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The Effect of Digital Game-Based

Learning on Learning Motivation and
Performance Under Social Cognitive
Theory and Entrepreneurial Thinking

Chia-Chen Chen* and Hsing-Ying Tu

Department of Management Information Systems, National Chung Hsing University, Taichung, Taiwan

This study aims to investigate the effects of students’ learning motivation and learning
performance in a digital game-based learning setting and the structure of competition.
This study uses Social Cognitive Theory, which emphasizes the bidirectional effects
between personal factors, environmental factors, and behavior. We use the emotional
state as the personal factor, social support as the environmental factor, learning performance
as behavior. We also use self-efficacy and learning motivation as the mediating factors in
the model. Data samples were collected from approximately 600 students in junior high
schools in Taiwan. The students learned via either application or conventional lectures in
three groups. The Control Group (CG) learned the course through a conventional learning
approach. The Experimental group 1 (EG1) learned by a digital game, while Experimental
Group 2 (EG2) learned through the digital game in combination with a structure that
involved competing and entrepreneurship with classmates. The result of this research
shows that the emotional state negatively affects learning motivation and self-efficacy,
that self-efficacy will positively affect learning motivation, social support will positively affect
self-efficacy, and self-efficacy and learning motivation will both positively affect learning
performance. In addition, this research certifies previous works that entrepreneurs prefer
to be more aggressive in competitions, have a high demand for accomplishment motivation,
and are more likely to facilitate competitive over non-competitive environments.

Keywords: social cognitive theory, digital game-based learning, self-efficacy, competitive, entrepreneurship

INTRODUCTION

Due to the rapid development of technology in the world, the Ministry of Education in Taiwan
has developed new educational policies. In the “Curriculum Guidelines of 12-Year Basic
Education” released by the Ministry of Education in 2014, the number of courses in the field
of information technology was increased to cultivate students’ information literacy, information
competitiveness, and their capability in terms of problem solving. However, in the past the
main research subjects in Taiwan were examination subjects such as mathematics, English,
and science. Few researchers have examined information technology courses. We wish to find
the effect on students’ information literacy, competitiveness and provide educators in the field
of computer science for reference through our research.
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With the advance of science and technology, the teaching
methods become diverse. Previous studies have researched
the effect of students’ learning behavior in digital game-
based learning environments worldwide (Lin et al., 2018;
Chen, 2019; Lin et al., 2019; Wang et al., 2020). However,
few studies in Taiwan have made the exploration on junior
high school students’ learning environment and its relationship
with learning motivation and performance in a digital game-
based learning environment. To address this issue, this
research develops a research model that explores personal,
environmental, and behavior based on Social Cognition
Theory (Bandura, 1989) with self-efficacy as the mediating
factor.

To reduce the boredom of learning, teachers tend to
integrate digital game-based learning into their curriculum.
Over the past few years, digital games have been applied
in a lot of subjects, such as mathematics (Hung et al., 2014),
and science (Chen, 2019). Studies have shown that
implementing digital game-based learning would increase
students’ self-efficacy, learning motivation, and learning
performance (Hung et al., 2014). Cagiltay et al. (2015) also
showed that students’ learning performance would increase
while integrating competition into digital game-based learning,
yet studies in Taiwan rarely experiment with the conditions
of competition in their research.

Many scholars outline that passion is “at the heart” of
entrepreneurship (Baum, 2017; Obschonka et al., 2019).
Entrepreneurial thinking needs a forceful passion that impacts
personal agency, proactivity, creativity, risk-taking, aspiration,
resilience, and persistence (Shen et al., 2021). In addition,
entrepreneurial passion acts as an important factor in social
interactions, especially for entrepreneurs who show passion
and are aware of more success by investors, clients, and
employees (Cardon and Kirk, 2015; Baum, 2017). Since
entrepreneurial thinking is becoming more and more important
for the success of organizations or enterprises, entrepreneurial
passion is viewed as a critical factor for organizational behavior
studies. To gain competitive advantages and ensure business
survival in response to the external environment, innovation
behaviors and their relation to entrepreneurship have received
attention from scholars (Wu et al., 2019; Wei et al., 2020).
In recent years, entrepreneurship education has become a
major event in Higher Education Institutions around the
world (Yueh et al., 2020). This education both increases
students’ entrepreneurial skills and causes students to
understand their personal characteristics and innovation
behaviors as contributing to the efficacy of collaboration in
an organization (Wu and Chen, 2019).

Based on the research motivation above, this study proposed
two purposes below:

o To explore the effect of personal, environmental factors and
learning motivations on students’ learning performance based
on Social Cognitive Theory (SCT).

o Toexplore the effect of combining digital game-based learning
and a competitive environment on students’ learning
achievements and entrepreneurial thinking.

LITERATURE REVIEW
Social Cognitive Theory

Before SCT, people considered that human behavior is affected
by either personal or environmental factors, such as Behaviorism
(Baum, 2017) or Dynamic Psychology (Woodworth, 1918). SCT
was proposed by Bandura (1989). He believed a person’s abilities
could be physically and psychologically different from each
other due to their growth environment and social practice.
SCT emphasized the bidirectional influence between personal,
environmental factors, and behavior (Figure 1).

The relationship between personal factors and behavior
means belief, thought, emotion, and action affect each other.
According to this theory, the expectation of the future, a
belief in one’s own abilities, goals, and intentions all lead to
one’s behavior. What one thinks, feels, and believes will affect
behavior. On the contrary, the perceptual system would
be changed due to their behavioral experience. One’s expectation,
belief, emotional orientation, and cognitive ability develop
or adjust due to social influences. People also react differently
to the social environment due to their physiological
characteristics. For example, age, body shape, race, gender,
and physical attractiveness could all cause great differences
in people’s language and behavior. Likewise, a person’s different
social reactions depend on their social role or status. In
daily life, behavior will change environmental conditions,
which in turn will change due to the conditions it creates.
The environment is not necessarily a fixed entity that affects
individuals. Most of the impacts in the environment must
be triggered by appropriate behaviors to be effective. Unless
the student participates in the course, the lecturer will not
affect the student; parents usually do not praise their children
unless they do something worthy of praise. Therefore, the
potential environment’s impact on individuals must
be transformed into actual impacts, which depend on their
behavior (Bandura, 1989).

Self-efficacy is another important aspect of SCT. It was
proposed by Albert Bandura in 1977. It refers to the degree
of belief that people can successfully perform the behaviors
required to produce results based on past experience or self-
assessment. Their strength of beliefs will affect their reactions
to problems or the situations they encounter. Therefore, self-
efficacy will change peoples choices of behavior (Dissanayake
et al., 2019).

Bandura (1977) indicated that there were four sources of
self-efficacy, performance accomplishments, vicarious experience,
verbal persuasion, and physiological/emotional state. Performance
accomplishments are based on one’s past experience. Successful
experience will increase one’s self-efficacy, while the failed
experience will reduce their self-efficacy. Vicarious experience
is self-inference after comparing with others. Verbal persuasion
is used when we trying to change one’s behavior. People rely
partly on their emotional or physical state to determine the
degree of their anxiety and stress. Compared with nervous
and anxious people, people who are not affected by their
emotional or physiological state are more likely to be successful
(Lin and Tsai, 2018).
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FIGURE 1 | Social cognitive theory.
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Social Cognitive Theory has been applied in different subjects,
such as health (Lin and Chang, 2018), jobs (Sheu et al., 2017),
and education (Lin et al., 2018). Burnett et al. (2016) investigated
students’ perceptions of cheating by applying SCT. They found
that students chose to cheat because of the enrollment of
graduate school or peer pressure. Wang et al. (2017) investigated
the relationship between self-efficacy, social support, self-regulated
learning, and learning motivation in a competitive environment.
They discovered that all the factors would positively affect
each other, except social support.

Learning Motivation

Learning motivation refers to the motivation that triggers or
maintains the learning behavior of students. It is the direct
cause of learning. Through learning motivation, you can
understand whether students want to learn, what they like to
learn, and how hard they are willing to work for learning.
Learning motivation is usually defined as intrinsic motivation
and extrinsic motivation (Ryan and Deci, 2000).

Intrinsic motivation is inner satisfaction after completing a
learning activity. When a person is intrinsically motivated, they
join the learning activity because it is fun or a challenge, not
because of pressure or the award. On the contrary, extrinsic
motivation means students are motivated to learn because of
external factors, such as students working hard to avoid
punishment from their parents. Studies have shown the
importance of learning motivation due to its effect on students’
learning performance (Liu et al., 2018).

Digital Game-Based Learning

Digital game-based learning refers to learning by solving
problems or accomplishing tasks through computers, mobile
phones, or tablets. There are several elements in digital game-
based learning, such as fun, play, goals, competition, and
problem-solving (Sandberg et al., 2014). Studies have investigated
digital game-based learning in different subjects, such as English

(Yang and Chen, 2020), Maths (Hung et al., 2014; Deng et al,,
2020), Sciences (Chen, 2019), and STEAM (Chen and Huang,
2020). The results indicate that digital game-based learning
has gradually become a trend and that digital game-based
learning could improve students’ learning motivation (Su, 2016;
Lin et al.,, 2018), learning performance (Lin et al., 2018), reduce
their cognitive load (Su, 2016; Chen and Huang, 2020), and
anxiety (Su, 2016).

Entrepreneurship and Competition

When two or more individuals struggle for an unachievable
goal (status, recognition, prizes, etc.), there will be competition.
Competition is the main factor in education. To promote
the achievements of the next generation, a national education
system encourages competitiveness among students through
scholarships. In the past, scholars believed that competition
would only have a negative impact on students. However, in
recent research, it has been found that the impact of competition
depends on students’ ability to act. Compared to students
with low ability to act, students with high ability will grow
up in competition and willing to take risks. These students
are more likely to have flexibility, adaptability, and creativity
in the future (Eisenberg and Thompson, 2011). Johnson and
Johnson (2009) suggest that competition with clear, fair rules
and procedures will help students improve their learning
achievements. Studies have incorporated competition into
research as a factor of discussion to stimulate students’ potential
(Lim and Oliver, 2015) or maintain their confidence (Vogl
and Preckel, 2014).

Studies have also integrated competition into game-based
learning. There are several ways of implementing competition,
for example, learners compete with themselves, the system, or
other learners (Chen et al, 2019). Learners might improve
their learning motivation, attention, effort, and excitement, etc.
(Cagiltay et al., 2015). Some researchers believe that when
learners see the scores of other competitors, they lose their
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learning motivation, or they only focus on winning against
the others without actually learning (ter Vrugte et al.,, 2015).

According to research by Schumpeter (1934) and Kirzner
(1973), entrepreneurship highly impacts competition and
human behavior. They realized that there was little existing
research about entrepreneurs and the psychological situations
involved in a competitive environment. After that, Rauch
and Frese (2007) investigated the personality characteristics
of entrepreneurs and matched their specific issues through
expert interviews. Niederle (2017) pointed out that behavioral
economists face career choices and individual competitiveness.
It means an individuals’ general tendency turns towards
competitive over non-competitive situations. Meanwhile, some
scholars also extended the investigation to more competitive
educational and occupational environments (e.g., Almas et al,,
2016; Buser et al., 2017; Reuben et al., 2017). Therefore, this
research integrated perspectives of entrepreneurship and SCT
to propose the research model and hypotheses development
in the following section.

MATERIALS AND METHODS

Hypotheses Development

Based on the literature review, this study selected three factors
under SCT. We take social support as the factor of environment
because junior high students were more likely influenced by
their peers than their teachers or their parents, emotional
state as the personal factor, and learning performance as the
behavior factor. We even wanted to verify the effect between
self-efficacy, learning motivation, and learning performance.
The hypothesized relationships between SCT, self-efficacy,
learning motivation, and learning performance are described
and explained below.

Emotional State and Learning Motivation

Emotional state means the state of arousal characterized by
alteration of feeling tone and by physiologic behavioral changes.
Students tend to have higher learning motivation when they
enjoy learning. On the other hand, when students feel nervous,
depressed, or under pressure, they may have lower learning
motivation. Arguedas et al. (2016) found that if students
understand their emotions in learning, students’ learning
motivation can be enhanced through emotions with the guidance
of a specific strategy. Studies have shown that stress is negatively
correlated with learning motivation, which means the greater
the pressure, the lower their learning motivation (Johnsen et al.,
2017). Some studies have also shown that anxiety and depression
negatively affect students’ learning motivation (Su, 2016;
Kunanitthaworn et al, 2018). Ozhan and Kocadere (2020)
discovered that if students enjoyed the class and paid attention,
they would have higher learning motivation. Therefore, a
hypothesis was developed:

HI: Emotional state is negatively related to learning
motivation.

Self-Efficacy and the Factors Under SCT
Self-efficacy was proposed by Bandura (1977). It refers to
students’ belief in their capacity to execute the behaviors
necessary to produce specific performance attainments. An
emotional state is one of the sources of self-efficacy. People
with different emotional states have different self-efficacy. Students
with negative emotions tend to have lower self-efficacy (Garcia-
Pérez et al, 2020). Hong et al. (2019a) discovered that if
cognitive anxiety negatively affects self-efficacy, students’ belief
in their ability would decrease when they felt anxious during
their learning process. Pumptow and Brahm (2021) found that
enjoyment positively affects self-efficacy, while anxiety negatively
affects self-efficacy.

Liu and Hung (2016) found that students in the Republic
of Columbia with higher social support have more self-efficacy.
When people receive support from their peers, family, or
teacher, they have higher self-efficacy and more confidence in
their ability (Lent et al., 2016). The same results were found
in Lent et al. (2017) and Sheu et al. (2017).

Some studies have shown that self-efficacy is positively related
to learning performance. Joo et al. (2015) found that self-
efficacy is positively associated with learning performance in
research on online learning in Korea. In the research of GPS
sensor-based mobile learning for English, Sun et al. (2015)
found that students who have better English learning performance
have higher self-efficacy. The results were also found in the
research with different subjects, such as Mathematics (Tian
et al., 2018) and Science (Ugar and Sungur, 2017). Therefore,
three more hypotheses were developed:

H2: Emotional state is negatively related to self-efficacy.
H5: Social support is positively related to self-efficacy.

H7: Self-efficacy is positively related to learning
performance.

Social Support and the Factors Under SCT
Emotional state plays an important role in learning and this
study focuses on students’ stress, anxiety, and nervousness when
in class. Studies have shown that positive factors were related
to environmental support and that students that experience
positive effects were more likely to gain support from their
peers, family, or teachers (Liu and Hung, 2016; Lent et al,
2017). On the other hand, students who experience negative
effects tend to have less support from the people around them
(Franco et al., 2019).

Environmental support is defined as the support students
receive from their peers, family, and teachers. This study focuses
mostly on social support, which is the support they received
from their peers. Students with more support were more likely
to have better learning performance. King and Ganotice (2014)
suggest that we could improve students’ learning performance
by improving their social support. Oranye et al. (2017) both
found that students with higher social support would have
better learning performance. Therefore, to examine the effects
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between emotional state, social support, and

performance, two hypotheses are developed:

learning

H3:Emotional state is negatively related to social support.

H8: Social support is positively related to learning
performance.

Self-Efficacy and Learning Motivation

Learning motivation was defined as an established pattern of
pursuing goals, beliefs, and emotions (Ford, 1992). Previous
research has indicated that self-efficacy has a significant positive
effect on learning motivation (Tian et al, 2018; Pumptow and
Brahm, 2021). Phan (2016) divided the learning process into
six time periods, and it found that self-efficacy in the middle
stage affects learning motivation in the later stage. Wang et al.
(2017) found that self-efficacy significantly affects learning
motivation in a CSCL environment with coopetition design.
Dissanayake et al. (2019) found that self-efficacy would positively
affect learning motivation in both competitive and non-competitive
environments. Zhao and Huang (2020) found that students with
high self-efficacy have high learning motivations. Zhan et al.
(2021) found that self-efficacy and intrinsic motivation had a
highly positive relationship, and discovered that self-efficacy and
learning motivation could positively affect learning strategy.
Therefore, another hypothesis was developed:

H4: Self-efficacy is positively related tolearning motivation.

Learning Motivation and Learning Performance
Motivation is important in students’ learning. Studies have
shown that learning motivation is positively related to learning
performance. Students with higher learning motivation have
higher learning performance (Su, 2016; Tian et al., 2018; Zhao
and Huang, 2020). Tokan and Imakulata (2019) examined the
influence of intrinsic motivation and extrinsic motivation on
students’ learning behavior and learning performance in learning
biology. They found that intrinsic motivation directly affected
students’ learning behavior and learning performance. Zhao
and Huang (2020) found that learning motivation and learning
performance had a highly positive relationship. Therefore,
another hypothesis is proposed:

Hé6: Learning motivation is positively related to
learning performance.

A research model composed of all the hypotheses is shown
in Figure 2.

Hypothesis Testing Method

We used structural equation modeling (SEM) to test our research
model (Figure 2). To ensure the study had good reliability
and validity, preliminary tests, which involved checking the
unidimensionality of the five parts of the construct (Emotional
state, Social support, Self-efficacy, Learning motivation, Learning
performance), were taken.

Settings and Participants

Data were collected among junior high school students in Taichung,
Taiwan. There were approximately 600 students. All the participants
learned the basic concept of binary conversion. The experimental
procedure was conducted for 50min (Figure 3). External validity
refers to the appropriateness of the dynamic relationship between
the various variables in the research if it is taken by different
populations, experimental conditions, or specific experimental
period. To improve the external validity of the research, we took
larger populations and random sampling. Therefore, this research
collected approximately 600 students and also adopted random
sampling for three different groups. The students learned via either
application or conventional lectures in three groups. The control
group (CG) learned the course through a conventional learning
approach, which means the instructor would only use a textbook
or PowerPoint to teach the course. Experimental Group 1 (EGI)
could only learn by a digital game, while Experimental Group 2
(EG2) learned through a digital game, with the added structure
of competing with classmates.

All of the students took a knowledge exam before and after
the experiment and the questionnaire was conducted post-test.
The interview was conducted after the experiment with students
in EG1 and EG2. The learning activities for the experimental
procedure are shown in Figures 4-6.

Measurement Instrument

The hypotheses were tested using quantitative research.
We designed a list of questions correlated with the factors in
our model (see Appendix 1). The first part consists of emotional
state (ES) adapted from Usher and Pajares (2009), social support
(SS) adapted from Cohen et al. (1985), self-efficacy (SE) adapted
from the Motivated Strategies for Learning Questionnaire (MSLQ;
Pintrich et al., 1991), learning motivation (LM) adapted from
Glynn et al. (2011), and learning performance (LP) adapted
from Li (2012). All of the items in the questionnaire were on
a 5-point Likert scale. The second part consists of the personal
particulars of respondents, such as gender, and their class.

A learning performance test, which examined the students’
binary conversion knowledge, was used for both the pre-test
and the post-test. The test consisted of 10 questions, each
worth 10 points. Two teachers developed the test for this study,
and each teacher taught computer science in junior high school
for 2years. The questions of pre-test and post-test are different,
but the difficulty was equivalent.

The interview was conducted by adopting Fidan and Tuncel
(2019) to collect experimental group students’ perceptions and
opinions of using the application to learn based on the
following questions:

1. Do you think this method of using an application to learn
binary conversion is fun? Why?

2. Do you think this method of using an application to learn
binary conversion is more effective? Why?

3. Do you think this method of using an application to learn
binary conversion could make learning computer science
more interesting? Why?
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4. Do you think this method of using an application to learn
binary conversion could make you more confident in learning
computer science? Why?

RESULTS

Student Demographics
An overview of respondents is shown below in
Supplementary Table 1. There were a total of 582 students

and 510 valid samples. There were 48 invalid samples in EGI.
The reason for this could be because most participants were
in the ninth grade and had just finished their big exam for
university, meaning they did not have the patience to finish
the questionnaire. According to Hair et al. (1998), the respondent
of the questionnaire should exceed five times the questions,
and the number of valid samples should exceed 100. The
number of questionnaires in this study was 22, meaning the
minimum required samples was 110. The valid samples achieved
the recommendation level outlined by Hair et al. (1998).
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FIGURE 4 | Learning activities for CG.

The Measurement Model

The measurement model in SEM was evaluated in terms of
reliability, convergence validity, discriminative validity, and
model fit.

Reliability

This study used Cronbach’s a to determine the reliability of the
construct and the value is shown below (Supplementary Table 2).
The value of Cronbach’s @ should be above 0.7 to show the
reliability of the construct. Results showed that the Cronbach’s
a of all constructs exceeded the criterion of recommended
reliability suggested by Fornell and Larcker (1981), which means
all the constructs have good reliability.

Convergence Validity

Convergence validity is used to test whether items in the same
dimension can be constructed to represent most of their
constructs, and eventually converge in the same dimension.
We used the most commonly used factor loadings, composite
reliability (CR), and average variance extracted (AVE) to test
convergence validity. The value of all the items is shown below
in Supplementary Table 3.

According to the suggestion of Fornell and Larcker (1981),
the value of factor loadings should exceed 0.5 to show the
sufficiency of representing the construct. The results showed
that SS2 for social support, SE4 for self-efficacy received lower
factor loadings than the suggested factor loadings value of 0.5
and were therefore eliminated. Based on the suggestion of
Fornell and Larcker (1981), the value of CR should be above
0.6 to show great internal consistency in the construct. As
shown in Supplementary Table 3, the CR of all the constructs
was above 0.8, indicating all constructs had good internal

consistency. The AVE should be above 0.5 based on the
recommendation of Fornell and Larcker (1981). The AVE of
all the constructs was above 0.5 in this study, as shown in
Supplementary Table 3, which showed great convergence
validity of the constructs.

Discriminative Validity

Discriminative validity is used to test the correlation between
constructs to discriminate measures in dissimilar constructs.
The value of the square roots of AVE and the inter-correlation
are shown below (Supplementary Table 4). The inter-correlation
value should be below the square roots of AVE and should
not be above 0.85 based on the suggestion of Hair et al. (1998).
Results showed that the inter-correlation of every construct
met the suggestion, which indicates the good discriminative
validity of the constructs.

Model Fit

Model fit is assessed using absolute fit indices, incremental fit
indices, and parsimonious fit indices. There were a total of
12 index for examining the model. The value of all the index
are shown below in Supplementary Table 5. Results showed
that all the values of every index met the recommendation.

The Structural Model

We used structural model assessment to test the theoretical
hypotheses we proposed, which included the relationship
between emotional state, social support, self-efficacy, learning
motivation, and learning performance (Figures 2, 7). We used
the coefficient of determination (R?), path coefficients (f),
and critical ratio (C.R.) to determine how well the data
supported the relationship of the hypotheses. The results
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FIGURE 5 | Learning activities for EG1.

FIGURE 6 | Learning activities for EG2.

are shown in Figure 4, the structural path coefficients are
shown in Supplementary Table 6, and the hypotheses
justification is shown in Supplementary Table 7. The results
in Supplementary Table 7 indicate that the pathways have
significant causalities from Emotional state to Learning
motivation (f=-0.370, C.R.=-8.692, p<0.001; HI),
Emotional state to Self-efficacy (f=-0.218, C.R.=—-4.455,
p<0.001; H2), Self-efficacy to Learning motivation (f=0.412,

C.R.=9.088, p<0.001; H7), Social support to Self-efficacy
(#=0.154, C.R.=3.009, p=0.003<0.01; H3), Learning
motivation to Learning performance (f=0.321, C.R.=8.662,
p<0.001; H8), Self-efficacy to Learning performance (f=0.661,
C.R.=13.347, p<0.001; H4). However, Emotional state to
Social support (f=-0.077, CR.=-1.501, p=0.133; H5),
Social support to Learning performance (f=0.021,
C.R.=0.666, p=0.506; H6) are not supported.
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FIGURE 8 | Model result for CG. *p < 0.05; ***p < 0.001.

Group Comparison

Students were divided into three groups, CG, EG1, and EG2.
In order to compare the results between different teaching
methods, we tested the structural model for these three groups
and the results are shown in Figures 8-10. The difference in
EGI is that H5 (Emotional state to Social support) is supported
and H3 (Social support to Self-efficacy) is not supported. The
reason for H5 might be because students in EG1 were mostly
in ninth grade and have a better relationship with their peers.

They tend to share the excitement they acquired during learning
with their friends compared to the other two groups. The
reason for H3 might be that self-efficacy for students in EG1
might come from learning through a tablet or a cellphone
but not their friends. Or it might be the emotional state caused
by the curiosity of using a tablet or a cellphone, not by the
assistance they received from their friends.

The results of CG and EG2 are the same as the structural
model of all the students. The H5 (Emotional state to Social
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FIGURE 10 | Model result for EG2. *p < 0.05; **p < 0.01; ***p < 0.001.

support) and H6 (Social support to Learning Performance)
are not supported in CG and EG2. In the EGI result, if
the H5 (Emotional state to Social support) is supported
then we can assume that game-based learning may have
been a useful learning style for learners. However, as this

research was designed with entrepreneurship and competition
in mind, as indicated by EG2, then we can observe that
entrepreneurship and individual competitiveness will have
a negative impact on personal emotional state with
social support.
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Learning Achievement

Students were divided into three groups to investigate the effect
of the teaching methods in this study. We used ANOVA to
investigate the effectiveness of the teaching method. The results
of the pretest are shown in Supplementary Tables 8 and 9,
and the results of the post-test are shown
Supplementary Tables 10 and 11.

According to the result in Supplementary Tables 8 and 9,
the scores of learning achievement between CG, EG1, and EG2
are not significantly different (p>0.05). This means that students’
prior knowledge of binary conversion in all three groups is at
the same level. The result in Supplementary Table 10 showed
that CG, EGI, and EG2 are significantly different (p<0.001).
Based on the result in Supplementary Table 11, CG and EGI1
have a highly significant difference, CG and EG2 have an extremely
significant difference, and EG1 and EG2 have significant differences.
This indicates that, based on the same level of prior knowledge,
students who studied digital game-based learning and in the
environment of competition (EG2) have higher learning
achievements. Students who learned with digital game-based
learning (EG1, EG2) had higher learning achievements compared
to students who learned with a conventional learning approach (CG).

in

Interview

1. Do you think this method of using an application to learn
binary conversion is fun? Why?

About 85% of students in EG1 expressed that digital game-
based learning was interesting. Most of the students indicated
that it was fun to learn new knowledge using this kind of
teaching method. Some students thought the lessons become
interesting because they were able to use cellphones and tablets
to play games. Some students thought that it was not fun to
calculate numbers, even if using digital game-based learning
to learn binary conversion.

94% of students in EG2 thought that interacting with peers
through the digital game is fun and novel and made learning
much more interesting. Some students indicated that it was
easier and enjoyable when they learned through the game.
Few students found that they were burdened by the experience
of competing with others.

2. Do you think this method of using an application to learn
binary conversion is more effective? Why?

86% of students in EGI1 thought that integrating digital
games into the course enabled them to know binary conversion
better, and that it was easier to learn. Some students replied
that the game was still too hard to play, and some of the
students responded that the period of playing was too short
to fully understand binary conversion.

89% of students in EG2 indicated that they learned more
about binary conversion by playing and competing with their
peers. When they encountered difficulties, the competitor would
share the information through the game even if they were
competing. This was impressive and learners were more engaged
by playing the game.

3. Do you think this method of using an application to learn
binary conversion could make learning computer science
more interesting? Why?

76% of students in EG1 indicated that it was more interesting
to learn by using the application. Some of the students wanted
to gain more knowledge about computer science because of
understanding the operation of a computer. Few students
thought that the course was beyond their capability of
comprehension, so they were not interested in learning it.

79% of students in EG2 said that learning computer science
by playing a digital game and competing with others was very
interesting and exciting. Through their sense of accomplishment,
they were more willing to learn computer science.

4. Do you think this method of using an application to learn
binary conversion could make you more confident in learning

computer science? Why?

75% of students in EG1 expressed that through this course,
they had more confidence in learning computer science. Some
students gained confidence due to understanding binary
conversion through the digital game, some students changed
their thoughts about the difficulty of computer science. A few
students thought that even though they understood the concept
of binary conversion, there was more unknown information
in computer science that they did not have the confidence
to realize.

81% of students in EG2 indicated they were more confident
after learning binary conversion by playing the digital game
and competing with their peers. Some of them gained confidence
by winning the game, and some of them had more confidence
because they fully understood the concept of binary conversion.
Few students thought they were not good at computer science
and became afraid of not learning as well as the other members
of the group.

CONCLUSION AND DISCUSSION

The Research Model
Factors Under SCT
Studies have shown that students with positive emotions tend
to have more support from others (Lent et al., 2017). On the
other hand, students with negative emotions do not have as
much support as those with positive emotions (Franco et al.,
2019). However, some studies have shown that a negative
emotional state might not affect students’ social support (Sheu
et al, 2017; Chervonsky and Hunt, 2018). The result of this
study is the same as that of Sheu et al. (2017) and Chervonsky
and Hunt (2018). The reason for this result might be because
courses on computer science are fewer than other main subjects,
and the emotions students felt during the course might not
affect the support that they receive from their friends in their
daily life. Or maybe students’ social support was not affected
by negative emotions, which is a positive outcome for students.
Oranye et al. (2017) show that social support significantly
affects students’ learning performance. However, the result of
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the present study is different. In the overall result or the result
in all three different groups, social support does not significantly
affect learning performance in this study. This might be because
students have friends they can count on, but this might not
influence the knowledge of binary conversion that students
have learned or their capability of using this knowledge in
the real world.

Although the emotional state does not affect learning
performance through social support, and social support does
not directly influence learning performance, both emotional
state and social support affect learning performance through
self-efficacy and learning motivation. This indicates the
importance of self-efficacy and learning motivation.

This research agrees with that of previous work investigating
the behavior of entrepreneurs in a competition, which implied
that entrepreneurs prefer to be more aggressive in competitions
(Hmieleski and Lerner, 2016; Levine and Rubinstein, 2017),
with a high demand for accomplishment motivation (Rauch
and Frese, 2007; Urbig et al., 2020), and that they are more
likely to facilitate competitive over non-competitive environments
(Bonte and Piegeler, 2013; Urbig et al., 2020).

Self-Efficacy and the Factors Under SCT

When students feel stressed, nervous, or depressed, they tend
to have lower confidence in learning. On the contrary, when
students do not have so many negative emotions, they are
likely to have higher self-efficacy (Hong et al., 2019b; Garcia-
Pérez et al., 2020). This result is the same as those of previous
studies. It demonstrates that when students are not depressed
or nervous about learning computer science, they have faith
in their capability of binary conversion.

Sheu et al. (2017) have shown that when students have
higher social support, they have more confidence in themselves.
This result agrees with that of Sheu et al. (2017), indicating
that when students have peers or friends from whom they
can seek help, they have more confidence in learning
binary conversion.

Studies have shown that when students have higher self-
efficacy in the environment of online learning, they tend to
have higher learning performance (Zhao and Huang, 2020).
Hayat et al. (2020) found that students’ self-efficacy and learning
performance were positively correlated, and students had an
optimistic attitude to learning and teaching materials. Shen
et al. (2021) also presented findings that indicated that
entrepreneurial self-efficacy completely mediates the relationship
between entrepreneurial learning and firm performance. This
is the same result as Hayat et al. (2020), Zhao and Huang
(2020), and Shen et al. (2021) in this study. If students have
more faith in learning binary conversion, they have better
learning performance.

Emotional State and Learning Motivation

When students are nervous or depressed in learning, they
have lower motivation (Kunanitthaworn et al., 2018). Wei et al.
(2020) claim that entrepreneurial self-efficacy affects the attitude
and behavior of entrepreneurs. This research indicated that

entrepreneurs with higher self-efficacy experienced higher job
satisfaction, showing a better mental state, with less pressure
and emotional exhaustion, which promotes innovation behavior.
The results of this study are similar, which means students
have higher learning motivation and are more willing to learn
computer science when they are not stressed.

Self-Efficacy and Learning Motivation

Dissanayake et al. (2019) showed that when students have
higher self-efficacy, they have more learning interests and
motivation no matter whether they are in a competitive
environment or not. The result in this study shows the same.
When students have higher self-efficacy in learning binary
conversion, they show more interest and have higher
learning motivation.

Learning Motivation and Learning Performance
When students feel interested or motivated, they have higher
learning performance whether in the environment of online learning
or using game systems. Learning motivation positively significantly
affects learning performance (Zhao and Huang, 2020). The same
result has been found in this study, which means students could
have better performance when undertaking binary conversion if
they feel motivated in learning computer science.

Learning Achievement

The purpose of this study was to investigate the effect of
different teaching methods and environments on students’
learning achievements. The results show that students using
digital game-based learning in a competitive environment (EG2)
had higher learning achievement than the other two groups
(EG1, CG). Two groups using digital game-based learning
(EG1, EG2) had higher learning achievements than the students
who only learned by conventional approaches (CG; Lin et al,
2018), supporting the following findings:

1. Through digital game-based learning, students have better
learning achievement compared to conventional learning
approaches.

2. Through the integration of digital game-based learning and
a competitive environment, students have higher learning
achievements compared to students who learned with only
digital game-based learning.

Interview

We undertook a semi-structured interview after the experiment
to gain an understanding of the students’ perception of the
content of the course and teaching materials. Through the
interview feedback, we aim to improve the content of the
course. The results are listed below:

1. Compared with a conventional learning approach, students
prefer learning with digital games.

2. Most of the students thought using digital game-based
learning could improve their interest and confidence
in learning.
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3. A significant number of students felt that using digital
game-based learning could make their learning more efficient.

4. Some students suggested that they would enjoy learning
with digital games more often.

Contribution

Although digital game-based learning had been investigated
frequently, few studies have combined research with a theoretical
model. At the same time, this study used SCT to investigate
the influences of personal, environmental factors, and behavior.
After the verification and analysis, we contribute the following:

1. Research into the combination of SCT and digital game-
based learning.

2. The research focuses on courses in computer science.

3. It discovered the importance of self-efficacy
learning motivation.

4. The study advocates for the wider utilization of digital game-
based learning.

5. The study offers teachers and researchers references for
designing the course and teaching materials.

and

We expanded research in digital game-based learning by
combining SCT and computer science in the situation of
competition. Teachers could design the course by implementing
digital game-based learning and competition, which might help
students improve their learning performance.

Limitations and Future Works
We have strived to be complete and rigorous in the research
framework and experimental design, but there are still many
situations and conditions that have not been fully considered
in this research. Countries are having issues of low birth rate,
and so is Taiwan. The design of this study expected to have
three groups of students, which would require more participants
than the number of students studying in a single school.
We had to collect students from different schools to have
adequate numbers for the experiment. Students in different
schools might be slightly different, which might affect the results.
Every student in EG1 was equipped with a table or a
cellphone, and every two students in EG2 shared one table
or one cellphone, which means the requirement for devices
was numerous. Therefore, researchers should pay more attention
to the amount of equipment while designing future experiments.
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APPENDIX 1

Items label Initial items

Section 1

ES1 Just being in computer science class makes me feel stressed and nervous.

ES2 Doing computer practical activity takes all of my energy.

ES3 | start to feel stressed-out as soon as | begin my computer practical activity.

ES4 | get depressed when | think about learning computer science.

SEA1 I'm certain | can understand the most difficult material presented in the readings for this course.
SE2 I'm confident | can understand the basic concepts taught in this course.

SE3 I'm confident | can understand the most complex material presented by the instructor in this course.
SE4 | expect to do well in this class.

SE5 Considering the difficulty of this course, | think | will do well in this class.

SS1 There are several people that | trust to help solve my problems.

SS2 There is no one that | feel comfortable to talking about intimate personal problems.

SS3 When | need suggestions on how to deal with a personal problem, | know someone | can turn to.
SS4 There is at least one person | know whose advice | really trust.

LM Learning computer science is interesting.

LM2 | am curious about discoveries in computer science.

LM3 The computer science | learn is relevant to my life.

LM4 Learning computer science makes my life more meaningful.

LM5 | enjoy learning computer science.

LP1 After the course, | have increased knowledge of binary conversion.

LP2 After the course, | could apply knowledge to practical situation.

LP3 After the course, | have more confidence in dealing with binary conversion problems.

LP4 After the course, | could gain experience and competence of problem-solving.

Section 2

1. Class:

2. Gender: M/F
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