 

 The primary goal of this project is to simplify the learning process for learning the Chinese 

language. The following are the objectives of this project: 

1. Design a game that makes it easy to learn Mandarin Chinese;

2. Incorporate cultural features of the Chinese society into the game.

1. Literature review

1.1  Statistics 

According to a survey undertaken by Ethnologue (2018), the Chinese language is currently the most 

spoken language in the world, with about 1.3 billion speakers worldwide. Day Translations (2018) 

ranks the Chinese language as the second most important language in the 21st century, second only 

to the English language.  

1.2 Language properties 

The Chinese language is actually a family of languages that comprise of multiple dialects, including 

Mandarin, Wu, Yue, Min, Gan, and many more (About World Languages, 2018). The language is 

mainly divided across geographical lines Accredited Language (2010). The most widely used of the 

language group is Mandarin Chinese. The Modern Standard Chinese is based on the Mandarin dialect 

of the Chinese language (Encyclopedia Britannica, 2018). The language was standardized in a 

language unification program in the 1900s.
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 The Chinese language is a tonal language that uses logogram (The Babbel Magazine, 2018). 

The entire Chinese language contains about 50,000 characters (McGibney, 2018). However, only up 

to 2,500 characters of the Chinese language is used daily. There are two versions of Chinese 

characters, namely Traditional Chinese and Simplified Chinese. Traditional Chinese was first 

standardized in the era of the Qing dynasty. It has about 3,000 characters. Under the reign of Emperor 

Kangxi, about 40,500 characters were recorded. The first attempt to simplify the language happened 

in 1930. This attempt however failed, as it did not manage to create “basic Chinese,” which can be 

written by the reduced number of symbols. Another attempt to introduce simplified characters in 1956 

was successful, and resulted in the Simplified Chinese script that we know today. A Romanized 

system called Pinyin was introduced in 1958, based on the Beijing dialect of the Mandarin Chinese 

language. The system was adopted to make learning the language easier and to increase the spread of 

the Modern Standard Chinese language. 

 

1.2.1 Difficulty 
 

According to the Foreign Service Institute of the US Department of the State, Mandarin Chinese 

falls under Category III. This makes it one of the hardest languages to learn for native English 

speakers, requiring 88 weeks at 5 hours a day, or 2,200 class hours to become fluent in the language 

(Multilingualbooks, 2018). This number is equivalent to about twenty months or one year and eight 

months. 

 

1.2.2 Current situation 

 

Learning a new language requires a lot of effort, including monetary efforts. According to 

TakeLessons, different language learning platforms’ costs vary greatly. Apps and computer programs 

can cost up to USD450, and classes can cost between USD100 up to USD500 (Proctor, 2018). Private 

language classes and language immersion by travelling and staying in targeted countries can cost even 

more.  

 

1.2.3 Game-based Learning 
 

According to the Journal of Computer Assisted learning, there are four types of learning theories, 

i.e., behaviourism, cognitivism, humanism and constructivism. In a similar game of memory 

matching for education, “A Learning Version of Memory Match Game (LMMG)”, the outcome is 

positive and other interactive games have sparked the interest of users. 

 

1.2.4 Summary 
 

The Chinese language is a huge language family with a long history. Mandarin Chinese is the 

most widely used dialect of the language and the basis of Modern Standard Chinese. However, the 

Chinese language is a complex language, which requires a long time to learn. Huge monetary and 

physical effort are also required to be proficient/fluent in the language. 

 

 

2. Methodology  

 

2.1 Prototype Model (Agile methodology) 
 

We decided to use the prototype model in the Systems Development Lifecycle (SDLC) to develop 

this project. In the prototype model, a prototype (an early approximation of a final system) is built to 

understand the requirements instead of freezing the requirements before proceeding with the design 

or development phase. This model works best in scenarios where not all of the requirements are 

known in detail ahead of time. Hence, a prototype is built, tested, and then reworked as necessary 

until an acceptable prototype is finally achieved from which the complete system can be deployed. 
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The various iterations enable us to better understand customer requirements resulting in better design, 

development and implementation of the requirements.  

 

2.2        Prototyping in the Systems Development Lifecycle (Agile methodology)    
 

We follow the agile methodology in prototyping. The agile prototyping model is more suited than a 

throwaway prototyping model for our objectives as the users often think that a prototype, intended to 

be thrown away, is actually a final system. This can lead them to expect the prototype to accurately 

model the performance of the final system when this is not the intent of the developers. Moreover, 

users may become attached to features that were included in a prototype for consideration and be 

uncomfortable when these features are removed from the specifications for a final system. 

      The steps are as illustrated in Figure 1 below.   

 
Figure 1. Prototyping in the Systems Development Lifecycle (Agile methodology) 

 

2.2.1  Requirements Gathering 
 

Prototyping begins with requirements analysis. Feedback from users are used to determine the 

requirements of the system. 

 

2.2.2  Quick Design 
 

A preliminary design is created after the requirements are known. It helps the developers and users 

visualize the important aspects/ideas of the system. 

 

2.2.3 Build Prototype 
 

Information gathered from the quick design is modified to form a prototype, which represents a 

“rough” design of the system. 

 

2.2.4 Customer Evaluation 
 

The proposed system is presented to the user as part of the development process. The users thoroughly 

evaluate the prototype noting its strengths and weakness, and the items that need to be added or 

removed. In this stage, the developers collect and analyse remarks from the users. 

 

2.2.5 Refining Prototype 
 

The prototype is refined once the user evaluates it. This step is iterated as many times as necessary, 

until the users are satisfied that the prototype represents the final product. The final system is then 

constructed based on the final prototype. 

 

2.2.6 Evaluate the Engineered Product  
 

The final system is thoroughly evaluated and tested followed by routine maintenance to prevent 

failures. 

 

2.3 Advantages and Disadvantages of the Prototype Model (Agile methodology) 
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In the prototype model, users are actively involved in the development since they are required to 

interact with a prototype which can lead to better feedback and specifications. Thus, errors and 

missing functionalities can be identified earlier. Prototyping improves the quality of requirements and 

specifications provided to the developers, hence reducing time and costs. This is because changes 

cost exponentially more to implement when detected later in development. 

 

3. Requirements gathering  
 

The system should be straightforward and simple as it is a game to improve Mandarin Chinese 

language for both people who can speak Mandarin Chinese and people who cannot. Requirements 

were obtained through PACT analysis (Benyon, 2005) to identify user needs and how to design and 

develop in terms of interface design and programming. From the user requirements gathered. The 

PACT analysis below presents some of the design considerations/requirements.  

 

3.1 PACT Analysis 
 

3.1.1 People 
 

Each person has his/her own individual taste and preferences. So everyone will have different 

perspectives on what is enjoyable. People of different ages may also share the same hobbies while 

people of the same age group may have different hobbies. People also have their own language 

preferences. 

Similarly, some people have better learning or capabilities in languages and varying degrees 

of technical  knowledge/skills while some do not. Hence, the prototype has to be simple and require 

only basic computer literacy such as  how to use a touch screen on a mobile phone.  

 

3.1.2 Activities 

 

Designed in a question-answer completion format where the first half of a famous Chinese idiom is 

first presented as a question and the second half the choice of answers to complete the idiom, the 

game is simple, to increase cognitive access for everyone, especially the elderly.  

 In terms of processes/steps, the game will first display an instruction page and upon choosing 

the start button, the game will start. If the users would like to end the game, they can close the game 

dialog. With start, choose, and close as the main actions, the game is easy to follow even if the user, 

especially the elderly, is not familiar with technologies. Minimization of processes to only the 

essential is due to the Goals, Operators, Methods and Selection (GOMS) model (Card, Moran & 

Newell, 1983), Schneiderman, Plaisant, Cohen, Jacobs, Elmqvist, and Diakopoulos’ (2016) 8 golden 

rules for interface design and Nielsen’s (1995) usability guidelines provide consistency, reduce error 

and reduce cognitive load. GOMS and the 8 golden rules thus encourage efficiency and reduction of 

error or confusion. Some functions are abstracted from the users to ensure the game runs smoothly. 

These functions are the controller aspects of the system.  

 The consequent design considerations are: 

1. colour, to reduce eye strain due to long exposure;  

2. font size and colour for easier recognition, even for the elderly; 

3. loading speed as the game has a time limit; 

4. ease of play for users with low knowledge in technologies. 

 

3.1.3 Context 
 

The traditional game targets not only the elderly. Everyone is able to play the game, allowing cultural 

traditions to spread and pass on instead of being forgotten when the older generation pass on. Modern 

children are reluctant to play old games with board and cards but are more than willing to learn an 

old game that is incorporated with devices. This makes teaching traditional games to children easier. 

 The factors considered are: portability (fast loading, even in areas with slow Internet connection), 

accessibility (not cognitively/physically taxing, available on mobile and Web).  
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3.1.4 Technologies 
 

The concept of the website is to incorporate old traditional games with technologies. Webpages can 

be accessed with different operating systems and the game graphic is very minimal which can be 

played even with a very outdated device. The type of device also does not affect the game such as 

using a PC or smartphone or tablet.   

The game is also easily updated. It is easy to create a new set of questions and answers. 

Incorporated with touch screen technologies, the user would be able to play the game with similar 

movements as when playing the physical game. 

 

3.2 Functional and non-functional requirements  
 

From the PACT analysis, the development team brainstormed scenarios with personas and use cases. 

The team members thought of some scenarios such as the ethnicity of the persona and how well-

versed they are in Mandarin Chinese. Thereafter, the systems requirements specifications decided on 

are as follow: 

 

3.2.1 User requirement 
 

 The application should be able to cater to people who knows Mandarin Chinese. 

 The application should be able to cater to people who has minimal understanding of Mandarin 

Chinese. 

 

3.2.2 Functional requirement 
  

 The application should be able to start the game when the user clicks the start button. 

 The application should be able to countdown when the game has started. 

 The application should be able to allow users to select the answer of his/her choice. 

 The application should be able to ask new questions every turn when the users manage to answer 

correctly. 

 The application should be able to detect whether the answer is correct or not in relation to the 

question asked. 

 The application should allow users to restart the game when they lose. 

 

3.2.3 Non-functional requirement 
 

 Graphical interface with interchangeable states that are triggered when certain conditions are 

met. 

 Clean and minimalistic aesthetics. 

 Clear representation of buttons and ordering of the answers displayed on screen. 

 Language of the game in Mandarin Chinese, using Traditional Chinese characters. 

 

3.2.4 Usability requirement 
 

 The application’s interface should be instinctive for users to handle without much instructions 

required. 

 

3.2.5 Data requirement 
 

 Players are not able to tamper with the questions and answers data within the game. 

 No information of the user will be kept when the game is running or after exiting the game. 

 

 

4 Design  
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The system architecture of the game maps to the Model-View-Controller (MVC) architectural pattern. 

It can be considered a Single Page Application as well because the game runs on a webpage. There 

is only 1 page with multiple states implemented into the Web application. With each user interaction 

to the system, the users’ actions will affect the controller to change within the code querying. Then 

the controller will update the model with new value changes. After changing the values, the model 

would notify the changes to the controller which would proceed to update the view for output on the 

interface   

The system flowchart is illustrated in Figure 2.  

 

 
Figure 2. System flowchart 

 

 

5 Development  
 

The system was developed by using the React.js programming framework. The tools used to support 

the development are Node Package Manager (NPM), Node.js and Yarn. High-fidelity simple designs 

are developed to suit the style of Single Page Application to allow users to test and provide feedback 

and for developers to refine the system.  Subsequently, users’ feedback is evaluated and the system 

refined.  

 Traditional Chinese fonts are from free open-source websites.  The Traditional Chinese 

characters font style looks like Chinese calligraphy. This font type is chosen due to the aesthetic 

pleasing feel as people who want to learn Mandarin Chinese can feel some aspects of the Chinese 

culture as well. 

 Two difficulty levels have been created: idioms are easy and thus forms Level 1, while 

famous quotes are difficult and thus forms Level 2 (Figure 3).  

 

 
Figures 3. Game snapshot 
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There are two parts to the Chinese idiom. The question is the first half of the famous Chinese 

idiom. A set amount of time is allocated for the user to select the answer to each question (Figure 4). 

In Figure 4, open slots are used due to object-orientation, enabling easy instantiations to anything. 

 

 
Figure 4. Game page of the website 

 

       Users can choose the answers from the randomly-generated answer list. They are placed with 

uniform spacing and the contents are clearly defined within their own boxes with solid black line 

borders that can be distinguished easily (Figure 5a). With every question, 24 possible answers will 

pop up.  The number of answers is intentionally designed this way to slightly overwhelm the users to 

test their knowledge of famous Chinese famous quotes.  

  The timer is also to test the users’ time taken to answer the question. The question appears at 

the top. The cards below in multiple boxes contains the second half of the famous Chinese idiom. 

When the user moves the mouse to the answer, the card will pop-up/enlarge (Figure 5b). If the user 

chooses the correct answer within the time limit, then the user can proceed to the next question. If the 

user chooses the wrong answer, then a pop up will appear indicating that it is the wrong answer and 

display the correct answer in a different colour. If the user does not choose any answer within the 

time limit, the next question will pop up instead.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

Figures 5a and 5b. Game snapshots (normal view and pop-up view)
 

 For consistency, the process and display are consistent for every set of questions-answers. 

However, sometimes the number of words for the answer box might not fit the container. Besides 

speed/time limit, the challenge lies in the positioning of the Q&A type of scoring. The answers are 

clustered so that users would not be able to perceive the answer quickly. 

 

 

6 Evaluation  
 

For usability testing, we asked random students within the university to be this system’s test subjects 

with their approval. The test subjects varied in ethnicity. Most of them were capable of understanding 
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Mandarin Chinese but weak in forming more difficult sentences as not all Chinese in Malaysia are 

from formal Chinese streamed schools.   

 We carried out two iterations to refine the design and system. The same questions and 

requirement gathering method were performed with the test subjects. The test subjects were asked to 

use the application from the same laptop. Then, after the test, they were asked to evaluate based on a 

Technology Acceptance Model [15] rating/feedback questionnaire.  

 For each iteration, 10 students took part. The data obtained were both qualitative and 

quantitative. These data could be meaningful to our next iterations to improve the next design.  

 

6.1 Interview questions and answers 
 

The questions asked during every interview session (qualitative data) are presented in Table 1. 

Table 1.  

Questions and answers during usability testing 

Questions Answers 

1) Do you find the game interface pleasing? Iteration 1: 70% said yes. Iteration 2: 60% said 

yes. 

2) Did you feel yourself involved despite the 

short experience? 

Iteration 1: 60% said yes, Iteration 2: 90% said 

yes.  

3) What did you like the most in this game? Challenging, clean interface 

4) What would make the game more fun?  More multimedia, more personalization 

 

6.2 Quantitative data was collected via the Technology Acceptance Model.  
 

The Technology Acceptance Model (TAM) (Figure 6) is concerned with the perception of the users 

towards ease of use and usefulness of the system.  

 
Figure 6. Technology Acceptance Model 

Outcomes are positive as there is improvement in iteration 2. Figures 7a and 7b present user feedback 

on perceived ease of use and Figures 8a and 8b on perceived usefulness. Details are as follow.  

 

6.2.1 Perceived ease of use 
 

What do you think about how the game was 

designed?  

How was your overall experience with this 

game?  

  
Figure 7a. Users feedback  about the game's design   Figure 7b. Overall experience with the game 
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6.2.2 Perceived Usefulness 
 

  
Figure 8a. Users' motivation after playing the 

game 

Figure 8b. Feedback on learning famous 

quotes from the game 

 

6.3 Evaluation based on Nielsen’s usability heuristics 
 

In addition to the interview session, at the third iteration, evaluation is performed using Nielsen’s 

(1995) ten usability heuristics and the results are presented in Table 2. These are: 1) visibility of the 

system status, 2) match between real world and system, 3) user control and freedom, 4) consistency 

and standards, 5) error prevention, 6) recognition rather than recall, 7) flexibility and efficiency of 

use, 8) aesthetics and minimalistic design, 9) help users recognize, diagnose and recover from errors, 

10) help and documentation. Five experts took part in the evaluation.  

      From the experts’ comments, cognitive load is the most crucial issue. Hence, the questions 

and number of answers need to be shortened and reduced respectively, colour needs to be more 

attractive and the answer cards somehow need to differentiate so that it is easier to find and match the 

answer. Furthermore, error feedback is important. These findings support that of prior research on 

cognitive load.  

 These have been addressed as in Figure 9 for an adaptation to Chinese idioms. 

 

 
Figure 9. Example of Chinese idioms 

 

By looking at the gathered data, we find that the first prototype is improved after applying the TAM 

evaluation model resulting in the second prototype. Users find the game easy to use mainly due to the 

minimalistic designs and the low number of actions required to start, play and end the game. The 

perception of users towards the usefulness of the system is determined by the extent the objective of 

this game and the users’ objectives are achieved. Furthermore, GOMS (Card, Moran & Newell, 

1983), Schneiderman, Plaisant, Cohen, Jacobs, Elmqvist, and Diakopoulos’ (2016) and Nielsen’s 

(1995) user interface/interaction guidelines are useful to elicit useful insights towards better 

performance and technology acceptance.  

  The game has motivated them to learn Chinese famous quotes better. After performing the 

evaluations, we find that language learning users the importance of cognitive load, support for 

preference for minimalist designs and short steps towards achieving their goals. Score comparisons 

with other users, multimedia elements, personalization and differentiation among answer cards are 

also preferred. This finding contributes towards the design of media richness but with simple lean 

designs. Frustration would arise more due to their own sense of personal achievement towards further 

self-improvement. 
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       The most important significance is that the JSON file is easily editable even by young 

children. So they can create or modify their own JSON files to create new games (questions and 

answers), share the JSON files with their friends and compete if they want to. To modify, they can 

also collaborate in teams.  

 

 

We have concluded that we have managed to achieve the objectives of this project. Therefore, we 

can conclude that this project is a success. There are still many ways to improve this game to make 

it a better one. In the future, this game can also be modified to be suit learning of other languages 

and other purposes such as the learning of Science through questions and answer, using pictures 

and/or words. The game can also be modified for up to 2-player to play against each other. However, 

the online capacity would require more resources and time with a dedicated domain name and server 

if it were to be implemented. 
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Abstract: In our previous paper we discussed reports of the declining interest in STEM 

subjects of high school students in Malaysia and proposed a framework and methodology 

that uses 2D simulation application to facilitate learning physics in STEAM. In this small 

pilot case study, we present our hypothesis using a debugging-design approach with 2D 

simulation applications and the development of scaffolds and gamification for the learning 

environment. A preliminary experiment was conducted with middle school students to test 

the system’s effectiveness. We present a breakdown of the student assessments and analyze 

the questionnaire responses. Findings indicate that although the system needs a bit more 

work on scaffolding features, it is effective in helping students increase their interest in 

STEAM and move up Bloom’s Taxonomy. 

Keywords: Simulations, Scaffolding, Learning-by-Design, Gamification, STEAM 

Education 

1. Introduction

1.1 Background 

This paper serves as a follow up to our previous work on using 2D simulation applications 

to motivate students to learn STEAM (Tembo & Lee, 2017) to address the reports of declining 

interest in STEM subjects among high school students in Malaysia. In this paper, the term STEM 

will be used when referencing other sources. Since our study will be integrating art and design with 

STEM subjects, the term STEAM will be used to refer to our work. In Tembo and Lee (2017), we 

proposed a theoretical framework developed by using a combination of Learning-by-Design 

(Kolodner et al, 1998, 2003) and other pedagogies along with PhET and Algodoo simulation apps 

to teach students Physics topics facilitated by a website with gamification features. In this paper, we 

fill in some gaps from the previous work-in-progress, discuss developments in the research and share 

results from our preliminary testing.  

1.2 Objectives 

The main aim of this research is to use educational technology to create a more approachable method 

of scaffolding students to learn and understand STEAM concepts and content and then test its 

effectiveness. We hypothesize that scaffolding Physics learning based on debugging and 

design/creation, grounded on an integration of Case-Based-Reasoning (CBR), Learning-by-Design 

(LBD) and Collaborative-Problem-Solving (CPS) would result in better learning performance based 

on Bloom’s Taxonomy.  

With the objective of validating the effectiveness of the proposed framework and 

considering the afore-mentioned problems, the objectives of this research are to:  

1) propose a framework that makes learning STEAM more intriguing and less intimidating.

2) propose tools to aid students to visualise concepts and make clearer connections between the

subject topics and real-world situations to give them more confidence in STEAM subjects,

increase their interest in STEAM and possibly pursue it as a career.

3) develop a system using points 1) and 2) to facilitate and motivate the learning of STEAM.
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4) test the hypothesis using the system developed in point 3). 

This method needs to be measurable and testable to gauge if it helps them better grasp how 

STEAM works in the real world. Hence, after students participate in the learning activity, the quiz 

results are used to determine if they have a better understanding of STEAM concepts and the pre-

and post-activity questionnaire findings are used to determine if: 

1) their interest in STEAM has increased; 

2) the system and activities eliminated their perception of how difficult STEAM is; 

3) if it dispels the belief that only top students can pursue STEAM subjects. 

 

 

2. Literature Review 
 

While reviewing the physics curriculum in Malaysia, Bunyamin and Finley (2016) used a suggestion 

by Roehrig, Moore, Wang and Park (2012) who stated that there is a natural fit between physics and 

engineering at high school level. Furthermore, in a survey conducted by Wilkinson and Lancaster 

(2014) on 209 students, 97 were studying STEM subjects. Findings showed that technology can 

motivate STEM students. These studies support the decision to motivate students to take interest in 

STEAM using technology to teach them Physics. The type of technology to use is partly based on 

Mellema’s (2001) physics education pedagogy where he assigned tasks, problems and quizzes via 

the WebAssign website and incorporated Physlet simulations of a physics phenomenon that students 

could interact with to help visualise the concepts and solve problems. His method of testing students 

at multiple stages aided students to develop Bloom’s Taxonomy (Anderson & Krathwohl, 2001) 

progressively.  

Fostering higher order thinking skills (HOTS) can be achieved by incorporating Case-Based 

Reasoning (CBR) with Problem Based Learning (PBL) and Learning-by-Design (LBD), a pedagogy 

developed by Kolodner, Crismond, Gray, Holbrook and Puntambekar (1998) and Kolodner, Camp, 

Crismond, Fasse, Gray, Holbrook, Puntambekar and Ryan (2003). In CBR, the cycle of retrieving, 

reusing, revising and retaining cases, teaches students to decompose data, recognise patterns, extract 

the essential information and analyse it to draw probable conclusions, which sharpens the apply and 

analyse skill bands. To fulfil the evaluate and create bands PBL and LBD can be applied.  

The process involves the students approaching a real-world problem using the knowledge 

they already have and applying their acquired knowledge to build physical models that showcase 

their hypotheses on the topic. Similarly, we went back to technology-enhanced learning and asked 

students to evaluate a situation and subsequently, create 2D Simulations of their solution. 

Simulations are an ideal form of educational technology as they can display abstract scientific 

concepts that may be difficult to recreate in the real world. Rutten, Van Joolingen and Van der Veen 

(2012) conducted a field review of 51 publications that investigated the effects of computer 

simulations in science classes and reported that it generated higher learning outcomes and a better 

grasp of scientific concepts. 

Scaffolding student progress and monitoring participation are essential to ensure each 

student is meeting the learning objectives. Owensby and Kolodner (2004) developed the Case 

Application Suite (CAS) which consists of questions, hints and examples that prompt students to 

collaboratively record their ideas, proposed solutions, experimental trials, results and present reports. 

The tools are designed to scaffold learners through iterative cycles of their PBL and LBD classroom 

challenge. They tested the effectiveness of CAS by comparing the capabilities of students who used 

the software and those who did not. Their results showed that the class that used CAS performed 

better at analysing and applying cases than students who did not. They were also better prepared to 

apply those skills in the absence of the software showing they understood the steps involved in the 

acquisition and transferring of HOTS. 

With the adoption of self-directed online tools, a teacher may be unable to keep tabs on 

student engagement. Gamification can be used to enhance engagement and drive student learning. 

Muntean (2011) conducted a study on using the appropriate gamification techniques to raise e-

learning engagement and she discovered that gamification is a combination of intrinsic and extrinsic 

motivation techniques. Intrinsic being the user’s decision to make an action e.g. competition, and 

extrinsic occurring when something else influences the user to make an action e.g. ranking, point 

and badge system. She concluded that gamification can motivate students to study more by keeping 
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them engaged and wanting to learn more due to the positive feedback they receive from a gamified 

system. 

To consolidate this review, we believe the objectives of this research can be achieved by 

using 2D simulation technology in conjunction with a gamified website that quizzes the learner 

while also scaffolding them from the LOTS to HOTS on Bloom’s Taxonomy. The gradual 

progression to HOTS will make learning STEAM less intimidating and the use of 2D simulation 

will help learners better grasp how theories work in the real world which in turn can give them more 

confidence to pursue STEAM subjects. 

 

 

3. Proposed Framework and Tools  
 

Objectives 1) and 2) have already been discussed in our previous paper. Figure 1 shows the 

components to be included in the STEAM Learning Framework and Table 1 summarizes the 

proposed structured framework following Bloom’s Taxonomy. This framework will consist of a 

scaffolding website and a standalone 2D Simulation App where you can save 2D Simulation work 

files and upload them as answers to the website. The proposed 2D Application tools we selected 

were PhET Interactive Simulations that can be embedded into the website and Algodoo 2D 

Simulation App that allows the user to create and manipulate their own simulations and visualize 

how physics phenomena works on them. Both applications have the ideal features needed to 

facilitate in teaching the Form and Function topic in 7th grade Ontario Curriculum. 

 
Figure 1. STEAM Learning Framework Components 
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Table 1. Structured framework following Bloom’s Taxonomy 

Level 
Bloom’s 

Taxonomy 
Student Tasks 

1  
Conduct pre-activity questionnaire at the Debugging-design website to assess 

students’ current STEAM interest before using the system. 

2 Remember 

A multiple-choice quiz on the website to help students review and gauge if 

they recall the basic concepts and definitions of Form & Function. Some 

questions are presented in simulation form to aid visualisation. 

3 Understand 

Students play with PhET simulations similar to the Physlets in Mellema’s 

(2001) pedagogy and answer MCQ and short text questions that help assess if 

they are able to identify the concepts in use and explain how they are being 

used in the simulation.   

4 

Apply 

Students are grouped heterogeneously by academic ability based on the marks 

for the first two activities like in Mellema’s (2001) methodology and are 

presented with short cases of real-world problems. The questions come with 

Algodoo simulation case files that they need to amend by using the learnt 

concepts to fix the problematic simulation and upload the corrected file on to 

the website. There will be some short text questions on their solution to assess 

if they effectively connected learnt theories and applied them to the new case 

and demonstrate they understand its purpose. 

Analyse 

5 

Evaluate 
The final task is similar to Kolodner et al’s (2003) Learning-by-Design where 

students are presented with a real-world problem and must design a bridge in 

Algodoo to support a car. They must brainstorm a solution and be able to 

justify it using Form & Function concepts they have learnt. On completion, 

they will upload their Algodoo simulation to the website with a write up 

explaining their design process and the factors to support it. 
Create 

6  
Conduct post-activity questionnaire on the website to record students’ STEAM 

interest and their experience after using the system. 

 

 

4. Website Development 
 

After establishing the structured framework and the simulation applications to be used, a scaffolding 

system needs to be developed. The general system architecture in Figure 2 serves as a guide of how 

this framework will be implemented. 

 

 

Figure 2. General System Architecture 

 

The main users are the students and the system facilitator. The facilitator will set up 

structured content according to the students’ syllabus and learning objectives. This content includes 
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quiz questions, questionnaires and embedded PhET Simulations from the PhET official website. 

Another service the website will feature is a gamification and monitoring system which will keep 

track of students’ progress, scores and rewards. These stats will be recorded as the students go 

through the activities and submit their answers and designs from the Algodoo Simulation App.  

Figure 3 shows a sample page of what the website with all these features look like from the 

student’s end. 

 

 

Figure 3. Quiz page of the scaffolding website with gamification features 
 

Upon logging into a pre-created student account, the scaffolding website will guide students 

to work from lower order thinking skills (LOTS) to higher order thinking skills (HOTS) using game-

like levels as seen in the right sidebar. Each level comes in the form of a quiz or activity that tests 

their skills for a corresponding Bloom’s Taxonomy learning objective. Each level is locked and can 

only be accessed by completing the previous level. A progress bar and greyed levels keep the player 

updated on their progress and the levels they have left so they are motivated to complete all the tasks.  

Another feature that supports engagement is the ranking, points and achievements feature 

on the left sidebar. With each completed level, an achievement badge will be added to their profile. 

Students are also awarded points which accumulate and evolve with their ranking. Students can keep 

an eye on their rank status as well as their classmates’ on the leader board linked at the top to spark 

some friendly competition which hopefully will in turn drive them to complete more levels and 

encourage the acquisition of HOTS. 

 

 

5. Preliminary Experiment 
 

A pilot test was conducted with middle school students in the 7th Grade. This class was selected 

because they were currently partaking in the Ontario Curriculum STEM program. We were able to 

develop our activity on their Form & Function Physics topic so it integrates perfectly with their 

established lesson plan. We made sure our quizzes fulfilled their learning objectives making our 

activity a form of revision and self-assessment for the class. Students worked through 6 levels of the 

game and responded to the pre and post questionnaire which were Level 1 and Level 6 respectively. 

To be able to compare the effectiveness of the full system, only students A to E, who finished all 6 

levels without skipping questions were considered. The students’ answers from the tests were 

assessed first and then their questionnaire responses analysed. 

 

5.1 Student Test Assessment 
 

The first test, Level 2 was a 20-minute timed quiz on form and function comprising of 12 questions 

in text or image formats of Multiple Choice (MCQ), Drag and Drop (D&D) and Fill in the Blank 
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(FIB) questions. The learning objective was the ability to recall the appropriate vocabulary and be 

able to define shapes, structure and their components. This quiz was created to help students review 

and gauge if they remember basic concepts of Form & Function. The results show that all the 

students scored above average marks. The question breakdown shows that the question types with 

highest success rate were D&D questions while the FIB questions had the lowest, indicating that 

they are able to match definitions if provided with choices. However, recalling the appropriate 

vocabulary from the top of their heads without any hints was a bit challenging.  

Level 3 was a PhET Simulation-based quiz called Balancing Act comprising of 10 questions 

in 4 formats. The questions ranged from MCQ, FIB, short text responses, rewarded by game scores. 

In this quiz, students played with PhET simulation objects on a see-saw and answered questions to 

assess if they were able to explain their ideas with the concepts and vocabulary they remember. 

Table 2 shows a comparison of the students’ performance between Level 2 and 3.   

 
Table 2. Level 2 & 3 Student Performance Comparison 

Group Student Level 2 Level 3 Bloom’s Taxonomy Learning Objective 

1 

A 83% 90% 

Acquired understand skills band B 69% 86% 

C 52% 69% 

2 
D 66% 38% 

Understanding skills may be weaker  
E 55% 34% 

 

The results show an increase in scores for students in Group 1 and a decrease for those in 

Group 2, indicating that they found this level a bit challenging. The short text answers showed that 

Group 1 could mostly identify and explain the concepts they learnt, able to recognize how distance 

and weight played a part in the playground scenario questions showing a good understanding of the 

topic. Group 2 have either problems in understanding the question, when it comes to multiple 

assumptions or is not very serious as the exercise is not graded. We cannot make conclusions about 

their level of understanding because the triangulation of data between MCQ, and their two designs 

and respective explanations show that there is some understanding. 

Similar to the Recall Quiz, the FIB questions had the lowest success rate, which prompts the 

question of whether the problem was not understanding how to apply the concepts being taught to 

calculate the correct answer or not understanding how to use the PhET simulation to get the values 

needed to answer the question. The latter concern is also raised for the game question that asked 

students to play level 1 game of the PhET simulation and submit a screenshot of their points. Some 

students were unable to take and submit a screenshot despite instructions being included in the form 

of an annotated screenshot, resulting in their submissions being unusable. The purpose of this pilot 

test is to eliminate problems caused by system or unclear instructions and make it as efficient as 

possible for the next round of testing so that the students’ marks solely reflect their knowledge on 

the concept. To achieve this, clearer instructions need to be displayed before the level quiz starts. In 

the next version of the website we would like to add video tutorial instructions that show an example 

of how to play the level so as to not cause any confusion during mid-quiz. This method of scaffolding 

should be able to make answering questions and understanding instructions clearer and prevent 

execution errors. 

Level 4 introduced the students to the Algodoo 2D Simulation and comprised of 6 questions. 

Since they had no prior experience with the app, questions 1-4 required them to complete the built-

in assisted tutorials. These tutorials are interactive step-by-step guides that walk the student through 

learning about the application tools and how to use them. Questions 1 and 2 are fully guided however 

question 3 and 4 are less so and allows the students to use the skills they gained in the first few 

tutorials to follow instructions and answer questions.  

Table 3 shows the responses they gave in questions 3, 5 and 6. Students showed good 

understanding of how friction works from the slides they created and were able to explain how the 

different materials and angles they were instructed to use altered the amount of friction in each slide.  

Questions 5 and 6 had no assistance and tested the students’ ability to use learnt information 

in new situations and draw connections between similar cases and concepts. They were asked to 

727



download an Algodoo file which had a broken shelf. Their task was to use a spare piece of wood to 

make the shelf strong enough to hold the flowerpot and be able to explain their solution using the 

vocabulary and concepts that were tested in earlier levels. Students A and D were able to draw the 

connection between this case and the topic of strut and compression tested in Level 2 and explain it 

correctly, showing good application and analysis skill acquisition. The other students used other 

methods to fix the shelf. 

 

Table 3. Level 4 - Algodoo Broken shelf exercises short text answers & uploads (friction, material, 

strut, compression)  

Student Question 3 

(how friction works) 

Question 5 

(fixing a broken 

shelf explanation) 

Question 6 

(fixing a broken shelf 

simulation upload) 

A - The box will slide faster on soft 

surfaces such as ice/glass. It will 

slide slowly when on rough 

textures, such as wood, because 

there will be more friction. 

- The boxes will slide faster when 

the angle of the plains is closer to 

being vertical than horizontal. 

- It is not the same for all planes. 

The texture of the plane makes a 

difference. 

I turned the 

structure into a 

strut. When gravity 

pushes the pot 

down, the strut 

(diagonal piece of 

wood) is 

compressed but 

still keeps the 

horizontal piece of 

wood stable.  

B - There are differences in how the 

box is picking up speed because of 

the qualities the beams are made 

of.  

- If the angle of the plain is 

decreased, then it will move 

slower.  

- No, it is not the same for all the 

plains 

I used this to fix 

the shelf because if 

I add support to the 

side of the shelf, 

then it would not 

fall down but stay 

in one place 

 

C - It has difference because when 

you have a smooth surface, it will 

be more faster and if you have a 

rough surface, it will be more 

slower 

I put the wood 

under another 

wood so that it 

won’t fall. 

 

D - I have made a square block out of 

ice sliding down a glass inclined 

plane slope. The ice was slippery 

so it slid down the slope I made. 

I made a strut 

shelf, I added a 

rectangular box 

and attached it to 

the original shelf it 

had. this shelf uses 

compression 
 

E - Yes, there are differences cause 

the material of the slope has 

smooth or rough textures. The 

speed is different when the square 

is sliding down. 

- The square slide down faster 

There is gravity 

happening in the 

wood. 

 

 The fifth level is another Algodoo level, however this time the students do not have any 

assistance and are free to design and construct solution on their own. The students are to download 
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2 files; easy and hard respectively. Each file has a car positioned before a huge gap in the earth where 

they are supposed to build a bridge that can support the weight of the car and get it across to the 

other side using realistic approach. Question 1 asks them to identify the bridge they built and explain 

why their reasoning. Question 2 and 3 is where they will upload their creations for easy and hard 

bridge respectively.  Table 4 below shows their answers and file submissions. 

 

Table 4. Level 5 - Algodoo bridge design short text answers & uploads (friction, materials, strut, 

truss compression, arch, beam, vertical support)   

Student Question 1 Question 2 Question 3 

A I used a simple beam 

for the easy bridge 

because the load of the 

car isn’t enough to 

break it. I used a strut 

for the hard bridge, it 

gives the bridge 

support from below so 

that it doesn’t break. 
  

B For the easy bridge, I 

used arch bridge which 

had struts supporting 

the bridge which was 

made out of steel 

whereas the hard 

bridge was a truss 

bridge made of steel 
  

C I build an arch bridge 

so that the bridge will 

be strong enough to 

hold the car   

D I used a beam and 

vertical supports to 

hold the bridge. I used 

the vertical support 

bridge for both easy 

and hard bridges. I 

used this method for 

my bridge because it is 

simple and strong. 
 

 

E I decided to use a 

beam bridge and I used 

that because it is 

lighter for the car to 

cross the bridge. 

  

 

Students D and E used a simple beam bridge, students A and C did the same but used struts 

to support their bridge. Only Student B went with a more realistic approach by using steel materials 

to reinforce their bridges. They created a truss bridge for the harder bridge, showing exceptional 

application of the material they learnt compared to their peers. Student B produced the most creative 

solution which showed development of their HOTS as they are able to evaluate a scenario and create 

proficient original work for its function.  
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6. Results and Discussion 
 

6.1 STEAM Interest 
 

Before the activity started the students took a short questionnaire on their current STEAM Interest, 

the responses were then compared to the post activity ones in Table 5.  

 

Table 5. Questionnaire Responses – Comparison of STEAM Interest Pre- & Post Activity 

  Q1.  I think 

STEAM is 

interesting. 

Q2. STEAM 

is hard for me 

to understand. 

Q3. I'm 

considering 

STEAM in 

high school. 

Q4. I would 

consider a 

career in the 

STEAM field. 

Q5. It’s 

important for 

me to be good 

at STEAM. 

  Pre Post Pre Post Pre Post Pre Post Pre Post 

Strongly Agree 1 2 2 2 2 2 1 2 2 2 

Agree 5 4 0 0 1 2 0 1 4 3 

Not Sure 1 1 1 3 3 3 5 3 1 4 

Disagree 0 0 3 2 1 0 1 1 0 0 

Strongly Disagree 0 0 1 0 0 0 0 0 0 0 

 

Responses showed there was a slight increase in STEAM interest and that more students 

were considering taking STEAM subjects in high school. They agreed that it was important for them 

to be good at STEAM and more students are now considering a career in the field after playing the 

activity. 

 

6.2 Feedback of the System 
 

In the open-ended questions, the majority of students said the best part of playing this activity was 

building the bridge in Algodoo, followed by playing the PhET Simulation. One student specified 

that the best part was “Understanding real life concepts and problems that engineers may face when 

building structures.” 

 When asked about their least favourite part the most common response was the friction of a 

sliding object question that was incorporated in the Algodoo tutorial. They voiced how “it was hard 

for them to understand what to do” and that they “did not understand it as well as other levels.” 

This tutorial is built into the application and is un-editable, so I believe the best approach would be 

to design a custom tutorial using instructions that are as understandable as the other levels. Other 

than this there were no major difficulties experienced with one student saying “I figured it out in the 

end!” 

When asked if learning STEAM and how to use, science, technology engineering and maths 

together is important? They all agreed adding:  

“because people face problems that require an understanding of all the subjects.” 

“because those subjects are use in real life situations and help to get a job.” 

“if we encounter any problems in the future regarding some of these activities we can easily 

overcome them” 

“I think it is really important if you want to be a architect in the future as you need to use 

math to determine if the building will withstand strong wind, earthquakes or the weight of 

the building structure. As it relates to each other to also understand whether or not gravity 

will effect it” 

“These are vital subjects in our life for sure. We need to learn these subjects to boost 

innovation and the products of the human race. Without these topics, we wouldn't even be 

doing this ePhysics questionnaire now.” 
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“These are vital subjects in our life for sure. We need to learn these subjects to boost 

innovation and the products of the human race. Without these topics, we wouldn't even be 

doing this ePhysics questionnaire now.” 

From these results, we would conclude that the activities were indeed useful and helped 

them with STEAM learning and understanding its importance. However, more work needs to be 

done to help with scaffolding and to ease their difficulties with using the system. 

 

6.3 Research Significance 
 

Our main contribution to the education field is proposing a framework that will scaffold STEAM 

learners from Bloom’s LOTS to HOTS using this aforementioned combination of learning 

pedagogies and applying the use of technology at every learning band of Bloom’s Taxonomy. The 

technology consists of a scaffolding website with gamification features and embedded PhET 

Simulation and Algodoo 2D Simulation App. We will also be introducing the debugging approach 

by presenting students with questions that come with Algodoo simulation case files that they need 

to amend and debug to nurture Apply and Analyse thinking skills before they are promoted to create 

their simulations from scratch for Evaluate and Create skills to derive techniques which are effective 

based on the debugging-design framework and approach.  

 

 

Acknowledgements  
 

We would like to thank Science teachers, Mr. Lanz Singbeil and Mr. Matt teBogt of Sunway 

International School (SIS) for their help in conducting the experiments from September to December 

2017. We would also like to thank the 2017 7th Grade Students of SIS for their participation in our 

preliminary experiment. We are also grateful to the SIS Management and the students' parents for 

granting us access for data collection, which made this study possible.  

 

 

References 
 
Anderson, L. W., & Krathwohl, D. R. (Editors) (2001). A taxonomy for learning, teaching, and assessing: A 

revision of Bloom’s taxonomy of educational objectives. Abriged. NY: Longman.  

Bunyamin, M. A. H. & Finley, F. (2016). STEM Education in Malaysia: Reviewing the Current Physics 

Curriculum. International Conference of Association for Science Teacher Education. 

Kolodner, J. L., Camp, P. J., Crismond, D., Fasse, B., Gray, J., Holbrook, J., Puntambekar, S., & Ryan, M. 

(2003). Problem-Based Learning Meets Case-Based Reasoning in the Middle-School Science 

Classroom: Putting Learning by Design into Practice. Journal of the Learning Sciences, 12(4), 495–547.  

Kolodner, J. L., Crismond, D., Gray, J., Holbrook, J., & Puntambekar, S. (1998). Learning by design from 

theory to practice. In Proceedings of the international conference of the learning sciences (Vol. 98, pp. 

16–22).  

Mellema, S. (2001). A physics lecture for the 21st century. Physics Education, 36(4), 306.  

Muntean, C. I. (2011). Raising engagement in e-learning through gamification. In Proc. 6th International 

Conference on Virtual Learning ICVL (pp. 323–329). 

Nagel, K., & Kolodner, J. L. (1999). SMILE: Supportive Multi-User Interactive Learning Environment. In 

Proceedings of the Conference on Computer Support for Collaborative Learning. 

Owensby, J. N., & Kolodner, J. L. (2004). Case Application Suite: Scaffolding Use of Expert Cases in Middle-

school Project-based Inquiry Classrooms. Proceedings of the 6th International Conference on Learning 

Sciences (pp. 396-403). 

Roehrig, G., Moore J., Wang, H.-H., & Park, M. (2012). Is adding the E enough? Investigating the impact of 

K-12 engineering standards on the implementation of STEM integration. School Science & Mathematics, 

112(1), 31– 44.  

Rutten, N., Van Joolingen, W., & Van der Veen, J. (2012). The learning effects of computer simulations in 

science education. Computers & Education, 58(1), 136-153. 

Tembo, T. T. & Lee, C-S. (2017). Using 2D Simulation Applications to Motivate Students to Learn STEAM. 

Proceedings of the 25th International Conference on Computers in Education. 

Wilkinson, R., & Lancaster, T. (2014). Improving student motivation using technology within the STEM 

disciplines. In A paper from the STEM Annual Conference (Vol. 2014, pp. 1–6).  

731



Wu, Y.-T. et al. (Eds.) (2018). Workshop Proceedings. 26th International Conference on Computers in

Education. Philippines: Asia-Pacific Society for Computers in Education 

Towards personalized cognitive-social-

affective engagement among active seniors:  

A case study on UX and inclusive design  

Chien-Sing LEE, Sheng-Yee GUY & Shanice Wei-Ling CHAN 

Department of Computing and Information Systems, Sunway University, Malaysia. 

*chiensingl@sunway.edu.my

Abstract: Cognitive-socio-affective engagement is crucial to maintaining quality of life 

in all ages. However, as age increases and technology becomes more permissive and 

seamless, the question is how to design technology and content for positive user 

experience as well as for inclusive design. Furthermore, in contrast to the common belief 

that aging leads to reduced brain plasticity, some researches have indicated that the actual 

problem may be that seniors learn too much and the actual problem is the ability to filter 

out. In this paper, we investigate: a) How can we design for cognitive-socio-affective-

physical engagement taking into account cognitive load, motivation theory and inclusive 

design? b) i) Which among the design principles are more important for a sample of 

Malaysian seniors? ii) What are users’ perceptions towards Augmented Reality in 

inclusive design? c) What are implications to inclusive design? User testing based on 

user experience (UX) are carried out. Based on Cognitive Load theory, Keller’s 

Motivation theory, Koster’s theory of fun and inclusive design, we designed for 

cognitive-socio-affective-physical engagement. Findings in user interface and 

interaction design highlight the importance of a Systems Theory approach with regards 

to diverse stakeholders, cognitive-socio-affective factors, UX and game mechanics prior 

to the development of personalised services, towards further open interoperability, richer 

learning analytics and better context-awareness.   

Keywords: Human factors, cognitive-socio-affective-physical engagement, user 

experience (UX), augmented reality, inclusive design 

1. Introduction

Advances and emerging trends in digital infrastructure enable open interoperability of data including 

matching and mixing of different chunks of data to suit different learning objectives, contexts and 

needs. Raptivity for instance, provides a clear example of matching and mixing of modules across 

learning contexts to enable instructors to create new lessons. Open interoperability thus leads to 

heterogeneity in data, and richer learning analytics.  Consequently, capturing, collecting, storing, 

analyzing and mining data to improve the efficacy of services, have greatly contributed to not only 

better Open Educational Resources (such as the European OER), interoperability standards, and 

digital infrastructures but also better context-aware and personalised technologies. 

Inclusive design reflects these scenario and trend. Microsoft defines inclusive design as “fluid”. 

The United Kingdom (UK) defines inclusive design as “flexible, responsive, convenient, 

accommodating/welcoming and realistic”. Aspects that can be inclusive are ability, language, 

culture, gender and age.  We agree with these definitions. The belief is that learning/creativity is part 

of mental, social and physical healthcare. Healthcare is the United Nations’ Sustainable 

Development Goals’ (SDG) Goal 3: Ensure healthy lives and promote well-being for all at all ages. 

Healthcare concerns both young and old. Some problems are cognitive, some social, some 

affective, some physical, due to addiction to handphones, resulting in lack of exercise, obesity and 

lesser productivity (Adaa, 2016; WHO, 2016). Hence, we need to design inclusively for the young 

and old in a lean manner to enhance user engagement based on their needs and preferences and 

motivate them to socialize more. 

732



 
 

 
 

From a practical perspective, Home Instead (2018) suggests how technology can be used by 

Seniors and their Caregivers to help seniors to stay home longer and also reduce depression. These 

are:  

a)  Social Connection – Video Chat and Social Media (Long-distance chats with loved ones),   

b)  Safety – Emergency alert systems,  

c)  Exercise – Video Games,  

d)  Medication Management – smart phone apps to prevent medication errors  

e)  Health Tracking – simple maintenance and access to seniors' health information.  

Further help for caregivers is exemplified by Me & My Caregivers, Inc., which was set up to 

promote better communication among all involved parties.  In addition, via their Web service 

communication tool, seniors and caregivers can stay better informed. With more information and 

more friends, family members and health care providers can keep in touch with each other, enabling 

them to be more prepared and thus provide better care for the seniors. Features include: daily health 

journal and organizer, personal health record storage, emergency information, and calendar with 

timely email reminders. 

The Speaking Exchange, a US initiative, provides another example of the use of technology to 

connect seniors, this time, to help others. It connects retired people living in care homes with students 

learning English in Brazil, via Skype. The seniors look forward to the chats while the Brazilian 

youngsters improve their English. Over time, both develop strong bonds. Similarly, the UK offers 

Cloud Grannies. It connects retired people in touch with children in India.  

 

1.1  Objectives/research questions  
 

The above initiatives are admirable and involve easy-to-use technology with user-centred design, 

aimed at connecting different stakeholders. Along the same lines, this research aims to design 

Website/mobile contents to develop motivation for cognitive-socio-affective-physical engagement, 

but for Malaysian youths and seniors. In the initial framework for inclusive design, Lee and Wong 

(2017a) recognize that it is not common for young and old to communicate or work together as 

above. Nevertheless, it is hoped that as young-young and old-old are more connected within their 

age groups, they will build up interesting ideas or discussions which will benefit other young and 

old groups.  

Two models, i.e., a knowledge-based model synergizing interchangeably with a resource-based 

model have been applied over the years with promising results for youths. The design of information 

systems to develop and improve cognitive-socio-affective-physical community-based engagement 

in Smart Cities have been presented in Lee and Wong (2017b) and personalization of services in 

Lee, Chan and Guy (2017).  

 This research continues from the inclusive design proposal in Lee and Wong (2017 a, b) and 

Lee, Chan and Guy (2017) and Lee and Wong (2018). These research are interested in developing 

epistemic agency and creativity (with and without gamification) and its transfer to inclusive design 

in learning itself and to intergenerational healthcare. We hope that subsequently, seniors and youth 

can engage different groups with different needs, locally or elsewhere. We also note that some of 

the mobile or Web-based AR applications require people to spend a lot of money to get the device 

to play the game. Hence, we need to design contents/activities which are lean in design and 

management as much as possible.  

 The inclusive design in this paper is framed within a user experience (UX) and object-

oriented/linked and thus extensible and scalable perspective. Another paper frames discussion on 

designing for usability, learnability and user experience based on Sweller’s cognitive load theory, 

ARCS motivation theory, Koster’s theory of fun for games design and Schell’s game mechanics and 

mapping with Schrepp, Hinderks and Thomaschewski’s (2017) user experience (UX) 

questionnaire’s attributes. 

Our research questions are as follow:  

 Research question 1 Based on literature review, how can we design for cognitive-socio-

affective-physical engagement taking into account cognitive load, motivation theories and 

inclusive design?  

Next, based on user testing,  
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 Research question 2 Which among the design principles are more important for a sample of 

Malaysian seniors? 

We also note that Augmented Reality is superimposed Reality. Hence, it can add/reduce cognitive 

load. 

 Research question 3 What are users’ perceptions towards Augmented-reality in inclusive 

design?  

 Research question 4 What are implications to inclusive design? 

The outline for this paper is first, related work on design considerations, related work on 

augmented reality, methodology, followed by findings and conclusions.  

 

2. Related work  
 

2.1  Design considerations 
  

Many websites on well-being are very helpful and informative. Many websites suggest how to help 

improve in simple steps, catered to people of all ages and all abilities. To design, Norman (1988) 

and Nielsen’s (2012) design principles provide some suggestions. Many in user interface design and 

interaction design such as Preece, Sharp and Rogers (2015) would suggest user experience.  

 Norman’s (1988) user interface design principles and concepts explain these other design 

principles and why some designs are more usable and learnable than others. These are: a) 

consistency, b) visibility, c) affordance, d) mapping between a control and its effects, e) constraints 

and f) feedback. Affordance is a visual attribute of an object or a control that provides the user clues 

how the object or control can be used or operated. The clues can be either the shape or colour of an 

object. It however, works in sync with other design principles. Activational feedback confirms that 

control was activated successfully whereas behavioural feedback confirms that the 

activation/adjustment of the control has had some effect.  

Similarly, Nielsen’s (2012) defines usability as comprising of three main factors. He sums up 

usability from five to three factors: 

a) Utility = whether it provides the features you need. 

b) Usability = how easy & pleasant these features are to use. 

c) Useful = usability + utility  

Usefulness is primary and enabled by ease of use. These two aspects are also key to Davis, 

Bagozzi, Warshaw’s (1989) Technology Acceptance Model (TAM) as they influence users’ 

likelihood to continue using the developed system. Most importantly, the TAM model recognizes 

that there are external factors influencing these two key factors. Venkatesh and Davis (2000) point 

out in TAM2 that perceived usefulness and usage intentions in terms of social influence (subjective 

norms, voluntariness, image) and cognitive instrumental processes (job relevance, output quality, 

result demonstrability, perceived ease of use) are part of these external factors.  

 These design principles affect cognitive-socio-affective engagement mainly at the user 

interface level and then, user interaction levels. We are interested in augmented reality as it is 

superimposed reality. The augmented reality markers can be easily changed/adapted to different 

contexts, objectives and learning needs and are portable anywhere anytime, thus making them 

conducive channels for cognitive-socio-affective-physical engagement. Some related work on 

augmented reality technology and games/exercise are reviewed below.  

 

2.2  AR technology and games (physical engagement) 
 

Recreational and exercise games provide engagement/fun while exercising. According to Schreier 

(2011), zombies, run! an Augmented Reality-infused application that encourages users to walk, jog, 

or run has been successful. When users interact with the app, users have to choose their destination 

and the app will start narrating stories making users feel like they are part of the story. When users 

are using the app, they are able to access multiple choices- game options - in order to encourage 

them to exercise. The application comes with features such as the sound effects of zombies chasing, 

narrations of stories and few other unique features for the user. Along the way, users are able to 
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collect some in-game attributes to help them to survive in the game, and users can even decide to 

help people out in different areas of their cities because their decisions can make a difference to 

other users’ lives in the game. This game has a feature called zombielink which enables users to look 

at their running route and keep track of their pace while the users are running. Users are also allowed 

to choose songs to listen while they are running and record down which songs can encourage them 

to run faster. With all these unique features, the zombie, run! app uses reward systems such as 

collecting items or helping others and scary stories to motivate users to walk, jog or run further.   

Similarly, BallStrike uses Augmented Reality to help people to burn their calories and slim 

down. This app helps people by turning work into games. Users have to interact with the app by 

hitting the virtual balls that appear on the screen. This app works by using the camera of the computer 

to detect users’ movements such as punching, and kicking then creating virtual objects for the user 

to interact with (Nedelcu, 2013). This app creates challenges for users, as users have to reach out till 

the edge of the screen in order to make the virtual balls explode. The app also helps to calculate 

estimated number of calories that has been burned, the number of ball missed, the points collected 

at that stage and the remaining time. Users can get motivated to get higher scores than their previous 

records. This makes them want to work even harder to surpass their previous records. Various stages 

with increasing levels of difficulties challenges users to work out more.  

Another mobile application that encourages people to exercise is called Superhero Workout. 

An app that uses the function of camera-based motion tracking to record down the number of reps 

as the user exercises, it adds in a thrilling sci-fi story for users. In the game, users will have special 

abilities after they workout, such as shooting, having a virtual armour, and other powers. The game 

includes well written stories by a team of amazing actors, writers, developers, and designers. They 

ensure that users can be part of the story and become superheroes and fight off aliens with various 

exciting workouts. Users will also gain achievement points when they are advancing through the 

missions (Williams, 2014). The exercises include all types of workouts for all parts of the body with 

statistics included. The apps will also calculate the users’ calories and moves via the motion-tracking 

system from the mobile’s camera. 

 

2.3  Summary  
 

From the above review, the design of the Web-and mobile-based engagements needs to persuade 

through its objectives, design, and multimodal forms and interactions. In short, to: a) motivate 

cognitive-socio-affective engagement by encouraging seniors to interact with their families and/or 

look beyond their own homes (Section 2.1); b) be motivating in terms of rewards (Section 2.2); c) 

model rewards/gamification to cater to as many needs as possible and to be visual (Section 2.2).  In 

an extended meta-meta-analysis paper, the neuroscience/brain plasticity/learnability aspects are 

discussed.  

 

3. Methodology 
 

3.1  Research Design 
 

The purpose of this study is to investigate:  

a) How can we design for cognitive-socio-affective engagement taking into account cognitive load 

and motivation theories? Which among the design principles are more important?  

b) What are users’ perceptions towards Augmented-reality in inclusive design?  

c) What are implications to inclusive design? 

Other than Norman (1988) and Nielsen’s (2012) usability design principles, two theories play 

key roles in the design of user interface and interactions: Cognitive Load theory (CLT) (Sweller, 

1998) and Keller’s (2010) ARCS Motivation theory. The former is chosen as we need to cater 

pragmatically to both seniors and youths. The latter is chosen as we are interested in user experience 

and ARCS contributes towards it.  

CLT balances and optimizes the way information is presented to the user, taking into account 

that different people can accept only certain amounts of information processing load for meaningful 
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and fruitful cognitive access to occur. Figure 1 illustrates the different types of loads involved during 

information processing on the left. It highlights the need to decrease mental effort in order to improve 

performance.  

 

    

  
Figure 1. Sweller’s (1998) cognitive load model 

 

Keller’s (2010) ARCS Motivation model involves Attention, Relevance, Confidence and 

Satisfaction. Recommended strategies within each phase/component are:   

-  Attention: perceptual and inquiry arousal  

-  Relevance: experience, present worth, future usefulness, needs matching, modelling, choice  

-  Confidence: likelihood of success, objectives and prerequisites, meaningful success, 

incremental  

           growth, feedback, learner control   

-  Satisfaction: rewarding/sense of achievement, useful skill or opportunities in real setting, 

feedback  

           and reinforcement arising from appreciation of the results.  

Inclusive design in our study is inspired by Resnick’s (1999) low floor, wide walls, high ceiling 

as he and proponents of creativity tools believe that we need to think from multiple dimensions.  

These criteria refer to easy entry, broad scope/diversity and higher targets/goals (so that one will 

always aspire higher and higher) respectively. Analysis is based on content analysis. 

 

3.2  Sample 
 

Since this study concerns inclusive design, the target users consist of two groups. First, active seniors 

aged between 60 – 75, who are members of an active seniors group and second, undergraduates aged 

between 19 – 25 who have mobile devices and no experience in AR. Respondents are the people 

who are interested to participate, i.e., voluntary.  

 

3.3  Data Collection  

The primary method will be a survey on needs and preferences carried out in the pilot study and the 

user testing. The user experience instrument is used as is from Schrepp, Hinderks and 

Thomaschewski’s (2017) User Experience Questionnaire (UEQ). They opine that six attributes 

contribute to attractiveness (appeal):   

 Attractiveness: Overall impression. Do users like/dislike it? Is it attractive, enjoyable or pleasing?  

 Perspicuity: Is it easy to get familiar with the product? Is it easy to learn? Is the product easy to 

understand and unambiguous?  

 Efficiency: Can users solve their tasks without unnecessary effort? Is the interaction efficient and 

fast? Does the product react to user input quickly?  

 Dependability: Does the user feel in control of the interaction? Can he or she predict the system’s 

behaviour? Does the user feel confident when working with the product?  

 Stimulation: Is it exciting and motivating to use the product? Is it enjoyable to use?  

 Novelty: Is the product innovative and creative? Does it capture the user’s attention? 

Our user testing and analyses are based on the full version for the capstone (final year) projects 

but the interpretations in this paper are based on the short version since the short version has been 
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validated by Schrepp, Hinderks and Thomaschewski (2017), is predictive of the full version, and is 

more meaningful due to its hierarchical ontological links between attributes contributing to 

attractiveness.     

 

 

4.   The MOVEIT! System  

 

Figure 2a shows the MOVEIT home page. The image that is labelled Photo of the month is the photo, 

which obtained the highest ratings of all the other photos at the end of the month. The three images 

below provide details to users about the contents of the websites. The Photo album page (Figure 2b), 

cooking, forum pages allow users to store photos of their memories in an online album so that they 

could share their memories with others. For instance, they could share where they have been 

travelling, and the most liked recipe. When their photos are uploaded to the website, captions can be 

inserted.  

Users can also connect to the MOVEIT community page (Figure 2c). This allows users to have 

more engagement in another social media platform to share their interests and moments with others. 

The difference is MoveIt! is structured and enables easier search and rewards. We thought that the 

more structured Website would make it easier for seniors. The forum allows single access to all 

pages.  

 

   
 Figure 2a. Welcome Page        Figure 2b. Photo Albums Page            Figure 2c. Community page  

Figure 3 shows the screenshots for the Dancing page. The main function of this page is to 

encourage the seniors to engage in exercises by doing line dancing and maintain their stability and 

prevent falling by going through the Otago exercise. The exercises and the dance videos are both 

equally divided into four different levels of difficulties and each level of Otago exercise provides a 

series of videos that allows users to follow along to do the exercise. As for the line dance, each level 

provides only one video that teaches users how to do a simple line dance. Augmented reality content 

is added to the young adults’ version of the dancing page.  

   
Figure 3. MOVEIT Dancing page for the elderly (left) and young adults (right) 

 

5.    Results and Discussion 
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As mentioned in the methodology section, for user testing, the full version of the UEQ was used by 

the seniors and the youth. This was because the user testing was carried out in middle 2017 but the 

short version of the questionnaire was published later part of 2017. The short version has been 

validated by Schrepp, Hinderks and Thomaschewski (2017), is predictive of the full version, and is 

more focused. Hence, in Table 1, the first column shows attributes from the long UX questionnaire 

and the second column the attributes from the short UX questionnaire, which Schrepp, Hinderks and 

Thomaschewski (2017) recommended to use. These scores represent the outcomes from the seniors’ 

perceptions. We prefer the short questionnaire’s ‘compression’/categorization of 26 attributes into 

6 interlinked, hierarchical/ontological attributes.  

 

Table 1.  

Perceived strengths on a Likert scale of 1 to 7 

Active seniors’ perceptions based on 

long UX questionnaire 

Active seniors’ perceptions 

mapped to short UX 

questionnaire  

Youths’ perceptions 

[71%] 

11. Obstructive (1) – Supportive (7)  

14. Unlikable (1) - Pleasing (7)  

16. Unpleasant (1) – Pleasant (7)  

22. Impractical (1) – Practical (7)  

 

[69%] 

2.   Not understandable (1) – Understandable (7)  

6.   Boring (1) – Exciting (7)  

13. Complicated (1) – Easy (7)  

20. Inefficient (1) – Efficient (7)  

 

[66-67%] 

1. Annoying (1) – Enjoyable (7)  

7.   Not interesting (1) – Interesting (7) 

26. Conservative (1) – Innovative (7)  

 

[71%] 

11. Obstructive (1) – Supportive (7)  

 

[69%] 

6.   Boring (1) – Exciting (7)  

7.   Not interesting (1) – Interesting (7)  

13. Complicated (1) – Easy (7)  

20. Inefficient (1) – Efficient (7)  

 

[81%] 

1. Annoying (1)–Enjoyable (7)  

 

[80%] 

8. Unpredictable (1) –  

    Predictable (7) 
 

[76%] 

2. Not understandable (1) – 

Understandable (7) 

 

[73%] 

10. Inventive (1) –  

      Conventional (7) 

 

5.1  Average scores  

For seniors, the average user score across the 26 attributes (from the UEQ mentioned in Section 3.3), 

is 4.10769 over 7.  This results in 58.6813%. However, average score per item is 4.107692 over 7 

(58.68%).  

In a customized version for youths in MoveIT!, the dances are changed and augmented reality 

added. For young adults, the average item score across the 26 attributes is 4.35 over 7 (62.1%). More 

than half of the participants do find it enjoyable as the average score for this attribute is 5.7 out of 7 

(81.4%).    

 

5.2  Strengths  
 

Overall, users enjoy the website as the average score that they gave for question 1 is 4.6 (66%).  

Attributes 11, 14, 16 and 22 scored 71%, attributes 2, 6, 13 and 20 69% and attributes 1, 7, and 26 

between 66-67%. Based on the short-UX attributes, pragmatic attributes averaged 64% whereas 

hedonic attributes 62%.  

As for the user testing with young adults (with Augmented Reality), attributes 1 (enjoyable) 

and 8 (predictable) scored 81 and 80% respectively, attribute 2 (understandable) 76% and attributes 

7 (interesting) and 10 (conventional), 73% respectively. For both, findings are promising though 

there is much room for improvement. Factors which may increase user experience scores are likely 

to be i) authentic rewards in various forms, whether in terms of tangible or intangible rewards and 

ii) based on game mechanics reviewed above, manageable challenge. Part of this is explained in the 

gamification paper (Lee & Wong, 2018).  

5.3  Linked systems: Usability, UX and attractiveness 
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The following systems are outcomes from the above theoretical foundations and are interlinked to 

MoveIT! to enable sharing of resources in line with the Open Educational Resource movement. 

These systems are currently standalones but can be linked at the database with use and retrieval of 

relevant seed, captured or curated or user/community-contributed media. Three Variants of Bingo, 

MoveIt!’s twin, focuses on Norman’s (2012) design principles especially consistency and 

affordance. The three variants are numbers, photos and a memory game. The memory game variant 

is presented in Figure 4a.  The three variants also include two levels of patterns as visible or 

background challenge (depending on the needs of the users) as part of embedded gamification. Two 

examples of these winning patterns is presented in Figure 4b.  

 

  

Figure 4a. Three variants-bingo (memory game variant)  Figure 4b. Two examples of winning 

patterns  

Top five attributes after user testing for the 3 variants of bingo are Efficient, Enjoyable, Exciting, 

Pleasant, and Understandable. Scores are slightly higher than that of MoveIT!. We find that some 

seniors who are used to playing games in their past time, look forward to challenge. Having the 

winning patterns (disabled during the user testing for fear of adding on to the cognitive load arising 

from multiple colours in the photos variant), would provide this challenge. It may even encourage 

the non-gamers to play as given the cue (the pattern), it would be easier to match and identify where 

the “answers” are.  

 Three other applications complement these two systems. These are aimed at different levels of 

difficulty corresponding to the seniors’ age and/or degree of aging. The primary design factor is 

cognitive load. The more active seniors will be presented with the Three-board Mobile Bingo game 

(Chin, Lim & Lee, 2017). The more aged will be presented with the GuessIt! drawing-spelling game 

(Foo, Lim & Lee, 2017) and the Augmented Reality-enhanced pet game (Hoo & Lee, 2017). All 

systems still have much room for improvement.  

These systems partly function as stress relievers by enabling browsing through various kinds 

of social networking applications and by enabling real-time updates in every aspect of one’s lifestyle. 

However, not every senior is as keen as youths on exercise as mobility, sight and energy reduces. 

Successful examples are as follows: Van Schaik, Blake, Pernet, Spears and Fencott (2008) find that 

their Virtual Augmented Exercise (VAE) combined with cognitive exercise (solving simple puzzles 

and hitting targets based on the answer), have evidenced promising results. Knowledge@Wharton 

High School (2016) further point out that context-awareness can enhance interaction with 

Augmented Reality (AR) and content.  

Another example, the game Pokémon Go, is so interesting that according to 

Knowledge@Wharton High School (2016), the game motivates people to walk extra few kilometres 

a week without the player even noticing. They highlight that the intrinsic motivation in this situation 

is driven by the reward, i.e., catching a Pokémon. She also notes that one of the players, a 24-year-

old Toronto photographer, manages to lose 25 pounds over three and a half weeks because the game 

motivates him to walk about 260 kilometres. 

 

 

6.   Significance and conclusion  

We have assumed that seniors and young people may want to either contribute back to society similar 

to The Speaking Exchange, Cloud Grannies, Me & My Caregivers, Inc., Home Instead (2018) or 

socialize with others in the community to exchange knowledge. This supports design-thinking-based 

Aging2.0, Davis, Bagozzi, Warshaw’s (1989) TAM. Significance of the study are:  
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         The design of fun and rewards for diverse aspects, to encourage cognitive-social-affective-

physical engagement and thereafter, identification of important design principles:  

a) Effectiveness of Schrepp, Hinderks and Thomaschewski’s (2017) UX questionnaire as a lean 

evaluation approach to identify which pragmatic/hedonistic attributes are more important for 

each target group. 

b) For extensibility and inclusive design:    

i. Being relational-object-oriented, the applications would be extensible due to their modularity 

in design enabling them to capture different types of data - if the architecture and database are 

to link to systems such as in a). Open interoperability arising from such open system would 

lead to heterogeneity in data, and richer learning analytics, better context-aware and 

personalised services. 

ii. For further customization for inclusive design and personalized services, the richness of the 

media can be adapted to suit different context, objectives, abilities and ages. Consequently, it 

also hints that perhaps, gamification can be used as a link between usability and usefulness, 

with usefulness as primary to increase channels of customization and as/more important than 

usability design principles.  

In terms of impact on the eventual intention to accept and use the system, this group of seniors 

subsequently requested for a smartphone workshop as they would like to learn how to better use the 

smartphone. They also started their own free-style dance moves during their meetings. We hope that 

they will continue to enjoy and maintain their quality of life.  

At this moment, there are limitations to the study as our sample size is too small and duration 

of user testing is only for one week, due to these being capstone (final year) projects. Hence, findings 

are still preliminary and cannot be generalized. Findings scratch only the surface of what 

neuroscience has found.  

 In the next round of capstone projects, at a higher level of engagement, Wong and Lee’s (2018) 

study integrates game mechanics (and Augmented Reality) for cognitive games and also to 

encourage exercise using hand gestures via Leap Motion. Screenshots of the exercise games are 

shown in Figures 5a, b.  

 

  
                Figure 5a. Rolling ball (easy)                           Figure 5b.  Rolling ball in a maze (difficult) 

 

Another two systems involve community event sharing (Kiran Kaur & Lee, 2018; Bong & Lee, 

2018), Augmented Reality curation guessing-game/picture shape recognition collage system (Mak 

& Lee, 2018), an Augmented Reality-based e-commerce system (Handoko & Lee, 2018) and 

dynamic customer pricing system (Tang & Lee, 2018). The last work-in-progress system uses 

Salesforce. 
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Abstract: The purpose of this article is to present the main phases of Finland´s Education 

System reform since early 1970´s until today. Finland has become known as a small Nordic 

country with one of the world's best education systems. Awareness is based in particular on 

the high-level Pisa (Programme for International Student Assessment) -results. The large 

and far-reaching reform in education has begun in Finland already in the 1970's including 

reforms of all levels of education. The main stages of reform are: 1. Implementation of the 

comprehensive school system in the 1970's, 2. Reform of secondary level education in the 

1980s, 3. Reform of government´s education administration - from centralization to 

decentralization in the late 1980s, 4. Reform of higher education since 1991, 5. Reform of 

children day-care and kinder garden system to pre-school system in 2013 and transfer it 

under the auspices of Ministry of Education and Culture. Side this, the development of 

continuing education in adult education and 6. Reform of second level vocational education 

in 2018. Common features are highlighting equality and accessibility of education, high 

level teacher education and all education paths without leading to higher education. The 

government´s purpose in Finland is the highest success in Pisa. The competence assessment 

in Pisa 2018 is designed to elicit students’ capacities to critically examine global issues. The 

higher education system is seen as an essential element of Finland’s national and regional 

innovation systems, and there is a link between higher education and economic policies. The 

higher education reform has been one part to carry out Finland´s purpose to be the most 

competitive country in the whole world in 2020. The Ministry of Education and Culture has 

confirmed in 2017 the new Vision 2030 for higher education.  

Keywords: Finnish education system, Basic education in Finland, Second level education 

in Finland, Higher education in Finland 

1. Introduction

During the last few decades, the level of education among the Finnish population has increased 

rapidly. In the European Union’s growth strategy (EU 2020, www.ec.euroa.eu), Finland commits 

itself to developing key sectors of its society and economy in order to strengthen Finnish and Euro-

pean competitiveness, improve welfare and safeguard a sustainable public economy. Education and 

science policy plays a key role in the strategy. In its draft national programme, Finland commits 

itself to raising young people’s level of education and reducing the proportion of early school-leav-

ers. All parts of reforms have been very successful. The higher education reform, which included 

the expansion of technology and engineering education, had the very big impact on Finland´s eco-

nomic success since 1980´s.  

After the first step of the reform, implementation of the comprehensive school system in the 

1970's, Finland´s education system in 2018 is described in the following Figure 1. The phases of the 

reform process are presented in the following sections. 

2.Reforms

2.1 Implementation of the comprehensive school system in the 1970's 

The 1960s saw the beginning of the greatest education reform in the history of Finland: the 

comprehensive school. The argued reason for the success of this reform was the sustainable political 
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and educational leadership of the 1960s which enabled schools and teachers to concentrate on the 

development of teaching and learning (Aho, Pitkänen & Sahlberg 2006; cf. Hargreaves & Fink 

2006). 
Up until the 1970s, compulsory education was provided in the four-year primary school followed 

by a three-year civic school. After four years of primary school, part of each age group moved up to 

secondary school (grammar school), which was divided into a five-year lower secondary school and 

a three-year upper secondary school (Figure 2). Thus the school system operated on the principle of 

parallel schools and divided people into three unequal groups. This system was considered 

inadequate for an industrialising and democratising society from both the social and pedagogical 

perspective.  

  
Figure 1. Education system in Finland in 2018. (www.minedu.fi) 

 

 
Figure 2. Finnish education system before the 1970s.  (Aho, Pitkänen & Sahlberg 2006, 29) 

 

            The goal of the reform was a new, integrated comprehensive education system. The first 

principal initiative was accepted by the Parliament in 1963.  In 1966, a majority Government, the 
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coalition incorporated the comprehensive school reform in its political agenda. The 1968 School 

System Act was approved after careful preparation in state committees, negotiations with the 

teachers’ trade organisations and other labour organisations, and experimentation by regional and 

local governments. The primary school and the middle school (lower secondary school) were 

integrated to form a unified comprehensive school (Figure 2), and the upper secondary school 

(grammar school) was separated into a school of its own.  

Basic Education Act, its Objectives of education in the law: “The purpose of education re-

ferred to in this Act is to support pupils' growth into humanity and into ethically responsible mem-

bership of society and to provide them with knowledge and skills needed in life. Furthermore, the 

aim of pre-primary education, as part of early childhood education, is to improve children's capacity 

for learning. Education shall promote civilization and equality in society and pupils' prerequisites 

for participating in education and otherwise developing themselves during their lives. The aim of 

education shall further be to secure adequate equity in education throughout the country.” (Basic 

Education Act 628/1998: Amendments up to 1136/2010) 

  This reform and its implementation was a success because it was realized by experiments 

step-by-step from North Finland to South Finland after getting experience in setting it in to smaller 

rural area schools. After abolishing streaming in comprehensive school in the mid-1980s and, there-

fore making learning expectations similar for all students, the achievement gap between low and 

high achievers began to decrease. Practically this meant that all pupils, regardless of their abilities 

or interests, studied mathematics, sciences and foreign languages in same classes. Earlier all these 

subjects had three levels of curricula that pupils were streamed based on their performance in these 

subjects. First evidence of more equitable learning outcomes came from the OECD’s Programme 

for International Student Achievement (PISA) survey in 2000. In that study Finland had one of the 

smallest performance variations between schools, less than one tenth of that variation in Japan, in 

reading literacy between schools of all OECD nations. A similar trend continued in the 2003 PISA 

cycle in mathematics and was even strengthened in the PISA survey in 2006 (OECD, 2001; 2004; 

2007a, 2007b, 2008)).  

 

2.2 Reform of secondary level education in the 1980´s 
 
After the comprehensive school system created in the 1970's Government confirmed the Upper sec-

ondary education reform, which includes general upper secondary education and upper secondary 

vocational education and training (Figure 1). General upper secondary education is non-vocational 

education preparing for the matriculation examination. The main objective of upper secondary vo-

cational education and training, in turn, is to provide vocational competence. The reform of the 

secondary vocational education included the reorganization of the structure to more broad-based 

educational programmes and the national reform of all vocational education curriculums. Also the 

educational path from the vocational schools to higher education was opened. In 2009, approxi-

mately 90% of comprehensive school leavers moved on to general or vocational upper secondary 

studies immediately after basic education. In 2009, 79.5% of the 25–64 age groups had attained at 

least upper secondary education (Ministry of Education and Culture). 
The general upper secondary school had a traditional organization until 1985 when the new 

Act on General Upper Secondary Education abolished the old system and introduced a modular 

curriculum structure. This change enabled schools to rearrange time scheduling of teaching. Two 

annual semesters were replaced by five or six periods. This, in turn, changed local curriculum plan-

ning because schools had more flexibility to allocate lessons into different periods (Valijarvi, 2004).  

The next phase of development was to replace age cohort-based grouping of students with 

a non-graded organizational system. The non-graded general upper secondary school brought more 

choice to students in planning their own studies – both regarding the content and time sequencing. 

The new curriculum framework placed a stronger emphasis on understanding students’ cognitive 

development and also invited schools to make the best use of their own and their community’s 

strengths. Although students have more freedom in terms of their studies, all students are obliged to 

study 18 compulsory subjects within minimum of 75 compulsory courses that are required in general 

upper secondary education diploma. 

The national objectives of vocational education and training (VET), the qualifications 

framework and the core subjects are decided by the Government, while the Ministry of Education 
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and Culture decides on the specific details and scopes of qualifications. The Finnish National Board 

of Education is responsible for preparing of the National Core Curricula for Upper Secondary Vo-

cational Education and Training and the Requirements of Qualifications, which set the objectives 

and core contents of studies. In 2011, there were about 140 providers of upper secondary VET in 

Finland. In 2017, Finland´s government confirmed the new act for secondary level education based 

on the reform. Further reference can be found in (Act 93/2017: Act for Secondary Level Education, 

www.finlex.fi) 

 

2.3 Reform of government´s education administration - from centralization to 

decentralization in the late 1980´s 
 

The new law 1987 of vocational education increased the jurisdiction of the providers of vocational 

education to regulate the supply of education. The purpose was to follow better the educational needs 

of the local business life. Before that the supply had been regulated nationally by the National Board 

of Vocational Education. Also many other administrative decisions concerning among other things 

the staff administration were delegated from the national board to the local providers. (Rauhala, 

2018) 

 

2.4 Reform of higher education since 1991 
 

The higher education system is seen as an essential element of Finland’s national and regional 

innovation system, and there is a link between higher education and economic policies. These 

policies have been strengthened by several national policy initiatives and reforms within both the 

university and universities of applied sciences sectors.  The Finnish government is committed to a 

binary (dual) system built around discrete degrees, degree titles and functions under the auspices of 

the Ministry of Education and Culture (Figure 1). It has stated its intention to clarify the division of 

responsibilities between universities and universities of applied sciences. The binary system in 

Finland has strong political support. 
Currently, there are 16 universities and 25 universities of applied sciences in Finland. 

Constitutionally, Finland is a bilingual nation and two universities and two universities of applied 

sciences teach predominantly in the Swedish language. In 2016, universities and universities of 

applied sciences had about 229 000 FTE (Full time equivalency) students and 46 000 enrolled 

students respectively. Universities of applied sciences have a stronger emphasis on vocational and 

practical competences than universities but no scientific basic and further research. They are actively 

seeking to apply existing knowledge and make so-called applied research or order research mainly 

for business and business needs. (www.minedu.fi) 
In the reform both universities and universities of applied sciences got autonomy. All higher 

education organizations should have own strategy, negotiations and agreements with the Ministry 

of Education and Culture and they are independent employers. All higher education organization 

have total responsibility of own economy. The funding systems at universities and universities of 

applied sciences are quite similar. Finnish students and students from EU-counties and from ETA-

area do not pay tuition fees. 

 

2.4.1 University 
 

Parliament passed a new university law in 2009. The law came into force at the beginning of 2010. 

With the law, universities were disbanded from the state organization and universities were given 

economic and administrative autonomy. In connection with the change of law, universities were also 

given an independent employer status. In a way this was coming back to former decades. Before the 

1970´s there were also private universities in the side with state universities. After 1973 all 

universities were nationalized under the Ministry of Education and Culture. 

When adopting a new university law, Parliament required that the government monitor the 

implementation of the university reform and its impact, and report it to the education committee 

during the spring season of 2012. According to the mandate defined by the Ministry, the main issue 

of the evaluation was to examine the impact of the new legislation on transitions in universities. 
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According to the assignment, these effects were primarily considered within the university 

community within strategic management and personnel policy areas. Regarding the politicians and 

officials involved in the preparation of the law, as well as the representatives of the most influential 

stakeholders, the approaches to the necessity and necessity of change seemed to be more justified. 

Accountability, the appropriateness of the international competitiveness of the Finnish university 

institute, research and education, particularly in the business sector and its renewal, and the balance 

of public finances could have been regarded as a necessity for the reform. 

The Government´s funding is based on the results of research and education. Universities 

have the possibility to receive private funding. The can also get project funding from European 

Union. (Act for Universities: 558/2009, www.finlex.fi) 

 

2.4.2 University of Applied Sciences 
 

Universities of applied sciences (UAS) were established by several experiments in the same time in 

1991. They are quite new comers to education market in Finland. Every UAS began as experimental 

institution, based largely on the amalgamation of a vast number of small trades and vocational 

colleges. 
They are a particularly Finnish means of responding to rapid changes in professional working life. 

Their activities emphasize active and effective links with business, entrepreneurship and regional 

development. In the experiments several colleges and institutes were collected regionally together 

in order to establish a regional higher education experiment. The main education fields were 

engineering, business and social and health-care. The length of former degrees varied and was 

mostly shorter than the degrees in this new experiment. The experiments were evaluated by the 

Ministry of Education and Culture very carefully. After accepted evaluation they received step by 

step the permanent status.  

In university of applied sciences the Bachelor's Degree is a pragmatic and professional-ori-

ented university degree that prepares various expert, design, development and supervisory missions. 

UAS degrees have been enrolled in the law as university degrees and give qualifications to apply for 

municipal and state posts as well as public assignments for which a higher education degree has 

been awarded as a qualification. The UAS degree is equivalent to a lower university degree, although 

it is not otherwise included as a university degree.  

In 2005 Universities of applied sciences started to offer postgraduate degrees. However, this 

degree is not in all respects directly comparable concerning the content to a university higher edu-

cation. The development of the postgraduate Bachelor's degree started in 2002 in three fields of 

education.  

Finnish universities of applied sciences have been tightly controlled via legislation. In effect, 

many organisational aspects of universities of applied sciences have been guaranteed by legislation. 

The reform will change this by making the system more flexible and setting the scene for the devel-

opment of an “entrepreneurial culture”. Although it seems likely that only some of the reform will 

have an immediate direct effect on the universities of applied sciences, it is essential that flexibility 

be built into the Finnish higher education sector. Finnish universities of applied sciences offer both 

Bachelor and Master degrees (no Ph.D. degrees). 

The Elements of the Reform at universities of Applied Sciences included the following 

aspects: 

 

a) Government cut admission in the fields of engineering, tourism, agriculture and culture (together 

by 2,030 in 2012 and added admission in the field of social and health care (+242). Before the cut, 

the annual admission in Finland was 24,607, after decision the annual admission has dropped to 

22,577. The reasons for the changes were: Smaller generations, reduce demand for labor in 

engineering, tourism and culture and demographic changes; higher need for labor in the health care 

sector.  

b) The agreement with the Ministry of Education and Culture Every university of applied sciences 

had to sign an agreement with the Ministry of Education and Culture concerning 4-years periods, at 

present the years 2017-2020. The contents of the agreement are: the strategies for the UAS, its core 

competences, its fields of education, and the total number of students.  
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c) Mergers and cooperation 

In Finland there are now 25 universities of applied sciences. The size varies between 1,200 and 

16,000 students. The government push smaller universities of applied sciences to merge together, or 

at least to have a very deep strategic cooperation especially locally. The purpose is to guarantee 

quality and cost effectiveness, and to offer students more possibilities for studies.  

d) The current licence for managing a university of applied sciences 

Finnish universities of applied sciences are meant to have a close working relationship with the 

“working life” and part of their mission is to foster regional development. Core funding comes from 

the government. The board members must represent comprehensive expertise in social life and the 

tasks of UAS´s. In the board must be members who have practical experience in business life. Also 

the staff and students must be represented. In fact, many members are politicians. 
e) Funding 

Funding resembles that of the universities. It is coming on the basis of educational and research 

achievements: degrees, study credits, publications, outside research funding etc. (Act for Profes-

sional Universities: 351/2003; 932/2014; 563/2016. www.finlex.fi) 
 

2.4.3 Conclusion of higher education reform 
 

The reform of higher education has led the increased autonomy for higher education organizations. 

It has afforded legal status in own right, and has increased financial freedom. Governance and 

authority relationships have changed, both between higher education organizations and the 

government. From the legal perspective, the major change that came with the passing of the new act, 

is that universities of applied sciences became independent registered Finnish limited companies. 
There are few other sources of funding beyond those that can be derived from government, 

students and donors. Funding from domestic corporations, the European Union and other foreign 

sources are some other funding sources, but much of this also comes from government departments. 

The purpose of order education (= to sell degrees outside EU/ETA) does work at present quite 

profitably.  That purpose has been a party political solution in government. 

 
 

2. Reform of children day-care and kindergarten system to pre-school system and adult 

education in 2013  

 

In 2013 government confirmed the first steps for childhood education and also the reform of adult 

education. 
3.1 Early childhood education and care (ECEC) 
Finnish children attend early childhood education and care clearly less than children in other EU 

member states and the Nordic countries. The first step of reform of children day-care and kinder 

garden system to pre-school system starting in 2013 was carried out by Ministry of Education and 

Culture and side this was also the development of continuing education in adult education 

transferred. 
The National Core Curriculum for Pre-primary Education (2014) has been implemented 

from 2016. Early childhood education and care, pre-primary and basic education form an integrated 

whole progressing consistently following the child’s development. Changes in the working time of 

kindergarten teachers, and special needs kindergarten teachers and directors of early childhood 

education and care centers were implemented.   
At national level early childhood education and care (ECEC) is the responsibility of the 

Ministry of Education and Culture. A revised Act on Early Childhood Education and Care was 

adopted in spring 2015. Based on the new legislation, the Finnish National Board of Education 

became the national expert agency for ECEC in August 2015. 

In 2018 the Government will launch a broad experimentation on free early childhood 

education for five-year-olds in co-operation with municipalities which are interested in the 

experiment.  The Government will grant for the experiment between 2018 and 2019.  One of the 

aims is to improve the family's financial situation and to enable more children to participate in early 

childhood education. Increasing participation is aimed at improving the quality and accessibility of 

early childhood education. In addition, the change aims at increasing the incentives for work.  
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The second step of the reform happened in 2018, when the government proposal for the new 

Early Childhood Education (ECEC) Act was submitted to the Parliament and is planned to be 

implemented at the beginning of August 2018. The new legislation would include the following key 

changes. Nearly all 6-year-olds were, however, enrolled already when pre-primary education was 

voluntary. (www.minedu.fi; Act for Early Childhood Education: 2018, www.finlex.fi) 

 

 3.2 Adult education 
 

Finland has a long history of participation and promotion of adult education. Adult education is also 

very popular and the participation rate is high in international terms. The main objectives of adult 

education policy are ensuring the availability and competence of the labor force, providing educa-

tional opportunities for the entire adult population and strengthening social cohesion and equity. The 

objectives should support efforts to extend working life, raise the employment rate, improve produc-

tivity, implement the conditions for lifelong learning and enhance multiculturalism. 

In the 1970´s the network of adult education centers was founded in order to offer vocational 

courses for unemployed. Today adult education also for people in working life is an essential part 

of the education both in higher education and vocational schools. The adult education is supported 

economically by the state and labor market organizations. In 2018 ministry of education finances 

new short higher education programmes with are aimed to help the transfer to new work tasks in 

working life. 

Ministry of Education and Culture has prepared a law proposal, which makes easier to use 

modules of degree programmes as continuing education for actual needs in business life. This is a 

part of fulfilling the Higher Education vision for 2030 (Conclusion). 

 

 

3. Reform of second level vocational education from 2018 
 

Finland´s Parliament approved in 2018 the new legislation on vocational education and training. The 

accepted reform of vocational education and training is the biggest reform of education legislation 

for almost twenty years. The structures of education in Finland have been slowly renewed, although 

working life has revolutionized our environment. The reform of vocational education will bring 

vocational skills to the new decade and will show the direction for reform of   entire education 

system. 

Reform has been made in a challenging economic environment but has received extensive 

support from training professionals. The reform is significant for students, training providers, and 

business and industry. The biggest change in the reformed vocational training is turning the mindset 

from system focus to the competence base. In the future, the most important task of vocational 

education is to produce individual professional skills according to the needs of students and working 

life. In the future, individual skill-needs can be flexibly answered through qualifications, their 

components, non-degree education and advanced training. Guided and targeted learning can be 

implemented flexibly in both learning environments, workplaces and digital learning environments. 

The reform will increase opportunities to study at workplaces by introducing a new training 

contract model. The reform will also increase the attractiveness of existing apprenticeship training. 

Skills acquired through training and apprenticeship is demonstrated by showing it in practical work 

situations. Competence assessment is carried out by teachers and working life experts together. 

Training can be accessed and accessed when needed. Adding work-based learning approaches is a 

way to respond to the transition to working life. The difference between a new training contract and 

apprentice training is that student in training contract is not a worker and not paid, but under the 

suspicion of the school. 

Vocational education reform prevents exclusion when personalization makes the studies 

more smoothly and the instructors have a clear incentive to care for the students. There are more 

tools now. The aim is for each young person to complete at least a secondary school degree. During 

the course of parliamentary proceedings, the most important issues included the design and 

implementation of individual study paths, the securing of the teaching and guidance required by the 

student, the conditions for studying at work and the predictability and incentive of the funding 

model. The new law came into force on 1th January 2018. The Ministry of Education and Culture 
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will support and monitor the implementation of the reform. In particular, it is necessary to monitor 

the impact of the reform on the regional and linguistic accessibility of education, the suspension of 

studies and the completion of training guarantees, and the increase in the number of apprenticeships 

and training contracts in line with the objectives of the reform. The work of teachers is diversifying 

Main changes in teacher´s work are: teaching is shared expertise and teachers have more 

cooperation. Work is done in a variety of learning environments. An important part of teaching is 

done together with workplaces. In teaching is the emphasis on guiding and coaching. (Act for Second 

Level Vocational Education: 547/2018, 548/2018. www.finlex.fi) 

 

 

5. Conclusion 
 

Teachers in Finland are highly trained. In general education all teachers are required a Master’s 

degree. In vocational education teachers should have a Master’s degree or Bachelor’s degree. The 

high level of training is seen as necessary as teachers in Finland are very autonomous professionally. 

Teaching and guidance staff within day-care centers generally has Bachelor’s degrees. Pre-primary 

teachers in schools hold a Master’s degree.  

Guidance counselors in basic and upper secondary education and training should have a 

Master’s degree and guidance studies. Special needs teachers hold a Master’s degree with special 

pedagogy as the main subject or a teaching qualification including special needs teacher studies. 

Teachers at universities of applied sciences are required to have either a Master’s or a post-graduate 

Licentiate’s degree or a Doctoral degree, depending on their position. They must also complete ped-

agogical studies. University teachers are generally required to hold a Doctoral or other postgraduate 

degree. 

Teacher training can be either concurrent, with pedagogical training integrated into the Mas-

ter’s programme, or consecutive, with the pedagogical training completed after the initial degree. 

The latter is the case for example in vocational teacher education. The consecutive model also serves 

those who decide on a teaching career later. 

At most levels of education teachers are required to participate in in-service training every 

year. Finnish teachers consider in-service training to be a privilege and therefore participate actively. 

Teaching practice is integrated into both theoretical and methodological studies. Over the five-year 

program, candidates advance from basic practice to advanced practice and then to final practice. 

During each of these phases, students observe lessons by experienced teachers, practice teaching 

observed by supervisory teachers, and deliver independent lessons to different groups of pupils while 

being evaluated by supervising teachers and department of teacher education professors and 

lecturers.  

Finland's pride is equal education. Every child has the opportunity to seek out their dreams. 

Equality in education has been and is the foundation stone for Finland's competence and success. 

Finland's international success is the training system that starts with the fact that everyone is 

excellence. The foundation for Finnish equality is created in early childhood education. High-quality 

early childhood education is the right of every child. In the 2010s, education policy has been 

implemented by emphasizing the rights of individuals and families to make choices and get 

differentiated services. Children's parents, students and students are seen as clients with individual 

needs. 

The experienced PISA miracle was then kept alive, until the 2012 assessment’s declining 

scores delivered a minor “PISA shock” in Finland. PISA 2015, however, proved that the decline was 

temporary, but it did not eliminate the worry about Finnish gender gap in literacy, claimed as widest 

among the OECD countries, entailing alleged boys’ severe underachievement. Success in PISA be-

came an integrated part of national identity and Finnish country brand. Every three years PISA pro-

duces masses of standardized numerical information, which unfortunately does not redeem the strict 

requirements of policy based scientific facts. Still, Finland continues to be a top class in Pisa re-

search, but equality in education is depleted regionally and on a home base. It is also a concern that 

natural sciences and mathematics are not interested. There are many reasons.  

Flexibility is typical in Finnish education system. It offers various teaching and learning 

arrangements and in reporting on progress and achievements. Creativity becomes an important prin-
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ciple at all school level. Teachers who are catalysts of learning in the knowledge society, must there-

fore be provided with incentives and encouraged to make their work place and classrooms creative 

learning organizations where openness to new ideas, playfulness and approaches flourish. Also risk-

taking needs to be encouraged in daily life and learning in schools. School leaders should be exam-

ples of risk-takers. A good teacher is very similar compared with a good ethical leader. 

Young people's grip and attitudes towards schooling have become more negative. 

Motivation, interest, and belief in their own skills have weakened. They have a connection to what 

the students know. (OECD, 2016). The first step of the whole reform concerning the comprehensive 

school system was politically controversial in its initial stages, as well as the vocational upper 

secondary degree. Today, there is a consensus on these issues. 

 The emergence of new occupations and the rapid changes in the world of work bring about 

new requirements including both content and methodology challenges for the whole education.  

Foresight and anticipation of education and training have been developed vigorously in recent years 

and the results are utilized in targeting provision and developing educational contents. Quantitative 

anticipation has been part of the educational administration’s basic work for a long time now. Qual-

itative foresight of educational contents has been developed as part of the process of preparing qual-

ification requirements and programmes of study and in various projects with support from OECD 

and European Union organizations. Although different forms of foresight and anticipation have been 

developed in parallel, they do not as yet support each other sufficiently. The challenge is, therefore, 

to co-ordinate qualitative foresight and quantitative anticipation more effectively. The aim is for 

different perspectives of educational foresight and anticipation to complement each other.  
One of Finland´s challenges in the unbalance between supply and demand of employees. 

There is lack of professionals and workers in some areas and in the same time quite big long-period 

unemployment. The Ministry of Education and Culture is looking for the solution to this problem. 

Also there is a fear that highly-educated younger professionals will move abroad looking for more 

income and international experience.  

One challenge is also the difference of the qualifications of pupils and students. It is 

important to support those pupils and students who have problems in studies, but in the same time 

very talent pupils and students who have enormous motivation to study should be supported. PISA 

results are still good, but Finland is no more on the top of the world. Digitalization and robotics 

should be taught already at beginning of basic education. The average age of Finnish people is raised 

like as in many other European countries. 

Establishing a closer and more pragmatic connection between qualitative foresight and 

quantitative anticipation is also required by the objective of increasing the flexibility of the whole 

education system set by the Ministry of Education and Culture in its Development Plans for Educa-

tion and Research and also for Vision 2030 (www.minedu.fi) 

Between years 2014 and 2017 have happened mergers or plans for merging between some 

higher education organizations. Tampere University, Tampere Technical University and Tampere 

University of Applied Sciences are merging together. Between higher education institutions in Lahti 

and Lappeenranta is also a special merging project going on and same in Lapland. Ministry of 

Education and Culture is supporting projects like these. 

The main purposes of Vision 2030 are as follows: 

 Education Key Asset for Finland in 2030: In 2030 Universities and universities of applied 

sciences will be strong and reliable institutions.   

 Effectiveness, Productivity and Competitiveness in 2030: Ever more international and 

using open practices ensure that higher education institutions will better placed in finding 

new channels for effectiveness.  

 Research, Development and Innovations in 2030: The whole population’s knowledge 

capital will have grown. Higher education will be available for everyone. At least 50% of 

young adults (25 to 34-year olds) will have completed a higher education degree. Public and 

private investment in research and development (R&D) activities will have been raised to 

4% of GDP. 

 International collaboration in 2030: International collaborative efforts by higher 

education institutions in frontrunner networks will bring greater quality to the institutions 

and boost Finland’s attractiveness.   
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Higher education in Finland has a dual structure: it is provided by universities and universities of 

applied sciences (UAS), at beginning of the reform polytechnics. Equal access to higher education 

is ensured by the wide institutional network, the free education, student financial aid as well as the 

flexible pathways to higher education. Efforts have also been made to lower the threshold to apply 

to higher education by developing an on-line joint application system. 
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Abstract: This study integrated Chinese, Geography, and computer science courses, with 

teachers from those disciplines collaborating to prepare their courses. The study employed 

mobile devices in the learning activities, used the situated learning strategy, and involved 

the students in real-life investigation in the interdisciplinary literacy curriculum. The 
students observed, learning in the real-life environment, and utilized mobile technologies to 

support their data collection and information searching. The students made connections 

between the knowledge in the textbook and the real-life situation in the literacy-based 

learning activities. After they came back to the classroom, they used the data and photos 

they had collected to design the virtual reality of the environment they had visited in order to 

recall and reflect on the activity. This study primarily explored the learning effectiveness of 

Chinese, and found that the students made significant progress. However, from the 

investigation of motivation, it was found that the students did not prefer to practicing writing 
based on the virtual reality situation in comparison with the real-life situation. 

Keywords: interdisciplinary curriculum; mobile learning; virtual reality; literacy 

1. Introduction

Students should have the appropriate knowledge, skills, and attitudes to solve complex situations in 

real life. Interdisciplinary integration courses can not only teach students knowledge, but can also 
help them to use the subject knowledge in their lives. Therefore, many teachers are attempting to 

link the relevance of the knowledge content of various disciplines to guide students to cultivate their 

cognition, affect, and skills in their life. This study combined the 10th-grade Chinese language, 
geography, and information courses to help students learn the knowledge of volcanic terrain and 

affect. The interdisciplinary curriculum is based on volcanic topography. We linked the Yuwen 

River history of sulphur mining in the Chinese language poems and the knowledge of volcanic 
topography to guide students to discover the relevance of the subject knowledge. We also asked the 

students to survey and collect data about Taiwan's Beitou Volcano. They could take photos, notes, 

and voice recordings using mobile devices, and were then asked to create personal virtual reality 
(VR) to improve their learning performance and motivation. 

2. Literature Review

2.1 Interdisciplinary Learning 

Interdisciplinary learning can constitute unique knowledge of more than two different disciplines 

(such as theory and research) to find or innovate more knowledge (Nissan, 1997). In addition, 

Jantsch (1947) proposed that we have no way to solve problems with only a single aspect of 
professional knowledge in a rapidly changing environment, while Balsiger (2005) indicated that 

interdisciplinary integration includes expertise in various fields, and we should thus observe and 

integrate knowledge from multiple perspectives to further design various research methods. 
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However, interdisciplinary integration has a considerable degree of difficulty, such as the integration 
of disciplines in the humanities and natural sciences (Tress, Tress, Décamps, & d’Hauteserre, 2001). 

 

2.2 Mobile Learning 
 

With the rapid progress of technology, most people have their own cell phone in this era of global 
digitalization. Many scholars have attempted to apply different learning activities in education 

through the convenience of mobile learning (Sharples, 2000). Therefore, the convenience of mobile 

learning can be used to design student learning situations and allow students to share content without 
the limitations of time and environment (Cochrane, 2014). Moreover, past studies have pointed out 

that mobile learning can not only attract students to engage in the learning activities, but can also 

allow students to switch from passive learning to becoming active learners (Wang, Shen, Novak, & 
Pan, 2009). Chiu, Pu, Kao, Wu, and Huang (2018) combined the advantages of mobile learning and 

augmented reality (AR) to conduct environmental visits in a real environment. Therefore, it can be 

seen that the application of mobile learning combined with AR or VR in education is becoming a 
trend. 

 

2.3 Virtual Reality 
 

In VR environments, students have an immersive virtual environment that can enhance their 
interactions with the learning environment. Moreover, experimental results have found that it is 

possible to further develop students’ imagination and possibility of learning (Lorenzo, Lledó, 

Pomares, & Roig, 2016). In addition to the actual operation of the VR system, we also hope that 
students can use it to construct VR content based on their knowledge. In this learning approach, it is 

expected that students who learn with practice will perform better than those who learn with passive 

learning methods. VR should not only be used as an exercise and a skilled tool, but should have a 
greater variety of applications in education (Merchant, Goetz, Cifuentes, Keeney-Kennicutt, & 

Davis, 2014). 

 

3. Experimental design 

 

3.1 Participants  
 

A total of 59 students participated in this activity in a senior high school in Taipei City, all of whom 

were in the experimental group. All of the students were taught by experienced Chinese, geography, 
and information teachers. The learning unit of Chinese was literature landscape - Beitou sulfur, and 

the learning unit of Geography was volcanic terrain. The information course teacher was responsible 

for teaching the students to make the VR project. None of the students had used the VR system 
before. 

 

3.2 Experiment process  
 

Before the learning activity, the Chinese and Geography teachers planned the interdisciplinary 
curriculum content, and designed the activity plan and learning site investigation. At the beginning, 

all the students were asked to take a pre-test of Chinese and Geography. The combined Chinese 

language and Geography teachers then taught the basic pre-class knowledge to help the students 
enter the learning situation and have the concept of outdoor data collection. The students conducted 

50 minutes of VR production teaching and 100 minutes of VR production time. After the course 

discussion and feedback time, the students were asked to take the Chinese and geography post-tests 
and to complete the Writing motivation questionnaire. 

 

3.3 Measuring tools   
 
The Chinese language pre- and post-tests were designed by two experienced teachers. The pre-test 

included 20 multiple choice items, with a perfect score of 100. The post-test included 20 multiple 
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choice items (80%) and 8 matching items (20%). The writing motivation questionnaire was 
modified from Wang (2017) to measure the students’ perceptions of the learning activity, and 

included a total of 11 items. We used a Likert 5-point scale. The Cronbach's alpha value was .88, 

indicating that the scale has good reliability.  

 

4. Results 

 

4.1 The performance of Chinese Language  
 

From the analysis results, the means of the pre-test and post-test were 64.57 and 78.57, respectively. 
Moreover, the VR combined with the interdisciplinary integration was significant for Chinese 

Language learning performance (t=-11.15, p<0.001). That is, the students improved their learning 

performance of Chinese Language after completing the VR learning activity.  

 
Table 1.  

The paired sample t-test results of Chinese language performance 

Variable Groups N Mean SD t 

Chinese 

language 

Pre-test 59 64.57 9.05 -11.15*** 

Post-test 59 78.57 10.24  

***p<.001 

 

4.2 Results of the Writing motivation questionnaire 
 

As shown in Table 1, most students maintained a certain degree of learning motivation for the VR 
project design activities, and they also believed that this learning activity could improve their 

willingness to write. Among them, the highest score is for the item: "I prefer to use the VR system 

for outdoor writing compared to indoor writing." 

 
Table 2.  

Descriptive statistics results of the Writing motivation questionnaire 

 Title 5 4 3 2 1 N Mean SD 

W
ritin

g
 M

o
tiv

atio
n
 Q

u
estio

n
n
aire 

1. I am very happy to use VR system to help me 

write. 

17 19 19 3 1 59 3.81 0.97 

2. I can easily use the VR system. 12 16 21 10 10 59 3.51 1.01 

3. The VR system is helpful for my writing. 16 21 16 4 2 19 3.79 1.04 

4. I like to use the VR system for outdoor 

exploration and to help me write. 

12 28 12 6 1 19 3.75 0.96 

5. Compared to indoor writing, I prefer to use 

the VR system for outdoor writing. 

21 20 11 5 2 19 3.90 1.09 

6. The use of the VR system helps me to start 
writing more easily. 

14 14 23 7 1 19 3.56 1.04 

7. The VR system enriches my writing ideas. 13 15 24 5 2 19 3.54 1.04 

8. The VR system can enhance my writing 

motivation. 

10 16 25 5 3 19 3.42 1.04 

9. The VR system can enhance my creative 

writing. 

13 15 25 4 2 19 3.56 1.02 

10. I usually like to use the VR system to help 
my writing. 

7 10 20 15 7 19 2.81 1.18 

11. I think using the VR system can help my 

writing. 

16 17 17 7 2 19 3.64 1.11 
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5. Results 
 

This study attempted to introduce interdisciplinary integration VR project design learning activities 
to help students improve their learning outcomes for Chinese language, Geography, and writing 

motivation. From the research results, the students not only improved their Chinese language 

learning achievements, but also their writing motivation. However, they were focused on the 
collection of VR material, resulting in the fact that they ignored the observation of the geographical 

environment. As a result, they did not perform as well as expected in Geography. Hwang, Shi, and 

Chu (2011) indicated that appropriate learning strategies should be introduced in learning activities 
to guide students to improve their learning effectiveness and motivation. Simultaneously, future 

studies need to consider the students’ cognitive load when they are unfamiliar with the VR system. 

Researchers can also include a control group for more in-depth statistical analysis. 
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Abstract: In this paper, we propose and introduce the design principles of a Seamless STEM 

learning environment namely IN-STEM, present the key features of the system and the 

methods of system development and evaluation. The proposal will inform the pedagogical 
design of STEM learning in various contexts and STEM teacher education, and fill in the 

blank on the design and development of inquiry-based and seamless STEM learning 

environment. 
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1. Introduction

The changing pedagogies and evolving technologies have merged to create various CSCL 

opportunities in Science, Technology, Engineering, Mathematics (STEM) education. Meanwhile, 

with the advocacy of the development of 21st-century skills, the cultivation of self-directed learning 
skills, critical thinking skills, problem solving skills, information and communication technology 

skills, and collaborative learning skills have received growing attentions in many countries (OECD, 

2018). Along with this trend, “new skills”- Collaborative Problem Solving (CPS) skills are 
emphasized in the PISA 2015 framework. Recently, a bulk of STEM education practices have been 

carried out. However, more efforts are needed to improve STEM education. Few studies were 

reported to enhance teachers’ competences on STEM activity implementation supported by 
technology (Akaygun, & Aslan-Tutak, 2016). In particular, pedagogical strategies which enabled 

STEM implementation in a more theoretical way were neglected. Moreover, there were more foci on 

developing web-based STEM resources and less emphasis on developing an interactive and 
seamless learning system facilitating teachers’ teaching and students’ learning of STEM activities in 

and out of classroom. To address these, we design and develop a learning management system 

named: IN-STEM. IN-STEM can be the acronym of both INquiry STEM learning environment and 
INtegrated STEM learning environment. The system will facilitate teachers to design and implement 

inquiry-based STEM activities and engage students in collaborative problem solving processes. The 

research will lay a pedagogical foundation for STEM education supported by technology. It will 
inform STEM teacher education, STEM curriculum design, development, and implementation.  

2. Theoretical Foundation

CSCL supported CPS is particularly suitable for solving complex problems in the STEM-based 

learning context. CPS is the capacity of an individual to effectively engage in a process whereby two 

or more agents attempt to solve a problem by sharing the understanding and effort required to come 
to a solution and pooling their knowledge, skills and effort to reach that solution (PISA, 2015). The 

definition combines the key components of collaborative learning (Dillenbourg, 1999) and problem 

solving (Mayer, 1990). Participating in the CPS-based learning activities will involve students in the 
problem solving process as well as interactive learning process. Further, inquiry learning often 

incorporates an element of collaboration, which means the engagement of participants in a common 

endeavor (Dillenbourg, 1999; Linn, 2003). Apparently, once CPS is located in the inquiry phases, 
there will be more potential for new findings on the mechanism of cognition and skill development 

which are under exploration.  
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According to Dugger (2010), STEM highlights integration of the mentioned subject areas as 
a new cross-disciplinary subject in schools. Although it is not mandated to integrate disciplines for 

STEM education, and it is also not necessary to blur the lines between disciplines, most of the work 

is oriented to STEM integration (Asghar, et al. 2012). We must confess that when studying STEM 
education, the STEM integration is unavoidable. Understanding STEM integration will help the 

teachers to better understand STEM teaching and make them more awareness of how and why we 

implement STEM education. Theoretically, STEM integration is a type of curriculum integration 
(Beane, 1997; Wang, et al., 2011), which offers learners coherent education, allowing connections to 

be made within and across subjects. Borrowing the ideas from the theory of curriculum integration 

(Aikenhead, 1992; Drake, 1998; Jacobs, 1989), and building on Blum’s dimensions of integration in 
the integrated science (Blum, 1973), “scope” and “intensity” are the two dimensions used for 

assessing the integration degree of STEM-based activity. 

Regarding STEM integration, the scope refers to the content knowledge within STEM 
disciplines and skills within or beyond STEM areas. For example, the STEM topic robotics includes 

knowledge of mathematics, science, engineering and relevant skills such as spatial skills, 

interpreting and picture sequencing skills. Identifying the scope of STEM activity will help the 
teachers to better facilitate students’ understanding of content knowledge of different disciplines, to 

better link concepts and skills from two or more than two disciplines. Identifying the skills applied in 

STEM problem solving will enable teachers to design activities for meeting the needs of future 
society. Referring to the intensity, it is the degree to which the subject matter has been truly 

integrated (Blum, 1973), it is divided into three levels where amalgamation is the most fully 

integrated level. Amalgamation occurs when an interdisciplinary topic forms the unifying principle. 
The combined level of integration occurs when an activity is organized around headers from the 

different disciplines and with separate subjects but where the seams between them have disappeared. 

Coordination is the least integrated level. Coordination exists when independent subjects are taught 
simultaneously, in which some of the science subjects are woven together. (Blum, 1994; Sun, et al., 

2013; Rennie, et al, 2014). Thus, these will support use to design and develop a visualization tool 

with identification of STEM integration scope and levels in the system. 
 

3. The Key Features of IN-STEM Leaning Environment  

 
IN-STEM incorporates CSCL design features into inquiry learning activities. Recently, few CSCL 
studies have explored students’ learning performance when they are involved inquiry activities in a 

collaborative way. In particular, exploring students’ performance in each inquiry phase is under 

researched. The topic has attracted scholars in the field of learning sciences (Ludvigsen, et al., 2016; 
Song & Looi, 2012; Sun & Looi, 2013, 2016; Tissenbaum & Slotta, 2012). As a learning 

management system (LMS), IN-STEM learning environment consists of two modules: teacher 

module and student module. The teacher module has three functional sections (Figure 1). 1) Profile 
allows teachers to input personal information: username, school, grade level, and class list. 2) 

Project manage is the key section for teachers to create inquiry-based STEM activities. The teacher 

provides basic information of the project via editing Project Detail. Project Content is used to design 
activities at four inquiry phases we proposed: Questions and Predication, Exploration, Explanation 

and Reflection. The teacher focuses on writing instructions for each phase. Uniquely, there is 

another section, namely Project Profile for teachers to input the scope and intensity of STEM 
activities (Figure 3) before implementation. In the system, each STEM activity will receive an 

integration score (i.e. Integration scope & intensity score) based on the STEM integration levels. 

Additionally, according to the skills of STEM activities (i.e. inquiry skills, collaborative learning 
skills, etc.), additional scores will be given. Finally, each STEM activity will have a STEM 

integration score for representing the integration degree. Teacher allows grading and commenting 

on students’ responses in each inquiry phase.  
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Figure 1. Interface of Teacher Module 

 

There are two sections in student module: student profile and STEM project. After logging 
the system, students join the inquiry-based STEM activity the teacher has created, with a response to 

each task in the inquiry phase. They will either do group work or individual work or both in 

Questions and Predication, and Explanation stages. They will do collaborative inquiry at the 
Exploration stage and self-reflection at the Reflection stage. Figure 2 is the interface of STEM 

activity (i.e. Exploration). Students will be required to submit their plan, procedures and evidences 

during Exploration phase. 

 

Figure 2. Interface of Student Module 

 

To better support students at lower levels to engage in STEM learning, the system provides 
a visualization tool for teachers to identify the knowledge and skills involved in the activity (Figure 

3). It is convenient for them to provide appropriate and in-time scaffoldings for the students in and 

out of class (Baran, et al., 2016).  

 

Figure 3. The STEM integration level 

 

Table 1 is used to better understand the nature of STEM integration and guide the teacher to 
design and implement STEM learning in more principled and structural ways. We list four STEM 

disciplines as the scopes of STEM integration horizontally, and three levels of intensity are listed 

vertically. We assign a number for representing the degree of STEM integration. For example, if the 
activity requires students to apply knowledge from one subject (i.e. science), the integration degree 

will be 1 (for this case, the intensity can be neglected as only one subject is involved, and the teacher 

need to prepare content knowledge and skills of this subject). The number will decrease along with 
the decrement of intensity. We will integrate this coding method in the system for design and 

development of the visualization tool for representing the STEM integration.  
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Table 2. The STEM integration matrix 

 

Based on students’ performance, teachers can adjust the design of activities to a level 

suitable for students. In brief, the combination of CSCL, inquiry-based learning and STEM are 
rarely investigated. We expect there will be more potential and valuable findings through an 

in-depth investigation. Finally, with such a STEM LMS, teachers’ sharing and discussion of STEM 

resources will be an effective way for them to improve professional development in STEM 
education.  

 

4. Methods of System Design and Development  

 

The IN-STEM system is built on the WISE system via customizing functions and swapping out 

unnecessary functions in the WISE system. WISE is a comprehensive web-based learning platform 
which provides teachers with a powerful authoring tool to design guided inquiry activities and 

various learning tools for the students to complete the inquiry-based learning activities (Linn & 

Eylon, 2011). Meanwhile, to facilitate students’ seamless learning in and out of classroom, the 
mobile version will be developed as well. The WISE code can be accessed from GitHub, it can be 

customized and installed on projects’ own server. (Please see 

https://github.com/WISE-Community/WISE). Therefore, we will translate appropriate functions of 
the WISE system into the IN-STEM system, meanwhile, the new functional feature of identifying 

integration degree and CSCL design features will be embedded. Specifically, the STEM integration 
visualization tool will be developed and integrated into the IN-STEM system.  

Along with an in-depth literature review for consolidating the theoretical foundation of the 

project, and following the common strategies of system design and development, an iterative cycle 
of design → discuss and modify the design→ develop key features → evaluate→ redesign and 

improve based on design-based research (DBR) (Fishman, et al., 2004; Revve, 2000) will be 

employed for consolidating the features of the IN-STEM system. There will be five short cycles in 
the development process. The key features of Teacher Module and Student Module has been firstly 

developed and usability tested. Then the simplified version will be established and tested with the 

embedded STEM integration tool.  
 

5. Conclusion and Implication 

 

In this paper, we propose the idea of designing and developing an innovative and seamless STEM 

learning environment. The system integrates the design features for facilitating teachers to design 

inquiry-based STEM learning in collaborative learning context. The design and development will 
contribute the field of technology supported STEM education, and with the going on of the project, a 

part of data will be released for further verifying the learning efficacy of the IN-STEM learning 

environment. We hope there will be an online community based on IN-STEM system which attracts 
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more experienced teachers to share their STEM projects and learning activities with identifying 
STEM integration scope and levels. This will further guide the development of STEM curriculum 

and contribute the teacher professional development in STEM education. 
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Abstract: Seamless learning is “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.” To promote a sustainable culture of seamless 

learning, there is a need to seamlessize regular school curriculum for developing students’ 

seamless learning disposition and skills. In this conceptual paper, we propose a rubric for 

primary school science teachers to formatively self-evaluate the seamlessness of their 

lesson plans. The rubric is underpinned by a consolidated set of seamless lesson design 

principles and the technological model of “division of labor”, for primary school science 

teachers to formatively self-evaluate the seamlessness of their lesson plans. The paper 
focuses on elaborating the rubric, its connection with the salient features of seamless 

learning, and how it was derived from various sets of seamless lesson design principles 

reported in prior publications. The future plan of validating the rubric will also be laid out 

at the end of this paper. 

Keywords: Seamless learning, science curriculum, rubric, lesson plan evaluation, mobile 

and ubiquitous learning 

1. Introduction

This conceptual paper proposes a rubric for K-12 science teachers to formatively self-evaluate 

their seamless science lesson plans. Seamless learning is “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, 2015, p. 10; adapted from: Sharples et 

al., 2013). Although seamless learning can be carried out without the use of mobile and wireless 
technologies, such infrastructure can enable a fluidity of learning activities (Sharples et al., 2012). 

To promote a sustainable culture of seamless learning, there is a need to seamlessize a regular 

school curriculum with the objectives of delivering the formal syllabus and developing the 
seamless learning disposition and skills in students. “Seamlessizing” a curriculum or lesson design 

refers to substantially adapting from predominantly classroom-bound lessons to a cross-temporal 

and cross-contextual learning experience utilizing available digital or non-digital tools in the 

learning spaces. 
One of the seamless curriculum development efforts was the WE Learn project (2008-

2015) (Looi et al., 2010; Looi et al., 2014) in Singapore. With the aim of transforming Primary 3-4 

(3rd-4th grade) formal science curriculum into a seamless and inquiry learning experience supported 
by 1:1 (one-mobile-device-per-student) settings, the learning model was enacted in 10 more 

schools after the successful proof-of-concept in a seed school. More recently, a follow-up project, 

Science4C, aims to redesign some parts of the science curriculum to address the limitation of most 
of the Singapore primary schools of not being able to implement full-fledged 1:1 learning – as 

many younger students do not own personal devices. The “4C” in Science4C refers to science 

learning in four types of learning spaces (Classroom, Cyberspace, Common daily life, and 

Community); and constitutes four salient features of seamless learning (Connective, 
Contextualized, Constructivist, and Collaborative). 

From WE Learn to Science4C, our team has been practising the approach of ongoing 

teacher-researcher lesson co-design for both teachers’ professional development (PD) and 
curriculum development. After our initial introduction to the features of seamless learning, the 
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teachers were empowered to develop and enact lesson plans based on local needs (Barab & 
Luehmann, 2003), with our continual guidance and initial supply of previous seamless lesson plans 

for them to model after. 

Nevertheless, during the Science4C project, the teachers have frequently asked us, “Am I 

indeed implementing seamless learning?” While this reflects the high motivation from the 
teachers, there is the sense of uncertainty of their own capacity in seamlessizing their lessons. 

Thus, we derived the idea of developing a rubric for the teachers to formatively self-evaluate their 

lesson plan designs. This paper focuses on elaborating the aforementioned rubric, its connection 
with the salient features of seamless learning, and how it was derived from various sets of 

seamless lesson design principles reported in prior publications. The future plan for validating the 

rubric will be laid out. 
 

 

2. Seamless Learning: The Seams to Remove, the Technological Models, and the 

Lesson Design Principles 

 

2.1 What Seams are We Removing? For What Purpose? 

 
The intent of seamless learning lies in removing the seams so that the learners may learn whenever 

they are curious and seamlessly switch between different contexts. In the literature, researchers 

have studied the cognitive learning processes behind each type of learning space, such as learning 
individually, in the group, online learning, classroom learning, informal learning, and through the 

construction of digital artifacts. Different affordances in the physical space or digital space or over 

time lead to different episodes of learning experiences (Wong & Looi, in-press). 
Indeed, the unit of analysis of a seamless learning journey is the integrated continuous 

learning processes, rather than individual learning activities. For example, the design of learning in 

online learning is distinguished from the design of learning in the face-to-face settings. Even if 
both designs are considered together, the linkages may not be brought to the fore in the design. 

Thus, a key design consideration in seamless learning is to design for removing the seams or 

planning for the linkages first, before elaborating the design in the separate learning spaces. 

Seamless learning has been explained by the recontextualization (Wong, Chai, Aw, & King, 2015) 
of learning. 

 

2.2 The Technological Models for Seamless Learning  

 
The notion of seamless learning was first developed within the context of mobile learning, i.e., the 
use of mobile technology in 1:1, 24x7 setting to facilitate individual students’ ongoing, cross-

contextual seamless learning (Chan et al., 2006). Under this perspective, mobile devices are treated 

as a personal ‘learning hub’ with (1) a suite of affordances to support a wide range of learning 
activities and (2) the stored resources and learner-created artifacts which (s)he may refer to and 

build on in her/his subsequent learning activities (Zhang et al., 2010). 

Over the years, the research foci of seamless learning have been shifted from developing 

innovative technologies to the unpacking of the nature of seamless learning and to making impacts 
at schools. The perception of mandatorily 1:1, 24x7 for seamless learning has been challenged. 

More recent literature argues that seamless learning is a learning notion on its own right. Thus, 

alternative technological support models have been proposed, such as the “division of labor” (i.e., 
using different digital tools available at various locations) model (Wong & Looi, 2011) and the use 

of social media (Charitonos, Blake, Scanlon, & Jones, 2012). Such alternative technological 

models are constituting plausible solutions to the limitation of after-school accessibility of mobile 

devices for many students. 

 

2.3 The Seamless Learning Design Principles  

 
Learning design principles are key guidelines that are derived or extracted from pedagogical 
framework(s) and encapsulate salient features of a given pedagogical approach. Such principles 
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typically offer concrete advice for researchers and practitioners to design lessons, learning 
activities or learning spaces. According to our literature review, three sets of seamless learning 

design principles were reported (Looi & Wong, 2013; Wong, 2013; Zhang et al., 2010) prior to the 

Science4C project, with a total of 21 overlapping design principles being laid out. For the 

Science4C project, we consolidated and synthesized the principles into eight key themes, which 
were later adopted as the criteria in the rubric for evaluation of seamless science lesson plans. The 

eight themes are, (1) bridging formal-informal learning (corresponding to MSL1 and MSL4 in 

10D-MSL); (2) bridging individual-social learning (MSL2); (3) meaningful use of ICT tools to 
facilitate learning connectivity (MSL5; MSL6; MSL7); (4) constructivist learning (MSL9); (5) 

cross-contextual formative assessment (MSL2; MSL8); (6) authenticity (tapping on resources in 

informal settings); (7) cross-idea/topic/disciplinary learning (MSL9); (8) personalized learning 
(MSL8; MSL10). 

 

 

3. The Seamless Science Lesson Evaluation Rubric 
 

Based on the eight identified themes, our team proceeded to develop the seamless science lesson 
plan evaluation rubric. The rubric is positioned as a formative evaluation tool for teachers to reflect 

upon “how seamless” their draft lesson plans are. That is, the rubric may serve as a fine-grained, 

concrete reminder for the teachers to (further) seamlessize their lessons. As stated before, the “unit 

of analysis (or evaluation)”) for using the rubric is the entire seamless lesson flow.  
The rubric criteria (corresponding to the consolidated themes) and the descriptor for each 

level of the different criteria were first subjected to expert review for content validity. This was 

carried out with two learning scientists at a college with the experience in co-designing seamless 
curriculum with teachers and research expertise in seamless learning, and a Master Teacher1 with 

vast science teaching experience at primary schools who has recently been involved in reviewing 

seamless science lessons designed and enacted by local teachers. The appropriateness of the 
criteria with respect to the conceptions of seamless learning adopted to underpin the rubric 

development, i.e., the consolidated set of design principles and the technological model of 

“division of labor” of seamless learning were reviewed. Areas of inconsistency were negotiated 

between the experts until there was full agreement. The revised rubric after the review is presented 
in Table 1. 

 

Table 1: The seamless science lesson evaluation rubric after expert evaluation 
 Undeveloped (0) Basic (1) Developing (2) Advanced (3) Exemplary (4) 

Formal- 

informal 

 

Learning activities 

are fully or almost 

fully classroom- 

based, perhaps 

with some home- 

based activity(ies) 

that is(are) NOT 

tapping on 

students’ out-of- 

school, authentic 

living environment 

 (e.g., drill-and-

practice 

assignments, 

accessing teacher- 

specified online 

resources, playing 

behaviorist online 

educational games, 

etc.) 

Learning activities 

are mostly 

classroom-based, 

with some home- 

based activities 

requiring students to 

find out on-topic 

“close-ended” 

information (i.e., 

perhaps with 

standard answers 

which are less 

cognitively 

challenging to figure 

out) (e.g, through 

Internet/book/ 

newspaper search; 

by asking more 

knowledgeable 

others; observing 

real-life phenomena) 

Learning activities 

are mostly 

classroom-based, 

with 1-2 home-based 

activities requiring 

students to find out 

on-topic “open- 

ended” information 

(with the expectation 

of diversified 

findings and is more 

cognitively 

challenging) 

(e.g., Internet/book/ 

newspaper search, 

negotiation of 

meaning with others 

such as family 

members, observing 

real-life phenomena, 

etc.) 

Learning activities 

are essentially 

classroom-based but 

also include 2 or 

more activities that 

require students to 

observe or 

manipulate 

(e.g., experiments) 

authentic out-of- 

school living spaces 

(not necessarily 

confined within 

home) with respect 

to the learned 

knowledge 

Balanced formal and 

informal learning 

activities; students 

are required to 

observe or 

manipulate authentic 

out-of-school living 

spaces with respect 

to learned 

knowledge (or to 

construct 

knowledge), make 

and share diversified 

meanings with their 

peers online and/or 

in the classroom for 

deep reflection and 

knowledge co-

construction 

Individual- 

social 

No cooperative or 

social activity 

The lesson 

incorporates mostly 

teacher-centric 

and/or individual 

The lesson 

incorporates both 

individual and 

cooperative/social 

The lesson 

incorporates both 

individual and social 

learning activities; 

The lesson involves 

activities that 

explicitly bridges 

individual meaning 

                                                
1 In the Singapore context, Master Teachers are teacher leaders at the national level representing the pinnacle of 

the Teaching Track in the government schooling system run by the Ministry of Education. 
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activities, with very 

few cooperative or 

social activities; and 

there is no 

connection between 

individual and social 

activities 

activities; both types 

of activities are 

functionally but not 

intellectually 

connected 

(e.g., divide a big 

task into sub-tasks 

and assign them to a 

few students, each 

work on one task, 

and then the group 

piece their sub-

products together; 

either each of the 

sub-tasks or the 

synthesis effort, but 

NOT both, is 

cognitively 

challenging) 

both types of 

activities are largely 

functionally 

connected but also 

with one 

intellectually 

connected point (i.e., 

bridging individual 

and social meaning 

making) (e.g., a 

student posts a social 

media on an 

authentic experience 

and discusses its 

implication; his 

classmates reply and 

discuss alternative 

views and share 

similar experiences) 

making and social 

meaning making in 

multiple points (e.g., 

individual-to-social-

to-individual- …)  

Meaningful use 

of ICT tools to 

facilitate 

learning 

connectivity 

No ICT tool is used 

to facilitate cross-

contextual learning 

(even if some ICT 

tools may be used in 

isolated learning 

activities) 

A specific ICT tool 

is used in multiple 

settings but there is 

no bridging of those 

ICT-supported 

activities 

A specific ICT tool 

is used in multiple 

settings with 1-2 

points of bridging of 

the activities 

ICT tool(s) is/are 

used in multiple 

settings with more 

than 2 points of 

bridging of the 

activities but the 

bridging efforts are 

largely fragmented.  

ICT tool(s) is/are 

substantially used to 

facilitate a full 

trajectory of learn- 

observe/apply-reflect 

process across 

formal/informal and 

individual/social 

settings  

Constructivism The lesson is merely 

transmitting subject 

content rather than 

facilitating meaning 

making 

The lesson requires 

the students to 

reproduce the 

canonical knowledge 

or standard answers 

(either verbally, 

written, or product-

oriented) at some 

point(s) 

The lesson requires 

the students to 

express some 

degrees of divergent 

knowledge with 

respect to the subject 

matter 

The lesson requires 

the students to 

synthesize 

information in order 

to construct verbal, 

written, visual, 

conceptual or 

product-oriented 

expressions of the 

subject matter 

The lesson requires 

the students to 

articulate their 

personal reflections 

of subject matter, 

hands-on or daily 

experiences, and let 

students challenge 

each other’s view 

Cross- 

contextual 

formative 

assessment 

(FA) 

No FA FA with questions or 

instruments 

developed by the 

teacher, and student 

responses evaluated 

by the teacher 

Student-generated 

“ideas” for FA 

which are evaluated 

by the teacher (the 

“ideas” could be in 

intangible forms, 

e.g., scientific 

claims/arguments, 

provoking questions, 

experiment designs, 

association with past 

experience or prior 

knowledge, new 

knowledge or skills; 

or as tangible 

products, e.g., 

digital/social media, 

invented tools, 

performances) 

Student-generated 

“ideas” for their self-

evaluation (so that 

individual students 

are aware of their 

own learning gaps 

and will 

subsequently try to 

fill the gaps) 

Student-generated 

“ideas” for FA – 

created in one 

context (e.g., 

personal, authentic 

daily-life) and 

evaluated AND 

improved in another 

context (e.g., social 

settings such as 

among classmates) 

Authenticity 

(Tapping on 

resources in 

informal 

settings) 

The teacher does not 

explicitly connect 

the lesson to 

students’ authentic 

experiences in any 

way 

The teacher carries 

out classroom talk to 

relate students’ 

relevant past 

authentic 

experiences with the 

lesson topic 

Teacher facilitates 

in-class, in-lab or in-

campus activities to 

let the students 

generate and relate 

their new 

experiences with the 

lesson topic 

A problem 

associated with a 

real-world 

phenomenon related 

to the topic is used to 

anchor the largely 

in-class, in-lab or in-

campus activities 

where the students 

investigate the 

phenomenon 

There is at least 1 

activity where the 

students should 

observe/manipulate 

authentic out-of- 

school living spaces 

and subsequently 

reflect or generate 

knowledge/ 

assumptions upon 

the findings 

Cross-idea/ 

topic/ 

disciplinary 

No connection 

between ideas (e.g., 

concepts or learning 

points within a 

topic), or with other 

topics/disciplines 

The teacher directly 

explains the 

connection in a 

didactic manner (i.e., 

students are just 

listening and are 

perhaps allowed to 

ask questions 

thereafter) 

The teacher carries 

out simple inquiry 

dialogue with the 

students to figure out 

the connection 

The teacher guides/ 

challenges the 

students to identify 

and reflect on the 

connection by 

relating to previous 

lesson activities 

(e.g., refer to 

students’ previous 

The teacher designs 

a context (e.g., a 

word problem 

pertaining to an 

authentic scenario) 

that requires the 

students to 

synthesize two or 

more scientific 
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social media 

postings) 

concepts 

Personalized 

learning 

 

All the learning 

activities are teacher-

centered and follow 

closely the syllabus-

specified learning 

goals 

There is a mixture of 

teacher- and student-

centered activities. 

However, all 

learning activities 

are pre-planned by 

the teacher with 

respect to syllabus-

specified learning 

goals. The students 

are required to 

follow closely the 

activity design while 

variations are not 

favorable 

There is a mixture of 

teacher- and student- 

centered activities; 

and All learning 

activities are pre-

planned by the 

teacher with respect 

to syllabus-specified 

learning goals. 

However, the 

students may carry 

out the activities 

with a small degree 

of variations (e.g., 

choose their own 

roles in collaborative 

learning activities, 

decide the ways of 

carrying out specific 

learning tasks) 

The teacher 

facilitates activities 

that are mostly 

student-centered and 

allows a large degree 

of variations (e.g., 

flexible learning 

pathways, etc.) 

Teacher encourages/ 

facilitates students to 

set and pursue their 

own learning goals 

on top of the 

syllabus-specific 

learning goals; and 

which are connected 

to the syllabus- 

specified learning 

goals 

 

 

4. Conclusion and Future Work 
 
This conceptual paper is intended to propose a rubric, underpinned by a consolidated set of 

seamless lesson design principles and the technological model of “division of labor”, for science 

teachers to self-evaluate their seamless science lesson plans. Such a rubric may constitute a 

formative assessment tool for teachers who are novices in designing seamless science lessons to 
continually improve the seamlessness of their lesson designs. 

 Notwithstanding, the rubric is still at the early stage of its development process. After the 

expert validation, the next step is to establish user validity by inviting the participating teachers of 
the Science4C project to assess their own lesson plans. Comparison between their scores and 

researchers’ scores on the same lesson plans will then be made. Discrepancies in the scores will be 

discussed so that we can identify the potential sources of inconsistent interpretations across the 
scorers (be they researchers or teachers) on the rubric descriptors. Revision on the descriptors in 

question will then be made to prevent such problems. Concomitantly, two researchers will solicit 

all the seamless science lesson plans from both the We Learn and Science4C projects developed 

over the last nine years, score them independently, and investigate the rubric reliability by 
conducting Cronbach Alpha test. 

 In a long run, we may attempt to extend or customize the rubric for seamlessization of 

other subjects such as mathematics or language learning at different grade levels in K-12 schooling 
as well as for beyond. We may also envisage a generalized, subject-independent version of the 

rubric. Such tools can make concrete the implementation of teaching and learning under a 

seamless learning framework, serving as tools and resources for teachers to design their lesson 
practices. 
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Abstract: This paper describes the development and evaluation of a collaborative learning 

tool called Sketchpad. The importance of collaborative learning in foreign language learning 

has been pointed out for a long time. Besides, one of the trends in a pedagogical field is the 

shift from teacher-centered to student-centered learning. Recent advancement of IT 

technology has accelerat-ed its trend. With the spreads of educational application, it has 

enabled us to share information and knowledge in real time. In order to promote 
student-centered learning, it is necessary to facilitate interaction among students. For these 

purposes, Sketchpad was introduced in a language and culture class at university in Japan. 

The objectives of our research study is to examine whether Sketchpad contributes (i) to the 

facilitation of Japanese language learning as well as (ii) to the facilitation of interaction 

among students. Its effectiveness was compared with that of Blogger comment function. 

The result of the post-tests and the questionnaire conducted after evaluation showed that its 

more contribution to both (i) and (ii) than Blogger service. However, some 

user-unfriendliness was reported, and some editing function did nor work properly. It will be 

dealt with in our future work. 

Keywords: Collaborative learning, Japanese language learning, Sketchpad, language and 

culture class, student-centered learning 

1. Introduction

Social interaction is very important when it comes to learning (Vygotsky & Cole 1978). One of the 

theoretical bases which support its importance is a concept called the zone of proximal development 

originally proposed by the psychologist Lev Vygotsky. Another base is “social constructivist” 
philosophical base, where learning is regarded as construction of knowledge within a social context 

(Oxford 1997). In fact it is one of the trends in a pedagogical field that there goes the shift from 

teacher-centered to student-centered learning in any level of education (Morimoto 2008). It is 

reported that student-centered and small-scale course programmes resulted in more academic 
success than lecture-based course programme (Severiens et al. 2015). It is reported that a 

student-centered collaborative learning is one of the most effective ways of learning in language 

class (Chen 2003). In fact, most stud-ies investigating the link between the extent to which course 
programmes are student-centered on the one hand and promote academic success on the other hand, 

find positive relationships between the two (Severiens et al. 2015).  Recent prevalence of 

high-performance mobile devices has enhanced the potential of students’ active interaction via 

mobile-based communication tools. We have seen a good deal of research on communications 
applications such as educational application (Munoz & Towner 2009; Hung & Yuen 2010; Kim & 

Kim 2013; Kwak, Choi, & Lee 2014. Our collaborative learning project, Sketchpad system, is 

among them. In this study Sketchpad was introduced for the purpose of facilitating interaction 
among students in the domain of Japanese language learning. 
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2. Japanese Language Learning in Japan 
 

According to the survey conducted by Cultural Affairs Agency in Japan, there are 2,230,000 foreign 

residents and about 190,000 international students are studying Japanese in Japan [10]. In addition 
Japan is in the process of moving ahead on a “Plan for 300,000 Exchange Students” as a policy 

measure to create a Japan that is Open to the World in 2008 [11]. EF English Proficiency Index 

(2017) [12] indicates that Japanese people have low English proficiency. In fact, many international 
students report the inability of Japanese local people to communicate in English as one of their 

biggest culture shocks [13] (Uosaki et al. in press). Therefore, in order to live in Japan, Japanese 

language ability is necessary. However, learning Japanese language is a big challenge for 

international students. In particular, in Japanese language there is no space between words, which 
makes them more difficult and complicated to understand the grammatical structure of the language 

and its meaning. How can we support their understanding of Japanese language in terms of how to 

segment them properly? Our objective in this study is to examine whether our developed system, 
Sketchpad contributes to (i) the facilitation of Japanese language learning as well as (ii) the 

facilitation of interaction among students. 

 

 

3. Sketchpad 
 

3.1 System Design 

 
Sketchpad System is a client-server application. It has been implemented using HTML5 and the 

Coupled Object technology. Details are described in (Frez, Baloian & Zurita, 2012; Baloian, 

Gutierrez & Zurita 2013). So it can be run using web browsers Chrome, Mozilla, or Safari regardless 
from the operative system of the computational device. It is created to support collaborative class by 

providing content distribution in real-time. Its functionality consists mainly in the distribution of 

slides that can be drawn and edited on using predefined tools and which contents remain 
synchronized at all times with every student participating in class. If a learner draws a new stroke in 

the slide, that content gets distributed to every learner allowing everybody to see the new stroke in 

their own devices at the same time. 
Its main interface, shown in Figure 1, consists of a workspace, which can be private or 

shared, where the user create sketches by freehand drawing and text typewriting, including basic 

edition functionalities like deleting, copy and paste, undo, redo, changing colors, zooming in and out, 

etc. 
Students can make their contributions through brainsketching to several individual and/or 

shared pages but they can work on one only at a time. Icons with a small view of the page content are 

shown at the left-hand side of the interface. The page that is currently edited is highlighted with a 
blue frame (see Fig. 1). In order to share a private page, the user has simply to drag and drop its icon 

from the private to the public area. A copy of the page will appear in the public area, keeping the 

original in the private one. After this, all users participating in the session will see this page as a new 

icon in the public area. They can start working collaboratively by selecting it, clicking on the icon. 
The third slide highlighted in a light blue frame indicating that its user is currently working on it, 

thus it is shown in the main workspace at the center of the interface. 
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Figure 1. Sketchpad Interface. 

 

 

4. Pilot Evaluation 

 

4.1 The target class 

 
The target class was held on a once-a-week-basis in a CALL (computer assisted language learning) 

room during the fall semester, 2017. Each student had a PC in class. The class was one of 
“international exchange subjects” which was targeted mainly for international exchange students. 

Japanese students who are interested in interacting with international students could also join it. The 

objectives of the target class were (1) to improve the skills of their target languages, which are 
Japanese for international students or English for Japanese students and (2) to enhance cross-cultural 

understanding. An evaluation was conducted in one of the authors’ class at university in the western 

part of Japan. Fourteen students participated in the evaluation (4 Japanese, 2 Germans, 2 Chinese, 
1Finnish, 1 French, 1 Korean, 1 Macau, 1 Taiwanese, 1 Vietnamese). 

 

4.2 Procedures 

 
Figure 2 shows the learning scenario. 

 
 

 

 
 

 

 

 
 

 

 
 

 

 
Figure 2. Sketchpad Interface. 

 

The teacher created 5 slides which showed 5 sentences which were pretty difficult to be 

segmented even for native speakers of Japanese such as "うらにはにはにわにはにはにわにわと

りがいる"(uraniwaniwaniwaniwaniwaniwaniwatorigairu/There are two chicks in the backyard and 
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so are in the yard). The objective of the contents was to learn how to segment Japanese sentences. 
Before Sketchpad was introduced, the participants whose target language was Japanese took the 

pre-test to examine whether they know the meanings of the target sentences. The system was 

introduced in the class of the 2017 fall semester held in January 23rd, 2018. The students were 

divided into three groups. The groups were made in the way that at least one Japanese native speaker 
was in each group so that they could play the role of an instructor to lead them to segment the 

sentences for understanding the meaning. 

At the beginning of the class, they had a briefing about how to use the system since it was 
their first time to use it. The slides created by the teacher were shared by the system. They were 

instructed to brainstorm ideas about how it should be segmented and what it meant with the shared 

slides. They were informed that their active participation would reflect their grades. After the 
evaluation, the post-test was taken by the Japanese language learners and the questionnaire was 

conducted in the whole class. 

In order to examine the effectiveness of Sketchpad system, the comparison was made 

between Sketchpad and Blogger's comment function. A class blog was created by the teacher using 
Google Blogger service at the beginning of the semester and used as a communication tool for the 

whole semester. Therefore the students were all familiar with using this function by then. The 

teacher created a new page in Blogger site to let them think about the meaning of the Japanese 
sentences given in the pre-test. 

In order to give an equal opportunity of education using the cutting-edge technology and due 

to the late introduction of the system (The pilot evaluation was conduction during the last class of the 
semester.), there was no control group created. Therefore the whole class experienced the system 

and the blogger site at the same time. 

 

 

4.3  The Results 

 
Table 1 shows the result of the Pre- and Post-test(1) and (2). Pre- and Post-test(1) were identical to 

ask them the meaning of 3 Japanese sentences which were difficult to be segmented to be learned 

through Sketchpad. Three points were given for each question, thus the full mark was 9 points. Pre- 
and Post-test(2) were identical to ask them the meaning of 2 Japanese sentences which were difficult 

to be segmented to be learned through Blogger site. Three points were given for each question, thus 

the full mark was 6 points. The teacher did not give them the correct answers. So only the 

student-centered collaborative learning reflected the results. The mean scores of the Pre-test(1) and 
(2) taken by the Japanese language learners in class were 0.38 and 0.23 with the standard 

deviation(SD) of 0.77 and 0.69. It means almost no one knew the meaning of them. After the 

evaluation, the mean scores of Post-test(1) jumped into 3.75(41.7%) with the standard deviation of 
2.49, while that of Post-test(2) was 0.75(12.5%) with the standard deviation of 1.30. The results 

show that the students learned more with Sketchpad than Blogger site. 

 

Table 1 

The result of the pre- and post-test 

 Pre-test(1) (full mark 9) Post-test(1) after Sketchpad use (full mark 9) 

Mean 0.38 (4.2%) 3.75(41.7%) 

SD 0.77 2.49 

 Pre-test(2) (full mark 6) Post-test(2) after Blogger use (full mark 6) 

Mean 0.23(3.8%) 0.75(12.5%) 

SD 0.69 1.30 
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Figure 3. Collaborative brainstorming using Sketchpad:"うらにはにはにわにはにはにわにわと

りがいる"(uraniwaniwaniwaniwaniwaniwaniwatorigairu). 

 

Figure 3 shows that the students in a group sharing the slides and showing their ideas how 

the sentence could be segmented properly so that it makes sense. As expected, the students with 
higher proficiency level of Japanese language (native speakers) in a group lead the whole process. 

On the other hand, no interaction among students took place when using Blogger comment function 

even though they were already familiar with its function. In fact one of the student commented ".... 

there it is more complicated to write comments (in the blog)" when asked which was the easier to 
handle, Sketchpad or Blogger site. Therefore Blogger comment function did not play the role as a 

communication tool, which endorsed the result of the evaluation conducted in (Uosaki, Yonekawa, 

& Yin 2017). 
At the end of the phase, they were asked to answer the five-point-scale-questionnaire as 

shown in Table 2. Q1 and Q3 were created based on the technology acceptance model proposed by 

(Davis 1989). Q2 was created to examine the fun factor of our system. 

 

Table 2 

The results of the 5-point-scale questionnaire 

  Questions 
Me

an 
SD 

Q.1 Was it easy for you to use Sketchpad?  
3.

8 
0.84 

Q.2 Was it fun for you to use the system? 
3.

8 
1.1 

Q.3 Was it helpful to share knowledge with your classmates? 
3.

8 
1.30 

Q.4 Was it helpful as a means of collaborative work with your classmates? 
3.

6 
1.34 

Q.5 Was Sketchpad helpful for understanding Japanese language ? 
4.

0 
0.71 

Q.6 Please rate its interface 
3.

2 
0.84 

Q.7 Please rate the whole system. 
3.

0 
1.41 

 

The highest score, 4.0 was given when they were asked whether it was helpful for 

understanding Japanese language (Q.5). Since the main objective of this evaluation was to 

examine whether the system contributed to the improvement of the Japanese language 

understanding with collaborative work, it can safely be said that our system worked 

effectively enough in helping them learning Japanese. The lowest score, 3.2 was given when 

they were asked to rate its interface (Q.6). As it was their first encounter of the system and 

they were not given enough time to practice the system before the evaluation started because 

the semester end was approaching, some students felt it was too complicated (Table 3 
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Comments # 4), which seemed to lead to the low score of the interface rating of Sketchpad. 

Therefore, it is necessary to give them enough time to practice before the evaluation, which 

will be considered in our future evaluation.  
At the end of the phase, they were asked to answer the five-point-scale-questionnaire as 

shown in Table 2. Q1 and Q3 were created based on the technology acceptance model proposed by 

(Davis 1989). Q2 was created to examine the fun factor of our system. 
 

 

 
 

 

 

 
 

 

 
 

 

 
 

Figure 4. Which was the easier to handle, Sketchpad or Blogger site? 

 

Figure 4 shows the result of the question: which was the easier to handle, Sketchpad or 
Blogger site? Even though the blogger comment function was not used actively by the students, 60% 

of them still felt it was easier to handle. One of the students said "I prefer the interface of the Blogger 

site, although there it is more complicated to write comments." It implicates two things:1) Blogger 
site was more complicated to write comments than Sketchpad. 2) The interface of Blogger site was 

more user-friendly than Sketchpad. As mentioned, the late introduction of Sketchpad in the semester 

did not allow them to have enough time to practice the new system, which affected the whole 
evaluation. Since the lesson learned, we will consider this point in our next evaluation. 

Table 3 shows the participants' free comments on Sketchpad, which will be dealt with in the 

next section, 4.4 Discussions. 

 

Table 3 

The students’ impression of Sketchpad 

#1 It was fun to write on the screen and be able to share the idea with other people. 
#2 Did not work properly. I could not do any markings to help problem solving 

#3 
The idea behind Sketchpad is interesting, but it is quite similar to Google Slides (which functions 

without any bugs). 
#4 In my opinion it was too complicated. 

#5 

Still needs some improvement. Management of editing rights is not very straightforward (should 
be possible to give global editing rights or for multiple slides instead of selecting it for every 
student on every slide, unless we missed that functionality). Even though I had editing rights 
once, it would not allow me to draw lines, so there seem to be some minor technical hiccups. 
Aside from that, all the necessary editing functionality is there and straightforward to use. 

 

 

4.4 Discussions  
 

Our research question was to examine whether our system contributes (i) to the facilitation of 

Japanese language learning as well as (ii) to the facilitation of interaction among students. As for (i), 
our system contributed to the improvement of the understanding of Japanese language with the 

following reasons: 1) When they used Sketchpad, the improvement between the pre- and post-test 

results was much larger than when they used Blogger site. 2) When five-point-scale questionnaire 

conducted, the highest score, 4.0 was given when they were asked if Sketchpad was helpful for 
understanding Japanese language. As for (ii), interaction among the students took place more 
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actively compared with the Blogger site. As the comment #1 in Table 3 says, the system gave them 
some fun in sharing the ideas with other people. Therefore, it can be safely be said that Sketchpad 

contributed to the facilitation of Japanese language learning as well as (ii) to the facilitation of 

interaction among students. However, it turned out that our system had some weakness, especially in 

the user-friendliness as the comments # 4 in Table 3 says that it was too complicated. Besides, as the 
comments #2 & 3 pointed out, some editing function did not work properly. This issue will be 

considered in our future work. 

 
 

5. Conclusion and Future Works 
 

In this study, we described the development and evaluation of a collaborative learning tool called 

Sketchpad. When Sketchpad was introduced in the university class targeted for international 

students who were keen in learning Japanese, the improvement from pre-test to the post-test was 
dramatical. The highest points of the questionnaire results when asked whether Sketchpad was 

helpful for understanding Japanese language showed that the participants were satisfied with its 

contribution to the facilitation of Japanese language learning. Our hypotheses (our research 
questions)(i) and (ii) were proved to be correct. However it was found out that the editing function of 

our system did not work properly. Since it is one of the key functions for the collaborative learning, 

it is necessary to solve the problem. It is among our future works to find out the solution. In our next 

evaluation, we plan to give them enough time to get used to the system and to divide the class into 
two groups and conduct an evaluation for a longer period so that the both groups could experience 

both with and without the system. 
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