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Abstract 

Many countries have been actively promoting 

computational thinking since it was put forward, and 

visual programming language, robots and educational 

tabletop games are commonly used in its promotion. To 

understand the relationship between students’ learning of 

coding principles in educational tabletop games and 

players’ cognitive processing at key points in time, 

students’ behavior while playing the Interstellar Explorer 

tabletop game was observed by a brainwave EEG 

(electroencephalography) instrument and video and 

analyzed with cognitive processing. The results showed 

that a continuous increase in attention and meditation 

reflected a low level of knowledge and understanding as 

well as high-level application, analysis and evaluation of 

cognitive processing. This study explores the relationship 

between the state of students playing tabletop games and 

their behavior during play and then derives the 

relationship between their behavior and cognitive 

processing. It is recommended that the design of tabletop 

games consider how the learning content matches the 

game mechanics and examine whether cognitive 

processing is present according to Bloom’s taxonomy. In 

addition, to enhance players’ cognitive ability, it is 

recommended that tabletop games provide the ability to 

use contextual content and multiple strategies. 

Keywords: Computational thinking, Coding education, 

Cognitive processing, Brainwave, Tabletop 

game 

1 Introduction 

Wing of Carnegie Mellon University introduced the 

concept of the literacy of computational thinking in 

2006. He indicated that computational thinking 

involves the application of basic concepts of computer 

science to design systems, solve problems, and 

understand human behavior [1]. Computational 

thinking is a basic capability that a person should have 

in addition to basic literacy, such as reading, writing 

and counting, and is not exclusively for computer 

scientists. Following Wing, relevant organizations and 

scholars have developed views on computational 

thinking [2-3], and many advanced countries have 

begun to develop curriculum standards and teacher 

training for computational thinking literacy [4-6]. 

According to Brown, Sentance, Crick, & Humphreys 

[7], computer science has been taught to all students 

above the age of five across the UK (England, Scotland, 

Wales and Northern Ireland), whereas primary school 

students learn to grasp computational thinking skills [8] 

via BBC micro:bit in Sweden.  

It can be seen from the above changes in educational 

trends that many countries have trained teachers and 

include content on computational thinking in the 

curriculum [9]. Students can thus become literate in 

computational thinking beginning in childhood, 

suggesting the importance of developing children’s 

thinking ability at an early age. Training in 

computational thinking ability is usually achieved 

through writing code [10-11]. However, Costelloe [12] 

and Powers, Ecott, & Hirshfield [13] pointed out that 

schoolchildren who begin to learn programming often 

encounter difficulties and feel frustrated with the 

concept of grammar and coding design. Because the 

text interface used by traditional programming requires 

input of various grammar instructions, this method 

may cause students to feel bored and may not stimulate 

their interest in learning [14]. In addition, Zhao & 

Shute [16] reported that when students try to learn to 

use text-based programming languages, close attention 

to syntax details is required. Therefore, in order to 

improve the interest of students in learning, visual 

programming language (e.g., Scratch) and robots (e.g., 

mBot), which emphasize logic and structure over 

calculation [18], have begun to be developed by 

research units or manufacturers [19-20]. 

In addition, in recent years, due to the prevalence of 

tabletop games, computer science has become 

unplugged [21], and related textbooks and applications 

have begun to attract attention. Tabletop games 

comprise all card games, board games, tile-based 

games, and other games that require face-to-face 
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participation by a number of game players [22]. 

Educational tabletop games have educational value and 

promote learning motivation through play, enabling the 

players to learn relevant knowledge [23]. Currently, 

related program logic tabletop games include Robot 

Wars, Robot Turtles, Code master and Code & Go 

Mouse Mania Tabletop game, etc. Most of these 

tabletop games are based on a checkerboard pattern for 

learning the concept of computational thinking through 

different cards. 

When the current education system attaches 

importance to computational thinking education and 

educational tabletop games, scholars are exploring how 

to evaluate their learning outcome. At present, in the 

field of computational thinking, some scholars are also 

committed to developing the computational thinking 

evaluation framework for schoolchildren. For example, 

Brennan and Resnick [24] developed a computational 

thinking assessment framework to conduct literacy 

analysis of computational thinking through topical 

production. Werner, Denner, Campe, and Kawamoto 

[25] used the 3D game record on the alice.org website 

to understand the computing performance of 

schoolchildren. Selby, Dorling, & Woollard [26] 

developed a framework for computational thinking and 

evaluated whether children used the concept of 

computational thinking through qualitative observation. 

The above assessment methods for computational 

thinking literacy are diversified, and the development 

of an assessment framework is the first step in most 

assessments of computational thinking literacy. Other 

approaches such as thematic production, qualitative 

analysis and system record analysis are common 

analytical methods. However, from the perspective of 

learning, the study of computational thinking is the 

study of not only the learning of program logic; 

decomposition, pattern recognition and abstraction are 

also the processes involved in problem analysis and 

solutions [27], and these processes demonstrate 

cognitive processing. Hou [28] proposed that the 

design of educational tabletop games should consider 

cognitive analysis, which allows teachers or tabletop 

game developers to check whether the contents of the 

table games correspond to the cognitive goals of 

remembering, understanding, application, analysis, 

evaluation and creation. Bloom’s taxonomy, proffered 

by Anderson & Krathwohl [29] and Anderson [30], is 

frequently used to evaluate cognitive processing and 

has been discussed by a number of studies regarding its 

application in computational thinking. Although 

Johnson & Fuller [31] observed a huge divergence 

when this taxonomy is applied to computational 

thinking, scholars such as Thompson, Luxton-Reilly, 

Whalley, Hu, & Robbins [32] presented a range of 

coding abilities for every cognitive object and offered 

relevant examples. Therefore, the present study 

investigates the relationship between the learning 

behavior and cognitive goals of the students when they 

are playing tabletop games via behavior observation. 

When we try to understand the relationship between 

students’ learning behaviors and cognitive goals 

through behavior observation when they are playing 

tabletop games, because there are many behaviors to be 

observed, it is difficult to understand the relationship 

between each time point and the behavior that will 

occur. Therefore, we will use the key point in time to 

explore the behavior at this time and the representative 

meaning. It is challenging to analyze people’s 

emotions and reactions by dictation, questionnaire or 

observational analysis because this process involves 

the reappearance of past experience in memory, and it 

is difficult to describe directly. Therefore, this part can 

be measured with an electroencephalogram (EEG). The 

reason brainwaves occur is that the brain and neuron 

transmission generate current, and the electrical 

activity emitted by the brain is called brainwaves. Hans 

Berger divided normal brainwaves into four categories 

based on their frequency range: α, β, θ, δ waves [33]. 

The frequency of brainwaves is calculated by the cycle 

and vibrations generated per second. The more 

vibrations per second, the higher the frequency of 

brainwaves. In the field of education, brainwave 

instruments are often used by researchers to measure 

student learning to understand the learning experience 

and participation of students. Students are allowed to 

wear brainwave instruments in the classroom, and a 

computer or mobile device that the teacher can monitor 

is used to receive brainwave data, which provides 

teachers with the ability to adjust the teaching to suit 

the learning style of the students [34-35].  

In summary, learning computational thinking 

through program logic tabletop games is the current 

trend, but at present, there is no research exploring the 

learning behavior of students playing coding tabletop 

games with cognitive processing or aimed at obtaining 

emotional states at key time points (i.e., attention and 

meditation degree) with brainwaves. Therefore, this 

study explored the relationship between the state of 

students playing tabletop games and the behavior of 

play and then derived the relationship between their 

behavioral meaning and cognitive processing. Finally, 

according to the results, recommendations on teaching 

design that integrates coding logic tabletop games and 

game mechanism design were provided to teachers. 

These useful suggestions may provide more objective 

criteria for manufacturers to develop instructional aids 

and can provide direction for teachers to design 

activities related to computational thinking. 

2 Methodology 

2.1 Participants and Research Procedure 

The research subjects in this study were mainly 

students in grades 5-6 in primary school with tabletop 

game players of suitable age. A total of 12 students 
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participated in the competition via voluntary 

registration. Every 2 students were randomly assigned 

to one group, and there were 6 groups in total. The 

experiment was conducted on holidays, and the process 

was as follows:  

a. The researcher verbally informed parents and 

students of the experimental process, purpose and 

research equipment, and an informed consent form was 

signed.  

b. All participating students were taught to play the 

tabletop game Interstellar Explorer for 120 minutes, 

which included 30 minutes of explanation and the 

remaining 90 minutes for the groups to practice on 

their own.  

c. The students were grouped to play the Interstellar 

Explorer tabletop game, and the time for each group 

was controlled within 30 minutes (all experimental 

groups were engaged in the game for 20-30 minutes). 

While the students were playing, video was recorded 

and ECG was used to collect brainwave signals. 

d. Afterward, students were interviewed about the 

game situation and brainwave signals.  

2.2 Instrument 

2.2.1 Interstellar Explorer  

The Interstellar Explorer tabletop game [37] (Figure 

1) transforms the world of outer space into a 

playground. Players imagine manipulating the 

spacecraft to explore interstellar space and search for 

beautiful planets. Players can control the spacecraft’s 

movement and the arrangement of obstacles such as 

meteorites to find a planet suitable for human 

habitation in the other players region. The first player 

to find such a planet will win the game. In the game 

design, the card is placed in a straight splicing manner, 

which is similar to many current visual programming 

languages. This format helps children to establish the 

basis of writing code so that they can learn the concept 

of programming in the process of playing, including 

sequences, events, loops, conditionals, parallelism, 

names, operators and data [24]. 

 

Figure 1. Schematic of the Interstellar Explorer 

Tabletop Game 

2.2.2 Brainwave Instrument (EEG) 

The experimental tool in this study, a wearable 

brainwave instrument, is BrainLink Lite (Figure 2) 

(Baud rate is 57,600). The main function of the 

instrument is to measure the attention and meditation 

degree; the instrument includes the electrode positions 

of the prefrontal FP1, FP2, and 5 frequency planes (δ, θ, 

α, β and γ). It is a noninvasive brainwave-measuring 

instrument. The numerical data collection method for 

exploring the concentration and pressure of adolescents 

is the patented eSense algorithm developed by 

NeuroSky using the data parameter method. The 

specific value of 0-100 is used to express the degree of 

concentration and meditation of the subject [38]. Due 

to the analytical results of this tool, this study uses the 

data of participants’ attention and meditation degree to 

perform analyses. 

 

Figure 2. Image of the Brainwave Instrument 

2.2.3 Association of Cognitive Goals with Games 

Hou [28] proposed that the design of a tabletop 

game should consider cognitive analysis and that 

designers should check whether the content of the 

tabletop game corresponds to the cognitive goals of 

remembering, understanding, application, analysis, 

evaluation and creation. The relationship between these 

six cognitive goals and the game is shown in Figure 3. 

2.3 Data Analysis 

At the end of the experiment, we first calculated the 

brainwave signal through NeuroSky’s eSense 

algorithm to calculate the degree of attention and 

meditation of each student (with the values of 0-100). 

Next, to understand the relationship between the 

behavior of students playing the Interstellar Explorer 

tabletop game and the brainwaves, the steps of the 

analysis of this research data were as follows:  

Step 1. Mark the brainwave data for attention and 

meditation with the brainwave values of 70 or more 

and 30 or less and continuously rising or falling for 3 

seconds. This value was of interest because the 

brainwaves of participants were mostly between 40 and 

60, and for that reason, this study chose the upper and 

lower 30% of participants to conduct analyses in order 

to identify unique cognitive behaviors. In addition, this  
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Figure 3. Association between cognitive goals and 

games 

study used three consecutive seconds as a unit to better 

identify the brainwave values of participants. The 

entire game operation process and all activities were 

recorded, and we saved the recorded video file. 

Step 2. Examine the videotape according to the 

marked data to identify the behavior of the continuous 

interval. 

Step 3. Summarize the four categories of attention 

increase, attention decline, meditation increase and 

meditation decline, and according to the characteristics 

of behavior, analyze the meaning of behaviors. 

Step 4. Summarize the behavioral implications and 

suggestions according to the behavior characteristics. 

In Step 2 and Step 3, the videotapes from the field 

experiments and interviews were observed and 

analyzed by the research assistants, after which they 

discussed and summarized the results. In Step 4, the 

researcher and two research assistants discussed and 

summarized the results. 

3 Results and Discussion 

There were 6 groups in the study, and each group 

had 30 minutes of data collection time. There were 180 

minutes of video analysis data. First, in terms of 

brainwave values, the average values of each group of 

attention and meditation were between 40 and 60 

(Figure 4). According to the definition of the eSense 

algorithm, the average values of all six groups for both 

attention and meditation were normal. No special 

circumstances occurred. 

 

Fiugre 4. Average brainwave values for 6 groups 

Next, we analyzed the changes in brainwaves. 

According to the screening conditions of data analysis, 

we have labeled brainwave data with brainwave 

attention and meditation values of 70 or more and 30 

or less with continuous increase or decline for 3 

seconds, among which continuous attention increased 

179 times and declined 414 times, and continuous 

meditation increased 341 times and declined 162 times. 

Next, the research team conducted videotape 

inspection based on the marked data to identify the 

behavior of the continuous interval and summarized 

the features of the four categories of behaviors of 

continuous attention increase, continuous attention 

decline, continuous meditation increase and continuous 

meditation decline. 

The behaviors and meanings of continuous attention 

increase are as shown in Figure 5. Three main 

behaviors can be summarized from the meanings of the 

behaviors, including understanding card content, 

strategy application and simulating route. First, in 

understanding the content of the card, students must 

think about the number of cards, coding logic 

arrangement, situation (size, meteorites, obstacles), 

magic points, etc., which is a problem at the level of 

knowledge and understanding according to the 

cognitive classification of Bloom’s taxonomy [29-30]. 

In the strategy application part, students should think 

about how to make an overall arrangement. At this 

time, students need to integrate the function of coding 

logic with the current chessboard situation, which 

involves high-level cognitive processing of application 

and analysis. Finally, in the simulating route section, 

students must simulate the route of the spacecraft 

through simulations based on their own cards. This is a 

mental simulation process [39], which involves the 

cognitive processing of evaluation. 



Behavior and Cognition Processing of Educational Tabletop Coding Games 367 

 

 

Figure 5. Behaviors and meanings of continuous 

attention increase 

The behaviors and meanings of continuous attention 

decline are shown in Figure 6. The meanings of 

behaviors can be summarized into four main behaviors, 

including waiting, random and unanticipated actions, 

examining one’s own cards but not thinking about 

strategy application and expecting to end soon. 

Waiting and expecting to end soon are the phenomena 

that occur in every kind of tabletop game; random and 

unanticipated actions and examining one’s own cards 

but not thinking about strategy application are 

behaviors without any cognitive processing. 

 

Figure 6. Behaviors and meanings of continuous 

attention decline 

The behaviors and meanings of continuous 

meditation increase are shown in Figure 7. The 

meanings of behaviors can be summarized into four 

main behaviors, including self-confidence due to 

already knowing the strategy to be adopted, 

understanding the cards or being familiar with 

gameplay, looking at what the other side is doing in a 

round when it is not one’s own turn and winning or 

being about to win. Among these behaviors, having 

self-confidence due to already knowing the strategy to 

be adopted and understanding the cards or being 

familiar with gameplay show that the students have 

reached the level of cognitive processing of knowledge 

and understanding. Looking at what the other side is 

doing in a round when it is not one’s own turn and 

winning or being about to win do not involve not 

cognitive processing. 

 

Figure 7. Behaviors and meanings of continuous 

meditation increase 

Finally, the behaviors and meanings of continuous 

meditation decline are shown in Figure 8. The meaning 

of behaviors can be summarized into four main 

behaviors, including being unfamiliar with the contents 

of cards or forgetting which cards are one’s own, 

anxiety about the strategy, drawing an unsuitable card, 

and loss of patience with the other party for taking too 

long to play. Regarding being unfamiliar with the 

contents of cards or forgetting which cards are one’s 

own, it is necessary to strengthen the students’ 

familiarity with the game mechanism and the card 

content, that is, to enhance the cognitive processing of 

knowledge and understanding. If there is anxiety in the 

strategy, then the student’s application of strategy 
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needs to be strengthened, that is, to strengthen the 

ability of application and analysis. Finally, drawing an 

unsuitable card and having no patience with the other 

party taking too long to play are parts of the game and 

do not involve cognitive processing. 

 

Figure 8. Behaviors and meanings of continuous 

meditation decline 

After the experiment, we asked the students to share 

their thoughts on the game mechanics and learning 

outcomes. From the sharing of the students, we 

concluded that, first, the students believe that the 

familiarity of the card content and the game mechanics 

is very important. This finding is consistent with the 

results of our brainwave measurement. Students’ 

familiarity with card content and game mechanics can 

increase focus and reduce anxiety during play. Second, 

the students believe that in order to improve the speed 

of winning, there are certain loops and functions in the 

game the can help them achieve the goal faster, and at 

this time, they can learn the content of the program 

logic. 

4 Conclusions 

To understand the extreme brainwave state and 

behavior of students in a tabletop game involving 

computational thinking to derive the relationship 

between behavioral meaning and cognitive processing, 

this study used the coding logical tabletop game 

Interstellar Explorer, which is played by 2 people. The 

study used the video and brainwave measurement to 

conduct behavior analysis and extreme brainwave 

signal comparison to find the extreme brainwave value. 

Then, the student’s play behavior was examined for 

analysis, and the relevant behaviors, behavioral 

meanings and cognitive processing were summarized. 

According to the research results, the continuous rise 

of attention and meditation showed low-level 

knowledge and understanding and high-level 

application, analysis and evaluation of cognitive 

processing, while the continuous decline of attention 

and meditation showed students’ lack of knowledge 

and understanding level and the generation of 

behaviors irrelevant to cognitive processing.  

From the meanings of the above behaviors and the 

understanding of Bloom’s taxonomy, the continuous 

increase of attention included knowledge, understanding, 

analysis and evaluation; continuous attention decline 

lacked any behavior of cognitive processing; continuous 

rise of meditation contained the cognitive processing of 

knowledge and understanding; finally, the continuous 

decline of meditation indicated the need to strengthen 

the cognitive processing of knowledge and understanding. 

These results show this tabletop game can help 

students to achieve knowledge and understanding as 

well as analysis and evaluation of cognitive processing, 

but relative to other brainwave signals (such as 

continuous decline in attention and continuous rise in 

meditation), the number of instances of continuous 

attention rise was only 179 times, which was highly 

insufficient. In other parts of game play, where a 

significant increase or decrease took place, it was 

mostly due to insufficient knowledge and understanding 

of the card. 

In response to the research findings and results, we 

summarized the following suggestions. First, it is 

recommended that the design of a tabletop game 

should consider how the content of the game is 

matched with the game mechanics, and game designers 

should check whether there is an application of 

cognitive processing according to Bloom’s taxonomy 

so that students can learn knowledge in a natural 

environment through the game [15]. Second, to 

improve the cognitive ability of students playing 

tabletop games, it is recommended that tabletop games 

provide the ability to use contextual content and 

multiple strategies to enable students to practice the 

ability to apply, analyze and evaluate. The application 

of these strategies involves the application of a single 

strategy and a multistrategy and includes the player’s 

change of the strategy application [17]. Finally, from 

the values of the brainwaves and the corresponding 

behaviors, the factors affecting meditation include the 

pressure of playing cards and the familiarity with the 

gameplay and cards. In terms of the pressure of playing 

cards, this is an inevitable pressure involved in 

educational tabletop games. Appropriate pressure can 

enhance students’ cognitive thinking, but it is 

necessary to pay attention to whether students’ prior 

knowledge and learning objectives are consistent; for 

the familiarity between the gameplay and the card, the 

teacher can release the pressure on the unfamiliar 

gameplay and card content by providing a long-term 

explanation and trial play [36, 40]. 

Acknowledgments 

This work was supported by the Ministry of Science 

and Technology of Taiwan under contract numbers 

MOST 108-2511-H-153-009, MOST 108-2511-H-153-



Behavior and Cognition Processing of Educational Tabletop Coding Games 369 

 

010, MOST 108-2511-H-019-002, MOST 108-2511-

H-019-003, MOST 109-2511-H-019-004-MY2 and 

MOST 109-2511-H-019-001.  

References 

[1] J. M. Wing, Computational thinking, Communications of the 

ACM, Vol. 49, No. 3, pp. 33-35, March, 2006. 

[2] Google, Exploring Computational Thinking, 2010. [Online] 

Retrieved from https://www.google.com/edu/computational-

thinking/ 

[3] S. Grover, R. Pea, Computational Thinking in K-12: A 

Review of the State of the Field, Educational Researcher, Vol. 

42, No. 1, pp. 38-43, January, 2013. 

[4] ACARA (Australian Curriculum, Assessment and Reporting 

Authority), Draft Australian Curriculum: Technologies, 2013. 

[Online] Retrieved from http://consultation.australiancurriculum. 

edu.au/Static/docs/Technologies/Draft%20Australian%20Cur

riculum%20Technologies%20-%20February%202013.pdf 

[5] T. Brinda, H. Puhlmann, C. Schulte, Bridging ICT and CS: 

Educational standards for computer science in lower 

secondary education, ACM SIGCSE Bulletin, Vol. 41, No. 3, 

pp. 288-292, September, 2009. 

[6] CSTA, CSTA K-12 Computer Science Standards, The ACM 

K-12 Education Task Force, 2011. [Online] Retrieved from 

http://www.csta.acm.org/Curriculum/sub/CurrFiles/CSTA_K-

12_CSS.pdf 

[7] N. C. Brown, S. Sentance, T. Crick, S. Humphreys, Restart: 

The resurgence of computer science in UK schools, ACM 

Transactions on Computing Education (TOCE), Vol. 14, No. 

2, pp. 1-22, June, 2014. 

[8] N. Carlborg, M. Tyren, C. Heath, E. Eriksson, The scope of 

autonomy when teaching computational thinking in primary 

school, International Journal of Child-Computer Interaction, 

Vol. 21, pp. 130-139, September, 2019. 

[9] L. Wu, C.-K. Looi, J. Multisilta, M.-L. How, H. Choi, T.-C. 

Hsu, P. Tuomi, Teacher’s Perceptions and Readiness to Teach 

Coding Skills: A Comparative Study Between Finland, 

Mainland China, Singapore, Taiwan, and South Korea, The 

Asia-Pacific Education Researcher, Vol. 29, No. 1, pp. 21-34, 

February, 2020. 

[10] D. Parmar, S. V. Babu, L. Lin, S. Jörg, N. D’Souza, A. E. 

Leonard, S. B. Daily, Can embodied interaction and virtual 

peer customization in a virtual programming environment 

enhance computational thinking?, 2016 Research on Equity 

and Sustained Participation in Engineering, Computing, and 

Technology (RESPECT), Atlanta, GA, USA, 2016, pp. 1-2. 

[11] F. Buitrago Flórez, R. Casallas, M. Hernández, A. Reyes, S. 

Restrepo, G. Danies, Changing a generation’s way of thinking: 

Teaching computational thinking through programming, Review 

of Educational Research, Vol. 87, No. 4, pp. 834-860, August, 

2017. 

[12] E. Costelloe, Teaching Programming The State of the Art, 

Department of Computing, Institute of Technology Tallaght, 

Dublin 24, CRITE Technical Report, 2004. 

[13] K. Powers, S. Ecott, L. Hirshfield, Through the looking glass: 

teaching CS0 with Alice, Proceedings of the 38th SIGCSE 

technical symposium on Computer science education, 

Covington, Kentucky, USA, 2007, pp. 213-217. 

[14] L. Mannila, M. Peltomäki, T. Salakoski, What about a simple 

language? Analyzing the difficulties in learning to program, 

Computer science education, Vol. 16, No. 3, pp. 211-227, 

February, 2006. 

[15] Y.-H. Lai, S.-Y. Chen, C.-F. Lai, Y.-C. Chang, Y.-S. Su, 

Study on enhancing AIoT computational thinking skills by 

plot image-based VR, Interactive Learning Environments, pp. 

1-14, February, 2019. 

[16] W. Zhao, V. J. Shute, Can playing a video game foster 

computational thinking skills?, Computers & Education, Vol. 

141, pp. 103633, November, 2019. 

[17] Y.-S. Su, C.-L. Lin, S.-Y. Chen, C.-F. Lai, Bibliometric study 

of social network analysis literature, Library Hi Tech, Vol. 38, 

No. 2, pp. 420-433, December, 2019.  

[18] R. E. Pattis, J. Roberts, M. Stehlik, Karel the Robot: A Gentle 

Introduction to The Art of Programming, John Wiley & Sons, 

1995. 

[19] P. Rich, S. F. Browning, Using Dr. Scratch as a Formative 

Feedback Tool to Assess Computational Thinking, in: J. 

Keengwe, P. Wachira (Eds.), Handbook of Research on 

Integrating Computer Science and Computational Thinking in 

K-12 Education, IGI Global, 2020, pp. 220-242. 

[20] C. Angeli, N. Valanides, Developing young children’s 

computational thinking with educational robotics: An 

interaction effect between gender and scaffolding strategy, 

Computers in Human Behavior, Vol. 105, pp. 105954, April, 

2020. 

[21] T. Bell, J. Alexander, I. Freeman, M. Grimley, Computer 

science unplugged: School students doing real computing 

without computers, The New Zealand Journal of Applied 

Computing and Information Technology, Vol. 13, No. 1, pp. 

20-29, 2009. 

[22] A. M. Piper, E. O’Brien, M. R. Morris, T. Winograd, SIDES: 

a cooperative tabletop computer game for social skills 

development, Proceedings of the 2006 20th anniversary 

conference on Computer supported cooperative work, Banff, 

Alberta, Canada, 2006, pp. 1-10. 

[23] S. Nicholson, Making gameplay matter: Designing modern 

educational tabletop games, Knowledge Quest, Vol. 40, No. 1, 

pp. 60-65, September/October, 2011. 

[24] K. Brennan, M. Resnick, New frameworks for studying and 

assessing the development of computational thinking, 

Proceedings of the 2012 annual meeting of the American 

educational research association, Vancouver, Canada, 2012, 

pp. 1-25. 

[25] L. Werner, J. Denner, S. Campe, D. C. Kawamoto, The fairy 

performance assessment: measuring computational thinking 

in middle school, Proceedings of the 43rd ACM technical 

symposium on Computer Science Education, Raleigh, North 

Carolina, United States, 2012, pp. 215-220. 

[26] C. Selby, M. Dorling, J. Woollard, Evidence of assessing 

computational thinking, University of Southampton, December, 

2014. 



370 Journal of Internet Technology Volume 22 (2021) No.2 

 

[27] F. Kalelioglu, Y. Gulbahar, V. Kukul, A framework for 

computational thinking based on a systematic research review, 

Baltic Journal of Modern Computing, Vol. 4, No. 3, pp. 583-

596, May, 2016. 

[28] H. T. Hou, Game-based learning, CommonWealth Magazine, 

Taipei, Taiwan, 2016. 

[29] L. W. Anderson, D. R. Krathwohl, A taxonomy for learning, 

teaching, and assessing: a revision of bloom’s taxonomy of 

educational objectives, Addison Wesley Longman, 2001. 

[30] L. Anderson, Revised Bloom’s Taxonomy, Paper presented at 

North Carolina Career and Technical Education Curriculum 

Development Training, Raleigh, NC, 2006. 

[31] C. G. Johnson, U. Fuller, Is Bloom’s taxonomy appropriate 

for computer science?, Proceedings of the 6th Baltic Sea 

conference on Computing education research: Koli Calling 

2006, Uppsala, Sweden, 2006, pp. 120-123. 

[32] E. Thompson, A. Luxton-Reilly, J. L. Whalley, M. Hu, P. 

Robbins, Bloom’s taxonomy for CS assessment, Proceedings 

of the tenth conference on Australasian Computing 

Education-Volume 78, Wollongong, NSW, Australia, 2008, 

pp. 155-161. 

[33] L. Haas, Hans Berger (1873-1941), Richard Caton (1842-

1926), and electroencephalography, Journal of Neurology, 

Neurosurgery & Psychiatry, Vol. 74, No. 1, pp. 9-9, January, 

2003.  

[34] J. Huang, C. Yu, Y. Wang, Y. Zhao, S. Liu, C. Mo, J. Liu, L. 

Zhang, Y. Shi, FOCUS: Enhancing children’s engagement in 

reading by using contextual BCI training sessions, 

Proceedings of the SIGCHI Conference on Human Factors in 

Computing Systems, Toronto, Ontario, Canada, 2014, pp. 

1905-1908. 

[35] I. L. Cheng, S. W. Chew, Y. Kang, W. Chang, N. S. Chen, 

Exploring the difference in brain activities under three 

distinct tasks: Listening to music, gaming, and learning, 2016 

IEEE 16th International Conference on Advanced Learning 

Technologies (ICALT), Austin, TX, USA, 2016, pp. 493-497. 

[36] Y.-S. Su, C.-H. Chou, Y.-L. Chu, Z.-F. Yang, A finger-worn 

device for exploring chinese printed text with using CNN 

algorithm on a micro IoT processor, IEEE Access, Vol. 7, pp. 

116529-116541, August, 2019. 

[37] S.-Y. Wu, J.-C. Fang, S.-M. Lian, Design a computational 

thinking board game based on programming elements, 

International Conference on Computational Thinking Education 

2018, Hong Kong, 2018, pp. 19-20. 

[38] S.-K. Tai, C.-Y. Liao, R.-C. Chen, Exploration of multi-

brainwave system mainframe design, ICIC Express Letters, 

Part B: Applications, Vol. 8, No. 9, pp. 1307-1314, September, 

2017. 

[39] M. Hegarty, Mechanical reasoning by mental simulation, 

Trends in cognitive sciences, Vol. 8, No. 6, pp. 280-285, June, 

2004. 

[40] Y.-S. Su, C.-F. Ni, W.-C. Li, I.-H. Lee, C.-P. Lin, Applying 

deep learning algorithms to enhance simulations of large-

scale groundwater flow in IoTs, Applied Soft Computing, Vol. 

92, pp. 106298, July, 2020. 

Biographies 

Sheng-Yi Wu received the Ph. D. 

degree from Graduate Institute of 

Network Learning Technology, 

National Central University, Taiwan, 

in 2010. He is currently an associate 

professor of Department of Science 

Communication at National Pingtung University, 

Taiwan. His interests include social interaction, 

human-computer interaction, computer-supported 

collaborative learning, and science communication. 

 

Yu-Sheng Su received the Ph. D. 

degree from Department of Computer 

Science and Information Engineering, 

National Central University, Taiwan, 

in 2010. He is currently an assistant 

professor of computer science and 

engineering at National Taiwan Ocean 

University, Taiwan. His interests include social media 

mining, AIoT, cloud computing, and computational 

thinking. 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005b683964da300c9ad86a94002851fa8840002b89d27dda0029300d005d0020005b683964da300c8f3851fa0033003000300064002851fa88400029300d005d00204f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9.354330
      /MarksWeight 0.141730
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


