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Abstract: While numerous studies have adapted computer simulation or digital games to 
support chemistry learning, these previous approaches were generally used to support learning 
the procedural knowledge of chemistry, such as experiment procedure. Nonetheless, chemistry 
history is mostly of declarative knowledge. Different approach should be taken to support 
learning chemistry history. Game-based learning was considered as an ideal vehicle to support 
history education. Previous studies have pointed out that students’ learning motivation and 
comprehension could be improved with the support of educational games. In this manner, this 
study proposed a novel gaming approach, which combines the board game and augmented 
reality technology to support learning chemistry history. In the game - AR chemistry history, 
the board game mechanisms were to enable learners to collaboratively learn together and from 
each other, while augmented reality was used to provide cognitive scaffoldings. To evaluate 
the game, thirty-five senior high school students were invited to participate in this study. 
Preliminary results suggested that the game - AR chemistry history could be helpful in 
improving students’ learning performance. In addition, students generally reported positive 
evaluations toward the game as well as positive gaming experience. A further test on plausible 
gender differences showed there were no significant gender differences in male and female 
students’ perception toward the game, gaming experience as well as their learning 
performance. These preliminary findings suggested that AR chemistry history could be used to 
effectively support chemist history learning. Future research is encouraged further explore 
students’ behavioral patterns to better depict a more comprehensive picture of the adapting 
educational games to support learning. 

Keywords: Augmented reality, board game, game-based learning, collaborative problem 
solving, flow 

1. Introduction 

Traditionally, the teaching of chemistry history was mostly lecture-based. To prepare for the test, 
students have to memorized the materials that teachers lectured. Nonetheless, this learning approach 
doesn’t encourage students to think actively, nor does it promote students’ learning motivation. With 
the support of information technology, learning chemistry could be more interactive and student-
centered. Game-based learning has been regarded as an ideal way to improve students’ learning 
performance as well as their learning motivation in comparison with traditional teaching approach 
(González, Collazos, Guerrero, & Moreno, 2017; McLaren, Adams, Mayer, & Forlizzi, 2017).  

 Previous studies have developed computer simulation applications or educational games to 
support chemistry learning. These studies also reported positive results in terms of learners’ 
motivation and performance with novel IT applications (i.e. Antunes, Pacheco, & Giovanela, 2012; 
Hou, Wang, , & Tsai, 2013; Scherer, & Tiemann, 2012). Previous studies mostly used computer 
simulation or educational games to support students’ learning of procedural knowledge, such as 
chemistry experiment procedure. Nonetheless, chemistry history is declarative knowledge, which 
required a different design to promote students’ learning motivation and performance. Integrating 
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games to learning activities of history education could be helpful in promoting students’ learning 
motivation and understanding to the learning subject (Shiue, Hsu & Liang, 2016). Cruz、Carvalho& 
Araújo (2016) developed a mobile game for learning history. They found that students were more 
aware of the learning goals. In addition, students were more actively searching for extended 
information, and their comprehension of historical events were also improved. 

 This study was to propose a novel approach to support learning chemistry history by 
combining board game with augmented reality technology. While most digital game are for a single 
player, board game requires multi-players to play face-to-face whether against each other or work 
together. This kind of collaboration creates opportunities for learners to observe other learners and 
learn from each other. Nonetheless, board game might not be able to carry rich and dynamic 
information as the game kits are mostly paper and physical items. Fortunately, augmented reality 
could be helpful in expanding the boundary by connecting real-world objects with digital artifacts. 
Moreover, introduction of novel technology might be able to intrigue learners’ motivation as well 
(Steinkuehler, Squire, & Sawyer, 2014). In this study, the research team developed a board game with 
augmented reality – AR Chemistry history to support learning the history of famous chemists and their 
achievements. The learning subject is part of chemistry history curriculum of senior high schools in 
Taiwan. In the game, the board game mechanisms were to enable learners to collaboratively learn 
together and from each other, while augmented reality was used to provide cognitive scaffolds. The 
game design is to be detailed in the Method section. 

 Concluding from above, the primary purposes of this study are: Firstly, to evaluate the 
improvement of students’ learning performance with the support of AR Chemistry history. Second, to 
evaluate students’ perceptions toward the game - AR Chemistry history and their gaming experience. 
Finally, Gender difference was regarded as an important factor in novel educational applications and 
males were generally considered as typical players of games (Teo, 2010). Thus, this study is to 
explore the plausible gender differences in students’ perceptions toward the game, gaming experience, 
and thus their learning performance. 

1. Research Methods 

1.1. Game design 

The game employed in this study was AR Chemistry history, an educational game developed by 
National Taiwan University Mini Educational Game (NTUST-MEG) research group. AR Chemistry 
history was developed using Unity 5.3.4p4. The augment reality module was developed using the 
Vuforia AR software development kit (SDK). AR Chemistry history integrates augmented reality 
technology with board game. There were five types of cards in the game, namely the chemist card, 
achievement card, monster card, and bullet card. Each chemist card represented a famous chemist. 
Achievement cards presented significant findings or breakthroughs in the chemistry history. Each 
achievement card can be paired with a chemist card. While chemist card and Achievement card were 
used in pair, monster card and bullet card were used along for battling monster and collecting bullet 
for battling. The story of game was that alien monsters was invading the Earth and had destroyed 
civilization and many historical literature. Players were to locate the literature that documented the 
chemist and their achievements; at the same time, battling with monsters and defeating them to 
protect the Earth. 

 The game was consisted of two modules: the first one was the information inquiry module 
(Figure 1) and the second one was the monster battle module (Figure 2). In the information inquiry 
module, learners can use the AR Chemistry history game app to scan an achievement card or chemist 
card. The app will show cognitive scaffoldings: e.g., related information as well as external links, 
such as webpages or videos, while would improve learners’ understanding of a specific subject 
(Figure 1). The second module was to use collected bullets to battle with alien monsters (Figure 2). 

Figure 3 showed the game kit of AR Chemistry history. At the beginning of the game, each 
player had to draw three cards from the card deck (black area in figure 3). Two chemist cards were 

randomly picked and placed in the pairing area (gray area in figure 3). Each group of players have to 
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collect correct cards for pairing collaboratively to win the game together as a collaborative problem 
solving process. Each round, players can choose to (1). Inquiry the card information; (2). Select an 
achievement card for pairing; or (3). Attack the monster. At the end of each round, if a player hold 

less than three cards, the player had to drew cards from the card deck till having three cards in hand. 
When learners successfully paired a chemist to an achievement, they could collect bullets by drawing 
a bullet card. As they collected enough bullets, learners could draw a monster card for battling. When 

learners won the battle, respective scores would be given to the learners. Learners with the highest 
score was the winner

 
Figure 1. Screen capture of scanning a chemist card, John Dalton in this card. 

 

Figure 
2. Screen capture of monster battling. 
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Figure 3. Game kits of AR chemistry history 

1.2. Participants 

The participants of this study were students from a senior high school in northern Taiwan. All 
students had not yet attended chemistry history course, nor had them played games similar to the one 
employed in this study. Thirty-five students participated this study, twenty-eight of them were male, 
seven of them were female. Students were grouped into seven groups, each of five to six members. 
Students were of age between 15 to 17. 

1.3. Measurement 

To evaluate AR Chemistry history, this study adapted technology acceptance scale (Davis, 1989) and 
flow scale for game (Kiili, 2006) to measure learners’ perceptions toward the game as well as their 
experience while playing the game. 

 Flow scale for game was consisted of two dimensions, namely the flow antecedents and flow 
experiences, in twenty-three 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. This study adapted technology acceptance scale, which was consisted of 
two dimensions, namely the perceived ease of use, perceived usefulness. There were 11 items for 
technology acceptance scale. All items were measured in five-point Likert scale from 1 for strongly 
disagree to 5 for strongly agree. The higher score of a dimension (sub-dimension) suggested the more 
positive evaluation or experience. Reliability test suggested high reliability for flow scale 
(chronbach’s α=0.890) and technology acceptance scale (chronbach’s α=0.865). 

 To measure learners’ learning performance, a learning assessment for pretest and posttest was 
employed. The assessment was firstly created by an experienced chemistry teacher in high school. To 
ensure the expert validity, the assessment was then evaluated and discussed for its relatedness to the 
game in this study with the authors and other chemistry experts. There are two parts of the learning 
assessment. The first part was of twenty-five matching questions. Students were asked to match 
chemists to achievements. Each correct matching was given one point. The second part was of 
nineteen fill-in questions, Students were asked to fill-in the name of achievements in this part, which 
involved higher level of memory retrieval. Each correct answer would be given one point. 
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1.4. Procedure 

The learning activity lasted sixty minutes, which are as shown in Table 1. Each group will be given 
two tablet computers and one set of game kits. 

Table 1. Research procedure 

Procedure Session time Description 

Pretest 15 minutes Students were grouped and asked to complete the pretest. 

Game introduction 
and setup 5 minutes 

The researchers helped students to setup the game and 
introduce the game rules, goals to the students. No learning 
content was introduced in this session. 

Playing game 20 minutes Each group was allowed for twenty 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 and technology acceptance scale were 

administered in this session. 

2. 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 - AR Chemistry 
history to help students to learn chemistry history.  

Table 2. Learning performance of pretest and posttest. 

 
Posttest (n = 35) Pretest (n = 35)  
Mean S.D. Mean S.D. t-stat. 

Posttest - pretest 21.11 6.94 7.66 4.21 12.697*** 
***: p < 0.001 

 
Regarding the student’s perceptions toward and experiences of the game - AR Chemistry 

history, Table 3 summarized the means and s.d. of flow scale for game and technology acceptance 
scale. As shown in Table 3, students positively evaluated the game - AR Chemistry history in general 
(all exceeds 3.5).  

Table 3. Means and standard deviations of flow scale for game and technology acceptance scale. 

Dimension Mean S.D. 
Flow antecedents 3.98 0.52 
    Challenge 3.76 0.72 
    Goal 4.41 0.60 
    Feedback 4.04 0.67 
    Control 3.97 0.85 
    Playability 3.73 0.69 
Flow experience 4.10 0.56 
    Concentration 4.14 0.69 
    Time distortion 4.10 0.84 
    Autotelic experience 4.33 0.58 
    Loss of self-consciousness 3.57 0.88 
Technology acceptance 4.30 0.54 
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    Perceived usefulness 4.44 0.59 
    Perceived ease of use 4.11 0.70 

 

To 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 
female 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. This finding suggested the game - AR Chemistry history had no particular 
effect on specific gender. 

Table 4. Mann-Whitney U test for pretest and posttest scores of male and female. 

Dimension 
Male (n = 28) Female (n = 7)   
Mean S.D. Mean S.D. U p 

Pretest 7.79 4.24 7.14 4.38 89.00 0.710 
Posttest 20.61 6.54 23.14 8.63 81.50 0.495 

 

Table 5 summarized the differences test of flow scale for game and technology acceptance 
scale. Results suggested there were no significant gender differences among students’ perceptions of 
flow antecedents, usefulness and ease of use of the game - AR Chemistry history. In addition, males 
were usually considered as typical gamer and generally were more into playing games than females. 
Nonetheless, results of the difference test for flow experience showed there was no gender difference 
of students’ gaming experience. This finding also suggested the game - AR Chemistry history could be 
used to support learning without concern for gender difference. 

Table 5. Mann-Whitney U test for flow scale for game and technology acceptance scale. 

Dimension Male (n = 28) Female (n = 7)   
Mean S.D. Mean S.D. U p 

Flow antecedents 4.03 0.46 3.79 0.74 70.00 0.247 
    Challenge 3.80 0.67 3.57 0.93 81.00 0.470 
    Goal 4.46 0.49 4.21 0.95 89.00 0.694 
    Feedback 4.11 0.60 3.79 0.91 70.00 0.235 
    Control 4.00 0.84 3.86 0.94 86.00 0.613 
    Playability 3.79 0.64 3.50 0.87 72.00 0.267 
Flow experience 4.13 0.51 3.98 0.74 85.50 0.605 
    Concentration 4.21 0.65 3.86 0.84 73.50 0.308 
    Time distortion 4.09 0.87 4.14 0.75 97.50 0.983 
    Autotelic experience 4.33 0.56 4.32 0.73 98.00 1.000 
    Loss of self-consciousness 3.63 0.79 3.36 1.21 76.00 0.352 
Technology acceptance 4.34 0.56 4.16 0.46 74.50 0.330 
    Perceived usefulness 4.50 0.55 4.21 0.71 76.00 0.343 
    Perceived ease of use 4.12 0.75 4.10 0.50 93.00 0.833 

3. Discussion and conclusion 

3.1. Discussions 

This study developed an educational board game with augmented reality – AR Chemistry history. The 
game was to help learners to learn chemistry history. In specific, to know famous chemists with their 
respective achievements. To evaluate the game, this study adapted the flow scale for game (Kiili, 
2006) and technology acceptance scale (Davis, 1989). Meanwhile, an assessment for measure 
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students’ learning performance was developed by 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 – AR Chemistry 
history as challenging, provided clear goals and feedback, having a sense of control and playable. 
With these positive perceptions of flow antecedents, students generally reported positive gaming 
experience. One thing to note is that playability was relatively lower among all flow antecedents. This 
finding might be attributed to the nature of educational game. Once students were aware of the 
learning subject, they might perceive educational game as less enjoyable, or less playable. On the 
other hand, loss of self-consciousness was relatively lower than other sub-dimensions of flow 
experience. This finding might also be attributed to the learning nature of educational game. Students 
might experience time distortion, fully concentration, or autotelic experience. Nonetheless, they were 
still in the classroom with a learning activity. Subsequent research could design an experiment to 
determine how the context might affect students’ evaluations of an educational game. Lastly, students 
generally evaluated the game as easy to play (ease of use) and useful to support their learning 
(usefulness).  

 As for effectiveness of the game - AR Chemistry history, results showed there was a 
significant difference between pretest and posttest. In specific, after playing the game, students 
generally have higher score than they did before playing the game. This finding suggested the 
effectiveness of the game － AR Chemistry history in supporting students’ to learn chemistry history. 

 Lastly, gender difference was regarded as an important factor in technology acceptance (Teo, 
2010). Therefore, this study conducted difference test in students’ learning performance, perceptions 
toward the game as well as their gaming experience. Results pointed out that there were no significant 
differences in learning performance as well as sub-dimensions of flow antecedents and flow 
experience. As males were generally regarded as typical gamers, our finding suggested that AR 
Chemistry history didn’t lay stress on particular gender. 

 In conclusion, AR Chemistry history is a hybrid educational game that combines real-world 
board game and digital technology – augmented reality. This hybrid game design could take the 
benefit of the collaborative nature of board game. At the same time, with the support of novel 
technology, the boundary of physical world could be expanded and students could access rich and 
dynamic information while playing the game. In this preliminary study, we showed the effectiveness 
and students’ positive evaluation and gaming experience. Nonetheless, there would be research 
limitations, which also shed light on the ways for future research.  

3.2. Research limitation and future research 

The primary research limitation is the small sample size as the preliminary stage of this studs is in. 
Thus, interpretation of the results of this study should be with cautious. Future research is encouraged 
to conduct a larger scale research and collect more evaluations from the learners or domain experts. 
These kinds of feedback could improve our understanding of how to integrate board game with novel 
information technologies, such as augmented reality in this study. Secondly, this study didn’t analyze 
the behavioral patterns of students’ interaction as analyzing the interaction of board game can be 
difficult and labor-intensive. Future research can use videotaping along with observers to log 
students’ interaction when playing the game. The collected log can be subsequently used for 
interaction analysis to depict a clearer picture of how gaming might help students learn better 
(Bakeman & Gottman, 1997; Hou, 2015). Lastly, future research is also encouraged to adapt the game 
mechanism in this study to a new learning subject, such as introducing other historical or cultural 
assets. By expanding the learning subject using board game with novel information technology, we 
would thus able to develop a more comprehensive understanding of how gaming might contribute to 
better learning outcomes.  
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Abstract: The e-storybook design pattern nowadays is generally for single user's reading that's 
lack of social interactions with limited fun. Therefore, to get this situation improved, in this 
study, we intended to develop an App called Social-based Interactive Learning Game Story 
Book mobile system for primary school students. Its domain knowledge focuses on Science 
and Technology. Through personification design the system affords reading, learning, games, 
and with a concentration on social interactions.  For example, the personalized plants could 
play with readers in the story context so that children could learn the domain knowledge and 
apply the learned plant-related knowledge into daily life for problem-solving by means of the  
designed plot modules that make children cooperate with peers and parents for actively 
creating photos, videos and paintings, and so forth for establishing their portfolio and sharing 
as well so as to promote children's reading motivation and fun of reading, Moreover, students 
can develop the ability to interact with others for solving problems. Usability test was 
conducted to 35 participants and the overall feedback is positive. In addition, some 
constructive suggestions for interface design and some minor improvements have been given 
by the participants for refining the system. After further modification, the system will be 
integrated into the actual leaning contexts of the elementary schools. We hope the App will 
bring fun in learning by doing and actions and an innovative interactive reading mode will be 
developed. 

Keywords: Game-based learning, inquiry learning, e-storybook, social interaction. 

1. Introduction 

Reading is the basis of learning. It is not easy for children to learning something without good reading 
abilities. So the story reading abilities have been played an important role in the learning process of 
primary school students (Goodman, 1996). The purpose of reading is to develop the habit of reading, 
finding problems and solving problems rather than learning advanced knowledge. In recent years, the 
storybooks have been shown in variety patterns by the development of mobile technology. It is easier 
to describe the abstract concepts of stories in multimedia devices than general texts. Due to the 
importance of reading abilities and the mobile technology, we developed an App called Social-based 
Interactive Learning Game Story Book Mobile System for primary school students. 

The multimedia story books have been widely used on mobile vehicles to increase the richness 
and fun of reading. For examples: Nuclear solution, Farm Summer, The Fantastic Flying Books of 
Mr. Morris Lessmore and Spray. These samples attract children's attention through the images, the 
sound, the animation and the multimedia effects. However, there is still something insufficient of the 
current e-storybook needs to be improved. For examples: 1. Interactive story content: The general e-
storybook is lack of interaction between readers and storybook. 2. Social-interaction story content: 
The traditional story is kind of reading process without the interaction and cooperation. 3. High-level 
thinking ability: Reading is the target of the traditional design of story books. The traditional design is 
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lack of high-level thinking abilities training such as scientific inquiry and problem-solving abilities. 4. 
Diverse story reading experience: The reading experience of traditional storybooks is fixed. 

Therefore, in order to improve the design of the existing multimedia story books. We have 
developed an APP called “Social-based Interactive Learning Game Story Book” based on Science and 
Technology for primary school students. This project includes four design features: 1. Game-Based 
Story Reading 2. Diversified Interactive Task 3. Social-Based Interactive Tasks 4. Diversified 
Reading Experience. The story content is based on the subject of Science and Technology. Young 
readers find problems, explore problems and learn to solve problems through two-way interactive 
tasks between the reader and the mobile. In addition, we add social elements in the system in order to 
increase the interaction and interest in the APP context. We improve the traditional single-reading 
model and establish emotional contact and communication with family or friends. Readers will create 
their own story after completing all the tasks. The storybook will be full of readers’ creations which 
are made from interactive tasks or social tasks.  

2. Literature review 

2.1. Game Based Learning 

Learning is often tedious, so how to arouse learners’ motivation is an important part of effective 
learning. Motivations are divided into intrinsic motivations and extrinsic motivations by external 
incentives and their own interest. And intrinsic motivation is often superior to extrinsic motivation. 
The game is a good way to improve learners’ intrinsic motivation. The interaction and exploration of 
games make learners’ motivation enhance easily. The traits of games are good for improving the 
acceptance-passive knowledge of traditional learners (Bruner, 1966). The main purpose of the game-
based learning is to achieve the desired learning goal by improving the learners’ participation and 
enhancing the persistence elements (Malone, and Lepper, 1987). Psychology experiments have found 
that the multiple sensory learning model will stimulate the brain excited and provide good learning 
conditions so that learners achieve their learning objectives. As with supplementary teaching in the 
classroom, game-based learning is one of the ways to effectively stimulate learners’ motivation to 
enhance the concepts, techniques, and knowledge (Prensky, 2007). Learners are willing to participate 
in learning and develop the ability of discovery, analysis, problems solving and concept construction. 
The balance between entertainments and learning has become the main problem of Game-Based 
Learning. 

2.2. Inquiry Learning 

The first concept of Inquiry Learning was made by American philosopher and educator Dewey 
(1963), who argued that learning should be centered on learners. Learning is the process that learners 
take the initiative in observation, thinking and prediction (Krajcik, Czerniak & Berger, 1998). In 
recent years, with the reformed science education, inquiry learning has become the core of science 
education. The context of the actual life is helpful for learners to find each link in the teaching 
context. It is good for learners no matter that the answer is correct or wrong. The wrong answer is 
much better for learners than the correct answer. Bruner（1996）made the learning theory, which 
emphasizes that the primary purpose of learning is not to get knowledge but thinking and inquiry. The 
theory of inquiry learning supports is that learners make solutions by their own rather than receiving 
answers from others. Learners should corroborate own solution by observation and inquiry 
(Trowbridge & Bybee, 1990).  
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3. System Implementation 

3.1. System Architecture 

In Figure 1, the system structure is composed of the front-end mobile system and back-end cloud 
database system. The front-end system consists of a registration module, a social interaction module, a 
story reading module and an interactive task module. The back-end cloud database system consists of 
a user database, a task database and a friend database. By integrating these two systems, the user's 
data will be linked and synchronized. These two systems also maintain the fluency of the game and 
form a social interactive learning game. 
 

 
Figure 1. System structure 

3.2. System Design 

There are four particular designs integrated in the system. 1. Game-Based Story Reading. 2. 
Diversified Interactive Task. 3. Social-Based Interactive Tasks. 4. Diversified Reading Experience. 

• Game-Based Story Reading：The interactive tasks are interspersed in the story content. The 
game-based content design is easier to enhance readers' reading motivation than the traditional 
story content. In Figure 2, the painting game “drawing the radish.” In Figure 3, readers will 
find the main cause of the plot changing is the water pollution. Readers have to find out the 
garbage and recycle the garbage to continue the plot. 

 

 

Figure 2. Drawing the radish                         Figure 3. Recycling task 

 Diversified Interactive Task：We used the mobile devices’ multimedia features to design the 
diversified interactive tasks which are combined with the storybook content. In the design, the 
system will collect readers’ works which will be shown in the story content. The Figure 4 and 
the Figure 5 are photo task and recoding task. 
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Figure 4. Photo Task                                Figure 5. Recording Task 

 Social-Based Interactive Tasks：Readers solve the social-based interactive tasks of the story 
plot via sending video or receiving photos. The social-based interactive design makes readers 
increase interaction between each other. In Figure 6, readers send friends a task invitation. In 
Figure 7, the readers received a video from friends. 

 

 

Figure 6. Send Invitation                      Figure 7. Receive a Video Message 

 Diversified Reading Experience：Users will create their own stories by paintings, photos, 
videos, and recordings. These user-generated contents (UGC, 2016) will be presented in the 
stories.  After completing the reading, different readers will have different e-storybooks and 
different reading experiences. In Figure 8, the photo was which took by the reader shown in the 
story content. In Figure 9, readers can review videos which received from previous task. 

 

 

Figure 8. Story Content with Reader’s Photo       Figure 9. Memories Page 

4. Evaluation 

4.1. Test Design  

Because the system is currently in the early stage of development, so we sought volunteers who are 
interested in the areas (e-learning and information technology education) to test the system in order to 
determine whether the system was good to be integrated into the actual teaching. 35 volunteers 
participated in this study, including 23 teachers and 12 graduate students. The teachers were of age 30 
to 50. The graduate students were of age 20 to 30.  
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We collected feedback from the 35 users after the test. First, we introduced the research origin 
and the purpose of the system to the users, and assisted users to create an account and start the test. 
We played a role of the user's friends or parents to help users complete the social cooperation task in 
the story, during the process of the test. After the test, we had a meeting with the users. The meeting 
was mainly for the use of the system on the issue or recommendations. The collected questions and 
suggestions are divided into three parts: system content, system interface and system function. 

4.2. Result and Feedback 

The overall feedback is positive and we also acquire some suggestions for improvement. The 
collected feedback and suggestions are divided into three parts: system content, system interface and 
system function. In terms of system content, most of participants gave us some suggestions to make 
the content richer and diverse. We can make the learning content more diverse by combining with 
different subjects. In the system interface part, the system should increase system feedback and 
notification. Because the target users of the system are primary students, so the number of words and 
picture style should be adjusted slightly. System function suggestions are all about additional features 
such as the talking function and the light detect function. 

5. Conclusion and Future Work 

In this study, we developed an APP called “Social-based Interactive Learning Game Story Book”, 
which combines reading, learning, game and social interaction. The app improves the user’s 
motivation of reading and makes learners learn the plants and pollution knowledge. The system had 
been tested by 35 participants, who had an interview with us after the user completed the use of the 
test. The interview results are positive. After the system being tested, the system is still needed to be 
partially modified and strengthened to meet the students' needs. After further modification, we hope 
the system will be integrated into the actual leaning contexts of the elementary schools. We hope the 
App will bring fun into learning by doing and actions and an innovative interactive reading mode will 
be developed.  
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Abstract: This study aims to develop a user-center design; UCD English learning toy for 
children to learn English. The research mainly used qualitative interviews to make a recording 
and conversation with the children. From observing the users’ interaction with the toy, the 
researchers can record a unique learning process and emotional fluctuation from the children. 
By doing a comprehensive evaluation, the analytical items include participants’ emotion, 
facial expression, speaking, and motion factors.  In addition, the research sought whether the 
children can use the toy’s voice functioning to recognize the English word or a sentence from 
the word cards. The study results have shown that the English learning toy increased the 
children’s curiosity, motivation and imagination during the interactive process with the toy.  

Keywords:  English learning toys, user-center design, emotional analysis, children behavior 

1. Introduction 

According to the Central Intelligence Agency (2014), Taiwan ranked at 215th for the lowest birth rate 
in comparison with the total of 223 countries in the world. The birth rate has been on a decline 
(Sander, 2017). Many parents only need to foster one child per household, thus allowing them in 
putting more effort on their child’s education development. There’s an idiom that states “To Get off to 
a Good Start” which sends a message for productive parenting, therefore, in this case most parents 
would like their child to have access to knowledge at the earliest.  

The United Nations Educational, Scientific and Cultural Organization, or UNESCO, had 
mentioned the importance of literacy by proposing that “literacy is not an end in itself, it is a 
fundamental human right” (Oxenham, p 24).  The organization maintained the importance of building 
up a persons’ literacy capability. Starting from 2005, Taiwan Ministry of Education had started a new 
policy for children to learn English from the 3rd grade. This initiative has generated a spark in learning 
English as a national movement. This study has designed an English learning toy. Resnick (1989) 
once mentioned that “effective learning depends on the intentions, self-monitoring, elaborations, and 
representational constructions of the individual learner,” (p. 2). From this philosophical inspiration, 
the purpose of this study is to see how a designed English learning toy can enhance a child’s interests 
and motivation to learn English. Furthermore, the study intends to discover on how a child’s 
emotional fluctuation change when they integrate with the learning toy.  
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2. Literature Review 

2.1. Behaviorism  

By the 1900s, some psychologists believed that learning happens according to the external 
environment’s stimulation (S) and learners’ response (R); rewards play an important role that 
influence a person’s motivation and behavior (Ormrod, 2010). Ivan Pavlov (1849-1936) and B.F. 
Skinner (1904-1990) are perhaps the two best known behaviorists. Pavlov created the classical 
conditioning theory by experimenting with dogs, seeing how they salivate when they have been 
trained that a ringing bell means food. On the other hand, Skinner (1938, 1953) advocated operant 
conditioning, for he thought that learning occurs when people make a response based on a reinforcing 
stimulus. In addition children learned through imitation. As for this study, the research use the English 
toy’s movement, voice, and eyes as reinforcement conditions to stimulate a child’s desire toward 
learning a second language.  

2.2. Social constructivism 

Lev Vygotsky (1896-1934) focused on how the environment, especially society and culture, can 
influence children’s cognitive development. Vygotsky pointed out the intimate relationship between 
children and play. He suggested that play can not only enhance a child’s imaginative capability but 
zone of proximal development (ZPD). Vygotsky defined ZPD as “the distance between the actual 
developmental 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 peers” (as cited in Cole, John-Steiner, Scrbner, & Souberman, 1978, p. 86). The second 
stage of the qualitative interviews were designed from Vygotsky’s (1978) theory on scaffolding, 
which interprets on hoping that children can get their imagination while they are integrating with the 
English learning toy.  

2.3. Social constructivism, User-center Design 

The original concept of user-center design; UCD was initiated by Norman and Draper (1986) through 
their laboratory research at the university. Since then, UCD has become a culture vernacular that has 
been widely used for designing a user-friendly products’ principles (Abrass, Maloney-Krichmar, & 
Preece, 2004; Mao, Vredenburg, Smith, & Carey, 2005; Sotamaa, 2005). Norman’s (1988) designing 
principles are based on the idea of knowledge, simplification, visible, mappings, error adjustment, 
task-orientation, and standardization. Furthermore, Garrett (2011) pointed out the essential element 
for user experience requires “design for engagement” (p.132). In regards to the application of 
Norman’s principles and Garrett’s concept, this study designed an English learning toy that is 
efficient, memorable, error adjustable, and satisfied.  

3. Methodology 

3.1. Research Question 

The aims of the experimental observation and the research questions are as followed: (1) Evaluate 
children’s interactive relation with the toy: investigating if children can make interaction with the toy 
naturally, or if they have difficulty in operating with the toy? This designed question aims to seek if 
there are any other hidden questions. (2) Compare the children’s interactions with the toy into three 
different situational experiments: seek how children’s emotion are, see how their preference and 
usage are different while they play with the toy in three different situations.  
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3.2. Experimental Participants 

This study has visited different family and looked for children whose age was from 3 to 5 years old. A 
total of 7 participants included four girls and three boys. Each child was given a coding letter from A 
to G. A: girl 3-years-old; B: boy 5-years-old; C: girl 3-years-old; D: girl 5-years-old; E: boy 4-years-
old; F: girl 4-years-old, and G: boy 5-years-old.  

3.3. Experimental designed 

The experimental design mainly focused on the learning toy of its user-center design. As for the 
English words cards, the research team created a story and different characteristics for the whale 
under the sea. 

3.3.1. The designing of the English learning toy 

Qualitative interviews were used for analyzing the children’s emotional change. Seven children whose 
age from 3 to 5 years-old participated in the study.  The children interacted in many ways toward the 
English learning toy－touching and speaking are the two main variables (See Figure 1.1). When a 
child touched the toy, the toy responded and provided a feedback. For example, when a child touches 
the right side of the toy, it swims to its right side; the eyes sparkles “love” graph to present its 
happiness, and it makes a voice of “turn right”. However, if a child makes no reaction towards the toy, 
it vibrates on its own for every 10 seconds and speaks an English word randomly by the programming 
setting.  

 

Figure 1.1 interactive situations between a child and the English learning toy 

3.3.2. The designing of the word cards and dialogue 

In this study, qualitative interviews were divided into two stages with three designed experiment 
scenarios. In the first stage, the researchers observed the children’s interaction and their natural 
reaction towards the toy. Then the researchers analyzed the children’s explicit behavior such as 
speaking /operating and expressing their emotions such as thinking / mood status. In the second stage, 
a story teller would tell each child a story of the whale (English learning toy) and introduce a word 
card that is relevant to the story. Based on the creation of the story, the researchers have designed 
several English word cards and dialogue with several main characteristics (See Table 1). Each card 
has the characteristic’s colorful graphic, word or phrase. In addition, several English sentences along 
with the Chinese translation were printed out on a paper. The purpose of using the word cards is to 
enhance the children’s voice interaction with the toy.  

As for the three designed experiment scenarios, scenario A would be the observation of the 
children’s interaction with the toy. In scenario B, the children play with the toy in the water. For the 
scenario C, several learning English word cards would be added while children play with the toy in 
the water. These three scenarios would be tested with each child individually in the first stage and the 
second stage. After the children have participated with these two stages, one child who gained the 
highest performance would be chosen and be further interviewed with the researcher. The purpose of 
this interview is to seek the child’s learning ability, efficiency, memorability, error and satisfactions 
through the interaction with the whale. 
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For analyzing the children’s emotional change that integrated with the English learning toy, 
the researcher wrote a report through specific observation, videotaping, photo taking and 
interviewing. After collecting the information from each participant, the emotional change curves are 
drawn to the diagram. 

Table 1:  Designed English words and dialogs by this study 

 

4. Analysis of Results  

Two main research questions of this study are to: (1) evaluate children’s interactive relation with the 
toy; and (2) compare children’s interaction with the English learning toy into three different 
situational experiments along with participants’ emotional analysis. Seven children have participated 
in this study. The evaluation of these children’s interaction toward the toy and how their emotional 
fluctuation has changed with the toy are analyzed in this suction. 

4.1. Evaluation of children’s interactive relation with the toy 

Overall, the children who interacted with the English learning toy have stimulated their learning 
tendency and increased the ability of imagination. First, after the children notice that the toy can make 
response when it was touched by hand, the children started used their finger to squeeze, turn, touch, 
and swipe the toy.  The children are especially fond of seeing if the toy would have different reaction 
when they touched the different parts. In addition, they are mostly interested in the toy’s movement 
and figure change. For example, if the whale’s flippers and tail are flipping or vibrating, they would 
like to be more integrated with the toy. 

Second, the children have created their own imagination. While playing with the toy, the 
children enhanced their imagination dramatically. All the seven children asked the whale whether it 
can swim in the sea because they recognized the appearance of the whale as being designed to go into 
the water. Also, they ask some questions which are related to the water.  It appears that most of the 
children would like to play with the water when they focused on where the whale lives. After 
applying the English word cards and dialogue, the children created their own words to communicate 
with the toy.  
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4.2. Analysis on the children’s emotion while integrating with the English learning toy  

Qualitative interviews were mainly used in this study. In order to compare and analyze each child’s 
emotional reaction when he/she integrated with the English learning toy, the researcher wrote an 
observational report. The report has described each child’s characteristic and all the specific 
information that were collected from videotaping, photo taking and interviewing.  

The vertical line of each figures (See Figure 1.2, and Figure 1.3) represent the change of the 
children’s emotional status. Each child’s emotional reaction and status scaled with five levels－1,2, 3, 
4, and 5. Through specific observation, if the child appeared to be in a state of happiness, the 
emotional status marks 4; with joyfulness the marks are 5. In contrast, if the child appeared with a 
bored face, the emotional status marks 3; with the depressing face, the mark is 1. Mark 3 represents 
the natural emotional status. Therefore, the higher line of each child’s emotional status shows more 
interests in playing with the toy; the lower one shows a less interest in playing with the toy. Each 
child played the English learning toy into the three designed situational experiments.  The three 
situations are divided into scenario A, scenario B, and scenario C. The horizontal line of the figures 
showed the timeline through scenario A to scenario C. 

Figure 1.2 is the comparison diagram of emotional change curve into different genders－boys 
and girls. The emotional change curves showed that boys’ emotional fluctuation changed more 
rapidly than girls. The reasons were that boys had a stronger intention to drive the interactive toy. The 
boys tried to use the context of the word cards to make the toy give a feedback. On the contrary, the 
girls tend to pay more attention on the contents that they’ve applied with the toy. For example, they 
want to know the story context and how it related with the toy’s outer appearance and feedback. 
 

 

Figure 1.2 Compared boys and girls emotional reaction toward the English learning toy 

For the entire situational experiment, the seven children have shown their emotional 
fluctuation change consistently (See figure 1.3). In a certain interval of time, the participants’ emotion 
showed a similar direction as going up and down in the bars.   

 

 

Figure 1.3 The comparison of the seven children’s emotional change multiple bar chart 
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Figure 1.4 has shown how the children’s emotional fluctuation with the three different 
scenarios.  In scenario A－A(I),  when the children first see the toy, the figure did grab their attention. 
However, when they acquainted themselves on how to operate the toy they drop their attention and 
interests. Therefore, their emotion fluctuation dropped to A (II). Later, when the toy has been put into 
the water the children’s emotion aroused to A (III) and made the interaction with the toy. Then, the 
children’s emotion drop dramatically from B (I) to B (II) until the story teller told the whale’s story 
and showed the English word cards and dialogue that is related to the story. The main reason for 
children to lose their interests in scenario B was because the toy’s reaction didn’t meet their 
expectation. For example, when a child discovered that the toy whale cannot dive down and spray the 
water, he/she started feeling bored. While the children showed more attention on the word cards by 
using their imagination, their learning tendency in scenario C (CI and C II) had remained longer than 
in scenario A and B. Therefore, the emotional fluctuation drops slowly in C (III).  

 

 

Figure 1.4 The comparison of the seven children’s emotional change curve 

4.3. Adjust the English learning toy with one selected child after the two stages experiment 

As for the qualitative interview, seven children have participated in the study. Three designed 
situational scenarios are applied into two stages experiment. Seven children have been observed by 
the researcher through their entire experiment with two different stages. Based on the researcher’s 
observation among these two experimental stages, there are some improvements that can be made 
with the English learning toy. Therefore, one 4-years-old girl child, coding number as “F”, received 
the highest performance from the two stages experiment. Participant “F” has chosen to participate for 
the further experiment after learning that the toy has got some mechanical and functional 
improvement.  

Based on the previous situational experiment, the toy’s speaking volume has been adjusted 
and increased. F had the same test again; F’s overall learning capability has increased. Since the 
English learning toy is designed whether it is efficient, memorable, error adjustable, and satisfied, the 
following is the testing results: 

 Table 2: Child “F” reaction toward the English learning toy with the four designed principles 

Designed 
Principle
s 

Experiment Results 

Efficiency Toy’s efficiency was divided into touching and speaking: 
Touching: F gain immediate feedback after touching the 
toy. Speaking: F had to make her pronunciations more 
accurate so that the toy can respond.  

Memorability The design for the children to integrate with the toy is 
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simplified. Therefore, F can operate the toy without 
difficulty. In addition, she has been through the two stages 
experiment, so she has learned how to operate with the 
toy. 

Error Toy’s using error rate was divided into touching and speaking: 
Touching: the way of touching the toy is directly and easy 
to try. Speaking: F has a difficulty in correcting her own 
articulation due to not knowing how to articulate the word 
correctly or make an improvement. As a result, the error 
rate is high with a low response. 

Satisfaction “F” created her own way to integrate with the toy through the 
different experiments. Overall, F was highly engaged in 
playing with the toy. She paid attention on how to change 
her action to stimulate the toy. She seemed to enjoy 
playing and learning from the toy. 

5. Discussions and future recommendations 

This study sought whether the designed English learning toy would stimulate a child’s learning 
tendency. Also it aimed to find out how the children’s emotional fluctuation changed when they 
integrate with the English learning toy.  

The formation of the language learning toy was based on Norman’s (1988) user-centered 
design; UCD. Through the qualitative interviews with the seven children on the two stages 
experiment, the study discovered that children did learn, and want to learn and discover more during 
their interaction with the toy. This result is consisted with Vygotsky’s scaffolding (1987) as it pointed 
out that play not only stimulates the children’s capability of imagination, but also allows them to learn 
beyond their zone of proximal development. Also, the study result is similar to Skinner’s (1938, 1953) 
operant conditioning; when the children gained feedback through their correct operational process 
toward the toy, the positive feedback drives them to have further interactions with the toy.  

This study initiatively evaluated the child’s emotional fluctuation with the English learning 
toy. The work hopes that further research could be conducted in order to create a child’s English 
learning based toy, whereas the diverse content creates an interaction to stimulate and enhance the 
children’s mind for development.  
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Abstract: While it has already been widely established that games can be assimilated into the 
education mainstream achieving excellent results, the current researches focusing on 
classroom-based educational game for k-12 are relatively fewer than that on other areas. In 
this paper, we analyzed the currently existing related educational games for k-12, then 
attempted to analyze and design a suitable game matching withk-12 class teaching based on 
syllabus. Finally, we tested this game on corresponding graders with great success. We 
sincerely hope that these ideas and our experiences can be worthy of the following relevant 
works. 

Keywords:  K-12, Educational game, Classroom learning, Game design, Game evaluation 

1. Introduction 

Currently, in the field of educational games, great progress is being made in programming new games 
and applying them to the classroom, most of which is built upon cooperation between the educational 
game industry and schools to create, produce, and apply certain informal games.     

On the other hand, Andrew J. Stapleton (2004) found that while the K-12 sector is recognized 
and understood as a possible market for games, presently it is not considered a key focus within the 
serious games community.  

Furthermore, many difficulties have arisen in integrating these educational or traditional 
games into the k-12 classroom. For example, in the study of McFarlane (2002), through surveys of the 
teachers and parents, it was determined that although they believe that games can support the healthy 
development of logic reasoning, mathematics, coordination and so on, they think the greatest obstacle 
in the full integration of games into the curriculum is that their contents do not completely match.  
Meanwhile, the abilities that students may gain from these games may not be helpful when used in 
formal, traditional education. 

As a result, through analysis of current related articles and existing related educational games, 
it seems that rarely have educators or researchers paid attention to how to integrate games with 
“formal” class teaching or produced “formal” school-based games to match the syllabus of class 
teaching, especially, on the aspect of K-12 primary education.  

In this paper, after discussing the current situation of educational game, we introduced the 
whole progress of analyzing, designing, realizing and evaluating a sample of classroom-based 
educational game for k-12. We sincerely hope that these ideas and our experiences can be worthy of 
the following relevant works. 

2. Analysis of existed related games  

As our study shows, the majority of the existing programs lean towards one of two extremes (Prensky, 
M, 2003). 

On one end, it may follow MMOrpg （Massive Multiplayer Online Role Playing Games） 
format, incorporating many roles, complex rules and stories as well as making the portion of the game 
non-relevant to educational material, which would bring an extra bundle of information that the 
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students must learn. This is counterproductive to the goal of making games lighten the cognition load 
of education.    

On the other end, many educators and game-designers are well aware of this flaw, thus 
leading to the other extreme: monotonous games with no story or point that are loaded with textbook 
style information, such as quiz games, which seems like normal paper tests except shows on screen 
and by using music, score, vivid interface and some other forms of game. The whole process is just 
answer the questions and judge the answers right or wrong.  When this is the case, the players quickly 
lose interest in the game once they play enough to familiarize themselves with the format. Focusing 
on classroom-based educational game in k-12, we have discovered an interesting phenomenon, which 
is that the story and point of the game is very often far removed from its educational content and it is a 
great challenge to the attempt to bring these two ends to meet.  Many programs that fail to achieve a 
unification of the two present the educational portion as question-answer format.  For example, in 
order to strike a monster or advance a step in a dungeon, the player must answer a scholastic question 
that is entirely non-relevant to the monster or the dungeon.  This unnatural forcing together of two 
completely different worlds of thought is a great downfall for many games and thus, any new program 
that we design must overcome this flaw by creating a smooth transition or link between the scholastic 
information and the game-play.   

Thus, we conclude that the current classroom-based educational games in K-12 are inadequate 
and further research is necessary to create programs to overcome these fatal design flaws. Especially, 
as many educators and researchers have referred to (Squire Kurt, 2006), keeping the balance between 
“entertainment” and “education” in an educational game is a key point, which we need to specially 
stress on in the following work.  

3. Perry’s game: a sample case of curriculum-based educational game for k-12 

3.1. Site and sample selections 

Before realizing a suitable educational game, we must choose a specific discipline and target audience 
on which to test our method.  Therefore, we created a formal educational game that aimed to meet 
three targets: one, to be suitable for the K-12 audience; two, to be compatible with classroom 
teaching; three, to achieve a balance between entertainment and education. Thus, we decided to 
choose measurement skills from the K-12 curriculum (Alternative Education/Special Education 
Division, 2008) on which following test-run is based. Reasons as below: 

3.1.1. Match up curriculum 

Through analysis, we have found that as a cell of discipline, measurement skills are included in the 
syllabus of 1st to 5th graders and are good representative skills for the K-12 curriculum. 

3.1.2. Match up requirements from school 

From the feedback of students and teachers, we can see that although the concept of measurement is 
straight-forward and simple, many children do not possess a comprehensive command of the subject.   
Thus, we have concluded that a measurement game would be helpful to the students in their cognitive 
development. 

3.1.3. Fill up the lack of satisfied related educational games 

Through our research on programs dedicated to improvement of measurement skills, we have found 
that there are very few of them, and the ones that do exist are in either question answer format, which 
does little to differentiate them from a textbook, or simulation-type games, which very boring and lose 
the point of using software rather than an actual ruler and object.  These games fail to achieve the goal 
of entertainment. 
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3.1.4. Provide useful experience for following relevant game design 

Experience tells us that the simpler the concept of discipline, the more difficult it is to create a fun and 
engaging program for it.  As we know, linear measurement skills are very straight forward and simple.  
Thus, if we can successfully create a fun and engaging program on it, it may provide some useful 
experiences to future educational games. 

3.2. Design of the sample game 

3.2.1. Analysis of game’s goal 

I. Educational goal 

Help students in K-12 enhance their understanding and skills on the concept of linear-measurement; 
make children know how to measure linear objects with standard, non-standard units. Of course, we 
cannot ignore the value of helping the student to instantaneously realize their errors and faults as this 
is invaluable towards improvement. 

General goal: Measure linear unit: Use a ruler to measure standard/non-standard unit. 

a. Standard measurement 
To measure item lengths in integers and halves to simulate measuring behaviors by using a 

standard tool in real world 
b. Non-standard measurement: 

To simulate measuring behaviors by using a non-standard tool as a reference tool; practice skills 
of estimating 

 
II. Entertainment goal 

To make children feel happy and rewarded through completing tasks; to engage children in the game 
to break their own record; to make students in K-12 like it and can be engaged in the game to 
actualize the real “study in the fun”. Therefore, they will achieve the educational purpose. 
III. “Balance” goal 

Achieving balance between entertainment and educational goals. 

3.2.2. Analysis of the game’s target audience 

According to the principle of game design based on the original level of different age populations, we 
must first consider the age, education level and psychology of our target audience (Prayaga, 2005).  
See Table 1 as below. 

Table 1: Target audience compare 

Target 
audi
enc
e 

Psychology Suggestion for game design 

Children 
Betw
een 7 
and 
12 
years 
of 
age 

Active, curious, like 
to play puzzle 
games, lack 
patience, and 
have a short 
attention span 

Game designer must use vivid images 
and simple language for 
presentation and explanation of the 
disciplines in their fusion into the 
game. 

Children Active (with They like analytical puzzle games, role-
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betwe
en 13 
and 
18 
years 
of 
age 

purpose), like to 
think 

playing games, so tactic games are 
more suitable for them. The 
images should have high 
resolution. 

People 
above 
the 
age 
of 19 

Prefer more complex 
games with a 
greater amount 
of knowledge 
required 

These people pertain to combat games 
with lots of action and adventures.  
They love role-playing games with 
leader or hero-like figures.  They 
love multiplex strategy games. 

 
In this case, we chose primarily 7-12 years old students, thus in our design of the game we 

must take into consideration the characteristics of the students in this age group.  We must focus on 
the polymerization of the game play with educational content, keeping the game fun and purposefully 
simplifying the game play. 

3.2.3. Choosing an appropriate genre 

Before choosing an appropriate genre for the going created game, we carefully analyzed all the 
candidate game categories, including RPG (Role Playing Game, MMOrpg), ACT (Action Game), 
FTG (Fighting Game), STG (Shooting Game), SPG (Sport Game), RCG (Race Game), AVG 
(Adventure Game), SLG (Simulation Game / Strategy Game), PZG (Puzzle Game) and CG (Casual 
Game) (邹帆,2009). 

According to the Piaget’s theory of cognitive and affective development (Wadsworth, B. J. 
,2004), in children’s cognitive structure, the dominant factor is perceptual representation. Children 
mostly use the thinking in images and the thinking on perception to know the world, so they often like 
beautiful visuals and dramatic sounds, and often find it difficult to understand complex characters in 
the story.  Thus, MMORPG games are not suitable for them because the missions are complex and so 
are the relationships between characters.  Oppositely, games with simple storylines or games 
completely absent of storylines such as flash games are more suitable for them. 

Therefore, we wish to target measurement skills as the goal of this game. Because 
measurement skills are simple and exclusive, we hope to create a web-based flash game. 

From the perspective of combining game play and knowledge, we hope that this game is 
compatible for classroom use.  Thus, it must first be instructional software.  The goals and missions 
must all be tied with measurements.  Second, it must be able to captivate its audiences like a 
traditional game does.  Third, we hope that it can be used as a supplement to the classroom lecture, 
helping kids more firmly command the knowledge they just learned.  Thus, it must adhere to the 
regular classroom model in most schools, for example, the immersion time must not be longer than 
the standard 45-minute slot per class.   

This game should be a casual game for helping students master the material amid the daily dry 
and monotonous classroom lectures, reducing students’ cognition load. The game should be colorful, 
vivid, animated, interactive, challenging, pertinent to children’s life, and helpful to children’s 
education. 

 
I. Design game’s subject 

This game should not be limited by a terminating number of levels (high score games), but instead 
should utilize random looping and be very rewarding.  We determined that this game should be a 
Shooting Game. 
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II. Design the style of the game’s interface 

The interface of the game should be simple, colorful, and related to the material inside the game, 
hopefully matching up to the target audience’s interests. See Figure 1 as below. 
 

 
 

Figure 1. The interface of game’s beginning 

3.2.4. Design game’s rule 

I. Design game’s background 
 At the beginning of the game, the player will choose the level of difficulty (beginner, 

intermediate, advanced and hardest) divided to attack different emphases.  The storyline is that 
over a blue sea, and endless and random rain of long objects fall at different speeds.  The player 
must randomly click on an object and perform relevant operations according to the hints.  
Afterwards, the player must choose the correct length as is written on the clouds.  If the answer is 
correct, the player will receive a corresponding reward.  After that, the player will be taken back 
to the main interface to continue playing the game.  If it is wrong, the game will provide the 
correct answer and once the student has acknowledged this, s/he will be taken back to the main 
interface to continue the game.   

 After a certain number of correct answers, the player will advance to the next level. 
 Every level will have different rules, and provide according rewards or incorrect answer screens 

to the player’s progress. 
 

II. Integrate subdivided educational cells into game’s rule to achieve the entertainment goal 
a. Design of “Objects” 
 Normal objects will appear at different locations above the ruler after each answer.  The student 

must use the ruler as a tool to measure the length of the object.  Through this, we simulate normal 
measuring practice.   

 Special objects will stop falling when they are clicked and players are required to use the ruler as 
general reference to estimate the length of the object.  This simulates estimation practice. 

 
b. Design of “ruler” 
 Ruler with number: the ruler with numbers is a standard ruler with number using the centimeter 

as the standard unit. 
 Ruler without number: the ruler without numbers is a ruler with increments but no corresponding 

numbers so that the player can only estimate or count the length of the object. 
 

c. Design of “answers” 
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 When the answer is an integer: it allows the students to practice with full centimeters 
 When the answer is a half of a centimeter: it allows players to see that more precise 

measurements than a whole can be made. 
 

d. Design of locations where chosen object shows up 
 When normal objects align themselves with the 0cm mark, it simulates the most common 

measurement practice in the classroom. 
 Normal objects that do not align themselves with the 0cm mark 

a) When normal objects need to be dragged to the 0cm mark to be measured. 
b) Students must align the object, simulating practical measurement. 
c) Objects can only be dragged to an integer other than 0cm mark. 
d) Helps students get a steadier grasp at the concept of measurement (as opposed to only 

looking at the number that the object ends at). 
 

e. Design of Answer feedback 

When the player selects an answer, the game will instantly give feedback, helping students to 
immediately understand one’s own fault and grasp the right answer. 
 

f. integrating “fun” function with “educational” function 

Uses multiple interactive properties, vivid animations, enhancing sound effects, and gratifying 
rewards to engage the player. 

4. Evaluation 

To test whether our game achieved the original design purpose of allowing students to quickly and 
easily master the skill of measuring to a proficiency level, we conducted an experiment in which two 
groups of children were taught measurement concepts by the instructor, to evaluate the effectiveness 
of the game, to discover the possible flaws of classroom teaching and possibly improve on them.    

The experiment: the experiment was pilot-tested in 3th, 4th and 5th grades and results from 
that pilot were used to improve the experiment. 

4.1. Participants 

4.1.1. Reasons for choosing 3th, 4th and 5th grades students as sample group 

According to previous analysis, we saw that although the k-12 Mathematics Curriculum (Texas 
Education Agency, 2012) in Texas covers measurement skills in kindergarten through 5th grade, our 
game targets the sample group that would already have finished the learning of the basics of 
measurement.  In grades kindergarten through 2nd grade, students practice with non-standard units, 
and in 3rd grade students begin to use a ruler.  Therefore, our game targets those students from grades 
3 to 5 that have learned the basic concept of measurement and can then deepen their understanding of 
the topic. 

4.1.2. Reason for choosing large number of students from different classes 

We selected sixteen different classes from 3th-5th grades (6 third grade classed, 6 fourth grade classes 
and 4 fifth grade classes) to ensure that the experiment results would truthfully or near-truthfully 
reflect the actual level of proficiency that the average commands in the area of measurement.  This 
also diminishes the probability that differences in the instructors may sway the results (which is why 
we divided each classroom into two equal groups for control and experiment with consideration to 
gender balance). 
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Therefore, participants in this study included approximately 300 students from 16 4th grade 
classes at Treasure Forest Elementary School in Houston, TX and 16 4th grade teachers from each 
class; one observer and one research assistant. See Table 2 as bellow. 

Table 2: Arrangement of the participants. 

  Sample Population of The 
Experimental Group 

Sample Population of The 
Control Group 

The Total Number of 
Participants  

The Number of 
Classes 

Number 138 145 
283 16 

Scale 48.8% 51.2% 

 

4.2. The experiment for evaluation 

4.2.1. Purposes of the experiment: 

In this phase, we hope to: 
 Compare the results of the pretest and post-test of the experimental group to determine that the 

game at least has educational value. 
 Compare post-tests from the control and experimental group (from students with comparable 

pretest scores) to compare the effectiveness of our game with traditional classroom teaching. 

4.2.2. Design of Paper tests 

Before executing the experiment, we carefully designed the paper-tests. To ensure the results from 
pre-test & post-test can be objectively and effectively compared, we created the post-test similar with 
the pre-test in the number of questions, the varying degrees of difficulty, and the area of coverage.  
Only the actual questions were completely different.   

We created twenty-five questions on the area of measurement according to the curriculum 
with varying degrees of difficulty, covering all or nearly all aspects of the discipline. (“SKILL1”=can 
read the integer scale of a standard ruler; “SKILL2”=can put an object to a standard ruler from 0 cm  
to do the measure activity as in real world; “SKILL3”=can read the scale number of an standard ruler 
to measure an object; “SKILL4”= can read decimal scales of a standard ruler; “SKILL5”=can 
measure an object from anywhere of a standard ruler; “SKILL6”=can measure objects by using an 
standard ruler without number and can estimate objects with a reference). Each question has 1 score 
with a total of 25 scores. Each question involves one or a few SKILLs respectively, such as question 
#1 involving SKILL1~SKILL3. In another word, each of the skills would also have accordingly 
different questions. Thus, each of the skill would involve different numbers of questions and has a 
different sum. Therefore, to better analyze the study effects of the students’, later analysis will not 
adopt the raw sum of each skill but the percent correct. In addition, to avoid the potential clues from 
the orderly arrangements of the questions, the questions and according skills are arranged randomly. 

Furthermore, we divided those questions into some small groups in detail to make them 
specially represent the different aspects of measurement skills. 

4.2.3. Procedure of treatments 

The concrete procedure of the 2 treatments is below: 
I. Pre-test: Based on reviewed the correlative concepts of measurement under the same 

teacher’s instruction. All the students had the Pre-test on linear measurement in a limited time (10 
min).    

II. The control group and the experimental group:  to assure comparability, each class was 
randomly divided into two equivalent groups which have the equal proportion of males and females, 
one as the control group and the other one as the experimental group. 
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III. Then the experimental group went to the computer lab to play the game (no instructions 
were given during their entire playing duration, except helping them access the game online) and the 
control group stayed in the class room to use normal class practice under teacher’s assistance (pencil 
and paper activity).   

IV. Time duration: 40 min.  
V. Post- test: 40 minutes later, both groups stopped their respective activities to take the post-

test (10 min).  

4.3. Gathering data from the experiment 

4.3.1. Results of evaluating entertainment goal 

This part of data is gathered for validating whether the game achieved the Entertainment purpose. 
 

I. Results From observation 
 

a. A real relaxed gaming time 

To get the most effective data and students’ authentic feedback, during the whole duration when the 
experiment group played the game, the researcher and designer were present that did not interact with 
them very much. Without any interruption, students in this group enjoyed the game and were relaxed.   

While they played the game, no matter whether they were shouting, cheering, exhibited 
exciting, flourishing or playing silently, we could conclude that they were completely engaged in the 
game. 

When forty minutes had elapsed, most of the students in the experimental group wished to 
continue playing. 
 

b. no instruction, no management, no assistance  

At the beginning of their playing, we told them this is game time and they should just enjoy the game 
and have fun. We suggested that if they met any problem or had any question about how to continue 
the game, they should carefully observe all the interactions or animations and try to figure it out on 
them own. 

During the whole experiment, seldom of the students needed our assistance. And these finally 
figured the problem they had after we told them to carefully observe some hints information in the 
game. 
 

II. Results from questionnaire 
 

a. Feedback from students 

Every time when the experiment group was ready to come back to class, we always asked them these 
questions: 

(i) Do you like the game?  

All the students from each experiment group loudly said “yes”, and urgently shared their feelings and 
experiences about the game to us. 

(ii) Do you think the game is very interesting? 

Still a loud answer of “yes”. Some said it’s very cool. 
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(iii) Is the game hard? Or easy? 

Most of the answers are: it’s not hard and not easy, appropriate. 

(iv) What have you learned from the game? or did you feel that the game tried to teach you 
something? 

Some said “yes, it teaches me how to measure”; some said “now I know how to measure”; some said 
“I don’t know, because I didn’t think about it when I was playing, I just played it”. The last statement 
was the most valuable because it shows that our goal was met.  

(v) If possible, do you want to have this game in your class-study?  

Everybody said yes. Many of them asked us when they could play it again and asked if they could 
find it online because they wanted to play it again at home. 
 

b. Feedback from teacher 

Prior to experimentation, we asked a class to test the game to ensure that it was free of bugs for the 
main experiment.  The instructor said that she greatly supported these kinds of games entering into the 
classroom because good ones are so rare and she believed that a game was a great tool for learning as 
it immediately told the student whether the answer was correct or not and showed the student how to 
obtain the correct answer.  A month later, we received and e-mail from her reflecting that her students 
loved this program and that their measuring proficiency was greatly improved.   

4.3.2. Data from Pre/Post paper tests 

This part of the data is gathered for validating whether the game achieved the Educational purpose.   
 

I. The pre-test and post-test data analyze 

Before the experiment when both groups had just received the lecture on measurement concepts, the 
pretest was given to determine their initial mastery of the subject.  We required students to complete 
the test to the best of their abilities in ten minutes.  After we received the results, we found that all 
students had completed all twenty-five questions.  After gathered data, we did Independent Samples 
Test and Paired Samples Test, we can see the means comparison and T-test in Table 3 & Table 4 as 
below. 
 

Table 3: Means comparison between pre-test & post-test 

    TOTAL SKILL1 SKILL2 SKILL3 SKILL4 SKILL5 SKILL6 

Control 
Group 

(n=145) 

Mean 

pre 11.738 54.23% 69.66% 52.55% 41.23% 31.82% 38.55% 
post 14.372 62.38% 71.24% 60.51% 53.65% 48.32% 52.97% 
post
-pre 2.63  8.15% 1.59% 7.95% 12.41% 16.51% 14.41% 

Paired 
comparison 

t -4.835 -3.750 -.743 -3.769 -5.033 -5.615 -5.591 
P .000 .000 .459 .000 .000 .000 .000 

Experi
mental 
Group 

(n=137) 

Mean 

pre 12.000 55.93% 70.80% 52.37% 41.77% 32.80% 41.45% 
post 18.942 76.94% 89.57% 78.12% 74.84% 66.57% 72.25% 
post
-pre 6.94  21.01% 18.77% 25.75% 33.07% 33.77% 30.80% 

Paired t -14.014 -9.620 -8.325 -13.479 -14.027 -12.923 -12.825 
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In Table 3, we can see that before and after treatment control group showed significant 
difference (t=-4.835, P=.000<.001); however, the SKILL3 showed no significant difference (t=-.743, 
P=.459>.05); experimental group also showed significant difference (t=-14.014, P=.000<.001), 
especially every skill level (SKILL1~SKILL6) showed significant difference (p=.000<.001). Thus, 
we could conclude that the normal classroom-practice and Perry’s game both have the educational 
function. Especially, after using our measurement game the measurement skills of experimental 
groups were increased a lot which means the game can significantly enhance the player’s 
measurement skills.  

Thereby, the measurement game does, indeed, contain educational value. The educational 
purpose of our basic original design has been met. 

Table 4: Means comparison between control group & experimental group 

 

In Table 4, we can see that before treatments, the pre-test of control group and experimental 
group showed no significant differences (t=.282, P=.778>.05). Thus, we can draw a conclusion that 
before treatments, the two group (control group and experimental group) were comparable. 
Concretely, after analyzing all the t value and P value in every skill levels (SKILL1~SKILL6), we can 
say that the skills of the control and experimental groups were comparable in all of the modules. In 
additional, we also observed a very interesting phenomenon.  Students scored relatively well when 
they were allowed to measure from the zero point of the rulers but did significantly poorer when they 
were not allowed to align the objects with the zero point.  This shows that students never really 
grasped what measurement was. 

After treatments, the control group and experimental group showed significant difference 
(t=5.267, P=.000<.001). we can conclude that our measurement game had more educational value 
than traditional classroom practice. 

We also can get the conclusion via Figure 2. 
 

comparison P .000 .000 .000 .000 .000 .000 .000 

 
    TOTAL SKILL1 SKILL2 SKILL3 SKILL4 SKILL5 SKILL6 

Pre-Test 

Mean 

Control 11.738 54.23% 69.66% 52.55% 41.23% 31.82% 38.55% 

Expri 12.000 55.93% 70.80% 52.37% 41.77% 32.80% 41.45% 

con-ex 0.26  1.70% 1.14% -0.18% 0.54% 0.99% 2.90% 

T-test 
t .282 .467 .311 -.051 .127 .216 .712 

P .778 .641 .756 .959 .899 .829 .477 

Post-Test 

Mean 

Control 14.372 62.38% 71.24% 60.51% 53.65% 48.32% 52.97% 

Expri 18.942 76.94% 89.57% 78.12% 74.84% 66.57% 72.25% 

con-ex 4.57  14.56% 18.32% 17.61% 21.20% 18.25% 19.28% 

T-test 
t 5.267 4.014 5.750 5.112 5.517 4.256 5.068 

P .000 .000 .000 .000 .000 .000 .000 
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Figure 2. Total Mean Score Comparison 

From those tables and figures above, we can obviously discover that the measurement game 
we designed can subsificantly help student understand the measurement concept and enhance their 
skills on imeasurement.  

5. Conclusion 

5.1. Educational function 

 Students’ scores in the post-test have improved compared to their pre-test scores, establishing the 
educational qualities of this program. 

 The experimental group out-performed the control group on the post-test, establishing that our 
program is more efficient than traditional classroom doctrine. 

Thus, this game is worthy of integration into the common American classroom. 

5.2. Entertainment function  

Through our previous analyses, we can arrive at a conclusion on the entertainment function.  Students 
love this game; teachers welcome the induction of this game into their classrooms; but best of all, not 
only does it not add to the load of the teachers, it eases their daily teaching routines.  

Above all, through experimentation on students from 3rd to 5th grade and analysis of the 
numerical results, we discovered that this game can be used as supplementation to the classroom, 
allowing students to not only master the concepts of measuring, but also practice with application.  
The results outpace that of traditional classroom teaching.  Thus, it achieved the educational purpose. 

Through our observations and analysis of the behavioral output of students as they are 
engaged in the game and the feedback from both students and teachers, we can conclude that students 
can feel the enjoyment of gaming in this process, achieving the goal of truly learning while having 
fun- the entertainment purpose. 

To sum up, the game we created has achieved our original design purpose. We sincerely hope 
that these ideas and our experiences can be worthy of the following relevant works. 
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Abstract: This study mainly focuses on building a digital game system to support learners to 
increase their learning motivations and achievements in mathematic learning. Through 
interviews with teachers and literature review, we found it difficult for students to learn about 
compound shapes. When students do not understand the relationship between circle and 
compound shapes, they may decrease their learning motivations and interests because of 
failing in advanced questions. For this problem, we selected this mathematical unit of “Circle 
and Compound Shapes” as an example for our study. Primary 6 class with 24 students who 
have studied this unit in Taiwan participated in a questionnaire survey as the requirement 
analysis for system development in this study. Based on the result of questionnaire, the game 
type of the system is adventure game. The design of scenario is an adaptation of a Taiwanese 
folk tale “Aunty Tigress” which is familiar to students. The contents are based on the van 
Hiele’s geometric thinking level theory. Four game processes and bonus stage are designed in 
the courseware. This study is in stage of system development. We hope we can build a better 
game-based learning system by the result of questionnaire and game design to enhance 
students’ knowledge and learning motivation of mathematics. 

Keywords: e-Learning, Digital game-based learning, Mathematics learning, Circle, 
Compound Shapes. 

1. Introduction 

In the class of plane geometry, calculation of a circular area is the important competence indicator 
(Ministry of Education, 2008). Compound Shapes is hard to learn for elementary school students. 
They may use formulas directly without the understanding of compound shapes’ composing. (Chen, 
& Wu, 2016). In order to realise these, we talked with an elementary school teacher. Students learn 
circle and compound shapes with difficulty. When they do exercises, they use the formulas of 
compound shapes to calculate. However, they don't realize how to use partition and combination in 
compound shapes. Hence, when solving advanced problems, they might fail or not understand and 
then affect their learning achievements.  As well as the general teaching model, it usually by the 
teacher one-way teaching knowledge. It can’t be adjusted according to the degrees of students. By 
teaching with paper for geometric abstract concept of graphics, such as the circular area and pi, 
students may not understand the association between them, and thus affect the follow-up unit or 
advanced knowledge of the circle. 

In this study, the research questions: 
• Through requirement analysis, what can we attribute to the direction of the system 

design? 
• How to develop a digital game-based learning system with the mathematical unit of 

“Circle and Compound Shapes” to support learners learning? 
In order to solve the above problems and discuss more proper teaching material design and 

method application, this research aims to develop a digital game-based learning system with circle 
and compound shapes. Let students manipulate graphics by digital devices to understand the 



74 

relationship of compound shapes and increase their learning motivations and achievements. This 
paper will explore the relevant literature, digital game-based learning system design and the results of 
need analysis. 

2. Literature Review 

2.1. Game-based learning 

Owing to the rapid development of Internet and technology, digital games are popular now. Prensky 
(2001) expected to combine learning contents with digital games to make the same or better learning 
outcomes than traditional teaching. In recent years, Game-based learning has become an important 
research topic in learning (Cheng et al, 2013; Hsu, Tsai, &Wang, 2012). The game in Digital game-
based learning is the evolution of e-learning. Now there are many scholars advocate digital game-
based learning and hope to increase learning motivation and participation in this way. By game-based 
learning, we can live up to educate children while having fun with them at the same time and increase 
their learning achievement (Liang, Chen, Young, & Yang, 2008). And related research, Chen (2009) 
had used the game on teaching of addition and subtraction. She found that the experimental group had 
reached a significant level in mathematics learning; the traditional group didn't seriously answer 
questions. Learning in the game has many benefits and often near to the simulation of life experience 
more than traditional educational media (Chang, Tsai, Cheng, & Yu, 2016). 

2.2. Mathematics learning  

6th graders in elementary school are between the stage of concrete operational and formal operational 
in Piaget's Cognitive-developmental theory. They are about to start analogizing thinking and their 
abstract conceptions are building. Therefore, when students can't think logically, we should let them 
learn in the way of operation or other appropriate means (Lin, 2002; Hsu, 2013). Tseng (2002) 
mentioned that more than half of the students couldn't understand the compound shapes' concept of 
decomposing and composing in geometric graphics. It showed the difficulty in learning compound 
shapes.  

Van Hiele (1986) proposed the geometric thinking level theory, divided into five levels, 
follows as visualization, analysis, informal deduction, formal deduction and rigor. These levels are 
sequential and from a level to the next level. Some related researches also pointed out different 
geometric concepts for learners may also develop different thinking levels and diverse learners will be 
at different levels (Wu, 1998；Golinskaia,1997；Poehl,1998；Swafford, Jones& Thornton, 1997). 
Therefore, this study is expected to improve students' understanding on compound shapes through 
digital devices and digital learning games, built on van Hiele's geometric thinking level theory. 

2.3. Game-based learning in mathematics learning  

We hope learners can increase learning motivations by learning in the game and also dilute the nature 
of the test, reduce learners' pressure to fit in with the concept in enjoyment (Cheng,2001). In the study 
of game-based learning games in mathematics learning, Wang (2008) developed a digital game-based 
courseware on cubic net called Happy Cuber to help learner establish mental rotation ability and the 
results showed this learning has a significant effect on low learning achievement students. Yeh, Yang, 
Liao and Lo (2016) designed a management game on primary mathematical course “Math Island”, so 
that students from one to sixth grades can learn from the management game on their own and the 
study found that can help students learn mathematics and improve students' learning motivations. Fan, 
Wang, Li and Wu (2016) build a game-based learning courseware on plane geometry “mi te play 
shapes”, based on van Hiele geometric thinking level theory and plane geometry that can help learners 
learn the concept of plane geometry. The results showed that a positive effect on the learner's plane 
geometry comprehension. In summary, digital game-based learning in mathematics learning is a 
practical way of learning. Not only increase students’ motivations, but also enhance their learning 
outcomes. 
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3. Methodology 

In order to make sure that the game design and learning process are suitable for the study and the 
needs of the target users. This study adopted the questionnaire survey, including personal background, 
experience of game, mathematics learning situation and expectation of game.  

3.1. Participants  

We invited 24 elementary school students, 14 males and 10 females included. All of participants are 
between eleven to thirteen years old coming from the same school and class located in northern 
Taiwan.  

3.2. Research design  

The main research process has three stages, system development, research implementation and data 
analysis. In this study, we are in the stage of system development. For requirements analysis, we used 
quantitative questionnaires and qualitative answer questions. 

3.3. Game Design 

This game is based on Input-Process-Outcome Game Model to design the game framework, as shown 
in Figure 1. In the stage of "Input", we decided the mathematics unit-circle and compound shapes to 
be our contents through the questionnaires and discussion with the experts. Then, we read competence 
benchmarks of Grade 1-9 Curriculum Guidelines and current elementary matters for teaching in circle 
and compound shapes for reference to design the contents. In the stage of "Process", let learners into a 
fun and challenging situation to learn by the Taiwan folk tigress which people are familiar with it and 
we revised it. After the success or failure of the level, we will give the corresponding response to each 
other level, so that learners can keep learning through the game cycle. For high achievers and low 
achievers, they have corresponding design. For high achievers, after the completion of the levels, 
there will be additional levels to allow learners to continue learning. The additional levels are the 
calculations of compound shapes with difficulty. For low achievers, if they cannot move forward 
because of the failures, the game will provide the hints as feedbacks. Let low achievers to think how 
to clear the level by the hints so they won't decrease their motivations with the level difficulties 
increasing gradually. At the end, we expect that the learners will reach the learning aims by this study 
in the stage of "Outcome". 

 

 

Figure 1. Game framework. 

Based on Ausubel's meaningful learning theory, when the individual learning new concepts to 
form new knowledge will use their own pre-prepared concept to check the new concept and try to be 
included in the existing cognitive structure, so as to assimilate their own knowledge. In the design of 
the game scenario, we revised Aunty Tigress which are Taiwanese folk tales well-known in the daily 
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life and hope learners can through the existing knowledge, guiding learners into the learning status. 
Learners can incarnate into the brave of the game to help Aunty Tigress and compound shapes change 
into the objects of daily life to connect with existing experience enables learners have a fun and 
challenging learning environment to learn. 

The design of the game content is based on van Hiele's geometric thinking level theory. Most 
of the 6th grades students are expected to be at levels between analysis and informal deduction, so we 
designed the game without levels of Formal Deduction and Rigor.   

4. Results and Discussion 

In the research stage of system development, we have a questionnaire survey. The following: personal 
background, experience of game, mathematics learning situation and expectation of game to analysis.  

4.1. Personal background 

For the personal background in questionnaire, we surveyed background of the objects. As a result, 
males accounted for 58.3% while females accounted for 41.7%. All of their ages are between eleven 
and thirteen. Their age who are twelve years old are the most. 

4.2. Experience of game 

This study aims to build a digital game-based learning system, so we conducted a survey about the 
experiences of games. As shown in Table 1, we listed Top3 of students' preferences toward game are 
adventure game, puzzle game, and quiz game. When we develop the game, we will characters of them 
to design. The main framework in the game is adventure game. We will add the elements of puzzle 
game and quiz game depending on circumstances in the game process. 

Table 1: Students’ preferences toward game (n=24)  

Game type Game example number of people Percentage  
Adventure Game Mario 11 45.8% 

Puzzle game Criminal case 11 45.8% 
Quiz game 2048 11 45.8% 

 

Then, we surveyed their habits when they play games. We found that up to 63% of the number 
of people don't want that their names are the main role of the game. Instead, they want to play from 
third person perspective. They think “collecting roles” and “having equipment” are the most engaging 
to keep playing. As a result, we made the brave instead learners’ name. Learners can manipulate the 
brave from third-person perspective in the game design. In the game, we will design that many 
equipment will be collected by learners and different equipment have different functions. 

4.3. Mathematics learning situation  

To know which parts are hard for when learning circle and compound shapes, we had a survey with 
students who have learned this before. As shown in Table 2, this is a check-all-that-apply question. 
“The area and circumference of compound shapes” are harder to learn for students. 

Table 2: Difficulty in mathematics (n=24)  

Mathematics number of people Percentage 
The area of compound shapes 9 37.5% 
The circumference of compound shapes 9 37.5% 
The circumference of sectors 6 25% 
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4.4. Expectation of game 

This section examines students' exceptions and views of the game. We proposed two different types 
“drag to correspond graphics “and “draw graphics”. As shown in Table 3, we find two types of games 
are up to 75% of people willing to use to learn. Because of constraints on technical, we chose “drag to 
correspond graphics” for the game design. Only bonus level will have the function “draw graphics”.  

Table 3: Two types of games (n=24)  

 drag to correspond graphics draw graphics 

 person percentage) person percentage) 

willing to use 20 83% 18 75% 

Not willing to use 4 17% 6 25% 

5. Conclusion 

The result from questionnaires indicated that “the area of compound shapes” and “the circumference 
of compound shapes” are difficult to learn for learners. Therefore, the main learning content is 
compound shapes. In the game design, the game framework is based on adventure game. The 
operation of the game is third-person perspective. We hope learners can understand partition and 
combination of compound shapes through dragging corresponding graphics. This research is in the 
stage of system development now. We will follow the result to improve the game based on students' 
learning requirement and preferences as well as feedback. And then build a better digital learning 
game-based system. Finally, we truly expect when the system is completed, we provide multiple 
learning ways in learning mathematics. 
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Abstract: The purpose of this research is to examine how game-based learning coupled with 
the problem-based learning pedagogy affects students’ ability to solve complex, ill-defined 
problems. This study examines two cases of digital game-based learning in a secondary school 
in Korea: Social Studies class where students learned the complexity of urban planning with 
Minecraft; Science class where students learned the topic of air pollution with Kodu. The 
students were presented with open-ended problems that they discussed and solved as groups. 
Discourse data was transcribed and content-analyzed according to the coding framework on 
the patterns of complex problem-solving strategies. Overall, we found that game-based 
learning with Minecraft and Kodu, coupled with a PBL curriculum, can help students in 
tackling complex, ill-defined problems by improving their use of models and planning 
practices. In conclusion, we discuss the implications of this study concerning the potential and 
challenges of digital game-based learning in preparing students for the changing world.   

Keywords: Digital game-based learning, problem-solving, Minecraft, Kodu 

1. Introduction 

The rapid pace of technological and social change that has characterized the first few years of the 
twenty-first century has spurred the need for timely education reform. The next generation of students 
can expect to face problems that are ill-defined and complex and that require students to develop 
habits of regular, lifelong re-education. School-based education, reacting to these changing student 
needs, must particularly account for the massive change brought on by digital technologies. As 
general information is readily available to anyone with an Internet connection, students must instead 
learn to navigate digital spaces and resources, teaching themselves sufficiently to use tools that are 
necessary to solve new problems. Collins and Halverson (2009) characterize this difference in terms 
of content coverage and individual knowing versus relying on outside sources given the knowledge 
explosion. Curricula, they argue, should no longer aim to cover all of the content within a domain and 
assess individuals in terms of what knowledge they have in their head. Instead, classrooms could 
encourage students to understand how to identify, find, and use the external resources they need to 
solve their problems.  

As institutional reforms have begun to emerge driven by changing national policies (e.g. 
America COMPETES act), priorities are also shifting from learning as content acquisition to helping 
students develop life-long learning. Schools and educators are increasingly pressured to adapt new 
approaches to teaching and learning in order to remain relevant and useful.  At the core of these new 
approaches is a need to change school cultures, practices, and technologies of learning. Digital 
technologies like video games have, for many educational reformers, served as an interesting and 
potentially powerful motivator for such reform. Games, researchers argue, can attract and create 
communities of people who share common interests, work together across digital networks to solve 
complex problems, and teach themselves necessary knowledge and skills in order to successfully and 
effectively play games (Gee, 2003; Shaffer, Squire, Halverson & Gee, 2005). New approaches like 
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game-based learning bring with them unique challenges, however. For example, learning with games 
might mean that students take a more central role in classroom activity, playing and directing their 
own learning. During game play, teachers may also change roles, shifting position from the 
authoritative source of classroom knowledge to that of a facilitator, helping students reflect on and 
synthesize game-related knowledge. New technologies like games may be useful for addressing 
contemporary and changing learning needs. These new technologies require support and research in 
order to ensure effective and appropriate use.  

With this backdrop about the changing landscape of K-12 schools and the potential of game-
based learning, the purpose of this paper is to present a case study where students were engaged to 
learning with Minecraft and Kodu. We were interested in how game-based learning coupled with the 
problem-based learning pedagogy affects students’ ability to solve complex, ill-defined problems.  

1. Method 

1.1. Research Context 

This study was conducted at a private all-boys middle school located in a metropolitan area in South 
Korea. The school has been implementing problem-based learning (PBL) as a school-wide 
pedagogical approach, and the use of digital learning solutions has been a part of this effort. Students 
and teachers in the 7th grade (age 13-14, N=124) were selected as the main participants of this 
research project. Teachers administered lessons of their own design as well as lessons co-designed 
with researchers in order to achieve curricular and research goals. 

This paper presents cases of two classrooms where students were engaged to learn with game-
based learning approaches. The first case is a Social Studies class where students learned about the 
complexity of city planning through the PBL lessons that incorporated Minecraft, which is a sandbox 
game where players can build constructions with cubes in a 3D world. Over the course of this PBL 
activity, the students did research about famous cities around the world, then gathered information 
about the problems that their own city was facing, such as traffic or water management. As shown in 
Figure 1, the students then were instructed to develop a plan for a city that they would like to live in. 
The planning phase was done with pencil and paper, and the plans were then implemented in 
Minecraft. The students presented their model cities at the end of the unit. The goal of the exercise 
was for the students to gain a more holistic understanding of the city and its problems. The students 
graded themselves and each other on their understanding of the problem, the completeness of their 
research, and the quality of their presentation. As all the classes in the 7th grade used Minecraft, we 
did not set a control group for comparison.  

 

  

Figure 1. Student Activity with Minecraft in 
Social Studies 

Figure 2. Student Activity with Kodu in Science 
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The second case reported is a Science class that similarly incorporated game-based learning 
into the PBL curriculum. The game technology used in the Science lessons was Kodu, which is a 3D 
digital game design environment that uses iconographic, drag-and-drop commands instead of scripts. 
Though the environment is relatively limited compared to other digital game development 
environments such as Unity, it is a useful tool for students with little programming background who 
are interested in developing their own games. The in-class PBL activity (see Figure 2) involved 
student groups researching the topic of “Ocean Pollution”, drawing a mind-map of the various factors, 
and then creating a game in Kodu based on their initial game sketch. For the second case, we were 
able to set another class of students, who had not undergone a Kodu activity, as a control group.  

1.2. Data Collection and Analysis  

Our main research aim was to examine the impact of Minecraft and Kodu within the PBL curriculum 
on students’ complex problem-solving skills. In particular, we were interested in understanding how 
students approached and reasoned their way through complex problems. To this end, we developed 
open-ended problems for them to discuss and solve in groups. The open-ended problem was similar to 
the problems that the students had to solve during their PBL lesson. For Social Studies, the students 
were given a problem about transportation and related social issues. The problem involved a decision 
between two possible ways to build a new subway line through a city. Because each route had 
different tradeoffs, the problem, administered in a focus group setting, was intended to elicit student 
discussions about factors that might be important to consider and illuminate how students approached 
complex problems. Nine groups of students with 4-5 members from two classes participated in this 
problem-solving activity. For the Science class, the students were presented with a problem where 
they need to identify three major causes of air pollution in Korea, and propose the design of systems 
or devices to address them. The students were split into eight groups, and their discourse data during 
the problem-solving process was audio-recorded and transcribed for analysis.  

We conducted qualitative content analysis of student discourse captured during the problem-
solving process. The analytical framework that we developed to examine students’ problem solving 
strategies in this open-ended problem was based on two sources. First, the coding framework was 
based on Beckett and Shaffer’s (2005) investigation of the outcomes of an urban planning educational 
game, which employed an open coding method to generate codes from student interviews and their 
artifacts. The codes they developed were interconnectedness, understands complexity, planning 
practices, use of model, and open-endedness. Second, similar to Beckett and Shaffer (2005), we used 
a grounded approach (Corbin & Strauss, 2008) to identify three more (making a total of eight) 
problem-solving strategies that students used while solving a complex thinking problem. These codes 
emerged using a constant comparative method (Lincoln & Guba, 1985) from transcripts. As shown in 
Figure 3, the final codes developed were divided into epistemic and practical categories with the eight 
codes of problem-solving strategies: 1) use of model, 2) planning practices, 3) understanding 
complexity, 4) inference, 5) adaptation, 6) making consensus, 7) open-endedness, and 8) 
interconnectedness. Two researchers assigned codes to discourse statements, and an inter-rater 
reliability analysis for the codes was performed to determine consistency between the coders, 
calculating Cohen’s Kappa. The Cohen’s Kappa inter-rater reliability coefficients for the eight codes 
range from .68 to .85, indicating satisfactory agreement between the raters (Cicchetti, Lee, Fontana & 
Dowds, 1978).  
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Figure 3. Patterns of Problem-solving Strategies 

2. Results 

2.1. Social Studies  

The overall frequency of the strategies utilized during the problem-solving process in the Social 
Studies problem ranged from 43 to 788 across the nine groups (see Figure 4). “Use of model” was the 
most frequently used strategy, followed by “Understanding complexity,” “Inference,” “Planning 
practices,” and “Interconnectedness.” In addition, “Adaptation,” “Making consensus” and “Open-
endedness” were utilized as problem-solving strategies at low frequencies. These results indicate that 
students who learned with Minecraft used a variety of strategies to solve the open-ended problem and 
could make inferences based on the complexity and interconnectedness of the given problem. The 
frequency of using those strategies per group is indicated in Table 1. 
 

 

Figure 4. Patterns of Problem-solving Strategies in Social Studies 
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Table 1: Percentage (%) of problem-solving strategies used per group in Social Studies. 

  G1 G2 G3 G4 G5 G6 G7 G8 G9 

Understanding complexity 20.6 26.5 23.3 12.9 23.5 13.6 11.5 8.4 16.4 

Interconnectedness 19.1 36.8 11.8 7.2 19.9 12.8 7.6 4.5 7.2 

Use of model 44.1 116.2 29.0 36.6 41.9 37.2 51.0 34.1 39.5 

Inference 11.8 16.2 15.1 18.5 8.1 15.9 8.3 13.8 20.5 

Adaptation 0.0 2.9 6.5 4.0 1.5 3.5 2.5 11.9 1.5 

Making consensus 4.4 16.2 8.6 2.0 0.0 1.9 3.2 5.8 4.1 

Planning practices 0.0 22.1 5.7 17.7 5.1 11.2 14.0 16.4 8.2 

Open-endedness 0.0 5.9 0.0 1.0 0.0 3.9 1.9 5.1 2.6 

Total (absolute number) 68 165 279 497 136 258 157 311 195 

 

Based on the density of utilizing the problem-solving strategies, we selected one group (Group 
4) for further analysis. Group 4 was chosen because the students showed the highest level of 
engagement during the discussion. Throughout the discussion to solve the given problem, this group 
constantly utilized the “Use of model” strategy to solve the given problem while sometimes using 
“Making consensus”. In the initial phase of the discussion, “Understands complexity” and 
“Interconnectedness” were the most used strategies, followed by “Inference” and “adaptation” as the 
discussion progressed. In the final phase of the discussion, this group began to utilize “Planning 
practices” and “Openness” as problem-solving strategies. The group’s patterns of problem-solving 
strategies could be described as progressing from epistemic to pragmatic. This result implies that, to 
engage in a meaningful problem-solving process, a combination of a variety of problem-solving 
strategies should be used throughout the process, and that students generally move from thinking 
abstractly about the problem to addressing more concrete and contextual issues. 

2.2. Science 

The whole frequency of each strategy utilized during the problem-solving process ranged from 62 to 
471 across the groups (see Figure 5). Differing from the results of social studies, “Planning practices” 
was the most frequently utilized strategy, followed by “Use of model,” “Making consensus,” 
“Adaptation” and “Inference.” “Interconnectedness” and “Open-endedness” showed relatively low 
frequencies during the problem-solving discussion. The frequency of utilizing each strategy per 
group, for both experimental and control conditions, is shown in Table 2. 
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Figure 5. Patterns of Problem-solving Strategies in Science 

Table 2: The percentage (%) of problem-solving strategies used per group in Science. 

  Experimental Control 

EG 1 EG 2 EG 3 EG 4 CG 1 CG 2 CG 3 CG 4 

Understanding complexity 5.6 13.6 9.7 5.5 16.7 22.0 11.6 21.0 

Interconnectedness 4.3 5.4 1.9 2.3 3.8 8.0 0.0 5.4 

Use of model 21.5 31.5 18.9 38.3 28.4 40.0 10.9 21.3 

Inference 11.2 9.7 2.9 0.0 5.3 0.0 13.2 8.9 

Adaptation 14.2 5.8 12.1 2.3 14.8 0.0 8.5 6.0 

Making consensus 13.7 5.8 14.6 5.5 16.7 12.0 9.3 8.6 

Planning practices 29.6 26.1 39.8 46.1 12.9 18.0 46.5 28.9 

Open-endedness 0.0 1.9 0.0 0.0 1.5 0.0 0.0 0.0 

Total (absolute number) 233 257 206 128 264 50 129 315 

Note: EG = experimental group, CG = control group 

Next, we examined the differences in utilizing problem-solving strategies between the four 
experimental groups who had a learning experience with the digital design tool of Kodu and the four 
control groups who had not. Figure 6 shows that the Kodu groups utilized some strategies such as 
“Planning practices”, “Use of model”, “Adaptation” and “Open-endedness” more frequently than the 
control group did. To be specific, the Kodu groups utilized “Planning practices” the most, followed by 
“Use of model”, “Making consensus”, “Adaptation” and “Understanding complexity”. The largest 
difference between the experimental and control groups appeared to be “Planning practices”, 
“Understanding complexity” and “Use of model”. This result indicates that the experimental groups 
that learned with Kodu applied more practical (rather than epistemic) problem-solving strategies and 
more frequently utilized those strategies throughout the problem-solving process than the control 
groups did. 
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Figure 6. Comparison between Experimental and Control Groups in Utilizing Problem-solving 
Strategies in Science 

3. Discussion and Conclusion  

The findings from this study are important in two ways. First, they exhibit an approach for looking at 
how students solve problems whilst using digital, game-based tools, suggesting a useful framework 
for evaluating the process of problem solving rather than examining particular solutions. Students’ 
could be characterized as applying pragmatic, context-specific methods as well as more abstract, 
epistemic methods as they work toward finding a solution. Further research may validate the quality 
of these pragmatic and epistemic student processes by, for example, relating the practices to the 
solutions students generate or to future problem solving processes and successes.  

 Second, the findings in this study suggest that game-based learning with Minecraft and Kodu, 
coupled with a PBL curriculum, can help students in tackling ill-defined, complex problems by 1) 
improving their use of models and planning practices, 2) providing heuristics for solving similar 
problems (e.g., decomposition), and 3) orienting students toward finding flexible rather than fixed 
solutions. As game design software has trended in recent years toward increasing approachability, this 
study’s findings show how such software be useful as tools that enable students thinking through and 
designing solutions to real-world problems. Combined with recent calls for game design as a means to 
improve students’ computational thinking and participation (Kafai & Burke, 2016), this work exhibits 
another affordance for using game design for education.  

 While problem solving has previously been an important topic for math (Polya, 2014) and 
engineering (Sharp, 1991), it has been less well-addressed as a topic in new digital technologies. 
Students will inevitably be confronted with problems that are ill-defined and wicked, especially as 
networked digital technologies and globalized economies create issues that are interdependent and 
complex. As pedagogies and designs for improving education must addresses these changing 
educational demands, understanding games and game design environments can be useful tools for 
enabling student problem solving activities, as they can provide sophisticated, sandbox-like 
environments within which students may exercise and exhibit authentic problem solving.  

 Using these digital tools is not without its challenges. Authentic, ill-defined problems are 
often comprised of content that students had not previously encountered or anticipated and preparing 
students to confront these problems means focusing less on the solutions that they produce and more 
on the processes and means that they use to produce their solutions. Developing, supporting, and 
assessing students’ problem solving is difficult in that didactic problem solving activities must be 
specific enough to be assessed, but generalizable enough to be adaptable to new contexts. Identifying 
important student-student and student-teacher interactions for example, has been an important issue in 
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effective mathematics problem solving practices (Lester, 1994) and remains an important issue for 
digital, game-based tools.  
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Abstract: This study aims to develop a smartphone application system that helps users search 
for historical monuments. Users can discover the history and historical attractions of Yilan 
City, Taiwan through the system; moreover, they can use the navigation function to locate the 
attractions conveniently and quickly. In addition, the system has a built-in evaluation and 
feedback function that allows users to understand their learning effectiveness. This study 
collected data via a quasi-experimental method from 55 undergraduates enrolled in courses 
related to the study of historical monuments. Flow questionnaires were distributed after the 
participants had used the system. Statistical findings indicated that presenting courses related 
to historical monuments in the form of stories and games is more effective in evoking the 
interest of learners. 

Keywords: Game-based learning, Flow experience, learning effectiveness 

1. Introduction 

Due to the rapid changes in computer technology, the development of both hardware and software 
equipment have undergone rapid progress. The impact of computers is observed in not only 
companies, homes, schools, and design but also socialization and the field of education. In recent 
years, game-based learning has made considerable contributions to strengthening learning experiences 
(Connolly, Stansfield, & Hainey, 2011). Computer-assisted learning is also becoming more common, 
as it improves users’ willingness to learn and learning effectiveness (Admiraal, Huizenga, Akkerman, 
& Dam, 2011; Peter, James, Chen, & Kulik, 1982). Computer games have already become a teaching 
method that can achieve satisfying learning outcomes, and the use of play in teaching is one of the 
most effective ways of motivating users to learn. Playing games is a positive activity in itself. If the 
learning process is made as interesting as a game, it would be an ideal learning method. Using 
computer games is a promising approach in game-oriented teaching. An interesting teaching 
environment can easily be developed by combining a game-based story with computer multimedia 
sound and light effects (Liao, 2001). Game-based learning is the combination of learning and play. 
However, it comprises certain rules, and users can only complete the levels through repeated practice 
and operations (Frost, Wortham, & Reifel, 2001). Since it can increase the fun in learning and 
combines teaching with entertainment, game-based learning is an effective learning method (Ang & 
Radha, 2003). Digital game-based learning is a close combination of digital learning and computer 
games; it uses computers as a tool to conduct game-based learning (Prensky, 2001). In recent years, 
digital technology and learning have garnered the interest of the education sector. In an era where 
smartphones and tablet computers are commonplace, teaching and teaching aids are no longer limited 
to traditional blackboard writing and paper textbooks; rather, by connecting to the Internet, which 
offers unlimited information transfer, users can utilize and learn through digital technology products, 
such as desktop computers, smartphones, tablet computers, or portable devices, to improve learning 
effectiveness and make learning more interesting. Thus, technology devices have gradually become 
an important tool in facilitating teaching. This study aims to understand the historical and cultural 
monuments of Yilan City in Yilan County, Taiwan. Thirteen architectural monuments, including the 
Zhongshan Park, were selected, and a story- and game-based learning application system for 
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smartphones or tablet computers was designed. The historical stories in the system were written based 
on information that was retrieved from historical references and relevant to the attraction. The stories 
featured dialogues about the history of the attraction and narratives on the development of events. 
Before and after an event, the system would automatically generate a question for the user to answer. 
Thus, in addition to advancing in the game, users could gauge their own level of awareness. The study 
objectives were three-fold: 1. To understand the level of user acceptance for the system. 2. To 
understand the level of user engagement while using the system. 3. To understand the level of 
difficulty for a user while using the system. 

2. Literature Review 

With the development of computers and networks, computer games have gradually played a leading 
role in the related media product chains. As the number of computer and mobile phone users 
increases, the proportion of people using such devices for gameplay is also rising (Wang & Chen, 
2010; Papastergiou, 2009). Malone and Lepper (1987) highlighted that computer games incorporate 
factors such as imagination, challenge, curiosity, and control that can attract the attention of children. 
Computer games, with their sound and light and special effects, provide instant rewards and 
satisfaction to the players (Dickey, 2011; Ebner & Holzinger, 2007). Computer games are interesting 
because real-life games are relatively boring. Thus, computer games are more capable of captivating 
the interest of users (Miller, Chang, Wang, Beier, & Klisch, 2011). Computer games have received 
many positive evaluations in research about their use in learning; for example, repetitive game 
processes can enhance learning outcomes (Ebner & Holzinger, 2007), provide learners a sense of 
dominance and accomplishment (Selnow & Reynolds, 1984), promote active participation and 
strengthen competitive learning, thereby enhancing learning outcomes (Alessi & Trollip, 1985), and 
allow learners to find more interesting learning methods beyond traditional textbooks (Embi & 
Hussain, 2005; McLaren, Adams, Mayer, & Forlizzi, 2017). In addition, the results of the survey by 
Selnow and Reynolds (1984) revealed that the process of computer games allows players to gain a 
sense of dominance and accomplishment that is unattainable in real life. Malouf's (1988) study 
allowed users to learn using computer game-based and non-computer game-based teaching. The 
results revealed that the learning motivation was higher among users who experienced computer 
game-based teaching. Digital game-based learning is the new trend of the twenty-first century; 
learners particularly favor game-based teaching (Huizenga, Admiraal, Akkerman, & Dam, 2009). 
Prensky (2001) asserted that digital game-based learning is a close combination of any educational 
content with computer games; it can be defined as any educational game on a personal device or 
online. The American scholar of game-based education, Gee, published an academic paper that 
greatly influenced digital game-based learning (Gee, 2003). According to the paper, a game design 
must include three important elements: storyline, core mechanism, and interactivity (Ding, Guan, & 
Yu, 2017; Rollings & Adams, 2002). The storyline is a crucial element for attracting learners, the core 
mechanism is the knowledge to be learned, and the interactivity influences the length of time that 
learners spend being immersed in the game. Ketelhut and Schifter (2011) argued that a game-based 
learning environment can stimulate students to reflect on the knowledge they learn in a game, 
allowing students to acquire knowledge through games, and experience learning in a relaxed way. 
Many studies have shown that appropriately integrating learning content into a game-based 
environment can improve students' learning performance, maintain a happy mood among students, 
and enhance their learning interest and motivation (Burguillo, 2010; Dickey, 2007; Gros, 2007; Harris 
and Reid 2005; Kumar, 2000; Malone, 1980).  
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3. Research Method 
 

3.1. Participants 

The study participants were 55 students (49 males, 6 females) enrolled in a general education course 
at a university; among them, 33 were freshmen, 14 were sophomores, 6 were juniors, and 2 were 
seniors. The participants used our system during class to search for designated historical attractions 
and applied the related system functions. Under the leadership of the lecturer and guidance of the 
researchers, the participants spent two hours a week for three weeks to complete two visits to 
historical sites in Yilan. They also read and evaluated a chapter extracted from the historical stories, 
and finally completed questionnaires built into the system. 

3.2.  System design and development 

This system is a smartphone application that integrates stories and game-based learning with the aim 
of allowing users to search for and discover historical monuments in Yilan. The system was 
developed using the development platform of Android Studio; Java was used as the programming 
language. The system framework includes five major components: historical stories, introductions of 
attractions, quick navigation, evaluation feedback, and questionnaire survey. The details are outlined 
as follows: 
(1) Historical stories: The history of Yilan was used as the background; the development stories of 
Yang Tingli (eighteenth century official) and other historical figures were also included. The 
objective is to allow users to learn about the history of Yilan by reading stories. 

(2) Introductions to attractions: It offers users a choice of historical attractions to visit; the information 
is presented using images and text. The aim is to enable users to learn about the historical origins of 
the monuments. 

(3) Quick navigation: The system uses the Google Maps application interface to provide route 
suggestions to travel from their current location to the historical attractions. 

(4) Evaluation and feedback: To enable users to know whether they are absorbing and understanding 
the history in the process of reading the historical stories, when a user completes a certain section or 
paragraph, the system displays a question window related to the story content for the users to answer. 
This helps users continue with the story smoothly. In addition, after users complete the test, the 
system automatically checks the answers and calculates and displays the score, providing users with 
immediate feedback. 

(5) Questionnaire survey: To understand the levels of user acceptance, engagement, and difficulty, a 
Likert five-point scale was set up in the system using Google Forms. The Cronbach α coefficient was 
.851, indicating that the consistency criterion was fulfilled. The Cronbach α coefficient for each 
dimension also fulfilled the criterion (>0.7) and passed the reliability test. 

This study developed a smartphone application that can help users discover the historical 
monuments of Yilan. Through the stories and game-based learning in the system, users can learn 
about the history of Yilan and read the introductions of various historical attractions. They can also 
locate the attractions quickly and conveniently by using the navigation function. In addition, the 
system also has a built-in evaluation and feedback function to help users understand their learning 
effectiveness. 
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4. Results and Discussion 

In summary, the study objectives were three-fold: 1. To understand the level of user acceptance for 
the system. 2. To understand the level of user engagement while using the system. 3. To understand 
the level of difficulty for a user when using the system. According to the data collected in the study, 
79% of the participants had a level of acceptance of “Acceptable” or better, whereas only 7% of users 
expressed dislike, as shown in Figure 1. This indicates that the system is relatively favorable. In terms 
of level of interest, 80% of the users chose “Acceptable” or better, whereas only 6% of the users 
found it uninteresting, as shown in Figure 2. This indicates that users generally find it interesting to 
learn about historical monuments using smartphones. Regarding the level of difficulty, 80% of the 
users believed it was acceptable, simple or very simple, whereas only 5% believed it was very 
difficult, as shown in Figure 3. This indicates that the design of the system’s user interface is simple; 
in other words, it was easy for users to begin and operate. 
 

 
Figure 1. Level of acceptance 

 
Figure 2. Level of interest 

 
Figure 3. Level of simple 

5. Conclusions and Suggestions 

The system was self-developed, including the story scripts, program design, artwork, music, and 
sound effects. Although the system still has considerable scope for improvement, it has not been an 
easy process to achieve the current functions. According to the results of this study, presenting a 
course related to historical monuments in the form of stories and games can stimulate interest in 
learners. This study presents four suggestions for reference in future research: 1. Improve the design 
of the user interface, for example, page transitions, animation effects on the login page, effects during 
page switching, and appropriate special effects; 2. consider allowing users from a wider age range to 
use the system, making improvements such as enlarging the font size of the text, reducing the 
difficulty level of assessment questions, and improving the clarity of questions to make them easier to 
understand; 3. instead of retaining the current single endings of the historical stories, consider 
including plots related to the places or people involved, to enhance the interest of users; 4. develop an 
iOS mobile version to expand the user population. 

References 

Admiraal W., Huizenga J., Akkerman S., & Dam G. (2011). The concept of flow in collaborative game-based 
learning, Computers in Human Behavior, 27 (3), 1185-1194. 

Alessi, S. M., & Trollip, S. R. (1985). Computer-based instruction: Methods and development. New Jersey: 
Prentice-Hall. 

Ang C. S., & Radha K. R., (2003), Theories of learning: A computer game perspective, The IEEE Fifth 
International Symposium on Multimedia Software Engineering, Multimedia Univ., Selangor, Malaysia. 

Burguillo, J. C. (2010). Using game theory and competition-based learning to stimulate student motivation and 
performance. Computers & Education, 55(2), 566-575. 

Connolly, T. M., Stansfield, M., & Hainey, T. (2011). An alternate reality game for language learning: 
ARGuing for multilingual motivation. Computers & Education, 57(1), 1389-1415. doi: 
10.1016/j.compedu.2011.01.009 



91 

Dickey, M. D. (2007). Game design and learning: a conjectural analysis of how massively multiple online role-
playing games (MMORPGs) foster intrinsic motivation. Educational Technology Research and 
Development, 55(3), 253-273. 

Dickey, M. D. (2011). Murder on Grimm Isle: The impact of game narrative design in an educational game-
based learning environment. British Journal of Educational Technology, 42(3), 456-469. doi: 
10.1111/j.1467-8535.2009.01032.x 

Ding, D., Guan, C., & Yu, Y. (2017). Game-Based Learning in Tertiary Education: A New Learning Experience 
for the Generation Z. International Journal of Information and Education Technology, 7(2), 148. 

Ebner, M., & Holzinger, A.(2007). Successful implementation of user-centered game based learning in higher 
education: An example from civil engineering. Computers & Education, 49(3),873-890. 

Embi Z. C. & Hussain H. (2005), Analysis of local and foreign edutainment products - An effort to implement 
the design framework for an edutainment environment in Malaysia. Journal of Computers in Mathematics 
and Science Teaching, 24(1), 27-42. 

Forst, J. L., Wortham, S. C., & Reifel, S. (2001). play and child development. New Jersey: Prentice Hall. 
Gee, J. P. (2003). What Video Games Have to Teach Us about Learning and Literacy. New York: Palgrave 

Macmillan. 225. 
Gros, B. (2007). Digital games in education: the design of game-based learning environment. Journal of 

Research on Technology in Education, 40(1), 23-38. 
Hainey, T., Connolly, T. M., Stansfield, M., & Boyle, E.A. (2011). Evaluation of a game to teach requirements 

collection and analysis in software engineering at tertiary education level. Computers & Education, 56(1), 
21-35. doi: 10.1016/j.compedu.2010.09.008 

Harris, K., & Reid, D. (2005). The influence of virtual reality play on children’s motivation. Canadian Journal of 
Occupational Therapy, 72(1), 21-30. 

Huizenga, J., Admiraal, W., Akkerman, S., & Dam, G. ten. (2009). Mobile game-based learning in secondary 
education: Engagement, motivation and learning in a mobile city game. Journal of Computer Assisted 
Learning, 25(4), 332-344. doi: 10.1111/j.1365-2729.2009.00316.x 

Kumar, D. (2000). Pedagogical dimensions of game playing. ACM Intelligence Magazine, 10(1), 9-10. 
Malone, T. W., & Lepper, M. R. (1987). Making learning fun: A taxonomy of intrinsic motivations for learning. 

In Snow, R. E. & Farr, M. J. (Eds.). Aptitude, learning, and instruction (Vol. 3). Cognitive and affective 
process analyses(pp. 223-253). Hillsdale, NJ: Erlbaum. 

Malouf, D. B. (1988). The effects of instruc-tional computer games on continuing student motivation. Journal of 
Special Education, 21(4), 27-38. 

McLaren, B. M., Adams, D. M., Mayer, R. E., & Forlizzi, J. (2017). A Computer-based Game that Promotes 
Mathematics Learning More than a Conventional Approach. International Journal of Game-Based 
Learning, 7(1), 36-56. 

Miller, L. M., Chang, C., Wang, S., Beier, M. E., & Klisch, Y. (2011). Learning and motivational impacts of a 
multimedia science game. Computers & Education, 57(1), 1425–1433. 

Papastergiou, M. (2009). Digital game-based learning in high school computer science education: impact on 
educational effectiveness and student motivation. Computers & Education, 52(1), 1-12. 

Peter A. C., James A. K., & Chen-Lin C. K. (1982). Educational outcomes of tutoring: A meta-analysis of 
findings, American Educational Research Journal 19(2), 237-248. 

Prensky, M. (2001). Digital game-based learning. New York: McGraw-Hill. 
Rollings, A., & Adams, E.(2002). Game Design. New Riders Games. 
Selnow, G. W., & Reynolds, H. (1984). Some opportunity costs of television viewing. Journal of Broadcasting, 

28(3), 315-322 
Wang, L. C., & Chen, M. P. (2010). The effects of game strategy and preference-matching on flow experience 

and programming performance in game-based learning. Innovations in Education and Teaching 
International, 47(1), 39-52. 

http://aer.sagepub.com/search?author1=James+A.+Kulik&sortspec=date&submit=Submit
http://aer.sagepub.com/search?author1=Chen-Lin+C.+Kulik&sortspec=date&submit=Submit

