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Abstract: By using a competitive game-based learning system including item bank, this study 
aims to explore the impact of prior knowledge on Nielsen, J’s usability evaluation. The results 
show that it still needs improvement for “Aesthetic and minimalist design” and “Help and 
documentation”. Regarding to prior knowledge, the average scores for high prior knowledge 
learners are significantly higher than those for low prior knowledge learners on “Visibility of 
system status”, “Match between system and the real world”, “User control and freedom”, 
“Consistency”, “Error prevention”, “Recognition rather than recall”, “Flexibility and 
efficiency of use” and “Help users recognize, diagnose, and recover from errors”. It means 
that high prior knowledge learners are more satisfied than low prior knowledge ones. 
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1. Introduction 

Nowadays, information technologies has changed rapidly. Digital learning becomes a learning trend, 
because it can record students’ learning situation on the learning system and help teachers to 
understand and manage students’ learning portfolio (Hwang, Su & Chen, 2015). Prensky (2001) 
pointed out that game-based learning can improve learners’ learning motivation, because games 
contains some elements those can attract learners, such as target, mechanism, interactivity and 
challenge, etc. (Dempsey, Lucassen, Haynes & Casey, 1996; Shi & Shih, 2015). Thus, many scholars 
found that game-based learning can effectively improve learning motivation to achieve good learning 
effectiveness (Chang, Hou & Chang, 2015; Chen, Wong & Wang, 2014; Hwang, Hsu, Lai & Hsueh, 
2017). If games do not appropriately combine with teaching materials, learners may only focus on the 
games but ignore the teaching materials (Hsiao, Huang, Hong, Lin, & Tsai, 2010). On the other hand, 
competition is also a learning strategy that can effectively improve learning motivation and learning 
effectiveness (Yu & Liu, 2009; Atanasijevic-Kunc, Logar, Karba, Papic, & Kos, 2011). Learners will 
practice in order to win on the ranking, so appropriate competition is helpful for learning motivation 
and effectiveness (Davis & Rimm, 1985). However, competition may also have a negative impact on 
some learners' self-confidence. It may reduce learning motivation and affect learning effectiveness. 
Besides, human factors (gender, prior knowledge, cognitive style or learning style) are also the factors 
that affect learners' preference. Some scholars pointed out that different human factors have 
significant differences in the usability evaluation of learning systems (Hwang, Lee & Kuo, 2016; 
Hwang, Lee, Lai, Su & Cao, 2017). In these human factors, prior knowledge is the key factor to affect 
game-based learning (Chen & Huang, 2013). Therefore, this study will explore the impact of prior 
knowledge on the usability evaluation of a competitive game-based learning system including item 
bank. 
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2. Literature Review 

2.1. Usability Evaluation 

The maturity of system may affect the performance of learners (Virvou & Katsionis, 2008). 
Therefore, we used usability evaluation 10 user interface design guidelines proposed by Nielsen 
(1993; 1994) to understand the maturity of our system, because it is low cost and is the most popular 
method (Shieh & Liu, 2009 ) (See Table 1). 

Table 1: Ten user interface design guidelines proposed by Nielsen (1995). 

Usability Evaluation Description 

H1：Visibility of system status The system should always keep user informed about what is going on by 
providing appropriate feedback within reasonable time. 

H2：Match between system and 
the real world 

The system should speak the user’s language, with words, phrases and 
concepts familiar to the user, rather than system-oriented terms. Follow real-
world conventions, making information appear in a natural and logical order. 

H3：User control and freedom 
Users should be free to develop their own strategies, select and sequence 
tasks, and undo and redo activities that they have done, rather than having 
the system do these for them. 

H4：Consistency 
Users should not have to wonder whether different words, situations, or 
actions mean the same thing and the system should follow platform 
conventions. 

H5：Error prevention Even better than good error messages is a careful design, which prevents a 
problem from occurring in the first place. 

H6：Recognition rather than 
recall 

Make objects, actions, and options visible. The users should not have to 
remember information from one part of the dialogue to another. Instructions 
for use of the system should be visible or easily retrievable whenever 
appropriate. 

H7：Flexibility and efficiency of 
use 

Allow users to tailor frequent actions. Provide alternative means of access 
and operation for users who differ from the ‘‘average’’ user (e.g., physical or 
cognitive ability, culture, language, etc.). 

H8：Aesthetic and minimalist 
design 

Dialogues should not contain information that is irrelevant or rarely needed. 
Every extra unit of information in a dialogue competes with the relevant 
units of information and diminishes their relative visibility. 

H9：Help users recognize, 
diagnose, and recover from 
errors 

Error messages should precisely indicate the problem and constructively 
suggest a solution. They should be expressed in plain language. 

H10：Help and documentation 
Even though it is better if the system can be used without documentation, it 
may be necessary to provide help and documentation. Any such information 
should be easy to search, focused on the user’s task, list concrete steps to be 
carried out, and not be too large. 

Data source: Nielsen, J. (1995, January). 10 Usability Heuristics for User Interface Design. Retrieve 
from https://www.nngroup.com/articles/ten-usability-heuristics/ 

In the past, some scholars pointed out those different human factors may have significant 
differences on the usability evaluation of systems. For an example, visual learners and verbal learners 
have significant differences on “H1: Visibility of system status” (Hwang, Lee, Lai, Su & Cao, 2017). 
In this study, we designed the questionnaire in the above manner in order to understand learners’ 
satisfaction and opinions for different prior knowledge learners. 



212 

2.2. The Impact of Prior Knowledge on Learning Systems 

Chen and Macredie (2004; 2010) pointed out that learners with different human factors using the 
same technology to learn may cause different learning performance. For examples, comparing to 
boys, girls cannot find the direction of problems usually. High prior knowledge learners like flexible 
ways to learning, but low prior knowledge learners love structured learning. Learners of different 
cognitive style like to find answers in different ways. However, prior knowledge is the key factor that 
affects game-based learning (Chen & Huang, 2013). Hwang, Lee and Tseng (2012) pointed out game-
based learning can help low prior knowledge learners to improve their learning effectiveness, but not 
for high prior knowledge learners. Chen, Wong and Wang (2014) pointed out that in game-based 
learning, no matter high prior knowledge learners or low prior knowledge learners have good learning 
motivation. 

3. Competitive Game-Based Learning System Including Item Bank 

In this study, we used “HTML5 Certification Tutoring System Based on Competitive Games” 
developed by the Hwang, Chen, Cao and Su (2016). The system joins the “cultivating dinosaurs” as a 
game element. When learners first log in the system, they can choose a dinosaur which one they like. 
There are six dinosaurs in the game. Each dinosaur has seven stages. Learners can get experience by 
“Competitive Games” or “Personal Practice” to cultivating dinosaur. The design is for improving 
learners learning motivation (See Figure 1). 
 

 

Figure 1. Choose a dinosaur. 

Moreover, the system contains three modules, i.e. Competition Game, Personal Practice and 
Learning History. In the Competition Game Module, learners will compete with classmates in class. 
The rank will be shown on the left when the competition game is going. Learners will rank with their 
classmates to excite learners learning motivation and effectiveness (See Figure 2). When the 
competition game is finished, the system will show the rank and score of the learner in this round (See 
Figure 3). 

 

  

Figure 2. Competition game. 
Figure 3. The rank of competitive games. 
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In the Personal Practice Module, by personal practice, learners can preview before class and 
review after class (See Figure 4). Instead of providing the right answer, the system provides the 
explanation that designed by a professional teacher. This purpose is to let learners have deeper 
understanding about the topics (See Figure 5). Moreover, the system can provide a chance to change 
the answer when learners get wrong answers (See Figure 6). 

 

  

Figure 4. Personal practice. 
Figure 5. Explanation of topic. 

 

Figure 6. Change the answer. 

In the Learning History Module, learners can see the chapters, practice time, and the number 
of right and wrong answers of learners selected in the Personal Practice Module. If the number of 
wrong answers is more than that of other chapters, learners can practice strongly (See Figure 7). 

 

 

Figure 7. Learning history. 

4. Research Method 

4.1. Research Framework and Hypothesis 

This study mainly explored the impact of prior knowledge on the usability evaluation of this system. 
Therefore, we proposed 10 hypotheses that prior knowledge has significant impact on the 10 aspects 
usability evaluation of this system (See Figure 8). 
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Figure 8. Research Framework. 

4.2. Experimental Participants 

In this study, the subjects are the learners of information related departments in a university of central 
Taiwan. There are 44 learners. Learners must fill in the questionnaire of usability evaluation. After 
check reverse question, we found that four learners are invalid samples. Therefore, only 40 samples 
are valid, including 10 high prior knowledge learners (master and senior students) and 30 low prior 
knowledge learners (junior students). 

4.3. Experimental Tools 

The experimental tools contain an HTML5 game-base certification tutoring system, the usability 
evaluation scale and SPSS 19. We used 10 user interface design guidelines proposed by Nielsen 
(1994). The questionnaire is designed by Likert's five-point scale (Likert, 1932) and contains 60 
questions that each aspect including five questions and one reverse question. In order to achieve the 
expert validity, we invited two senior scholars who had designed questionnaires more than 10 years. 

4.4. Experimental Flow 

In the study, we used “HTML5 Certification Tutoring System Based on Competitive Games” 
developed by the Hwang et al (2016) and conducted a five-day experiment from November 25, 2016 
to November 29, 2016. First, we explained how to use this system by 10 mins, and then students used 
this system by 20 mins. At the end, learners filled in the questionnaire of usability evaluation (See 
Figure 9). 

 

 

Figure 9. Experimental Flow. 
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5. Results and Discussions 

In this study, the valid samples are 40 learners. We used SPSS to analyze data. First, we analyzed the 
reliability of the questionnaire. The results show the Cronbach’s α of the questionnaire are between 
0.808 and 0.974. It means the reliability of the questionnaire is high (Nunnally & Bernstein, 1994). 

Form the overall satisfaction of usability evaluation, the average score of “H8: Aesthetic and 
minimalist design” and “H10: Help and documentation” are less than 4.0 and lower than others. It 
means the system is still needed to be improved at artwork and explanation. However, “H9: Help 
users recognize, diagnose, and recover from errors”, “H5: Error prevention” and “H1: Visibility of 
system status” are greater than 4.2 and higher than others. It means the system can prevent errors and 
help learners recover from errors (See Table 2) 

Table 2: The overall satisfaction of the usability evaluation. 

Usability Evaluation Number Average SD 

H1：Visibility of system status 40 4.23 0.54 

H2：Match between system and the real world 40 4.16 0.57 

H3：User control and freedom 40 4.10 0.80 

H4：Consistency 40 4.00 0.63 

H5：Error prevention 40 4.25 0.58 

H6：Recognition rather than recall 40 4.12 0.64 

H7：Flexibility and efficiency of use 40 4.11 0.61 

H8：Aesthetic and minimalist design 40 3.80 0.79 

H9：Help users recognize, diagnose, and recover from errors 40 4.28 0.61 

H10：Help and documentation 40 3.97 0.73 

 

In this study, we used t test to explore the impact of prior knowledge on the usability 
evaluation of a competitive game-based learning system including item bank. However, prior 
knowledge has significant differences on “H1: Visibility of system status”, “H2: Match between 
system and the real world”, “H3: User control and freedom”, “H4: Consistency”, “H5: Error 
prevention”, “H6: Recognition rather than recall”, “H7: Flexibility and efficiency of use” and “H9: 
Help users recognize, diagnose, and recover from errors”. It means that high prior knowledge learners 
are more satisfied than low prior knowledge ones when using this system (See Table 3 and Figure 10). 

Table 3: Analysis of prior knowledge on the usability evaluation. 
Usability Evaluation Prior Knowledge Number Average SD t Cohen's d 

H1：Visibility of system status 
high 10 4.70 0.39 

3.62** 1.41 
low 30 4.07 0.50 

H2：Match between system and the high 10 4.58 0.48 3.00** 1.13 
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Usability Evaluation Prior Knowledge Number Average SD t Cohen's d 

real world low 30 4.01 0.53 

H3：User control and freedom 
high 10 4.62 0.49 

2.55* 1.05 
low 30 3.92 0.81 

H4：Consistency 
high 10 4.38 0.64 

2.34* 0.83 
low 30 3.87 0.59 

H5：Error prevention 
high 10 4.58 0.50 

2.15* 0.82 
low 30 4.14 0.57 

H6：Recognition rather than recall 
high 10 4.56 0.46 

2.71* 1.07 
low 30 3.97 0.63 

H7：Flexibility and efficiency of use 
high 10 4.50 0.49 

2.50* 0.97 
low 30 3.97 0.60 

H8：Aesthetic and minimalist design 
high 10 4.06 0.83 

1.24 0.44 
low 30 3.71 0.77 

H9：Help users recognize, diagnose, 
and recover from errors 

high 10 4.70 0.48 
2.73* 1.04 

low 30 4.14 0.59 

H10：Help and documentation 
high 10 4.24 0.75 

1.36 0.49 
low 30 3.88 0.71 

*p<.05 **p<.01 
     

 

 

 

Figure 10. Prior knowledge has significantly different aspects in usability evaluation. 

6. Conclusions and Recommendations for Future Work 

This study explores the impact of prior knowledge on the usability evaluation of a competitive game-
based learning system including item bank. We used “HTML5 Certification Tutoring System Based 
on Competitive Games” developed by the Hwang et al (2016) to conduct the experimental teaching. 
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Then, we analyzed the questionnaire of usability evaluation. The results showed that the average of 
the overall satisfaction is high, but the average scores of artwork and explanation are lower than other 
aspects. It means that the system is still needed to improve in artwork and explanation. We also found 
that the high prior knowledge learners are more satisfied than the low prior knowledge ones while the 
high prior knowledge learners and the low prior knowledge learners are no significant differences in 
artwork and explanation. 

In the future, we will improve the system based on the above research results. Moreover, we 
will carry out experimental teaching to explore the impact of human factors on competitive game-
based learning. 
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Abstract: In past programming education, teachers could not offer students with learning 
assistance and feedback when students appeared misconception on the learning. This study 
integrates the real-time concept map based cooperative peer assessment system into 
programming course and applies the jigsaw cooperative learning strategy for the activity. The 
concept map drawn by students at each stage of the programming course is regarded as the 
auxiliary tool to diagnose the learning misconception. Students could clarify the 
misconception with the learning diagnosis feedback provided by the system and modify the 
concept map with experts’ feedback. The research results reveal that students using the “real-
time concept map based cooperative peer assessment system” present significantly better 
learning outcomes than other groups. 

Keywords: concept map, peer assessment, programming 

1. Introduction 

Programming education aims to cultivate students’ programming skills and capability to process data 
with computers. The US government regards programming education as an important indicator to 
enhance the global competitiveness and considers programming as the critical survival skill for the 
next generation. It is not the simple idea of programming education, but it stresses on cultivating 
students’ problem-solving capability through the skills learned in classes, under messy situations 
(Robins, Rountree, & Rountree, 2003).  

However, students, in the programming learning process, do not simply encounter difficulties 
on a single concept, but many problems, that it is necessary to divide difficulties into several 
questions for the solution (Bonar & Soloway, 1985; Robins et al., 2003). Besides, assessment 
strategies should be included in students’ learning process so that teachers could understand students’ 
learning conditions according to the assessment results, offer students with individual feedback 
according to the learning conditions, and adjust the teaching contents at any time to decide the 
necessity of review or material adjustment. Nonetheless, past research on programming learning 
focused on teachers requesting students to complete designated tasks and then evaluating such tasks 
completed by students. Under such a traditional learning environment, teachers had to precede 
individual assessment and give individual feedback to so many students that the learning outcomes 
could not reach the expectation (Wu, Hwang, Milrad, Ke, & Huang, 2012; Conklin, 1987). 

Current research on programming courses mainly stresses on students implementing works 
through subject knowledge that the concept problems in the subject knowledge are likely ignored in 
students’ learning process (Lahtinen, Ala-Mutka, & Järvinen, 2005). For this reason, it is important to 
cultivate students to actively construct knowledge before the implementation and assist students in 
learning meaningful programming concepts. Kinchin, Hay, and Adams (2000) considered that 
concept mapping could clearly present students’ concept structure, teachers could find out which 
concepts students had understood or needed reinforcement from the concept mapping, and, more 
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importantly, students could cultivate the habit to think with brains and operate with hands in such a 
learning process. When students comprehend the basic concepts of subjects, such basic concepts 
could be the basis for students’ learning experience in the future and become the reference for solving 
problems in daily life. 

Chu, Hwang, and Tsai (2010) indicated that the introduction of technology without suitable 
learning strategies would result in students’ learning outcomes not achieving the expectation. A lot of 
researchers regarded the assistance of peer assessment in students’ learning. Having students, from the 
aspect of teachers, assess peers’ works would have them appear reflection behaviors (Yang, 2010). 

2. Literature review 

2.1. Importance of programming 

Programming is regarded as the key capability in the 21st century to solve daily problems (Chao, 
2016; Grover & Pea, 2013). Susan Wojcicki, the vice president of Google, mentioned that 
programming had students feel powerful, creative, and confident. Sheryl Sandberg, the chief 
operating officer of Facebook, indicated that computer science was getting more important and 
national competitiveness relied on the education of children’s capability of computer science. Besides, 
programming courses were emphasized by many scholars as programming could enhance students’ 
computer awareness & literacy and logical reasoning ability as well as cultivate students to think of 
encountered problems and solve problems with present technology (Clement & Merriman, 1988). 
With the emerging programming issues, more and more scholars would cultivate students, with 
programming courses, to comprehend knowledge and skills for the flexible application to daily life 
problems. 

2.2. Development and application of concept mapping in education 

In the cognitive learning and assimilation theory proposed by Ausubel (1968), learning was divided 
into rote learning and meaningful learning. The former referred to students not really comprehending 
knowledge, but simply remembering some knowledge. The latter, on the other hand, connected new 
knowledge with students’ prior knowledge to generate meaningful learning. Teachers had to know 
students’ prior knowledge in order to provide students with effective learning methods to enhance the 
generation of meaningful learning. Students would be enriched the mind after learning subject 
knowledge with meaningful learning, rather than rote learning. Ausubel (1968) pointed out three 
prerequisites for meaningful learning. 
 Learning materials should present logical meaning, indicating that learning materials could be 

established non-artificial and real contact with the proper concepts in students’ cognitive 
structure. 

 Students had to present meaningful learning set, i.e. the intention to actively connect new 
knowledge with proper knowledge in students’ cognitive structure. 

 Students’ cognitive structure had to present the proper concept of assimilating new knowledge. 

2.3. Peer assessment model 

Topping (1998) regarded peer assessment as the assessment process in which students constructed 
personal knowledge and skills through the mutual assistance of other students with similar 
background, evaluated the number, degree, value, practicability, quality, and success of works or 
learning outcomes of each other through peer assessment, and changed from students into evaluators. 
The theory of peer assessment learning strategy is based on Distributed Constructionism proposed by 
Resnick (1996). In plural societies, the learning process of more than a person actively participating in 
discussion or constructing knowledge is particularly emphasized, and the elements of knowledge are 
indeed dispersed to different people or places for group interaction and crowd cooperation to more 
effectively acquire knowledge. 
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3. System design 

3.1. Conceptual framework 

A system “integrating real-time concept map based cooperative peer assessment system into 
programming course” is constructed in this study. This system features to integrate class knowledge 
into life problems and allow students observing works among peers through the peer assessment 
model. In addition to peer assessment, this system also provides real-time concept assessment to 
enhance students’ problem-solving capability, learning motivation, and learning outcomes. This 
system contains five functions of “scientific problem comprehension”, “mathematical problem-
solving”, “programming”, “programming work evaluation”, and “peer feedback”. The system 
architecture is shown in Figure 1 

Figure 1 System architecture 

The learning system contains five functions of “scientific problem comprehension”, 
“mathematical problem-solving”, “programming”, “programming work evaluation”, and “peer 
feedback”. Assuming that a student is at the stage of scientific problem comprehension, the scientific 
problem comprehension module would judge whether the student achieves 100%, and the system 
would automatically provide scientific supplementary materials for the student making corrections. 
The system would not open the supplementary materials before a student completes the sub-tasks 
(scientific problem comprehension, mathematical problem-solving, and programming). Furthermore, 
the “programming” module for equipping on desktop computers is also available that students could 
open MIT APP Inventor 2 (http://appinventor.mit.edu/explore/) for programming and then take 
pictures for uploading to the system. 

3.2. Introduction of system function 

The system flowchart is shown in Figure 2. After a student logs in the original group, tasks are 
distributed among the student and the group members. The programming of free fall is taken as the 
example for the function introduction in this system. Assuming that a student is distributed the task of 
free fall, he/she has to learn the free fall sub-units in the expert group and then return the original 
group to teach other classmates the contents discussed in the expert group; meanwhile, the group 
members have to familiarize with the contents they learn from other expert groups. When all sub-
tasks are completed, the system would evaluate and provide supplementary materials for students 
making corrections. The system then would judge whether the leader’s work has been assessed by 
peers; if not, a peer assessment button would appear. The evaluation includes giving scores and 
feedback for peers’ works and having the original group members read the feedback from peers for 
discussions and corrections. The system would then evaluate again to complete the programming of 
free fall. 
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Figure 2 Student operation flowchart 

 The programming course in this study is referred to the jigsaw cooperative learning grouping 
model proposed by Jones and Steinbrink (1989). Four people are in a group; the jigsaw cooperative 
learning contains four stages. First, students, in the original group, would discuss with the group 
members to distribute tasks. The expert group is then established for learning the distributed tasks. 
Students would return the original group, after completing the distributed tasks, to share with the other 
three classmates. All learning sub-tasks are mastered from mutual teaching. Finally, teacher’s 
feedback is given after the completion at each stage. 

 The system is demonstrated as following. The system, with a tutor, would inform the current 
stage, e.g. Please move to the expert group after selecting the task. Students, after see in the reminder 
of the system tutor, could discuss with the original group members for the task distribution. Students 
then tick the distributed sub-tasks, which contain free fall, vertical upcast, horizontal toss, and 
horizontal distance in this system. Finally, students move to the expert group according to the system 
grouping prompts 

4. Experiment design 

4.1. Research tool and object 

Total 87 students in a college in northern Taiwan are experimented in this study. The experiment is 
preceded for four months. With Quasi-Experimental Research, the students with the “concept map 
based real-time assessment programming evaluation system” and different system functions are 
compared the learning outcomes, learning motivation, problem-solving capability, and cognitive load. 
The learning content is free fall in physics for senior high schools, and the sub-tasks in the system are 
provided by experts, including free fall, vertical upcast, horizontal toss, and horizontal distance. 

4.2. Experiment process 

Quasi-Experimental Research, as the major research design, is utilized in this study. The experimental 
research is preceded according to the research objective and discusses the relationship between 
dependent variables and independent variables. The teaching experiment is preceded for four hours, 
including the courses of system introduction and operation explanation. The experimental group and 
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the control group apply different learning models and fill in three questionnaires (learning motivation, 
problem-solving capability, and cognitive load) and a learning test paper. 

4.3. Experimental result and analysis 

Two-way Analysis of Covariance, with “learning outcome pretest” as the covariant and “learning 
outcome posttest” as the dependent variable, is used in this study. The Levene homogeneity of 
variance test results do not disobey the assumption of homogeneity of variance 
(F=.517，p=.672>.05), revealing the homogeneity of the between-group discrete case. 

Regarding the between-group effect (Table 1), the interaction between concept map based 
real-time assessment and peer assessment achieves the significance (F=7.30，p=.008<.05，Partial 
η2=.082) that the simple main effect test is preceded. In regard to the simple main effect analysis of 
learning outcomes, Table 2, the concept map based real-time assessment and peer assessment 
mutually interact with learning outcomes, but the effects appear under different conditions. The 
simple main effect of the concept map based real-time assessment “with introduction of concept map 
based real-time assessment” achieves the significance (F=17.62，p=.000<.001), showing that 
students using the “system integrating concept map based real-time peer assessment model into 
programming” (mean=52.90) present remarkably better performance on learning outcome posttest 
than those with the “system integrating concept map based real-time assessment into programming” 
(mean=32.43). In the concept map based real-time assessment “without introduction of concept map 
based real-time assessment”, the simple main effect also reaches the significance 
(F=4.35，p=.045<.05), revealing that students with “traditional teacher feedback model integrated 
programming” (mean=42.81) notably outperform those with “system integrating concept map based 
peer assessment model into programming” (mean=42.77) on learning outcome posttest. 

Furthermore, researchers pointed out the simple main effect of peer assessment “with peer 
assessment” not achieving the significance (F=1.26，p=.269>.05), showing that students with the 
“system integrating concept map based real-time peer assessment model into programming” 
(mean=52.9) outperform those with the “system integrating concept map based peer assessment 
model into programming” (mean=42.77) on learning outcome posttest, but not showing significant 
differences. The simple main effect of students in peer assessment “without peer assessment” also 
reaches the significance (F=.22，p=.639>.05), presenting that students with “traditional teacher 
feedback model integrated programming” (mean=42.81) outperform those with the “system 
integrating concept map based real-time assessment into programming” on learning outcome posttest 
(mean=32.43), but not showing notable differences. 

Regarding the concept map based real-time assessment, both “with introduction of concept 
map based real-time assessment” and “with peer assessment” receive high learning outcomes, while 
the learning outcome posttest does not appear large differences on both “without introduction of 
concept map based real-time assessment” and “with peer assessment”. In regard to peer assessment, 
“with peer assessment” and “with introduction of concept map based real-time assessment” receive 
high learning outcomes, while, both “without peer assessment” and “without introduction of concept 
map based real-time assessment” are better than “with introduction of concept map based real-time 
assessment”. 

5. Conclusion and suggestion 

The research results reveal the remarkable interaction between concept map based real-time 
assessment and peer assessment. The learning outcomes of students with peer assessment “with 
introduction of concept map based real-time assessment” are higher than those without peer 
assessment. On the contrary, the learning outcomes of students without peer assessment “without 
introduction of concept map based real-time assessment” are higher than those with peer assessment. 
Accordingly, the researcher consider that including concept map based real-time assessment in the 
group with peer assessment would enhance the learning outcomes on the programming subject, as a 
lot of researchers would design the programming courses and activities with groups, who would 
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induce more ideas through group discussion among peers. When peer assessment is included in the 
complicated programming subject, the classmates could simultaneously be the evaluators as well as 
the evaluated. When evaluating others’ works, the classmates would repeatedly compare with 
personal works to present reflection. Students could find out the advantages and drawbacks of the 
works through peer work and modify the work to enhance the quality. The evaluated would modify 
the work according to peers’ evaluation and feedback. The result conforms to it of Lai and Hwang 
(2015). Apparently, the peer assessment model could largely enhance students’ learning outcomes. 
However, it is better in the groups without concept map based real-time assessment, possibly because 
students’ feedback, in the experiment process, is rather simple or irrelevant to the experiment so that 
students are distracted from the learning process for viewing peers’ suggestions. Such a result 
conforms to it of Hsia, Huang, and Hwang (2016). The research result points out the best learning 
outcome on peer assessment. The researcher also indicates that the ineffective learning outcome might 
result from the students being lack of expression in traditional classes. In this case, peers’ feedback 
show better meanings for students, after viewing experts’ feedback. 
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Abstract: In this paper, we develop air quality monitoring material based on the concept of 
Maker and using a simple and low-cost device development board, combined with 
temperature and humidity, PM 2.5 sensing elements. According to the teaching materials, the 
integration of the latest air pollution-related knowledge, the development of AR multimedia 
interactive teaching materials and monitoring instruction into the national air pollution 
environmental education in the environmental education courses of high degree students in the 
elementary school. This study compares learning motivation and learning performance of 
learning air pollution related knowledge and concept using different learning method, 
including multimedia teaching materials, air quality monitor instruments and augmented 
reality materials. 

Keywords: Air pollution, AR, PM 2.5, teaching material 

1. Introduction 

Air pollution is becoming more and more serious and a global challenge of environmental protection. 
Air pollution is a hard-to-see, easy-to-prepare and highly toxic stealth killer, which has a great impact 
on health. Air pollution is the most important global health threat in the 21st century, the International 
Cancer Agency in 2013 has PM2.5 as a carcinogen, is considered a "global public enemy", the world 
moving up with the poor air pollution confrontation, World Health Organization said that air pollution 
has become the world's largest environmental health risks, Taiwan's air quality is actually "the end of 
the world class"! 

The world is moving against the harsh air pollution, the World Health Organization said that 
air pollution has become the world's largest environmental health risks. Taiwan's air quality is "the 
end of the world class!" Air pollution is very serious, most consumers in Taiwan agree that the 
environment is air pollution, but the people for their own health awareness is very low, in addition to 
effective control or counseling means to reduce the economic development of pollution. Achieving 
the goal of protecting air quality is a fairly important issue, it is necessary to improve the 
environmental education through environmental action. Environmental action has been regarded as 
the primary goal of environmental education by most of the students, so as to solve the present and 
future environmental problems. 

People's awareness of air pollution is generally inadequate, and the lack of awareness of 
warning and protective behavior. Although there are many studies to explore the students on air 
pollution and environmental education awareness and behavior, but on the air pollution-related 
teaching materials, textbooks are mostly limited to multimedia digital teaching materials. Many of the 
study mostly use custom textbooks, not with the school textbook air pollution unit. The combination 
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of domestic laws and regulations, teaching materials are also lack of interaction. Many literatures 
confirm that the growth of reality can improve learning motivation and learning outcomes. For 
example, the studies of Furió et al., (2015), ElSayed et al., (2016) , Cai et al., (2014) , and Wu et al., 
(2013) use augmented reality in the learning context to improve learning motivation and learning 
performance, but the current air pollution-related teaching materials in the country has not yet updated 
the curriculum. In addition, many studies have explored the importance of children's awareness of air 
pollution and environmental education awareness and behavior. Air pollution-related environmental 
education is very important and should be educated on a small scale. However, it is less effective in 
exploring air pollution related teaching aids and whether AR interactive teaching materials could 
enhance students' awareness of air pollution education. 

The aim of this study is to develop air quality monitoring material based on the concept of 
Maker and using a simple and low-cost device development board, combined with temperature and 
humidity, PM 2.5 sensing elements. According to the teaching materials unit, the integration of the 
latest air pollution-related knowledge, the development of AR multimedia interactive teaching 
materials and monitoring instruction into the national air pollution environmental education in the 
environmental education courses of high degree elementary school. This study compares learning 
motivation and learning outcomes of learning air pollution related knowledge and concept using 
different learning method, including multimedia teaching materials, air quality monitor aids and 
augmented reality material.   

2. Literature Review 

2.1. Air Quality Indicator (AQI) and PM2.5 

The Environmental Protection Department (EPA) defines the Air Quality Standards as "Air Pollution 
Standards in Outdoor Air". When natural environments such as volcanic eruptions, forest fires, or 
anthropogenic burning of wood, coal , fossil fuels and other events, resulting in clean air composition 
changes, resulting in air pollution. Particulate matter (PM) is a mixture of solid and liquid particulate 
air pollutants suspended in the atmosphere. It’s diameter less than or equal to 10 microns (μm) are 
called PM10 and are less than or equal to 2.5 microns called PM2.5, about one-eighth of hair 
diameter. PM2.5 are more likely to adsorb toxic substances, such as heavy metals, toxic microbes and 
so on. PM2.5 is the world's largest environmental health risk. Many epidemiological studies have 
shown that PM2.5 easily attached to dioxin, polycyclic aromatic hydrocarbons and heavy metals and 
other harmful substances, long-term inhalation may cause allergies, asthma, emphysema, lung cancer, 
cardiovascular disease. Whether long or short exposure to high concentrations of PM2.5 environment, 
will improve the risk of respiratory diseases and death, especially for the sensitivity of the ethnic 
group is more significant (Executive Yuan Environmental Protection Agency, Understanding Fine 
Suspension Particle Manual, 2016). 

Air pollution is important for children, and children are particularly in need of protection. 
Some literature refers to the impact of air pollution on children, such as (1) air pollution can affect 
children's cognitive ability, (2) traffic exhaust pollution may slow down the cognitive development of 
children, (3) indoor air quality seriously affect children's intelligence, (4) air pollution on school-age 
children's brain can also cause harm. Harvard University School of Public Health recent study shows 
that the more serious air pollution, children's IQ test results are worse, children in fresh air 
environment, their memory, vocabulary, learning ability, IQ and other aspects than in air pollution is 
better than children in air pollution area. 

2.2. Air Pollution Monitor Instruments 

Maker use a variety of devices development board, combined with temperature and humidity, PM2.5 
sensor components based on the concept of Internet of Things. They combine open hardware and 
open software to monitor the air pollution situation, through simple, open source hardware and 
software, and cheap price. We want to drive the public attention to the quality of air and vigilance 
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control, down to the promotion of schools at all levels of environmental education and campus air 
monitoring, but also through hands-on education concept, driven skill of technical turnover. 

2.3. Augmented Reality (AR) 

Augmented Reality made in 1990, in a way that is enhanced or supplemented by computer-generated 
sound, video, graphics or GPS data presented in a direct or indirect manner, in a real-world dynamic 
background and virtual message overlapping context (Miller & Dousay, 2015). AR can provide video 
to transfer information through the equipment as a medium to allow users to experience the reality of 
reality and the virtual world of mutual integration (Klopfer & Sheldon, 2010). The use of visual 
interaction effects and operation can enhance the experience (Dunleavy et al., 2009). AR can provide 
information that reality cannot be directly informed to the diversity of information presented in front 
of the vast majority of technical applications are used to enhance or supplement the real information. 
Therefore, AR in the field of computer science and educational science and technology has been a lot 
of research scholars to define the diversity of AR (wiki). Cai et al., (2014) argues that augmented 
reality can present experiments that cannot be simulated in the real world and overcome the obvious 
shortcomings (such as dangers) of real experiments, and consider AR has multiple representations of 
function. AR could present the concepts in different 3D representations to provide more thought and 
construction of knowledge, and has the function of connecting giant, microscopic and symbolic, so 
that students can learn more comprehensively understand the relationship between phenomena, 
scientific symbols or scientific representations. 

2.4. The application of augmented reality in the learning field 

AR technology can help learners to explore the link between the real world and virtual objects. AR 
system can supplement the course information through the text, graphics, video and voice 
combination into the student real learning environment. AR could produce the effect of simulation 
that allow students to operate the measurement of virtual 3D objects and learn more about the 
relationship between objects and space. AR applied to learn the concept of mechanical engineering, 
mathematical or geometric calculation and identification in higher education, and the use of AR 
technology in education is the focus of future development (Dalgarno & Lee, 2010). 

At present, AR has been widely used in different disciplines (such as mathematics, physics, 
chemistry, biology, earth science, medicine, etc.). For example, Martin-Gutierrez et al., (2015) 
promote cooperation and self - learning in higher education through AR. Riera & Fonseca, (2015) 
explore the relationship between student participation and academic performance using AR 
technology for visual building models. Kamarainen et al., (2013) combined with environmental 
education experience in the local pond environment based on situational learning theory through the 
EcoMOBILE platform. Bujak et al., (2013) explores the application of the realities in the development 
of mathematics classroom, and proposes a framework of AR learning from the perspective of 
psychology, including physical, cognitive and situational factors. AR is currently considered to have 
the potential for teaching applications, and assisted learning can provide different learning 
possibilities for science in science education. 

3. Research Model 

The main purpose of this study is to explore whether learners use the "multimedia teaching materials" 
and the use of "air pollution detection box and the AR aids" for teaching activities, whether there have 
different on learning achievement and learning retention level between the three groups. A total of 84 
schoolchildren, aged 12 years old, were chosen in this study. A total of 70 schoolchildren were 
enrolled in this study excluded who did not agree to participate in the experiment. The learners were 
divided into 20 control groups, 23 in the experimental group 1 and 27 in the experimental group in the 
experiment. The three groups of members had basic mental operation ability and had the skills to 
guide their use before the experiment. Three groups are air pollution multimedia teaching materials 
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for the study area, experimental group 1 with air pollution AR teaching materials, experimental group 
2 with air pollution detection box teaching aids. 

The independent variables of this study are "Air Pollution Multimedia material". The learners 
were divided into three groups, namely, the experimental group using "air pollution multimedia 
teaching materials", control group using the "Air Pollution AR Interactive material and Air pollution 
monitor teaching instrument". We explore the learning performance of different multimedia and 
related teaching instrument and what the learning outcomes of learners of different learning styles are. 
We analyze whether their learning outcomes and learning retention situation is different between 
learning styles of students in different learning methods. In addition, we discusses whether differences 
in environmental concerns, learning motivation, gender, and cognitive load affect the learning 
outcomes and learning retention between different groups of students. 

The measurement tool section is described below: 
Environmental concerns. The scale of environmental concerns developed by the scale of 

environmental awareness and environmental concerns and other issues from Gao et al. (2014) as the 
air pollution environment attention measurement tools. 

Learning style part. The way students learn is very different, each student has a different 
strengths and weaknesses, through effective teaching to strengthen or improve. The simplest and most 
common way to distinguish between different learning styles is based on sensory differentiation, often 
referred to as the VAK model (Visual, Auditory, and Kinesthetic). Visual students are best at dealing 
with visual information, hearing is the best way to listen to the way, and sports or touch-type students, 
often through the touch and exercise to learn. Learning style scale content refer the studies of Gholami 
and Bagheri (2003).  

Learning motivation. Motivation is to promote the goal of achieving all the internal and 
external factors, is the basis of human action, but also to promote students to effectively carry out 
long-term meaningful learning elements (Maeng & Lee, 2015). ARCS motivational theory has a close 
relationship between Attention, Relevance, Confidence, Satisfaction, and the four main spindles to 
motivate students to learn motivations (Maeng & Lee, 2015). 

Cognitive loading. Cognitive load theory has become one of the many theories used to 
integrate the knowledge and teaching design principles of human cognitive architecture, and has its 
influence in the field of educational psychology and instructional design theory (Paas et al., 2010). 
Cognitive load based on the reasons can be divided into three, respectively intrinsic cognitive load, 
extraneous cognitive load, and germane cognitive load. The assessment factor is the result of 
cognitive load, including mental stress, mental effort and work performance.  

Air Pollution protection intention. The scale refer the EPD air pollution publicity manual, 
measure the subjects from the food, clothing, live, travel, education, music and other aspects, to 
achieve air pollution control. For example, the food part, I will Improve the diet structure, reduce 
cooking oil, eat less barbecue food, reduce the food barbecue process produced PM 2.5; clothing part, 
I will try to buy environmentally friendly clothing, and use water-soluble laundry products to reduce 
PM 2.5 and so on. 

Learning effectiveness. The effectiveness of learning air pollution awareness, the scale refer 
the EPD air pollution publicity manual, the production of 25 air pollution awareness scale.  

Learning satisfaction. Satisfaction refers to the consistency between an individual's 
expectation of experience and the actual outcome of his experience, and when he feels equal to or 
exceeds what he desires, on the contrary is not satisfied.  

The relevant scale was submitted by two teachers in the southern part of the country, the 
evaluation of expert validity, as the basis for the experimental scale. Each question was scored using 
the Likert five-point scale, which was given a score of 1 to 5 from "very disagree" to "very agree".  
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4. Research Method 

4.1. Air pollution multimedia teaching material development results 

Air pollution multimedia video, video link for https://youtu.be/plyNLEZr4ZM. Related pictures 
shown in Figure 1, it can be watched to increase awareness of air pollution awareness through the 
video. 
 

   

 
 

 

Figure 1. Air Pollution monitor video instrument  

4.2. Air pollution monitor teaching material 

The study builds air pollution monitoring aids through Webduino and related environmental sensors 
to enable people to build observation points at home in a way that allows students to understand the 
surrounding air quality, the Air monitoring platform, and the shell 3D printing and printing, the device 
uses open source hardware and software and environmental sensing device configuration, can monitor 
the environment temperature and humidity and PM2.5 and PM10 values, and through the OLED 
display temperature, humidity, PM2.5 and PM10 values, As shown in Figure 2. Air pollution 
monitoring instrument through the Webduino and related sensors, and through the 3D print made 
shell, to make air box teaching aids, through the air box can detect the environment temperature, 
humidity, PM10 and PM2.5 and other values. 
 

https://youtu.be/plyNLEZr4ZM
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Figure 2. Air Pollution monitor instrument  

4.3. Air pollution AR material 

The study developed air pollution to expand the actual teaching materials, a total of 25 small cards, as 
shown in Figure 3. Each card has air pollution related knowledge, through AR animation, to increase 
awareness of air pollution awareness. 
 

    

   

 

Figure 3. Air Pollution AR material  
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Figure 4. Air Pollution Environmental Education Promotion. 

4.4. Air pollution environmental education elementary school promotion activities 

We develop the air pollution publicity film, air pollution monitoring instrument and the expansion of 
real teaching material, to held air pollution environmental education activities in the elementary 
school, activities shown in Figure 4. 

5. Research Results 

5.1. Reliability Analysis 

According to the consistency or stability between the results of the multiple tests, it is estimated how 
many measurement errors, reflecting the degree of the actual number of indicators, when the error 
ratio is low, the real score is high, the high reliability. In general, the composition of the reliability 
coefficient between 0 to 1, good test reliability to be 0.60 or more. According to the results of this 
study, the reliability coefficient of the 12 facets is between 0.6 and 0.92, which is in accordance with 
the standard value (Nunnally and Bernstein, 1994). 

5.2. Measurement model 
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Reliability, convergence validity and discriminant validity analysis are shown in Table 1. The 
composition of each facet of each pattern is greater than 0.80, and the average Variance Extracted 
(AVE) of each facet is greater than 0.5% of the recommended value (Hair et al., 2006) is higher, and 
the higher the number of the average variance extraction (AVE) is higher than that of the 
measurement. The higher the reliability and convergence validity. In general, the measurement model 
has appropriate reliability, convergence validity and discriminant validity. 

Table 1: Reliability, convergence validity and discriminant validity analysis results.  

 M SD CA CR AVE CL CL*SEX EC INT MTV PFM SAT 

CL 3.78  0.72  0.85 0.87 0.53 0.73       

CL*SEX 5.34  2.04  0.98 0.98 0.89 0.45 0.94      

EC 4.24  0.57  0.90 0.92 0.60 0.47 0.08 0.77     

INT 4.11  0.66  0.94 0.95 0.67 0.50 0.18 0.75 0.82    

MTV 4.17  0.56  0.89 0.93 0.76 0.71 0.20 0.66 0.72 0.87   

PFM 85.54  7.38  0.91 0.96 0.91 0.11 -0.24 0.11 -0.04 0.10 0.96  

SAT 4.39  0.65  0.97 0.97 0.85 0.59 0.15 0.57 0.59 0.79 0.11 0.92 

5.3. Structure Model 

In this study, statistical software SPSS version 19.0 was used for statistical analysis and simulated 
using SmartPLS version 2.0. Based on the two-stage evaluation model and the Bootstrapping re-
sampling technique, the standardized path analysis and significance are shown in Figure 5. The 
hypothesis is proposed based on the relationship between the relevant literature and the variables. In 
this study, Bootstrapping and no mother counting method are used to estimate the parameters. This 
study estimate the distribution of statistics through the re-sampling of the sample data), 

This study estimate the parameters use the method of bootstrapping, a method of estimating 
nonparametric, through the re-sampling of the sample data to estimate the distribution of statistics. 
The results of the proposed hypothesis are as follows: Learning motivation (β = 0.626, β = 0.394) has 
a significant effect on learning satisfaction and air pollution protection intention; cognitive load (β = 
0.459) had a significant effect on the learning performance; environmental concerns (β = 0.459) has a 
significant effect on air pollution protection intention. Finally, the impact of cognitive load on 
learning performance, the impact of girls is significantly greater than boys. 

Thus, the hypothesis 1 to 6 in the study model, except hypothesis 1, the remaining hypothesis 
is true. The results show that the higher the cognitive burden is, the higher the learning achievement 
is, the higher the learning motivation is, the higher the learning satisfaction and the learning effect is. 
Finally, the higher the environmental concern of the school children, the air pollution prevention 
intention is higher. The explain ability of learning motivation to learning satisfaction is 63.6%. The 
explanatory ability of cognitive load to learning satisfaction is 29.2%. The explanatory ability is 
64.8% of environmental concern to air pollution prevention intention. 
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Learning 
Motivation

Environmental 
Concerns

Cognitive 
Loading

Learning Satisfaction
(R2 = 63.6%)

Gender

Learning Performance
(R2 = 19.2%)

Air Pollution 
Protection Intention

(R2 = 64.8%)

0.252 
(1.592)

0.459** 
(2.375)

0.626*** 
(5.388)

0.394*** 
(4.358)

0.488*** 
(4.780)

0.816* 
(1.834)

 

Figure 5. Research Model Results. 

The comparison table about the pretest and posttest of the experimental group and the control 
group in the experiment is as shown in Figure 6. The results showed that the two groups of 
experimental results were higher than the experimental group, and the posttest and pre-measured 
progress than the experimental group, the results show that students’ air pollution awareness is higher 
through the air pollution teaching aids and AR multimedia materials than students using video to 
learn. 

 

Figure 6. The comparison table about the pretest and posttest of the experimental group and the 
control group 

From the perspective of gender, the effectiveness of learning of boys is better than girls; and 
girls’ air pollution control is the better than boys (See Table 2). 

Table 2: The Comparison Table of gender, learning performance and prevention intention.  

Gender Numbers Learning 
Performance 

Air Pollution 
Prevention Intention 

Male 40  87.10  4.12  

Female 30 83.74  4.18  
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From the perspective of learning style, kinesthetic children’s learning performance and air 
pollution prevention intention will be better than visual and auditory students (See Table 3). 

Table 3: The Comparison Table of learning style, learning performance and prevention intention.  

Learning Style Numbers Learning 
Performance 

Air Pollution Prevention 
Intention 

Visual 21 84.95  4.02  

Auditory 22 84.55  4.13  

Kinesthetic 27 86.81  4.30  

6. Discussions and Conclusions 

With the rise of the design of the program, TMD - iAir intelligent life application will be combined 
with the implementation of 108 - year program design education, the concept of education, 
environmental pollution and the concept of Internet of Things into the program of education, so that 
the concept of programming with the current industry development trends and environmental issues, 
to enhance the school students in the learning program design, through the concept of secondary 
school and PBL, to learn the spirit of innovation, and experience the importance of environmental 
education, more understanding of the world of innovative applications. 

From the research results, we can see that the students with higher learning load have better 
learning ability, and the learning motivation positively affects the learning satisfaction and learning 
achievement of the schoolchildren. The students with higher environmental concern and their air 
pollution prevention intention is also higher. From the analysis of the results, we can see that to 
strengthen the students' awareness of air pollution prevention and control, from the promotion of 
children's environmental concerns and their learning motivation to proceed. This study means that 
students from different learning methods to explore the teaching materials, air pollution teaching aids 
and the expansion of real learning materials, etc., which students learn motivation and learning better, 
and explore environmental performance of different learning styles of students 
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Abstract: Local history and culture are vital elements shaping the identity of a society and its 
civilization. Yet, the appreciation of local history and culture among the younger generation 
are decreasing, where this could be observed in the social or history classes offered in schools. 
In Taiwan, elementary schools would organize field trips visiting local historic sites to 
encourage and improve students’ appreciation of the local history and culture. Past research 
had shown that technology could assist in engaging and motivating students to better 
appreciate the history and culture. Hence, a design based research was conducted with the 
objective of cultivating students’ interest and increasing their appreciation towards the local 
history and folk culture by designing an augmented reality application which used the strategy 
of situated learning and critical thinking in designing the learning content and assessment. 
After conducting two iterations, the research found that after using the designed application, 
students’ interest in local history and culture had increased, and the students were engaged in 
the learning process as the situated learning strategy and critical thinking questioning were 
applied. 

Keywords: Design based research, History and culture, Situated learning, Critical thinking, 
Augmented reality  

1. Introduction 

Understanding the local history and preserving its folk culture are important elements for the 
inheritance of future generations. The appreciation of the historic value and folk culture are interests 
that should be cultivated in the younger generation at an early age. However, most of the younger 
generation are in the opinion that history and culture were “meaningless recitation of names, dates, 
and facts” (Squire & Barab, 2004, p. 506) and often do not recognize nor appreciate the importance of 
these folk cultural practices. Most students are in the opinion that social class which covers history 
and cultural learning are “the most boring” subject in schools (Loewen, 1995; Squire & Barab, 2004), 
including students in Taiwan. In order to mitigate this problem, most elementary schools in Taiwan 
would organized field trips and visits to historical landmarks and villages with the aim of cultivating 
students’ appreciation of local culture and history. Past research had shown that by integrating 
technology into the learning process of the social class would increase motivation and engagement of 
students in learning and understanding the historic and cultural elements of the class (Squire & Barab, 
2004; Chang, & Hwang, 2014). These research had shown that with the usage of technology in the 
learning process during the field trip, this could promote students’ appreciation of local culture and 
history (Chang & Hwang, 2014). 

With the current rapid development in the work field and industry, critical thinking was no 
longer deemed as a preferable skill of the elite group, instead it is considered as an essential 
competency required in each individual in order for them succeed in their respective fields (Kettler, 
2014; Kay, & Greenhill, 2011). Therefore, along with the advancement of technology in augmented 
reality and its increasing popularity among the younger generation, this research’s objective was to 
utilize augmented reality in designing a learning system on the topic of history and culture, 
complimented with critical thinking questions regarding these historic and cultural topics, to promote 
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students’ interest and appreciation towards local history and culture. The research questions of this 
research were 

(1) How does the designed learning system assist in instilling interest in students on the topic of 
history and culture? 

(2) How does situated learning affect the students’ critical thinking thoughts as compared to 
classroom setting? 

2. Literature Review 

Design based research is a combination of “empirical education research with theory-driven design of 
learning environments” which “help create and extend knowledge about developing, enacting and 
sustaining innovative learning environments” (The Design-Based Research Collective, 2003, p. 5). As 
proposed by The Design-Based Research Collective (2003), design-based research consist of five 
characteristics: (1) Learning environment and theory development are closely associated during the 
designing process; (2) Continuous improvements are made through different cycles of design, analysis 
and redesigns; (3) Research’s design would share theoretical suggestions that would be useful for 
practitioners and for future research; (4) Research should clarify reasons the research design 
conducted in authentic settings are appropriate, sharing its success and failure, identifying its 
interaction with students and its learning issues; (5) Methods used in the research design are 
documented along with the processes resulting to the research’s outcome. This research utilized 
design based research in order to identify elements of the designed learning system which were 
effective in promoting students’ interest and appreciation towards local history and culture, and 
examined elements which were less effective as they were expected. 

Situated learning involves having students experiencing events and learning regarding a topic 
in its actual environment, and applying what was learnt to solve problems which occurs in the 
environment itself (Dawley, & Dede, 2014). Past research had found evidence on the importance of 
situated learning which enabled students to learn and experience the learning topic in its authentic 
settings, and providing students with the opportunity to solve problems involved in its real 
environment (Chu, Hwang, Tsai, & Tseng, 2010). Hence, this research utilized the situated learning 
strategy in designing the learning content on local history and culture, and to provide students the 
opportunity to learn about the local history and culture at the actual site, facilitated with the designed 
application. 

Critical thinking is one of the essential 21th century skills (Kay & Greenhill, 2011). Facione 
(1990) defined critical thinking as “purposeful, self-regulatory judgment which results in 
interpretations, analysis, evaluation and inference, as well as explanation of the evidential, conceptual, 
methodological, criteriological, or conceptual consideration upon which that judgment is based (p. 
3).” Critical thinking consist of six sub skills (i.e., interpretation, analysis, evaluation, inference, 
explanation, self-regulation) which involves understanding and analyzing claims and arguments, 
assessing the credibility of the statement, identifying required items in order to draw reasonable 
conclusions, and explaining the reasons behind a judgment made (Facione, 1990; Lai, 2011). Based 
on Facione’s (1990) definition of critical thinking and its sub skills, past research had used different 
methods in designing critical thinking assessments for elementary students, i.e., written assessment 
using comic script, vocal assessment using story-telling (Gelerstein et al., 2016; Lin et al., 2017). This 
research designed critical thinking questions based on local history and culture in order to examine the 
effect of students’ thoughts during classroom setting and during situated learning setting.  

In the recent years, the amount of attention allocated on the application of the augmented 
reality in education is increasing rapidly along with its popularity (Tăbușcă, 2015; Liou, Yang, Chen, 
& Tarng 2017). Augmented reality involved having an application embedding and integrating the 
digital information into the real environment, resulting in a better simulation which would improve 
and engage students during the learning process (Tăbușcă, 2015). Past research had shown that 
augmented reality could improve and enhance the students’ learning process and experience (Chiang, 
Yang, & Hwang, 2014). As mentioned by Chu et al. (2010), “it has become an important and 
challenging issue to place students in a series of designed lessons that combine both real-world and 
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digital-world learning resources” (pp. 1619). Therefore, in order to implement the situated learning 
strategy into the designed application, augment reality was used to facilitate and improve the learning 
strategy, and to engage students in the learning process. 

3. Design Based Research (DBR) Design 

The objective of this research was to utilize augmented reality in designing a system to learn about the 
local history and culture. In order to achieve this, Blippbuilder by Blippar was used in building the 
augmented learning contents of the system. The research’s system consist of a quiz for each learning 
topic, these questions were critical thinking questions regarding these historic and cultural topics. 
Prior to the research, a demand analysis was conducted by having a discussion session with the 
elementary school teacher to understand the current measures used by the school in inspiring students 
to be interested with the topic. Some of the activities included: 

• The school organized field trips for students to visit different places of interest throughout the 
year. In order to enrich the students’ experience during their visits, the teachers would design 
activities or games around these landmarks, including station games, treasure hunt and sports 
day. 

• During the field trip, local spokespersons or local business owners were invited to have a 
sharing session with the students to talk about the significance of the local history to other 
fields. After each session, students were allowed to ask questions about the topic if they had 
any inquiries. 

• With the readily available platform of Google, teachers also utilized tablets and Google 
Classroom to create quiz to ensure students paid attention during the field trip and managed to 
understand the basic concept of the landmark’s history.  

During these field trips, the teacher shared that students were not interested with the content of 
the field trip (i.e., the guide or tour around the landmark, the key information of the landmark and 
local culture). The teacher observed that students were more interested in the games or activity 
prepared and they seem to lose their focus on the local history and culture, causing failure to achieve 
the objective of the field trip. As these field trips were only organized few times a year with limited 
number of participants, hence the appreciation of local history and culture was not conducted 
continuously. 

With the input from the teacher, this research conducted a design based research was 
conducted with the aim of instilling interest in local history and culture among elementary school 
students. This research consisted of two phases, with Phase 1 addressing the issues identified in the 
demand analysis which was shared by the elementary school teacher, and Phase 2 addressing the 
issues observed during Phase 1, and the feedback received from the students and teachers (as shown 
in Figure 1). 
 

 

Figure 1. Research process. 
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3.1. Participants 

The participants of this research were students from two elementary schools, each from Kaohsiung 
and Taichung city. The students were from Advanced Placement (AP) classes of their schools, 
ranging from Grade 3 till Grade 6. There were a total of 14 students from the Kaohsiung school and 
13 students from Taichung, making it a total of 27 students for this research. 

4. History and Culture Learning in Classroom (Phase 1) 

For the first phase of the research, the learning content were cultural inheritance and historical sites of 
Tainan. Four learning topics were selected, including “Dan-Tsu noodles,” “coffin bread,” “Fort 
Provintia” and “Old Tait & Co. Merchant House.” Considering that the students were from Kaohsiung 
and Taichung city, they would be unfamiliar with the culture and history of Tainan city.  

4.1. System Design 

The research utilized the Blippar app which was installed on Android tablets supplemented with 
headsets for the browsing of multimedia material during the learning process. The research’s system 
was mainly designed by using Blippbuilder by Blippar which enables users to design and customize 
augmented objects or images corresponding to each target markers. The quiz was built on a webpage 
using the database system of MySQL to collect real time feedbacks or answers from students. The 
research required students to use the Blippar app to scan markers from the learning sheet that 
indicated each learning topic to begin the learning session (shown in Figure 2a). After scanning the 
marker from the learning sheet, the app would display the augmented image of the item or landmark 
along with two buttons of selections, (1) Tour, and (2) Quiz (as shown in Figure 2b). 
 

 

Figure 2. (a) Learning sheet; (b) Scanned results from Blippar. 

The Tour portion provided and introduced students with the knowledge and information on 
the learning topic, including significant historical events of the landmark, the origin of the culture 
practiced, the background story of building of the local business, and the production process of the 
local delicacy. Prior to the research, these information of the learning topics were shared and 
discussed with teachers of the elementary schools, and were verified to be accurate and were suitable 
for students. The “Tour” portion was built using Blippbuilder by Blippar, portraying the collective 
information regarding the learning topic which were displayed in the form of a short presentation with 
write ups on the important key points or time stamps of events regarding the learning topic, 
supplemented with different images of the learning topic. These information were spread into several 
pages, depending on amount of information of the learning topic. After the students had completed 
reading and understanding each page, they would click on the “Next” button to move on. For each 
learning topic, an informational video were embedded at the end of the learning session to further 
compliment and enrich the learning content. For example, for the “Dan-Tsu noodle,” the information 
on origin and history of noodle were shared with students, along with a short video on the background 
story of the noodle which were embedded in the Blipp. 
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As for the Quiz portion, for each learning topic, five questions were designed in accordance to 
the five sub skills of critical thinking (i.e., Interpretation, Analysis, Evaluation, Inference, and 
Explanation). These questions were discussed with the elementary teachers to determine their 
appropriateness and relevance to the learning topics. With four learning topics, the total number of 
questions were 20 questions, with four questions for each sub skills. For the questions on the sub 
skills of critical thinking “Interpretation” and “Analysis,” the relevant information to assist students in 
answering these questions were provided in the “Tour” portion, either in the short presentation or 
short video. Questions for “Interpretation” and “Analysis” skill were mostly multiple choice questions 
or short answer questions. As for the sub skills of critical thinking “Evaluation” and “Inference,” 
questions designed required students to provide short written answers which would be relevant to the 
learning topic. For the questions on the critical thinking sub skill “Explanation,” students would be 
required to provide a short essay in explaining their answers and they were encouraged to be as 
thorough as possible, providing as much relevant details as possible. Students could utilize the 
keyboard (using the function of typing in or writing on) or Google’s speech-to-text function to input 
their answers. These questions were designed on a webpage with the hyperlink inserted in Blippar. 
The data of the question’s input from students were collected and monitored in real time through the 
database built on the webpage (i.e., MySQL). 

4.2. Research Process 

Before starting the experiment, students were provided with an Android tablet installed with Blippar, 
a learning sheet and a headset. A briefing session was conducted to introduce the usage and function 
of Blippar, and the research procedures. Students were then led to use Blippar to scan the marker of 
the learning topic on “coffin bread” and to begin with the “Tour” of the learning topic on “coffin 
bread.” Students were reminded to watch the short video and were informed that they could replay the 
presentation and video again if they were unclear. After completing the “Tour,” students would 
complete the “Quiz” of the learning topic which consist of five questions. With the completion of all 
five question of the learning topic’s quiz, students would then move on to the next learning topic. In 
order to activate the next learning topic, students would then use the Blippar app to scan the next 
target marker on the learning sheet. Once the students had completed all four learning topics, they 
would be required to complete a feedback questionnaire. The whole session was one hour with the 
research taking place inside the classroom. Students from two school completed this experiment at 
separation sessions in their respective schools. 

4.3. Results 

The total input received from the participants of both schools for Phase 1 was 27. As there were four 
learning topics with each consisting five questions matching with the critical thinking sub skills 
(Facione, 1990), the total score for the quiz was 20. For each question, the students would receive the 
score “1” given that the answers provided were correct (for multiple choice questions) and fulfilled 
the criteria of the critical thinking skill intended to be capture through each questions (i.e., 
interpretation, analysis, inference, evaluation and explanation), else they would be scored as “0.” The 
students’ answers for the quiz were evaluated and scored among two researchers whereby the Cohen’s 
Kappa coefficient was maintained above 0.9 and the Cronbach’s alpha for the Phase 1 quiz was 0.84. 
As shown in Table 1, the mean score of the quiz for both school are 12.55 and 12.31 respectively, 
with t-value of 0.32 (p > .05). This indicated that there were no significant difference in the students’ 
performance for both schools. However, there was significant difference in the students’ performance 
in terms of their grade (as shown in Table 2). The students higher grades (i.e., Grade 5 and 6) would 
perform better compared to the students of lower grade (i.e., Grade 3 and 4). As the students’ grade 
increases, the mean score of the quiz would increase, indicating that the questions designed for this 
research was with suitable difficulty that was capable of differentiating the students’ ability in terms 
of their grades.  

After completing the all four learning topics, students were required to complete a feedback 
questionnaire. The questionnaire consisted of seven questions with five questions that were measured 
by using a 5-Likert scale (i.e., Strong Agree = 5, Agree = 4, Neutral = 3, Disagree = 2, Strongly 
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Disagree = 1) and two open-ended questions. A summary of the students’ opinions collected from the 
feedback questionnaire was shown in Table 3. From the input of the feedback questionnaire, it was 
found that student were in the opinion that this application enabled them to understand and learn 
about Tainan’s culture and history in an easier and more interesting manner. They expressed that they 
would prefer to have more information on the topic which showed that the research design had instill 
interest in students. Besides that, students found the critical thinking questions design in the 
application allowed them to actually think deeper instead of searching for the answers from the 
information provided. Most students believed that it might be better if the learning session could take 
place at the landmark itself complimented by the usage of the application. By taking into account the 
feedback shared by the teacher and students, the necessary amendments were made in Phase 2 of this 
research to further improve the application and learning setting for the students. 

Table 1:  Independent sample t-test on the quiz results for Phase 1 by school. 

School  N Mean SD t-value 
1 14 12.55 2.24 .32 

(p = .755) 
2 13 12.31 1.62 

Total 27 12.43 1.93 

Table 2: Independent sample t-test on the quiz results for Phase 1 by grade. 

Grade N Mean SD Grade level N Mean SD t-value 
3 2 10.30 0.14 Lower 17 11.70 1.97 -2.93** 

( p = .007) 
4 15 11.88 2.03 

5 4 13.25 0.98 Higher 10 13.68 1.05 

6 6 13.97 1.08 

Table 3: Result of the feedback questionnaire for Phase 1. 

Feedback questions Results 

1. This application enables you to understand more about Tainan’s culture and 
history. 

4.08 

2. The design of application fits your learning style. 3.42 

3. By using this application in the classroom, it would allow you to be more 
concentrated, as compared to being outdoor. 

3.00 

4. By being physically at the landmarks in Tainan, it would assist you in solving the 
questions asked in the application. 

3.69 

5. The questions in the application would stimulate you to think more. 3.88 

6. What improvement could be done by this application in order to make it more enjoyable? 

 The questions could be more 
challenging 

 Increase the number of learning topics 

 More information and further 

 Learning could take place outdoor 

 Enrich the learning materials to make it 
more interesting 

 Separate the learning information and 
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explanation could be provided  

 Pictures could be included in the 
question section 

videos 

 Games could be included 

 Interaction or feedback could be 
provided 

7. In your opinion, what are the benefits of learning with this application? 

 Learn and understand more about 
Tainan’s history and folk culture 

 Enjoyed that it allowed me to think of 
the answers instead of providing 
information for me to look for the 
answers. 

 Different from what we learn in class 
and it shared some interesting facts that 
I hope to understand further 

 Interesting and simple method of 
learning history and culture as I don’t 
have to memorize and easy to remember 

 I don’t need to go outdoors and I could 
see the landmarks and actual food 
comfortably in the classroom 

5. Outdoor History and Culture Learning (Phase 2) 

For the second phase of the research, the learning content were cultural inheritance and historical sites 
of Qishan, Kaohsiung. This location was selected in conjunction with the joint field trip organized by 
both schools. Similarly with Phase 1, four learning topics were selected which consist of “Qishan train 
station,” “Youth Banana”, “Banana cake” and “Traditional Chinese seal.”  

5.1. System Design 

Phase 2 of the research similarly utilized the Blippar app installed on Android tablets with headsets, 
with the application designed by using Blippbuilder by Blippar and the quiz built on a webpage using 
the database system of MySQL to collect the feedbacks or answers from students. The quiz for this 
phase was similar with Phase 1 whereby five questions were designed for each learning topic in 
accordance to the five critical thinking sub skills whereby either multiple choice questions or short 
answer questions were designed for “Interpretation” and “Analysis.” As for “Inference” and 
“Evaluation,” short answer questions were prepared, and short essay questions were designed for 
“Explanation.” These questions were discussed and verified by the elementary school teachers to 
ensure the correctness of the sentence structure and suitability of the question’s level of difficulty. 

After considering the feedback received by students and the suggestions from the teachers 
during the Phase 1 of the study, several amendments were made. (1) The interface of the learning 
topic were redesigned whereby there would be several learning sections for students to choose from 
instead of fixing the learning process to a certain flow. For example, for the learning topic on “Qishan 
train station,” students could choose to learn about the special features of the train station, the history 
of the train station, and the story behind the railway with no fixed sequence (as shown in Figure 3a) 
and they may revisit them if required. A short video clip regarding the learning topic was included in 
each learning topic. (2) The research was conducted outdoor where the markers were items or sign 
boards that were located at the landmark of the four learning topics. The marker images were shared 
with students in a map with the partial image of the markers displayed (see Figure 3b). (3) Students 
participated in designing the application interface and the map used for the research. This was done by 
including the artwork prepared by students in the application in order to create a sense of participation 
and belonging among students. (4) An additional creative activity was included into the research 
which would require students to create and design an item in accordance to the assignment given. For 
example, for the learning topic on “Qishan train station,” students were assigned to create a train that 
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contains special features of Qishan. This task was completed using the application Sketch. (5) 
Questions were labelled with their score of 2 (for “Interpretation” and “Analysis”), score of 5 (for 
“Inference” and “Evaluation”), and score of 8 (for “Explanation”). This was to provide students with a 
sense of the amount of input expected of them for each of these questions. 
 

   

Figure 3. (a) Interface in Blippar; (b) Map of the learning topics’ location; (c) Student watching the 
short video of the learning topic. 

5.2. Research Process 

For Phase 2 of the research, it was conducted outdoor at Qishan, Kaohsiung. The participants of Phase 
2 were there same group of students from Phase 1, excluding one student who was absent, making it a 
total of 26 participants. Students were divided into four groups where two groups had six students and 
another two groups had seven students. A researcher and a teacher were assigned to each group to 
lead and assist the students throughout the learning process. Each group would begin from a different 
landmark in order to avoid overcrowding. Each student was provided with an Android tablet with 
Blippar and Sketch installed, and a headset (as shown in Figure 3c). Before departing towards their 
first landmark, students were required to watch a short briefing clip on the tablet which would explain 
the research flow, their learning goals and ways to use Blippar and Sketch. Students were reminded 
that all learning sections were important and they were required to complete two tasks, (1) the quiz, 
and (2) the creative activity. They were required to inform the researcher once they had completed 
both activities at each landmark. Once every member of the group had completed all the tasks of the 
learning topic, they would move on towards their next landmark. Students had 20 minutes to complete 
each learning topic and both activities. After the students had completed all four learning topics, they 
would be required to complete a feedback questionnaire. The total duration of the learning session for 
Phase 2 was two hours. 

5.3. Results 

For Phase 2, the total participants’ input received was 26. Similar with Phase 1, the total number of 
question for four learning topics were 20, with five questions for each learning topic. The scoring 
scheme for Phase 2 was similar with Phase 1 whereby score “1” was given if the answers provided 
were correct and satisfied the criteria of the critical thinking sub skill of the question. The students’ 
answers for the quiz were evaluated and scored among two researchers with the Cohen’s Kappa 
coefficient was maintained above 0.9 and the Cronbach’s alpha for the Phase 2 quiz was 0.80. For the 
mean score for the quiz in Phase 2, there were no significant difference between the lower and higher 
grade students (see Table 4). Students shared that they enjoyed the critical thinking questions asked in 
the application as it allowed them to think about the issue and structure their answers accordingly. 
However, for the students’ outdoor quiz performance, it was noticed that students did not perform 
better as compared to when they were indoor. It was observed that students were not as focus and 
concentrated when they were completing the critical thinking questions when they were outdoor.  

After completing the all four learning topics, students were required to complete a feedback 
questionnaire. The questionnaire consisted of nine questions with six questions that were measured by 
using a 5-Likert scale (i.e., Strong Agree = 5, Agree = 4, Neutral = 3, Disagree = 2, Strongly Disagree 
= 1) and three open-ended questions (shown in Table 5). From the feedback questionnaire, it was 
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found that in general students had positive feedbacks after using the application to learn about local 
history and culture on site. The results showed that students preferred learning on site more as 
compared to learning in the classroom. Students shared that by being at the actual location of the 
learning topic with the assistance of the application could assist them in their learning process as they 
could witness the surroundings of the landmark, communicate with the people around the landmark, 
and speak to the owner and ask follow up questions. This would provide students with a stronger 
impression of the learning topic and they would have a personalized experience at the landmark. 
Students shared that the application had contributed in instilling their interest in local history and 
culture.  

Table 4: Independent sample t-test on the quiz results for Phase 2 by grade. 

Grade N Mean SD Grade level N Mean SD t-value 
3 2 8.60 1.13 Lower 16 8.44 2.24 -1.47 

( p = .154) 
4 14 8.41 2.39 

5 4 9.60 1.77 Higher 10 9.70 1.92 

6 6 9.77 2.18 

Table 5: Result of the feedback questionnaire for Phase 2. 

Feedback questions Results 

1. This application enables you to understand more about Qishan’s culture and 
history. 

4.36 

2. The design of this application fits your learning style. 4.08 

3. By using this application outdoor, it would allow you to be more concentrated. 4.00 

4. By being physically at the landmarks in Qishan, it had assist you in solving the 
questions asked in the application. 

4.00 

5. The questions in the application would stimulate you to think more. 4.28 

6. Compared with the previous session in the classroom, using the application 
outdoors had assisted you in learning. 

4.08 

7. What improvement could be done by this application in order to make it more enjoyable? 

 More video could be included 

 Lesser open-ended questions as it takes 
time to complete 

 Make it a competition among students 

 Creative activity could include other 
activities like photography or games 

8. In your opinion, what are the benefits of learning with this application? 

 Get to be at the actual landmark and 
understand its surrounding environment 

 It made me more interested to know 
more about the local history and culture 

 I enjoyed the questions asked in the 
application as it makes me think 

 Get to speak to the people or owner of 
the shop to understand further 

 It improve my learning as it was easy to 
understand 

 Got a better impression of the learning 
topic 

9. Compared with the previous session in the classroom, what are the benefits of this session and 
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what are some improvements that could be made? 

Benefit: 

 Could get a better view of the item as 
compare to viewing it on the tablet 

 Get to see the actual item 

 Easier to understand and have my own 
experience about the learning topic 

Improvements: 

 Internet connection could be improve 

 Markers were difficult to scan as 
compared to in classroom 

 Hands-on activity at the landmark could 
be inserted into the learning as well 

6. Discussion 

This research aimed to cultivate students’ interest in local history and folk culture by designing an 
augmented reality application supplemented with critical thinking questions on the history and culture 
learning topics. A design based research with two phases was conducted to examine effective 
elements of the learning system and identify items that could be further improved. For Phase 1 of the 
research, after using the application, the students’ feedbacks on their learning experience were 
positive. Students shared that the application allowed them to learn and understand more about the 
local history and folk culture. They enjoyed learning and showed great interest about history and 
culture using this application as it was different from the method they usually used to learn in 
classrooms. Students emphasized that they enjoyed the learning process and content provided in the 
application and they suggested that more relevant information could be included, especially since they 
were intrigued by the existing content and wanted to understand further. This showed that this 
application played the role of cultivating interest in students on local history and culture. As for the 
critical thinking questions, most students enjoyed this change of questioning as they were required to 
think about the topic or issue and share their thoughts and opinions regarding the topic or issue, 
instead of memorizing the learning content provided and search for the correct answers. The answers 
of the open-end question received from students in Phase 1 were mainly well-structured and logically 
explained. There were several improvements suggested by students and teachers which were 
implemented in Phase 2. This included the improvement on the interface of the application to be more 
user friendly, additional creativity activity were included, including students to take part in the 
application designing process, switching the learning environment from the classroom to the actual 
landmark, and the scores for each question were clearly labelled. 

From the results of the feedback questionnaire received from Phase 1 and Phase 2 of the 
research, students were in the opinion that Phase 2 was better than Phase 1. Many students pointed out 
that being at the actual site of the historic landmark allowed them to have a clearer understanding of 
its significance and provided them with a better impression of the local history and folk culture. After 
learning from the application, it was observed that students would seek for further explanation from 
the people or shop owner. This portrayed that students gained interest of the history and culture of the 
landmark and they took the initiative to seek for further clarification. By doing so, students would had 
created their own learning experience and this would benefit other students of the group as this would 
inspire interest among peers. Students suggested that in future the learning process could insert the 
element of competition among students or group into the application, as this would increase students’ 
motivation and increase their eagerness in completing the learning process. Furthermore, teachers and 
students suggested that more hands on activity could be included in the learning process at the actual 
site.  

By comparing the results of the quiz for Phase 1 and Phase 2, there was a significant 
difference between both results whereby students performed better in Phase 1 (i.e., classroom setting). 
This may be due to the design of the critical thinking questions in the quiz that required students to 
think about the situation or issue, and share their reasoning and thoughts regarding the issue. In Phase 
1, students completed the quiz in a quiet and comfortable environment where they could focus on 
their thoughts and ideas, and clearly type and structure their answers. Teachers suggested that for 
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outdoor learning, it may be better to have less open-ended questions as students tend to be less 
concentrated and easily distracted by their surroundings, or a separate session could be included 
where students could sit down and calmly answer these open-ended questions. For both phases, 
students were allowed to use different methods to input their answers into the application (i.e., by 
typing, using Google Speech-to-Text, writing the Chinese characters on the screen). It was found that 
students were unfamiliar with text input methods on the tablet, hence it takes them a longer time to 
input their answers. Some students faced difficulty in inputting their answers as they were unfamiliar 
with the input method of the keyboard. This could had contributed to lowering their performance in 
the quiz.  

7. Conclusion 

This research’s objective was to cultivate and instill interest and appreciation in students on the local 
history and folk culture. In order to accomplish the objective, an augmented reality application was 
designed which utilized the situated learning strategy and complimented by critical thinking questions 
as a quiz of the learning topic. The findings of the research showed that this research was successful 
in inspiring students on the importance of the local history and folk culture as students expressed their 
interests on the learning topic and urged for more information. The results of the research provided 
some useful insights that could assist future researchers in designing their learning content and 
application. The augmented reality application, Blippar, was used in this research. Teachers found that 
this application was easily customizable and it was user friendly. The application allowed teachers to 
easily design augmented items for their classes, and the Blippar platform did not require the user to 
have programming skills. Furthermore, Blippar is operational on both Android and iOS operating 
system. For future research, further improvement based on the input received from the students and 
teachers of this research in Phase 2 could be explored. As Gelerstein et al. (2016) and Lin et al.’s 
(2017) research utilized comic and children’s story to measure student’s level of critical thinking skill, 
this research had provided another alternative approach in measuring the level of the skill. 
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Abstract: As time goes by, the temple culture is fading away along with the loss of senior and 
aging temple managers. It’s worth discussing how to prolong the cultural property and to 
stretch the stories that have been passed down from generation to generation. In Taiwan, using 
mobile device to assist visitors to know better in the temple tour has been applied for years by 
many well-known temples, however,  other small temples contain the obscure but essential 
culture that completes the atlas of religious affiliation not only as the centers of religion but 
also of education, civil culture, fine arts, sightseeing and humanities. The technology of PG 
and AR on mobile devices with the digital tour guides introduces the name, history and story 
about the trigger images. Through the guidance for each mission, users can feel secured and 
achieve “studying by playing”. This study emphasizes on the different learning performances 
of the students with diverse cognitive styles, and also innovates teaching models by PG. The 
aim of this study was to obtain qualitative and quantitative data from all 60 participants, with 
no limit to any age, gender or educational status, by parallel value from both types of data 
evaluation through the pre- and post-learning performance scale, SOP, SUS and focus group 
interviews. The result shows (1) PG in the ARTTS was evaluated to be highly satisfying. (2) 
There was no significant difference between participants with different cognitive styles in use 
of the system. (3) There was no difference in the learning performance of the participants with 
different cognitive styles. (4) The learning performance was more effective by the Temple 
Tour System than printed brochures. (5) The learning performance by the Temple Tour 
System from all cognitive styles was higher. The study makes 3 suggestions to the future 
researches, the temple architecture can be added into the introduction, the AR system can be 
triggered into the pictures rendered in 3D for the more innovative experience, and the 
customized tour systems for any ages that provide service to the families with children for the 
better experience and knowledge during the temple tour. 

 Keywords: Augmented Reality, Pervasive Gaming, temple culture, cognitive style, temple 
tour 

1. Introduction 

While the clock ticked, the temple culture was lapsing year-by-year due to the vanishing of temple 
managers. The aim of this study is to discuss how to perpetuate the cultural value and to conserve the 
legends made by every generation. Traditionally, visitors explore highlights of the temples through a 
variety of tours led by temple-trained managers or volunteers with printed brochures, which usually 
become some flat souvenirs but nothing more. Meanwhile, the management may have difficulties in 
human resources for guided tours. As a result, the visitors would undergo struggles for inquiring the 
needed information. For energy conservation and cost reduction, the mobile digital tour systems have 
been developed and widely installed on tablets and smartphones. There are many famous temples in 
Taiwan using mobile devices to help visitors navigate and learn about the interesting features, in the 
meantime, other temples still embrace the noteworthy culture. For the above reasons, this study 
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developed PG missions in ARTTS for Lee Xin Fu De Temple (2, Ln. 162, Yuantong Rd., Zhonghe 
Dist., New Taipei City, Taiwan). This innovative teaching aid provides learning and navigation 
covered by PG and guided missions.  

The study considers whether objectives and research questions as followed: 
• How can PG develop to be applied to ARTTS for visitors to inquire information? 
• How do the participants feel after using ARTTS? 
• How do the participants with diverse cognitive styles feel after using ARTTS? 
• Are learning performances diversified after various touring programs? 
• Are learning performances  diversified between participants with diverse cognitive styles 
• Is the interaction varied between cognitive styles and touring programs? 

2. Literature review 

2.1. Augmented Reality 

This study defines Augmented Reality (AR) as a real-time view of a physical environment which has 
been amplified/augmented by the add-on virtual objects and information to it. Researchers 
Milgram,Takemura, Utsumi and Kishino (1994) have noted that reality-virtual continuum  (see Figure 
1.) considers Real Environment and Virtual Environment as opposite ends comprising AR and 
Augmented Virtuality (AV) in between. Chen C. (2015) considers AR as an extinct and augmented 
environment from Virtual Reality (VR) which replaces the physical world by 3D sceneries. AR 
technology enriches the real-world environment with the needed digital information and guiding 
media, such as 3D models and parallel videos, overlaying in the real-time camera view of users’ 
smartphone, tablet, computers or smartglasses.  
 

 
Figure 1. Reality-Virtual (RV) Continuum. 

Augmented Reality (AR) has received higher overall evaluation in the potential and 
innovative application to education, medication, fine arts, amusement and recreation, as well as the 
training courses for medicine/surgery/anatomy, military/police, disaster escape/prevention, 
manufacturing/fabrication/repair/operation, etc. The extra use of AR provides more creative learning 
environment to strengthen relationships among users, physical world and virtual scenery. Enhancing 
users’ knowledge, memorization and learning performance, AR boosts up the process of 
comprehension, motivation, participation and enthusiasm of them in the meantime. 

2.2. Pervasive Gaming 

Mobile gaming has roared onto smartphones and tablets as the cellular mainstream, while Pervasive 
Gaming (PG) brings the adventure away from computer screens and back to the three-dimensional 
world (Montola, 2009). PG as one of the rising forms combines the real-world positioning technology 
and virtual gamespace into the mobile interactive game, and it represents a commercially promising 
type of mobile games that builds upon a combination of hybrid interfaces, wireless networking, and 
context-sensing technology (Benford, Magerkurth & Ljungstrand, 2005). Researcher Hsu X. (2011) 
has noted that PG blends up physical and virtual sceneries, and emphasizes more, than Virtual Reality 
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(VR) gaming does, on the gaming process of the interaction between users and real-world 
environment. 

The main theme of this study is Pervasive Gaming (PG) in Temple Tour containing the guided 
PG missions about the history, stories of the gods, mythological weapons, etc. Began on the mission 
of history, the visitors as users of Augmented Reality Temple Tour System (ARTTS) are sequentially 
guided through each missions to the final destination for real-world expedition of learning-by-playing. 

2.3. Cognitive Style 

Cognitive style is a term used in cognitive psychology to describe the way of individuals’ typical 
mode to think, perceive, remember and processing information for problem-solving. Cognitive style 
differs from cognitive ability of the individuals in the development of learning. The hypotheses of 
cognitive styles has been widely discussed and studied, still, there is controversy over the explicit 
meaning of the term "cognitive style" and whether it is a single or multiple aspect of human 
personality. Definitions from scholars and researchers (See Table 1.) improve our understanding and 
learning. 

Table 1. Definitions of Cognitive Style from different scholars 

Scholars & 
Researchers Year Definitions of Cognitive Style 

Messick 1976 the individual’s typical mode to either process information, 
think,  memorize or solve problems. 

K.Y. Yang 1996 the preference of learner to process the received information 

R. J. Riding  
& Rayner 1998 an individual’s consistent approach to organising and 

processing information during thinking 

Y. J. Lin 2013 an individual’s different mode and preference to process new 
external stimulation  

J. Cheng 2014 an individual’s personal characteristic to construct and process 
learning status on external information and environment  

3. Research Design 

3.1. Pervasive Gaming in Augmented Reality Temple Tour System 

Augmented Reality Temple Tour system (ARTTS) was developed on Unity, including Vuforia 
Software Development Kit (SDK) as the main kit for Augmented Reality (AR). Began on “A new 
temple host” (see Figure 2.) as the introduction, Pervasive Gaming (PG) in ARTTS contains 4 levels, 
Visiting Route, Constructing History, Almighty Power of God, and Mythological Weapons. The 
contents of the missions above as followed, Visiting Route provides directions for the better touring 
experience, Constructing History brings back what had been contributed in  the past, Almighty Power 
of God shows the mythological strength and legend, and Mythological Weapons demonstrate the 
fascinating power.  

Augmented Reality Temple Tour system (ARTTS) is designed with a linear plot begins at a 
certain point, moves through 4 missions and then ends up at the other point. Take Almighty Power of 
God for instance, users begin the mission with Temple Primary School  (see Figure 4.) and learn 
about the facts and basic information about the god of this section. Then, The rules of this mission 
(see Figure 5.) will come up for visitors to follow and complete it. Finally, the God of Land will 

https://en.wikipedia.org/wiki/Cognitive_psychology
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appear to interact with the participants (see Figure 6.), and a pop quiz will close up the mission by 
examining what the visitors have learned and comprehended  (see Figure 7 & 8.). 
 

 

Figure 2. Introduction.   

   
Figure 3. Mission Entry. Figure 4. Temple Primary School.  Figure 5. Mission Prompt. 

   
Figure 6. AR Interaction.  Figure 7. Pop Quiz.  Figure 8. Answer and Explanation. 
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4. Research Tool 

4.1. Style of Processing (SOP) Scale  

In order to access the cognitive style, this study adapted the Style of Processing (SOP) Scale 
constructed by Childers et al. (1985) and modified by Wang C. (2008) from 22 into 20 questions and 
other semantic adjustments. Visualizer/verbaliser dimension is one of the most widely discussed 
cognitive style dimensions. Some individuals prefer to process the received information verbally, 
while others like to form mental images (Childers et al. 1985). Visualizers scored higher than the 
average of all participants, whereas verbalisers scored less. Visualizers are those individuals whose 
tendency is mainly on imagery processes when performing cognitive tasks; verbalizers prefer to 
process information by verbal-logical means (Kozhevnikov, 2002).  

4.2. System Usability Scale (SUS) 

The system usability scale (SUS) is adapted as a simple and reliable tool  for measuring and 
engineering the system. SUS was created by John Brooke in 1986, and it consists of a ten-item 
attitude Likert scale for respondents ; from Strongly agree to Strongly disagree, giving a global view 
of subjective assessments of usability. Meanwhile, cross-interrogation has been arranged to evaluate 
the interactive objective and the better concentration of the respondents. 

4.3. Pre-and Post- Learning Performance Scale 

To evaluate how do the participants change their knowledge of the temple, this research develops the 
learning content through touring, based on the information from all the Chinese Old Farmer’s 
Almanacs that Lee Xin Fu De Temple has printed and provided for visitors. This study also designs 
Pre-and Post- Learning Performance Scale with  content validity, and it only changes the order of 
questions and options from pre-to-post. There are 25 questions in total, 30 minutes for respondents to 
answer, and a compound format of 4 question types including true/false,  multiple-choice, matching 
item and connect-the-dots. 

4.4. Experiment Process 

This study aims to explore the usability and learning efficiency of Pervasive Gaming (PG) in 
Augmented Reality Temple Tour System (ARTTS). Its subjects are mainly pilgrims, and the touring 
location is Lee Xin Fu De Temple (Zhonghe Dist., New Taipei City, Taiwan). There are 4 learning 
units as Visiting Route, Constructing History, Almighty Power of God, and Mythological Weapons. 
The research process flowchart (see Figure 9.) shows that the Control Group received traditional 
touring format composed of printed brochures and trained staffs during 40 minutes of learning. 
Experimental group will receive PG in ARTTS as participants, learning through playing tasks and 
completing missions on mobile devices during 40 minutes and afterwards close upon learning 
efficiency questionnaire as  respondents for 10 minutes. The aim of this study focused on engineering 
ARTTS for providing the better assistance to visitors and pilgrims to temples in Taiwan, a case study 
of Lee Xin Fu De Temple. Finally, a focus group meeting will be conducted for experiment analysis 
to enhance the accessibility of information and the balance of cognitive styles.  

https://en.wikipedia.org/wiki/Usability
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Figure 9. The Research Process Flowchart.  

5. Results 

5.1. Cognitive Style 

In this study, 60 questionnaires had been issued to each of 60 participants, and we collected 58 valid 
samples, and 2 removed invalid samples. After analysis, Mean is 74.32, and Standard Deviation is 
9.636. Verbalizers are the participants under 71, and visualizers are the participants above 78. In the 
traditional Control Group, the number of verbalizers is 8 and visualizers 13. In the ARTTS 
Experimental Group, the number of verbalizers is 12 and visualizers 14. Table 2. shows the cognitive 
style distribution of the participants. 

Table 2. the cognitive style distribution of the participants 

Group Visualizer Verbalizer Neutral Counts M+1/3D M-1/3D 

Control  13 8 7 29 

77.539 71.115 Experimental  14 12 4 29 

SUM 27 20 11 58 

5.2. System Usability Scale (SUS) 

After being transferred, the data (see Table 3.) shows the calculation of SUS, Mean is 85.19, Median 
is 90, Maximum Number is 97.5, Minimum Number is 42.5, and Standard Deviation is 13.53. 

Table 3. the calculation of SUS 

 Sample Average Median  Max.  Min.  Std Dev  
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Number  

Value  29 85.19 90 97.5 42.5 13.53 

5.3. Comparison of diverse Cognitive Styles in SUS 

Table 4. shows the ANOVA analysis that Mean of Verbalizers is 81.88 and Visualizers 88.04 of the 
participants in Experimental Group. Hence, SUS of Visualizers is higher than the other with the 
significance .056>.05. As a result. there is no significant difference between these 2 cognitive styles. 

Table 4. the ANOVA analysis  

 Style  Value Average Std Dev Std Err. Significanc
e 

SUS 
Verbalizer  12 81.88 18.157 5.242 

0.056 
Visualizer  14 88.04 9.617 2.570 

 SUM  26 85.19 14.246 2.794  

5.4. Analysis of Pre-and Post- Test  

Table 5. (see below) shows the significance of Experimental Group is 0.444 < 0.05 and the 
significance of traditional Control Group is 0.351 < 0.05, there are no significant difference in both 
groups. Table 6. (see below) shows that T-test on independent samples finds no significant difference 
in both groups with the significance as 0.678 > 0.05, indicating the participants are not acquainted 
with the temple nor have pre-knowledge. 

Table 5. The T-test on Independent Samples on Pre-test Learning Performance of Diverse Cognitive 
Styles of Participants 

Pre-test Learning 
Performance Scale 

Cognitive 
Style Value Average Std Dev Average of 

Std Dev  

T-test 

ｔ Significance 

Experimental 
Group 

Visualizer  12 47.67 13.48 3.891 .7
7
8 

.444 
Verbalizer  14 52 14.718 3.934 

Control Group  
Visualizer  8 43.00 18.486 6.536 .9

5
6 

.351 
Verbalizer  13 51.08 18.984 5.265 

Table 6. the T-test on Independent Samples on Pre-test Learning Performance of Diverse Touring 
Types 

Pre-test Learning 
Performance 

Scale 
N Average Std Dev Average of Std Dev  

T-test 

ｔ 
Significanc

e 

Experimental 
Group  26 50 14.051 2.756 .418 0.678 
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Control Group 21 48 18.762 4.094 

5.5. Difference in diverse cognitive styles of participants 

 By the analysis of both cognitive styles of Verbalizers and Visualizers, the post-test average of the 
learning performance of Verbalizers is 85.4, the average of the learning performance of Visualizers is 
87.11. By the independent sample T-test analysis with the significance of .721 (see Table 7.), there is 
no significant difference between both groups. 

Table 7. The Independent Sample T-test Analysis of Diverse Cognitive Styles 

Cognitive 
Style 

Valu
e Average Std Dev Average of Std Dev  

T-test 

ｔ 
Significanc

e 

Visualizer  27 87.11 15.144 2.914 
.359 .721 

Verbalizer  20 85.4 17.473 3.907 

5.6. Difference in the Diverse Learning Performance of Touring Types 

 By the analysis on the diverse learning performance of both touring types, the post-test average of the 
learning performance of ARTTS participants is 95.69, the average of the learning performance of 
participants with traditional printed brochure is 74.86. By the independent sample T-test analysis with 
the significance of .000 (see Table 8.), there is extremely significant difference between both groups. 

Table 8. the Independent Sample T-test Analysis on the Diverse Learning Performance of Both 
Touring Types 

Touring Type  N Average Std Dev Average of Std 
Dev 

T-test 

ｔ 
Significanc

e 

ARTTS  26 95.69 11.422 2.27 
5.797 .000*** 

Printed 
Brochore  21 74.86 13.215 2.884 

5.7. Difference in the Diverse Cognitive Styles and Learning Performance of Touring 
Types 

Table 9. (see below) shows that there is significant difference on learning performance by diverse 
touring types, whereas there is no significant difference on learning performance by diverse cognitive 
styles. Meanwhile, there is no interactive effect between learners’ cognitive styles and touring types. 

Table 9. The two-way ANOVA analysis on the Learning Performance of the Diverse Cognitive Styles 
and Touring Types 

Resourse Type 3 Sum of Squares  df Mean Square F Significance 

Adjusted Model  5294.703 3 1764.901 11.671 .000 



256 

Intercept  325381.710 1 325381.710 2151.730 .000 

Cognitive Style  101.176 1 101.176 .669 .418 

Touring Type  4744.051 1 4744.051 31.372 .000 

Cognitive Style  
* Touring Type  117.320 1 117.320 .776 .383 

Error  6502.403 43 151.219   

SUM  362512.000 47    

Adjusted SUM  11797.106 46    

a. R Square = .482 (Adjusted R Square = .446)  

5.8. Focus Group Results 

The Focus Group Interviews after the experiment had been recorded in all time and turned into the 
transcript with highlighted key points to login open coding by Grounded Theory (C. Wu & M. Liao, 
1998; Strauss.A, & Corbin.J, 1990). In the the axial coding process, most respondents in the 
interviews are concerned with System Usability, Expected Benefits, Operative Motive. 
The analysis on the Grounded Theory of SUS, observation participating and focus group interviews 
indicates, 

SUS: Pervasive Gaming in ARTTS is interesting, attractive, understandable and satisfying the 
usability of participants 

Self Assessment: All participants said that it was easy to operate the system and to introduce 
the information about the temple to other people, and they felt satisfied about their own performance 
with the positive attitude.  

Operative Motive: Most participants said that they would like to promote ARTTS with 
Pervasive Gaming to their friends, indicating ARTTS is highly recommended. 

Expected Benefits: Most participants said that they were curious, excited and interested before 
the gaming started. Whereas, they would like to see the modified version for children with interactive 
games for the better usability in the future. 

6. Conclusion 
 

1. the System Usability of ARTTS was Evaluated to be Excellent 

After calculation, the average score of System Usability (SU) is 85.19. The SUS score placement (see 
Figure 10.) indicates the excellent SU evaluation of ARTTS.  

 

Figure 10. The SUS Score Placement.  
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2. Lack of Significant Difference in SUS of Diverse Cognitive Styles 

There is no significant difference of System Usability (SU) between Visualizers and Vervalizers. The 
participants described the SU of ARTTS as satisfying. The analysis based on the average indicates 
that the SU of ARTTS by Visualizers is slightly higher than that by Verbalizers. 

 
3. Lack of Significant Difference in Learning Performance of Diverse Cognitive Styles 

By the analysis of both cognitive styles of Verbalizers and Visualizers, there is no significant 
difference on learning performance between those cognitive styles. 
 

4. Learning Performance of ARTTS is Higher than Printed-Brochure Touring 

The average of the learning performance of ARTTS participants is 95.69, the average of the learning 
performance of participants with traditional printed brochure is 74.86. The  analysis with the 
significance of .000 (see Table 8.) shows that there is extremely significant difference between both 
groups. 

 
5. Learning Performance of ARTTS is Higher in Both Cognitive Styles 

There are no significant differences of both Verbalizers and Visualizers. The learning performance of 
Visualizers is better than that of Verbalizers. There is extremely significant difference of learning 
performance between ARTTS and traditional touring type, indicating the learning performance of 
ARTTS is obviously effective than that of the tradition type. However, there is no significant 
difference of learning performance between diverse cognitive styles. Meanwhile, there is no 
interactive effect between participants’ cognitive styles and touring types. 

The findings of this study suggests that future research on ARTTS will be more functionally 
proficient by adding the introduction of the temple architecture, three dimensional user interface (3D 
UI)  for innovative experience, and the multiple versions for better touring & learning experience for 
all ages of family members. 

References 

Benford,S., Magerkurth, C., & Ljungstrand, P. (2005). Bridging the physical and digital in pervasive gaming. 
Communications of the ACM, 48(3), 54-57. 

Brooke, J. (1986). System usability scale (SUS): a quick-and-dirty method of system evaluation user 
information. Reading, UK: Digital Equipment Co Ltd. 

Chen, C.-A. (2015). An Application Design of Augmented Reality for Sales Promotion. (Master's thesis), 
National Taipei University of Education.    

Chuang, Y.-M. (2016). The Behavioral Intention of Using Location Based Service – On the Categories of 
Social/Entertainment and Information Based LBS. (Master's thesis), Soochow University.    

Hsu, S.-h. (2011). The Learning Effectiveness of Pervasive Game Integrated with Inquiry-Based Navigation 
System. (Master's thesis), National University of Tainan.    

Milgram, P., & Kishino, F. (1994). A taxonomy of mixed reality visual displays. IEICE TRANSACTIONS on 
Information and Systems, 77(12), 1321-1329. 

Montola, M., Stenros, J., & Waern, A. (2009). Pervasive games: theory and design. Morgan Kaufmann 
Publishers Inc. 

 Strauss, A., & Corbin, J. (1998). Basics of qualitative research: Techniques and procedures for developing 
grounded theory.  

StraussandJ, A., & Corbin, M. (1990). Basicsof Qualitative Research: Grounded Theory 
ProceduresandTechniques: Sage Publications. 

Wang, S.-C. (2008). The Effects of Students’ Cognitive Styles upon Applying Computer Multimedia to Change 
Statistical Misconceptions. (Master's thesis), National Central University. 

 



Hayashi, Y., et al. (Eds.) (2017). Workshop Proceedings of the 25th International Conference on Computers in 
Education. New Zealand: Asia-Pacific Society for Computers in Education 

258 

Using Brainwave to Measure and Explore the 
Correlation between Attention and Cognitive 

Load 
Shu-Chen CHENGa*, Yu-Ping CHENGb, Yi-Lin CHENa & Yueh-Min HUANGb 

a Department of Computer Science and Information Engineering, Southern Taiwan University of 
Science and Technology, Taiwan 

b Department of Engineering Science, National Cheng Kung University, Taiwan 
*kittyc@stust.edu.tw 

Abstract: Currently, as the developments of the measuring techniques of non-invasive brain 
wave measurement instrument have become increasingly mature, it is widely applied for 
medical or educational researches. This study combined NueroSky and the cognitive load 
scale to discuss learning considerations and discover the learning pattern for each student. The 
experimental data found that most learners are more concentrated in the medium and low 
loads of learning-oriented tasks or non-learning-oriented tasks during their learning process, 
and the total task execution time or the attention duration of such kinds of tasks will last 
longer. 

Keywords: Attention, Cognitive Load 

1. Introduction 

As science and technology become increasingly developed, learners can rely on the convenience 
brought by science and technology to learn new knowledge in an efficient manner. Based on the 
research of many scholars, this research understands the importance of attention, as attention is the 
beginning of all learning activities. When learners’ attention is attracted, they will continue to 
concentrate on learning, and link such learning with their known knowledge. In this way, knowledge 
gradually becomes the long-term memories of learners, and is stored in the brain. Therefore, in order 
to discuss learners’ learning environments at home, this research uses brain wave measurement 
instrument to record learners’ attention during various activities, which is combined with the 
cognitive load scale to discuss learners’ attention and cognitive load during various activities, and 
observe whether there exists significant relevance between attention and cognitive load. 

2. Literature review 

2.1. Brain wave 

The potential signals of brain waves are very weak (about 5~100Hz) (Webster, 1998), thus, the 
detection and recording of EEG is quite difficult, as they are easily affected by external or other 
factors during the measurement process, meaning that brain wave data cannot be smoothly collected. 
As shown in Figure 1, according to the different frequencies, the EEG signal will divide brain waves 
into 5 main wave bands: α wave, β wave, γ wave, θ wave, and δ wave (Campisi, P., La Rocca, D., & 
Scarano, G.,2012; Sanei, & Chambers, 2007;  Gregory, & Pettus, 2005). The β wave is also associated 
with attention and cognitive behavior. 
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Figure 1. Kind of EEG (Campisi, P., La Rocca, D., & Scarano, G.,2012) 

2.2. Learning attention 

Attention plays a very important role in the learning process, as attention duration is closely related to 
brain activity, which directly affects learners learning effectiveness (Avery, M., 1994). The research 
and discussion of attention is very wide, and the explanation of attention vary according to different 
research fields. In the field of cognitive psychology, while it is believed that the capacity of the brain 
is not large, it can rapidly process received external messages, which is mainly because the brain has a 
mechanism for message filtering and attention, meaning the brain can effectively choose and process 
messages according to the external environment. 

2.3. Cognitive load 

Since the 1960s, research scholars in the field of cognitive psychology have put forward many 
different viewpoints and theories; however, the only conclusion commonly identified by scholars is 
that human cognitive resources are very limited during the process of message processing. According 
to one concept in psychology, cognitive load refers to the load generated in the human cognitive 
resource system when engaged in a specific job (Chandler et al., 1998 & Feinberg, S., & Murphy, M, 
2000). The easier the work task, the less the individual cognitive load; the more the individual’s 
professional knowledge, the less the relative cognitive load. Sweller et al. (1998) proposed that, in 
terms of “cognitive load”, the traditional problem solving method emphasizes problem-solving skills 
during the process of cognitive load and problem solving, and learners must consume a great deal of 
cognitive resources to memorize them, thus, learners will have a smaller amount of cognitive 
resources to engage in learning and schema construction, which causes huge cognitive load. In 
addition, cognitive load is correlated to short-term memory capacity, meaning if individuals store a 
great number of messages in their short-term memory, it will cause “excessive” cognitive load. 
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3. Method 

This research relies on MindWave Mobile, as provided by NeuroSky, to conduct the experiment, and 
complete a cognitive load scale after the experiment. MindWave Mobile is used to measure and 
collect learners’ attention values when conducting various activities at home, and discusses whether 
there exists significant correlation between attention value and cognitive load. 

3.1. Subjects 

This research invites 10 students, including junior and senior university students and first-year and 
second-year graduates in the Department of Computer Science and Information Engineering, of a 
university in Taiwan as the experimental subjects. 

3.2. Instrument 

This research adopts NeuroSky’s second-generation non-invasive brain wave measurement instrument 
(MindWave Mobile) as the tool to measure learners’ attention values during their learning of various 
teaching materials. The brain wave retrieval technique of this EGG is used to collect the weak brain 
wave signals generated by learners, which are transmitted to the system via Bluetooth, and then, 
transferred as digital signals to be used as parameters. The device introduction is shown in Figure 2. 
 

 

Figure 2. NeuroSky MindWave(Buduan, P. J. L., 2012) 

3.3. Cognitive load questionnaire 

In this research, learners are requested to fill in a cognitive load scale according to their current 
subjective judgment after learning the teaching materials. The cognitive load in this research is varied 
on the basis of the theory, as proposed by Sweller and Merrienboer in 1998, and by reference to the 
cognitive load scale, as proposed by Hwang and Chang in 2011. A five-point scale is used as the 
measurement standard for this research, which includes strongly agree, agree, common, disagree, and 
strongly disagree, in order to measure learners’ cognitive load. 
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4. Results 

4.1. Experimental Description 

This research invites 10 students to measure the behavior events in their life, where each student 
learned or played video games, engaged in discussions in their own environment, and then, measured 
their attention values and filled in the difficulty level. SiTj is used to indicate the jth task of the ith 
student, and discuss the attention duration according to the following 3 different situations: different 
task duration, maximum duration of sustained attention, and “attention value is greater than average”. 

4.2. Attention for Different Task Duration 

As each learner’s task duration is different, this research sets 30min as the datum point to distinguish 
the data. It can be known from Table 1 that, if the task duration is greater than 30 minutes, the 
attention duration and maximum duration of sustained attention are better than the situation where it is 
less than 30 minutes. In Figure 3, blue color indicates sustained attention periods. It can be known 
from Figure 3 that, when learners do a task and their task duration is greater than 30 minutes, their 
attention is intermittent and cannot be maintained; if the task duration is less than 30 minutes, their 
attention can be better maintained. Therefore, this research finds that the attention durations for long 
and short tasks, as well as the maximum duration of sustained attention, are different. 

Table 1: Mean and Standard Deviation of Attention for Different Task Durations  

Group  Mean S.D. 

Task≥30 minutes 

Task duration 41.06 13.45 

Total attention duration 20.00 7.60 

Duration of Sustained Attention 13.64 6.53 

Task<30 minutes 

Task duration 16.62 11.18 

Total attention duration 7.57 4.51 

Duration of Sustained Attention 6.89 3.97 
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Figure 3. The Diagram of Sustained Attention of Different Task duration  

4.3. Attention of above Average 

In order to observe the tasks that make learners pay more attention, this research takes average 
attention duration as the datum point to distinguish the data. It can be known from Table 2 that, the 
learners whose attention value is greater than the average are better in task duration, attention 
duration, and maximum duration of sustained attention than those whose attention value is smaller 
than the average. In Figure 4, yellow color indicates attention periods. It can be known from Figure 4 
that, the average attention duration and experimental duration of most learners whose attention value 
is greater than the average can last longer, and thus, belong to centralized attention; while the 
attention duration and experimental duration of most learners whose maximum duration of sustained 
attention is smaller than the average can last for a shorter time, and thus, belong to decentralized 
attention. 

Table 2: Mean and Standard Deviation of Attention for above or below Average 

Group  Mean S.D. 

Total attention>Mean 

Task duration 43.03 11.18 

Total attention duration 21.21 6.38 

Duration of Sustained Attention 14.70 6.12 

Total attention<Mean 
Task duration 14.44 8.68 

Total attention duration 6.53 2.34 
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Duration of Sustained Attention 5.69 1.75 

 

 

Figure 4. The Diagram of Attention Period for above or below Average 

4.4. Attention for Different Duration of Sustained Attention 

This section is aimed to understand learners’ sustained attention, thus, this research takes the 
maximum duration of sustained attention as the datum point to distinguish the data. It can be known 
from Table 3 that, the learners whose maximum duration of sustained attention is greater than the 
average are better in task duration, attention duration, and maximum duration of sustained attention 
than those whose maximum duration of sustained attention is smaller than the average. In Figure 5, 
green color indicates attention periods. It can be known from Figure 5 that, the attention duration and 
experimental duration of most learners whose maximum duration of sustained attention is greater than 
the average can last longer, and thus, belong to centralized attention; while the attention duration and 
experimental duration of most learners whose maximum duration of sustained attention is smaller 
than the average can last for a shorter time, and thus, belong to decentralized attention. 

Table 3: Mean and Standard Deviation of Attention for Different Duration of Sustained Attention 

Group  Mean S.D. 

Sustained Attention>Mean 

Task duration 39.14 13.91 

Total attention duration 20.00 7.28 

Duration of Sustained Attention 14.86 5.49 

Sustained Attention<Mean Task duration 17.14 12.91 
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Duration of Sustained Attention 6.86 3.66 

Duration of Sustained Attention 5.00 0.00 

 

 

Figure 5. The Diagram of Attention Period for Different Duration of Sustained Attention 

5. Conclusions 

This study combined NueroSky and the cognitive load scale to discuss learning considerations and 
discover the learning pattern for each student. According to the experimental data, this research finds 
that most learners are more concentrated on the medium and low loads of learning-oriented tasks or 
non-learning-oriented tasks during their learning process, thus, their total task execution time and 
continuous attention duration will be longer; otherwise, in cases of more difficult tasks, attention 
cannot be maintained for longer operation times, and attention values are also relatively low during 
execution. 
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