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Abstract 

This research explored the creative thinking, learning achievement, and engagement 
of students when they integrated the application of the personal audio classifier (PAC) 
into the competition of a computational thinking (CT) board game (i.e., the experimen‑
tal group), or did not integrate it into the competition but only collaborated with peers 
to test the function of the program which they had developed (i.e., the control group). 
The students had experienced popular speech recognition usage in their daily life, such 
as Siri and Google Assistant; therefore, this study developed instructional material for 
university freshmen to learn to develop their own artificial intelligence (AI) application 
(app) on a smart phone with PAC in MIT App Inventor. The PAC platform and the learn‑
ing material cultivated students to train their own voice classification model, which is 
a form of supervised machine learning in the AI domain. The results showed that both 
groups, who had successfully trained computers to distinguish received voice com‑
mands with PAC receiving the human voice spectrogram via the cloud platform devel‑
oped by MIT, made significant progress in their learning effectiveness in AI education. 
When the students employed the AI app on smartphones in the CT board game, the 
students’ voice commands could be classified, and then the corresponding command 
could be executed through the program to control the action of the robot car on the 
map, regardless of whether they were competing or not. This study not only success‑
fully provided the students with simple AI learning material, but also cultivated their 
creative thinking, as identified in the survey of the computational thinking self‑efficacy 
scale. During the process of completing a mobile phone application with AI, students 
should know and use the function of voice classification to achieve goals and expand 
their cognition of AI applications. This study concluded that the AI learning material for 
general students rather than students in the department of computer science facili‑
tated the students’ engagement.
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Introduction
The rapid development of artificial intelligence (AI) has greatly influenced various fields 
and changed the world’s requirements for the new generation. Computational thinking, 
programming ability, and AI have become important content of contemporary students’ 
scientific and technological cognition. Computational thinking has become a necessary 
basic skill for everyone (Yadav et al., 2014). In recent years, the world has put forward cor-
responding science and technology education policies to cultivate important digital talents 
such as CT and AI education. The Ministry of Education in some regions such as Taiwan 
has also promoted AI education in schools (Hsu et al., 2021). With the advancement of AI, 
machine learning plays a key role in AI technology. Therefore, machine learning is gradu-
ally being valued. In recent years, machine learning has been applied in educational activi-
ties using image recognition, but education models of voice recognition have rarely been 
applied.

As time goes by, innovative educational activities are continually appearing. Game com-
petitions have always been an indispensable part of education, and the game concept has 
been integrated into different subjects (Hinebaugh, 2009). Students’ learning motivation 
and engagement can be enhanced and maintained via game-based learning (Clark et al., 
2016), which also stimulates their deeper thinking (Drake & Sung, 2011). In recent years, 
many researchers have integrated board games into teaching. Gee (2005) stated that by 
establishing learning goals, board games can become one of the effective tools to promote 
self-directed learning, problem-solving, and deep learning. Students can socialize and 
interact with peers and learn from each other when experiencing educational board games 
(Wu et  al., 2014), which shows that such games have unique advantages for supporting 
interactive learning (Mayer & Harris, 2010).

This research allowed students to train their AI model, cultivate their knowledge of the 
machine learning process, and apply this model to the operation of board games. The pur-
pose of board games is to cultivate students’ computational thinking ability. Our previ-
ous study analyzed the learning process when students learned by playing the educational 
board game named “AI 2 Robot City” (Hsu et al., 2021). It found that encouraging students 
to plan and predict before taking action is an effective process for students to enhance their 
learning. Accordingly, students can use AI technology to play board games and carry out 
the process of computational thinking. A previous study pointed out that creative thinking 
is one of the important dimensions affecting CT because a person needs to have imagina-
tion of the possibilities of the results during problem-solving (Yağcı, 2019). In the same way, 
when students learn with board games, it is helpful for them to develop strategies during 
problem-solving by creatively imagining what would happen in the next steps before taking 
action (Hsu et al., 2021). Therefore, the current study employed creative thinking as a criti-
cal assessment scale when cultivating the computational thinking abilities with the board 
game. Another empirical study also showed that a CT educational board game was benefi-
cial for collaborative creation (Kuo & Hsu, 2019).

Literature review
AI education

There are many divisions of AI education, such as expert systems, machine learning, and 
so on (Hwang, 2020). However, due to the significant improvement in the calculation 
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speed of the hardware, machine learning has begun to attract a great deal of attention. 
It used to take decades for humans to learn a profession, and even when they have com-
pleted the learning, humans cannot make decisions quickly and immediately. However, 
machine learning only needs to complete one correct training session, and then the 
machine can quickly make decisions. Also, machines can be replicated in large numbers 
(Carbonell et  al., 1983), and because of recent technological advances, the computing 
speed and method have been greatly improved, allowing machine learning techniques 
to be carried out (Mnih et al., 2015). As a branch of AI, machine learning is still far from 
true AI, but people can learn how machine learning is different from human learning. 
By understanding the process of machine learning, people can know more about AI. The 
scope from broad (e.g., AI) to narrow (e.g., deep learning) AI in Education (AIED) has 
been illustrated by previous scholars (Chen et al., 2020). Therefore, we developed learn-
ing material for general students to learn the application of supervised machine learning.

As AI swept in and had a great impact on many fields (Schmidhuber, 2015), voice rec-
ognition was the first technical field to achieve breakthroughs. It was also the first to be 
introduced into daily life after the laboratory experiments succeeded and can now be 
seen in the smartphones that everyone carries, or in the upcoming smart speakers which 
are equipped with voice assistants to provide voice interaction. In modern society, young 
students have a high degree of acceptance of various electronic products, so we can take 
advantage of this feature to have students start learning from an early age (Hwang et al., 
2010). They are aware that there will be many electronic products equipped with voice 
recognition. Also, they can bring the concept of voice recognition into their daily lives 
and make use of it to improve their cognition of AI. Therefore, this study developed the 
learning material which integrated AI education and computational thinking for general 
students to learn in universities.

Computational thinking

Computational thinking is a thinking mode that uses the concepts of computer science 
to solve problems, design systems, and understand human behavior (Wing, 2006). Peo-
ple can learn computational thinking from program design, software, simulations, and 
operations performed by machines so as to have the appropriate thinking habits (Tedre 
& Denning, 2016). Thus, when a person has the literacy of computational thinking, he 
or she has the same thinking mode as a computer scientist does when facing problems 
(Grover & Pea, 2013). Korkmaz et al. (2017) proposed that computational thinking can 
be defined as the knowledge, skills, and attitudes which are required to solve problems 
in life via computers. Therefore, Wing (2006) stated that once students master computa-
tional thinking literacy, they can apply it to fields other than computer science.

Creative thinking is closely related to CT and plays a vital role in developing students’ 
motivation and interest in CT education (Korkmaz & Bai, 2019; Korkmaz et al., 2017; 
Yağcı, 2019). Papert (1980) stated that students’ creative thinking can be developed 
through computers. Until recent years, creative thinking has not been considered to be 
related to CT education, so some researchers have explored the correlations of CT and 
creative thinking (Hershkovitz et  al., 2019). There was also research showing that the 
improvement in creative thinking can enhance CT learning, so they emphasized the cul-
tivation of CT and creative thinking at the same time (Israel-Fishelson et al., 2021).
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In recent years, computational thinking education, such as programming and algo-
rithms, has received increasing attention (Bocconi et al., 2016). Previous scholars have 
conducted programming workshops for over 10  years and have indicated that those 
workshops involving programming on computers have been held to promote creative 
thinking (Tsutsui & Takada, 2018). In modern society, most elementary and middle 
school students can easily operate a variety of electronic products. Teachers should use 
this feature to teach students from an early stage in order to improve their computa-
tional thinking at an earlier age, because computational thinking is a competence which 
students of the new generation must be equipped with (Hsu et al., 2018; Wing, 2008). 
No matter what kind of field or domain, people would be best to cultivate their com-
putational thinking competence well in a digital world full of software-driven objects 
(Román-González et al., 2017).

Computational thinking requires training and guidance, because it does not occur 
naturally (Sanford & Naidu, 2016). In modern society, computational thinking is consid-
ered a universal ability, so it should be added to each child’s analytical ability, becoming 
a core part of their learning in school (Voogt et al., 2015). Therefore, instructors have 
thought about how to teach computational thinking. A previous study confirmed that 
the computational thinking abilities could be significantly improved regardless of using 
unplugged (i.e., non-digital or without a computer) game-based learning or plugged 
(i.e., digital or with a computer) game-based learning (Hsu et al., 2021). Chang (2014) 
adopted two block-based programming tools, Scratch and Alice, for undergraduates to 
write game programs, and selected 19 questions from Venkatesh’s (2000) questionnaire 
to find that learning engagement, including the students’ learning anxiety, playfulness, 
and enjoyment, improved. It was found that the factors of learning anxiety, playful-
ness, and enjoyment are emphasized in CT-related studies. For example, another study 
also found the importance of those feature factors in LEGO block-based programming 
involving competition games (Hsu et  al., 2021). Scholars have noted that computer 
anxiety has an indirect effect on intention to adopt gamified learning (Adukaite et al., 
2017), and self-efficacy has an indirect effect on behavioral intention through perceived 
playfulness (Wang & Wang, 2008). When the students first come into contact with CT 
education, low CT self-efficacy would lead to a decrease in their learning engagement 
(Bandura, 1977; Pellas, 2014). If there is further development of game-based learning in 
CT-related instructional material or tools, it would be valuable to confirm whether the 
new tools are effective in terms of learning engagement.

Game‑based learning

Scholars have noted that game-based learning is one of the popular learning approaches 
for learning computational thinking (Hsu et al., 2018). Many people have devoted them-
selves to research in this field, trying to develop new teaching models (Bressler & Bod-
zin, 2013). Game-based learning has been adopted by a growing number of researchers 
who have found that it is possible to trigger flow through game-based learning (Kuo & 
Hsu, 2019; Chen & Hsu, 2020), thus connecting flow theory with game-based learning 
(Hoffman & Nadelson, 2010). Scholars have stated that game-based learning is accompa-
nied by high participation, and have inferred that high engagement or flow can enhance 
learning and academic achievement (Hoffman & Nadelson, 2010). Su (2016) elucidated 
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the relationship model between gamification learning, learning motivation, cognitive 
load, learning anxiety, and academic performance, and the research model verified that 
learning gamification can assist in enhancing learning motivation, presenting teaching 
content, and encouraging the willingness of students to explore more content, due to 
entertainment value and game challenge.

Some game-based learning can also simulate and provide meaningful questions, situa-
tions, and knowledge in the real-world or in virtual scenarios, enabling students to ana-
lyze, think, and organize knowledge content during the learning process (Jonassen et al., 
2003). Game-based learning systems have been found to foster students’ engagement 
and to provide the creation and integration of appropriate content with gamification 
(Licorish et al., 2018). Digital game-based learning is for students to enhance the acqui-
sition of knowledge and skills by experiencing game content and gameplay. The game 
content includes problem-solving and achievement challenges (Kirriemuir & McFarlane, 
2004). Students can actively explore, evaluate, integrate, and construct organized and 
diverse knowledge (Hwang et al., 2015). Also, students are free to try various methods to 
achieve the clearance conditions set by the game. Through the design of the game, schol-
ars use its rules or competition or rewards to guide students to think, analyze, and then 
make meaningful decisions (Coller & Scott, 2009).

Games can make students learn more actively. Digital games can arouse students’ 
intrinsic motivation, increase their learning interest and memory retention, provide 
exercises and feedback, and enable them to think at a higher level (Hogle, 1996). In the 
past traditional education, teachers always played the guiding role. In such a system, stu-
dents’ engagement and learning enjoyment were relatively low, indirectly leading to poor 
learning effectiveness. Therefore, in the modern era, this guiding role should be turned 
into a game system, which can guide students to a higher learning level, and game-based 
learning can be used to stimulate students’ zone of proximal development (Vygotsky, 
1978). Through digital game-based learning, a virtual situational space is simulated to 
shorten the gap between students’ mental and actual situations and to stimulate their 
learning motivation (Hwang et al., 2015). Rosar and Weidlich (2022) examined the inter-
action effects between the learning environment and students’ creativity and found that 
creative students presented more motivation after working on creative tasks in a visually 
rich environment.

Research method
Participants

The experimental subjects of this research were 59 students enrolled in a fundamental 
Introduction to Computer Science course in a university. There were totally 30 males 
and 29 females who were all programming novices. The instructional experiment was 
conducted by the same instructor. In the learning activities, all the students had to write 
a mobile phone program with MIT App Inventor and the PAC platform so that the pro-
gram the students learned to develop had the AI function of voice recognition. This 
research mainly used the personal audio classifier (PAC) for students to carry out the 
process of voice recognition and experience the process of supervised machine learning. 
Then, the students had to examine the AI application they had developed for the real 
task on the map of the board game.
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Research tools
This research used the personal audio classifier (PAC) online platform developed by 
MIT. This platform supported the students to easily conduct the process of supervised 
machine learning and to train a voice recognition model from steps 1 to 4, as shown 
in Fig. 1, without the necessity of learning complicated mathematics. Students do not 
need to write the supervised algorithm on their own, but only need to follow the steps 
on the PAC platform. This process can help them understand the process of supervised 
machine learning, and they can train the voice recognition model by themselves. After 
training the voice recognition model, they can apply this model to the MIT App Inventor 
for more applications with block-based programming which makes it easy for novices to 
write an App to run on Android smart phones.

The instructional experiment of the study attempted to help the students develop 
the supervised machine learning concepts from the process of using PAC, so that they 
could gain an understanding of AI applications. Their learning effectiveness and learning 
engagement regarding the subject of AI learning and application were thereby evaluated 
in the study. In addition, their creative thinking was assessed using the CT self-efficacy 
scales.

The CT self-efficacy scales were proposed by Yağcı (2019) and include problem-solv-
ing, cooperative learning, critical thinking, creative thinking, and algorithmic thinking. 
The Cronbach’s alpha value which presented the reliability of the CT self-efficacy scales 
is 0.969. For this research, we adopted the four items in the scale of creative thinking 
because creative thinking has been regarded as an important factor in board games (Kuo 
& Hsu, 2020). The items included “1. I enjoy coming up with new ideas that nobody 
has thought of before,” “2. I get bored of doing the same thing,” “3. I enjoy designing 
systems to perform a task automatically,” and “4. I am curious about how the structure 
of systems that perform a task and how they work.” The creative thinking of the CT self-
efficacy scale used a 5-point Likert scale, with 1 point for “strongly disagree” to 5 points 
for “strongly agree.”

The learning engagement questionnaire used in this study is a science and technol-
ogy acceptance scale compiled by Venkatesh (2000), which is used for assessing stu-
dents’ learning engagement. There are 44 questions and a total of eight dimensions in 

Fig. 1 The students experienced the learning process from steps 1 to 4 on the MIT App Inventor Platform
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the original questionnaire. The eight scales were behavioral intention to use, perceived 
usefulness, perceived ease of use, perceptions of internal control (i.e., computer self-
efficacy), perceptions of external control (i.e., facilitating conditions), computer anxiety, 
computer playfulness, and perceived enjoyment. A previous study adapted the dimen-
sions of anxiety, playfulness, and enjoyment for assessing the learning engagement of 
students learning block-based programming (Chang, 2014). Taking an item of the anxi-
ety scale for example, “PAC course does not scare me at all.” As for the instance of the 
playfulness scale, the item is like “Do you agree questions in the PAC course require 
you to characterize themselves in the programming course as follows? spontaneous.” 
In terms of the enjoyment scale, here is an example of items “I find the programming 
course to be enjoyable.” The Cronbach’s alpha values of learning anxiety, playfulness, 
and enjoyment were 0.91, 0.88, and 0.90, respectively, with a total of 19 questions and a 
5-point Likert scale.

In order to assess the students’ learning effectiveness, the pretest and posttest items 
were developed by two experienced teachers together. The pretest had a total of 10 
multiple-choice questions and four matching questions, with a perfect score of 100. The 
posttest had a total of 12 multiple-choice questions and four matching questions, with a 
perfect score of 100.

Experimental procedure

There were 32 students in the experimental group and 28 in the control group. However, 
there was one student in the experimental group who did not fill out all of the question-
naire, so finally only 59 students’ data were analyzed for the statistical results.

The students in the experimental group used the AI app they had developed by them-
selves with MIT App Inventor. The app was installed on the smartphone to control the 
robot cars on the computational thinking board game, and to compete with another 
group, as shown at the end of Fig. 1. The students enhanced their computational think-
ing while playing the board game because it involved route plans, resource allocations, 
and calculation, and the students had to put the phases of CT (e.g., problem decomposi-
tion, pattern recognition, abstraction, algorithm steps) into practice so as to solve their 
construction tasks in the board game (Hsu et al., 2021).

The students in the control group did not compete with other groups. Two students as 
a group collaborated to evaluate and optimize the AI app on the smartphone together, as 
shown in Fig. 2. They did not need to compete with other groups.

This research had students carry out the process of voice recognition through the per-
sonal audio classifier (PAC) platform. After completing the voice recognition model, 
the students further applied the model they had trained and built on their own to the 
MIT App Inventor for writing the mobile phone program which was used for control-
ling the robot cars on the CT board game. The purpose of the curriculum practicing 
PAC is to have students learn and complete voice recognition with interactive operations 
step-by-step without the need for complicated mathematics capability. It is expected 
that the instructional tool packages of AI education are useful for enhancing the learning 
achievement, creative thinking, and learning engagement of students learning AI.

The current study used audio instruction to control the robot car, while the previ-
ous study used instruction images shown in the cards to control the robot car in the 



Page 8 of 17Hsu and Chen  RPTEL           (2022) 17:27 

board game named “AI 2 Robot City” (Hsu et al., 2021). The robot car could recognize 
the instructions of the players after the students employed the personal audio clas-
sification model into the application of the smart phone in both experimental and 
control groups. For example, when the student said “turn right,” he or she would see 
the robot car turn right on the map of the board game.

As shown in Fig. 3, before the experiment, this study used the computational think-
ing and AI concept test paper, creative thinking of the CT self-efficacy scale, and the 
questionnaire of learning engagement to perform pretests on students to assess their 
prerequisite knowledge and attitudes. Then, the students experienced the learning 
activities, as shown in Fig.  3. After the teacher introduced PAC and instructed the 
students to implement it, they followed the steps on the PAC platform to complete 
their own voice recognition model. After the students built and trained the model 
of voice recognition with the PAC platform on their own, they uploaded this voice 
recognition model onto their project in the MIT App Inventor platform. The stu-
dents wrote the mobile phone program with the block-based programming interface 
on MIT App Inventor. The students were required to complete the program which 
would be used to control the robot car movement and load the program to the mobile 
phone for actual tasks in the CT board game. On the one hand, the control group 
used the mobile phone application program to control the robot car with voice rec-
ognition, which is one application of AI literacy, so as to examine the performance of 
the AI application they wrote with PAC and MIT App Inventor. On the other hand, 
the experimental group conducted a board game competition with the PAC model 
installed into the smart phone app which they developed for controlling the robot 
car with voice recognition. After the learning activities, the students had to fill in the 
same computational thinking and AI concept test papers, the creative thinking sec-
tion of the CT self-efficacy scale, and the questionnaire of learning engagement as 
a posttest, to understand whether the results improved, regardless of whether they 

Fig. 2 Two students collaborated to assess their AI app on the smart phone together in the control group
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used a competitive way (i.e., the experimental group) or an uncompetitive way (i.e., 
the control group). The experimental process took a total of six class periods to com-
plete. Each class period was 50 min with a 10-min break.

This study employed the paired-sample t test to determine whether students in both 
groups made significant progress in learning achievement, creative thinking, and learning 
engagement. In addition, analysis of covariance (ANCOVA) was adopted to compare the 
learning effectiveness of the two groups, where the covariance was the pretest, the depend-
ent variable was the posttest, and the factor was groups. As for the scales, learning anxiety, 
playfulness, and enjoyment, this study used multivariate analysis of covariance (MAN-
COVA) to check the differences between the two groups. The results are shown in the fol-
lowing section.

Fig. 3 Experimental process
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Research results
This research aimed to explore whether the integration of the personal audio classifi-
ers into a computational thinking board game would be helpful for students’ learning 
achievement and engagement.

The results of learning achievement

This study used computational thinking and AI concept test papers to conduct pre- 
and posttests, and the paired-sample t test was used to analyze the results of the pre- 
and posttests so as to identify the students’ progress. As can be seen in Table 1, the 
posttest scores of the control group students were significantly greater than their pre-
test scores, t(27) = −3.63**, p < 0.01, and the posttest scores of the experimental group 
students were also significantly greater than their pretest scores, t(30) = −6.90***, 
p < 0.001. Thus, introducing the audio classifier into the computational thinking board 
game could significantly increase the students’ learning achievement, regardless of 
whether they used the competitive way (i.e., the experimental group) or the uncom-
petitive way (i.e., the control group).

Analysis of covariance (ANCOVA) was further conducted to compare the learn-
ing achievements of the two groups. There was no interaction between the pretest 
and the independent variable (i.e., groups) because tests of between-subjects effects 
showed no significance (F = −0.357; p = 0.553 > 0.05), inferring that the homogeneity 
of the regression coefficient was confirmed before performing ANCOVA. The Lev-
ene’s homogeneity test showed that ANCOVA (F = 1.491, p = 0.227 > 0.05) was able to 
be used to analyze the posttest scores of the experimental and control group students. 
As shown in Table  2, the adjusted mean value and standard error of the posttest 
scores were 59.24 and 2.47 for the control group and 67.81 and 2.35 for the experi-
mental group. According to the results (F = 6.315, p = 0.015 < 0.05), there was a sig-
nificant difference between the two groups; that is, the students in the experimental 

Table 1 Paired‑sample t test between the pre‑ and posttests of learning effectiveness for the 
experimental and control groups

***p < 0.001

Group Learning 
achievement

N Mean SD t

Experimental group Pretest 31 47.61 13.65  − 6.90***

Posttest 31 67.87 11.74

Control group Pretest 28 46.75 15.82  − 3.63***

Posttest 28 59.11 14.88

Table 2 The ANCOVA result of learning achievement

*p < 0.05

Group N Mean SD Adjusted mean SE F p η2

Experimental group 31 67.87 11.74 67.81 2.35 6.315* .015 .103

Control group 28 59.11 14.88 59.24 2.47
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group showed significantly better learning achievement than those in the control 
group.

The results of creative thinking

This research also attempted to explore the variation in creative thinking which is the 
performance of the students’ CT self-efficacy scale. The analysis of the paired-sample 
t test of creative thinking in the two learning activities found that the students in the 
control group had no significant improvement in the creative thinking section of the CT 
scale, while the students in the experimental group had significant improvement in the 
aspect of creative thinking, as shown in Table 3.

From Table 3, it can be seen that the increasing variation in the creative thinking of the 
experimental group students was significant with t(30) = −3.18**, p < 0.01. The posttest 
score (M = 3.69, SD = 0.58) was significantly greater than the pretest score (M = 3.34, 
SD = 0.51) for the experimental group. On the other hand, the students in the control 
group had no significant differences in their creative thinking. Thus, based on the results 
of the experimental group, introducing the audio classifier into the computational think-
ing board game with appropriate competition made a significant contribution to increas-
ing the creative thinking presented by the students.

The results of learning engagement

This study intended to explore the students’ learning engagement. The learning engage-
ment scale was divided into three aspects: “learning anxiety,” “playfulness,” and “enjoy-
ment.” After conducting the paired-sample t test for analyzing the pre- and posttests 
in both groups, we found that the experimental groups were significantly different in 
every aspect, while the control group was only significantly different in the dimension of 
enjoyment.

From Table 4, the learning anxiety of the students in the experimental group achieved 
remarkable difference before and after the treatment (t(30) = −3.87***, p < 0.001). 
The posttest score (M = 3.71, SD = 0.62) was significantly greater than the pretest 
score (M = 3.24, SD = 0.44). As for the playfulness of the students in the experimen-
tal group, there was also a significant increase (t(30) = −2.82**, p < 0.01). The posttest 
score (M = 3.48, SD = 0.59) was significantly greater than the pretest score (M = 3.13, 
SD = 0.31). For the enjoyment of the students in the experimental group, the significant 
improvement was also confirmed (t(30) = −2.73*, p < 0.05). The posttest score (M = 3.54, 
SD = 0.96) was significantly greater than the pretest score (M = 2.88, SD = 0.89), so the 
enjoyment of learning to develop an AI application was enhanced.

Table 3 Paired‑sample t test between the pre‑ and posttests of creative thinking for the 
experimental and control groups

**p < 0.01

Group Creative thinking N Mean SD t

Experimental group Pretest 31 3.34 0.60  − 3.18**

Posttest 31 3.69 0.70

Control group Pretest 28 3.37 0.41 0.56

Posttest 28 3.32 0.46
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On the other hand, the students in the control group only had significantly differ-
ent perceptions in the enjoyment aspect (t(27) = −2.98**, p < 0.01). The posttest score 
(M = 3.37, SD = 0.62) of learning enjoyment was significantly greater than the pretest 
score (M = 2.90, SD = 0.69). Therefore, employing PAC in learning how to collabora-
tively develop a voice recognition app on the smart phone could enhance the students’ 
learning enjoyment.

Accordingly, introducing PAC into learning how to collaboratively develop a voice 
recognition app on the smart phone and then competing with other teams on the CT 
board game could enhance students’ learning engagement. The students in the experi-
mental group perceived higher learning anxiety, playfulness, and enjoyment at the same 
time. However, the students in the control group only perceived higher enjoyment when 
they employed PAC for learning how to collaboratively develop a voice recognition app 
on the smart phone without the task of competition with other teams on the CT board 
game.

This study further conducted multivariate analysis of covariance (MANCOVA) to 
compare the difference between the two groups, as shown in Table 5. The homogene-
ity of variances and covariances was accepted in the MANCOVA, while there was no 

Table 4 Paired‑sample t test between the pre‑ and posttests of learning engagement with learning 
anxiety, playfulness, and enjoyment for the experimental and control groups

*p < 0.05; **p < 0.01

Scale Group N Mean SD t

Learning anxiety Experimental group Pretest 31 3.24 0.44  − 3.87**

Posttest 31 3.71 0.62

Control group Pretest 28 3.15 0.64  − 1.07

Posttest 28 3.25 0.68

Learning playfulness Experimental group Pretest 31 3.05 0.30  − 2.88**

Posttest 31 3.69 0.59

Control group Pretest 28 3.14 0.36  − 1.27

Posttest 28 3.28 0.47

Learning enjoyment Experimental group Pretest 31 3.12 0.89  − 2.73*

Posttest 31 3.48 0.96

Control group Pretest 28 2.90 0.69  − 2.98**

Posttest 28 3.37 0.62

Table 5 MANCOVA of learning engagement

*p < 0.05

Scales Groups N Adjusted 
Mean

SE Comparison Wilk’s 
Lambda

F p Partial η2

Anxiety Experimental 
(a)

31 3.54 0.13 a > b 0.822 3.756* 0.026 0.178

Control (b) 28 3.28 0.11

Playfulness Experimental 
(a)

31 3.44 0.13

Control (b) 28 3.27 0.11

Enjoyment Experimental 
(a)

31 3.19 0.19

Control (b) 28 3.37 0.16
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significant difference in Box’s M test of equality of covariance matrices (Box M = 12.047; 
F = 1.892, p = 0.078 > 0.05). The results of MANCOVA revealed that there was a statisti-
cally significant difference between the two groups on the combined dependent varia-
bles, F(3,52) = 3.756*, p = 0.016, Wilk’s Λ = 0.822, partial η2 = 0.178. The learning anxiety 
of the experimental group was significantly higher than that of the control group.

Discussion and conclusion
In recent years, the application of AI in education has attracted increasing attention 
from researchers in the field of computer science and education (Hwang et  al., 2020). 
This research developed the AI educational curriculum with the integration of PAC for 
the general population to learn the voice application of AI, and finally the students had 
to run the application they had developed on the map of the CT board game. In the 
game-based learning, the students could discuss with their partner first during the game 
tasks and made their thinking visible with the arrangement of the oral comments. After 
they confirmed each other’s intentions, they finally made decision on their best arrange-
ment of the oral comments. The divisible steps and concrete actions during the game 
tasks were helpful for the novices learning CT.

Via the PAC platform in MIT App Inventor, the students could train a voice recogni-
tion model to understand the process of machine learning. The results showed that after 
the learners had gone through the course and completed the experiment, regardless of 
whether they used a competitive way (i.e., the experimental group) or not (i.e., the con-
trol group), the learning achievement and learning enjoyment of both groups improved 
significantly. However, the improvement in the experimental group’s scores was greater 
than that of the control group’s scores, and a significantly different degree between the 
two groups was achieved in the current study. This result showed that introducing PAC 
to the CT board game, either in a competitive or uncompetitive environment, increased 
the learning achievement of AI concepts and application. Competitive game-based 
learning is undoubtedly useful as the creative thinking and learning engagement of the 
students in the experimental group were significantly enhanced. Williams and Clip-
pinger (2002) stated that when a game opponent is a real person, it helps to increase the 
participants’ retention and enjoyment, revealing that the learners’ creative thinking and 
learning engagement significantly increased in the current educational CT board game 
with AI application. The cloud-based environment and mobile application has been 
confirmed to have a significant effect on the creative performance of students (Chang, 
2019), as was the PAC which is also a cloud-based environment in the current study.

Following is a discussion of the results indicating that the students in the experimen-
tal group had significant improvement in their learning engagement. During the learn-
ing process, all stages of learning were closely connected, and the learning tasks became 
increasingly difficult in different stages. The students in the experimental group tended 
to perceive higher anxiety when completing more complex tasks in the game-based 
learning, which was consistent with the results of Martyastiadi (2018) and Chen and 
Sun (2016). It is inferred that the supervised machine model which the students trained 
in the learning stage of PAC would result in imperfect accuracy of the AI application 
on the smartphone which they used to compete with others in the game in the experi-
mental group, causing students’ anxiety during the operation (Beilock & Carr, 2005). On 
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the other hand, the board game in the experimental group adopted a competitive game 
mode, in which the fierce situation may have caused students to experience extra anxiety 
(Hong et al., 2012). However, the learning anxiety in the experimental group of the cur-
rent study was confirmed to be helpful for increasing the students’ learning engagement 
rather than hindering their learning because their playfulness and enjoyment as well as 
the learning effectiveness all achieved significant improvement. These results are similar 
to our previous study, showing that appropriate anxiety or pressure was beneficial for 
their learning outcomes (Kuo & Hsu, 2019).

In this study, we designed a game-based learning AI curriculum to enhance students’ 
learning engagement, and to allow them to learn how to write a voice recognition app 
from the AI curriculum at the same time. It is suggested that future studies explore 
larger samples and students’ behavioral patterns so as to find out the reason why not 
only the learning engagement increased in the game-based learning of the experimen-
tal group, but also why their learning anxiety significantly increased. The current study 
could only infer that the competition factor may have been the main different factor 
between the control and experimental group. A previous study found that the collabora-
tive and competitive game-based learning environment would lead students to a better 
interaction between different levels of students (Hung et al., 2015). While the students 
in the control group of this study only needed to collaborate with their partners in the 
same team to examine their AI application with voice recognition to control the robot 
car on the map, the students in the experimental group had to compete with the other 
team in addition to collaborating with their peers in the same team. It is recommended 
that students’ learning motivation and cognitive loads be analyzed when the AI educa-
tion game is developed with more game factors, and that voice recognition or conversa-
tional AI be employed in general classes for other students to learn the application of AI 
in the near future.

The participants stated that the speed of the Internet service was of vital importance in 
this activity. In the experimental group, the students’ perceived anxiety sometimes came 
from the delay in the responses and replies from the app during the competition. This is 
outside interference which had never been deeply considered before the instructional 
experiment because the current university environment provides adequate Internet ser-
vice. This interference was a research limitation of this study. Because the calculation of 
the audio classification was conducted via the Internet, it is suggested that it is essential 
to provide a high-speed Internet environment for when students use the PAC platform 
to design their AI applications. As for the research limitations, while there are many 
methods of measuring the learning performance of CT, the current study only adopted 
pretest and posttest of CT concepts related to the learning activities and did not employ 
delayed test to assess the long-term effects of the treatment due to the time limitation in 
this study. In addition, this study suggests future research devote their efforts into evalu-
ating different parts of cognitive and affective effects because this study only introduced 
creative thinking, and engagement. It is valuable for future studies to compare whether 
the findings will turn out to be different if different aspects of CT assessment are chosen.
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