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With the rapid expansion of the software sector in recent decades, companies' stand-
ards for new employees become more stringent as well. Specifically, they are often unsat-
isfied with the insufficient competence of students in handling complex assignments in the
software development process. To address these issues as well as to help students become
acquainted with the actual development process in software engineering, we developed a
card game that simulates concepts, roles, and tasks of the actual scenarios for software
engineering education. To test the effectiveness of the game, we experimented with two
groups of 42 students and measure the results using a post-test and a post-questionnaire.
Experimental results show that our approach increased students’ learning motivation and
help students better understand knowledge in software engineering lessons. These poten-
tial results make a call for the use of game-based learning in software engineering educa-
tion to increase students’ learning engagement and outcomes.

Keywords: software engineering education, educational games, gamification, UTAUT,
card games, learning analytics

1. INTRODUCTION

The software industry plays a vital role in today’s digital era, especially during and
after the Covid-19 pandemic. With the continuous development of software engineering,
reducing the gap between the academic environment and the industrial environment in
software engineering becomes more and more important [1]. As the range of relevant con-
tent continues to expand and the complexity of the curriculum grows, it has become in-
creasingly difficult to reconcile the relevant knowledge to be taught in academic institu-
tions. Therefore, both educators and industrial enterprises believe that students should not
only be taught on paper or in lectures but also need to engage with the problems, they will
encounter in the real workplace and the actual development process [2]. However, the in-
dustry is generally dissatisfied with the level of preparation of new students entering the
workplace [3]. To get them on track quickly, companies often need to pay additional costs
to retrain the newcomers with knowledge and skills that were not fulfilled at school.

The main cause of these problems seems to be the way software engineering is taught
today. It is insufficient for software engineering topics to be conveyed in traditional lec-
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tures with abstract concepts that are difficult for students to comprehend. Course instruc-
tors often introduce theories and concepts in lectures and textbooks, and require students
to meet certain requirements, complete small projects according to a specific framework
or process, and try to apply what they learn in lectures or discover new tools in practice.
Practical and core knowledge is necessary for software engineers, however, the fact that
teachers impose knowledge on students may cause students active learning skills [4]. Con-
sequently, students may rely too much on their instructors and may not think by themselves
when any problem arises, thus limiting their ability to take the initiative in solving prob-
lems. Meanwhile, this approach may raise students’ passive and negative attitudes toward
learning and even a sense of timidity or disgust.

Among non-traditional education approaches, game-based learning or gamification is
employed to arouse students’ interest in learning, alleviate their anxiety in learning, en-
hance students’ learning motivation, and help them better understand the teaching objec-
tives [5-7]. In this study, we propose a card game for software engineering teaching, which
combines related knowledge of an actual software development process into a card game.
The game simulates concepts, roles, and scenarios encountered by different members at
different positions in the iterative development process. To analyze the benefits and ideas
of the students in using this card game, the following research questions were posed:

RQ1.: Is the card game help students improve their understanding of the software develop-
ment process?

RQ2: Does adding the card game to support a traditional course affect students’ learning
motivation in software engineering?

RQ3: What are the advantages and disadvantages of this game card for teaching software
engineering?

To address the research questions, we conducted an experiment on two groups of stu-
dents, proposed a set of hypotheses based on the modified and extended version of the
Unified Theory of Acceptance and Use of Technology (UTAUT2) [8] model, and used the
PLS-SEM maodel [9] to test the hypotheses. The remainder of the paper is structured as
follows. In section 2, we discuss recent studies applying educational games and their re-
lated hypothesis model. In Section 3, we introduce our card game for software engineering
courses. The experiment and result are presented in Section 4. Implications and a brief
conclusion are presented at the end of the paper.

2. RELATED WORK

2.1 Research Related to Educational Games

Many educators have substituted traditional teaching methods with game-based learn-
ing (GBL) to motivate software engineering students during the learning process [10, 11].
Card games, with visual features and competition mode, can effectively boost students’
engagement in learning-by-playing activities. Sung et al. [13] combined Mindtool to de-
velop a game-based collaborative learning game for experimentation in elementary school
science classes to facilitate students to share and organize their knowledge during the game
and to examine students’ learning attitudes, motivation, etc.

With the acknowledgment that the visual appearance of cards can convey software
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engineering principles, the author of [14] proposed Problems and programmers, a card
game in which each student takes on the role of a product manager with a common product
goal, and the first one who completes the production project is the winner. To complete
the product project, players need to manage their budgets and meet the needs of their cus-
tomers to produce high-quality software. To facilitate student practice in testing environ-
ments, the author of [15] proposed an experimental card game related to software testing.
Depending on the content of the card, students can decide whether they want to solve the
card by themselves or together. The solution to the task and activity is written on the back
of the card, and after the player attempts to solve the task, the group will decide whether
the player will receive the reward. Bonus points are recorded on the white sheet, and those
who achieve 30 points win.

Card games are usually used to teach the Agile development process in the classroom.
Gabriel et al. [16] utilized the MEEGA+ model to evaluate students’ perceptions of using
the Scrum card game to learn Agile methodologies. According to the findings of the anal-
ysis, students enjoy card games because of their product benefits. The authors of [17] in-
troduced a new game card that helped learners comprehend vendor evaluation factors. Af-
ter completing the course, students are be able to select a software development company
and determine the cost-to-time ratio. To familiarize students with the risk management
process, the authors of [18] proposed a risk game that encouraged students to discuss the
hazard and its solutions. In overall, card games are considered as effective tools in learning
the software engineering concepts and enhance students’ learning motivation. The pro-
posed card-game in this paper is in line with mention studies.

2.2 Theoretical Framework for the Experiment

In 2003 [19], Venkatesh et al. validated the UTAUT model to determine the most
effective strategies for fostering user behavior and the use of technology for educational
advancement. The model utilizes the four primary predictors of intention to use technology
Performance Expectancy (PE), Effort Expectancy (EE), Social Influence (SlI), and Facili-
tating Conditions (FC). Studies examining technology adoption in higher education con-
texts have successfully used the UTAUT model [14, 15]. The UTAUT2 model, an expand-
ed version of UTAUT, was subsequently developed for research in numerous fields. He-
donic Motivation (HM), Price Value (PV), and Habit are three additional constructs that
the new model adds (HT). G. Baptista and T. Oliveira used UTAUT2 to demonstrate the
impact of gamification on mobile banking and the significant correlation between gamifi-
cation and action intention to use the service [22]. In several different academic situations,
including those involving technical education, engineering, and management, UTAUT?2
has also received widespread acceptance and testing [23]. To propose a hew model in this
study, we used a modified and expanded version of UTAUT2 and added 2 new constructs.
As shown in Fig. 10, the new constructs include gamification and active learning.

Gamification (GM) Gamification or game-based learning (GBL) are terms that are fre-
quently used as synonyms to describe the use of games or game elements in education [24].
Gamification has become popular in the educational environment over the last few decades.
The benefits of gamification for education were extensively discussed by educators and
researchers [19-21]. We incorporated gamification into our software engineering courses
to better assist students in learning.
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Active Learning (AL) Activities that involve student participation are considered to be
active learning. This indicates that the students are engaged in an activity and reflecting on
it [4, 22]. The efficacy and relationships between active learning and learning outcome are
presented in [23, 24]. Specifically, students will retain more information from the brief
activities that follow the lecture.

3. THE SOFTWARE ENGINEERING CARD GAME

3.1 Purpose of the Card Game

This study proposes an educational card game to introduce realistic software practice,

which is a combination of real-world concepts software development processes, and know-
ledge cards. The card game aims to overcome difficulties in presenting knowledge related
to software engineering and improve students’ motivation and self-study ability [8].
The card game provides a sequential approach to a typical software development process,
simulating the iterative process of actual software development and what kinds of prob-
lems are encountered by all parties (developers, quality assurance, and operation and main-
tenance), and how they are solved. Specifically, students can think independently when
playing with the cards, for example, what kind of problems they encounter and how to
solve them. It is also a good idea to think about what strategies can be used to better solve
the problem at hand and to use physical cards to give students more memory points.

3.2 Card Design and Display

The game is designed as a game-based learning approach, not just a game for enter-
tainment, but the game emphasized the educational value brought by competitiveness and
fun. It is designed as a competitive game and adopts a one-on-one group battle method of
conduct. Simulating the environment of the software development process, students will
play as a small team in the company, in which team members have different roles with
different abilities. The card game is intended to be played in small teams, so the number
of players in each group is limited to three to four. There are 108 cards categorized as
project cards, character cards, question cards, and concept cards. Whereas project cards
are used for the game initial and character cards determine the player’s roles, the teams use
question cards as the challenges to the opponents, and concept cards are used as addressing
actions. Pairs of question-concepts cards are listed and explained in Appendix 1. Descrip-
tions of the proposed cards are presented below.

Project Cards: Project cards are used to initiate the game. As each project has many iter-
ations, the text under the picture on the card represents the number of rounds to play in
each competition, as shown in Fig. 1.

Character Cards: A characters denote a role of a specific person in the project, so all
popular job positions might be included in the character cards. Since characters differ in
abilities and characteristics, the ability of each role card can only be used once in a game.
As shown in Fig. 2, the cards are decorated with three different colors to distinguish be-
tween different roles: the orange card represents developers, the green card represents qual-
ity assurance engineers, and the blue card represents operations and maintenance workers.
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Fig. 2. Character cards.

Question Cards: The card game is played in competition mode where students throw out
question cards to the opposing team, and the opposing team thinks about which card they
need to play to solve the problem, correspondingly to the current phase of the game. We
propose a unique design for the appearance of the card as follows. The top left of the card
represents the kind of problems, which are technical problems (T), communication prob-
lems (C), and environmental problems (E). The top right corner shows the awarded points
for solving the problem. The cards are decorated with pictures illustrating the problem. A
description of the problem is shown at the footer of the card. The bottom left corner shows
the amount of time it will take to finish the problem. As shown in Fig. 3, question cards
are colored in three colors: orange, green, and blue which respectively represent project
program problems, test problems, and operation and maintenance problems.

(a) Project Program Card: These cards represent problems related to programs that de-
velopers may encounter in the software development process.
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(b) Test Card: These cards represent problems that quality assurance engineers will en-
counter in the software development process.

(c) Operation Card: These cards illustrate problems that operations and maintenance will
encounter in the software development process.
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Fig. 3. Project program card, test card, and operation card.

Concept Cards: In the card game, the students will throw the question cards to the oppo-
nent’s team according to the current phase of the game. The opponent then tries to find the
concept cards to solve the problem, according to the problem type and the corresponding
phase. As shown in Fig. 4, we use three colors, orange, green, and blue, to distinguish the
types of concept cards, which are development, test, and operation, respectively. The pic-
ture in the middle of the card is an illustration of the solution, and the text below the picture
is a description of the corresponding solution to the concept program card. Accordingly,
to phases of the software development process, we propose three categories of concept
cards: (i) Development Concept Card; (ii) Test Concept Card; and (iii) Operation Concept
Card.
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Fig. 4. Examples of development concept card, test concept card, and operation concept card.
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3.3 Game Process

The game is played in competition mode so that multiple students can participate in
the game as competitors. To be the winner, each team must try to achieve the most awarded
points or the least number of days completing the problems. We expect that competition
makes students want to compete in the game, and via that, it enhances students’ learning
motivation. The game flow is shown in Fig. 5 and the steps of how to play the game are
shown in Figs. 6 and 7.

Determine role
defender vs
attacker

Teams draw

Get the project card
Game Start fo determine number Teams decide number of days
character cards

of rounds to play (N) needed to finish the project

l

Your personnel (development/quality assurance/operation and
maintenance) draw three question cards (project program/
test/operation) as a means of attack (keep three cards in your
hand)
Whether the opponent's concept cards
can solve the problem?

No

The cpponent’s personnel (devefopment/quality assurance/operation and|
maintenance) draw three question cards (project concept/ftest/operation)
as a means of defense (the hand remains at three cards, if you want to

draw another hand you need to discard a card)

No

Yes No

If N rounds has passes?

#hiether the oppenent's concept card
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smallest number of days) are
determined to identify the Winner

Evaluation criteria (high score or ‘

The opponent gets the card's score
and the number of days spent
Yes

Game End
Teams exchange of offensive
and defensive roles

Are you the defender?

Fig. 5. The card game flow chart.
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Fig. 7. Card game steps 3-8.

The students were given different roles in the software development process. In this
card game, there are three roles: Developer, Quality Assurance Engineer, and Operations
and Maintenance, as shown in Fig. 2. Each character card has different skills that can be
used in the game, and the skill can only be used once in a game to avoid breaking the game
balance too much.

To begin, the host of the card game randomly selects one project card for each team
in the match. The project cards show how many rounds the two groups need to play in this
game. There are three phases in the software development process, corresponding to three
phases of the game: development, QA, and operation.

At each phase, the offensive team tries to attack by throwing three question cards (the
cards must relevant to the current phase) to the opponent. The defensive team then tries
defense by finding concept cards with characteristics and abilities that can solve the posed
problems in the least duration. If they succeed in defense, they can earn the award points
for the problem, and the day spent is recorded. Otherwise, no award is given, the teams
exchange their roles, and the former defensive team will be the offensive team and vice
versa. The team continues playing one more round of attacking defense. Then, the current
phase finish, and the game moves to the next phase.

At the finish, the host summarizes the total of awarded points and spent days with
each team to determine the winner.

Regarding the design of games, this study adopted the seven principles of game de-
sign proposed by Liu et al. [31, 32]. Those principles were originally introduced in digital
game design [33], then they were utilized by their authors in educational card games later
[34, 35]. The seven design principles were transferred into the proposed game as follows:
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Analyze learner: Learners are students in software development practice courses, we en-
sure that they have the same level of knowledge related to software engineering before
engaging in the card game, so that, the game was delivered after the students had spent
eight weeks of lectures.

Set an educational goal and choose an appropriate game object: The game’s objective
is to assist students in learning with knowledge derived from the actual software develop-
ment process, thus, the question cards and concept cards were designed based on popular
roles, problems, and actions in software engineering.

Integrate game content with an educational goal: The actual problems encountered by
the developer, quality assurance engineer, and operation and maintenance are the main
challenges of software teams. How to solve these problems is the main axis to design the
card game. The game flow is arranged according to the actual development process so that
students can early comprehend actual situations that may appear in software companies.

Education as the purpose and games as the motivation to strengthen students: With
the entertainment of the games and their competitive nature, students can be more moti-
vated to learn than in traditional lectures. Since the software development processes are
difficult to be mimicked in the classroom, the card games can simulate partly the flow, the
problems, and improve students’ capabilities in decision-making [35].

Make the most of the game’s features: Competitive card games provide students with a
sense of competition and motivation for the game itself, allowing them to participate more
actively and at the same time increase their motivation for learning. Also, of the physical
nature of the card game itself, students can easily memorize specific things in their minds.

Let students enjoy learning while they learn: Using a game-based learning approach
allows students to acquire knowledge entertainingly and enjoyably, allowing them to learn
new knowledge while having fun during the card game.

Evaluate learning outcomes, and improve teaching methods: Students’ responses were
observed during the card game and a questionnaire was given to students after the game to
assess learning.

This study also refers to the five evaluation indicators of game design proposed by
Liu et al. [33], which are:

The message of the game: The game is mainly designed for students of software engi-
neering practice courses, learners themselves need to have a certain degree of understand-
ing of software engineering-related knowledge. The sequence of the game process conveys
the sequence of the actual software development process and fully conveys the problems
encountered in the software development process in different capacities and their solutions.
The game graphics are designed to provide pictures according to the problems or solutions.
The cards related to the developers, quality assurance engineer, and operation and mainte-
nance each have different colors to facilitate differentiation, and when the operation and
maintenance are dealing with server-related problems, the corresponding pictures will have
the server pictures.

The game mode: The card games are played in competitive mode to give all students a
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sense of participation, and the group battle mode can also enhance everyone’s centripetal
force, cooperation ability, and sense of competition for the group.

The design structure:

a) Sequential Reasonability: Design the game flow through the actual software develop-
ment process.

b) Game specificity: The card game promotes interpersonal communication and competi-
tiveness, and the physical nature of the cards makes it easier for students to remember
the content.

¢) What the game can enhance: To enhance the student’s sense of participation in the cour-
se and the competitive mindset of group confrontation, to increase students’ motivation
to learn.

The game content: The card game allows students to learn about the practical application
of the software development process. The main content is to learn the process of software
development and different identities will encounter different problems and their related
solutions, and the card game is played in a turn-based competition.

Feedback: User responses or feedback on the game after playing the card game. Feedback
was obtained by using verbal comments and reactions given by students during the game
and by conducting a survey of students after the card game.

In this study, knowledge acquired through play was classified into the following cat-
egories based on Anderson and Krathwohl’s revision of Bloom’s taxonomy of educational
objectives.

Remember-Factual Knowledge: Students can put themselves in different roles to under-
stand the problems encountered by the developers, quality assurance engineers, or opera-
tion and maintenance during the game.

Remember-Conceptual Knowledge: Using the different color markers on the cards makes
it easier to remember the problems encountered by the characters in different positions.

Understand:

a) The project program cards are marked with the number of days so that students know
the cost of the time it takes to solve the problem when it occurs.

b) Students can understand the sequence of the development process and what problems
will be encountered in which capacity from the flow of the cards when playing.

€) The character cards will have personality traits on them, allowing students to discover
the advantages of each character when they have different traits while playing.

Apply: The concept cards put real-life encounters into the cards so that students may be
able to use the solutions taught in the cards to tackle problems in the development process
in the future.

Analyze: It is possible to analyze what kind of problems people face in different capacities
so that we can understand the differences in the work content of different capacities.

Evaluate: Evaluate what problem solution is the most beneficial and use the most appro-
priate solution.
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4. THE EXPERIMENT

To verify the applicability of the proposed game in supporting software engineering
education, we conducted a quasi-experiment with two groups of students, called the exper-
imental group and the control group. Pre-test and post-test were used to compare the dif-
ference between the two groups. At the end of the experiment, a post-questionnaire was
delivered to collect responses from students in the experimental group, via that, answers
to the research questions can be determined.

4.1 Experimental Environment

The experiment was conducted in the Software Development Practicum course taught
at the Department of Computer Science and Information Engineering, Feng Chia Univer-
sity Taiwan in the first semester of the academic year 2021-2022. The 42 students were
randomly divided into an experimental group and a control group. All of them were under-
graduates between the age of 19-21, including 14 females and 28 males, who are partici-
pating in a software development project in their course.

4.2 Experimental Process

The experiment was implemented in three weeks. Before that, the students had stud-
ied for 8 weeks with lecturers covering processes, problems encountered and solutions,
DevOps, and tools used in software development. We utilized the mid-term exam as the
pre-test on software engineering-related contents to determine whether the knowledge of
the control group and experimental group was on a uniform benchmark before the experi-
ment. In the following week of the pre-test, the experimental group played the game before
the lecture, and the control group studied by lecture as usual. Post-tests are scheduled in
the next week of the course to give students time to absorb the knowledge. The detail of
the experiment process is presented in Fig. 9.

In the experimental group session, students were first instructed how to play the card
game and then randomly divided into groups to play against each other and freely learn
and absorb the educational elements of the card game. Fig. 8 shows students playing the
card game and discussing it with their group members.

ig. 8. Students play card games in class.
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Exp (+ Card Game)

Pre-test 25 minutes
Game Introduction 10 minutes
Card Game Experiment 20 minutes
Learn as usual
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Learn as usual Dinintte
Post-test 30 minutes
X

Questionaire
Fig. 9. The flow chart of the experiment.

After the card game, the same sessions were taught. The lesson explained what ben-
efits the card content brings to the learners, with the corresponding physical cards and the
experience of playing so that the students can better understand and absorb the lesson con-
tent. The post-test lasted for 30 mins with 20 questions covering topics related to the actual
process, DevOps, and automation tools.

At the end of the post-test, students in the experimental group were asked to fill out a
survey about the card game, with a total of 18 items in five categories. The questionnaire was
administered on a five-point Likert scale, with five levels of options: 1 (strongly disagree) to
5 (strongly agree). In addition, there are three open-ended questions about the suggestions of
students for the game. The questionnaire content can be found in Appendix 2.

4.3 Data Analysis

The questionnaire was derived from the UTUAT2 model, as shown in Fig. 10, and
was adapted and extended by introducing elements such as performance expectancy, he-
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Fig. 10. Questionnaire_conceptual framework.
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donistic motivation, and behavioral intention. Gamification and active learning were in-
troduced as new elements of the questionnaire. Since structural equation modeling (SEM)
can validate multiple relationship hypotheses about observed and latent variables [36] and
requires a low sample size [9], which is suitable for the analysis of small sample size in
this study, PLS-SEM was used to detect the observed and latent variables by measurement
model and structural model.

5. ANALYSIS RESULTS
5.1 Pre-test Result

The pre-test was designed with 15 multiple-choice questions based on the content of
the software engineering course to test whether the knowledge of the two student groups
is at the same level. Descriptive statistics of the pre-test results are shown in Table 1.

Table 1. Descriptive statistics of the pre-test results.

Variable Grouping | Count Mean Median | Minimum | Maximum | Std. dev.
Experimental Group 21 76.9524 80 24 120 21.0867
Control Group 21 76.1905 80 48 120 18.5246

An independent sample 7-test was used to compare the mean score of the experimental
group with that of the control group. The mean test score of 21 samples in the experimental
group was 76.952, while that of 21 samples in the control group was 76.19. In the homo-
geneity test for variance, the value of the test statistic f was 1.2957 and the p-value was
1.4322, indicating that there was no significant difference between the variance of the two
samples. In the independent sample #-test, the t-value of the validation statistic was 0.1244
and the p-value of the odds ratio was 0.9016. Therefore, the null hypothesis that the mean
scores of the two groups are equal could not be rejected. Such data results indicate that
there is no significant difference in software engineering knowledge between the experi-
mental group and the control group.

5.2 Post-test Result

In the post-test, we used 15 single-choice questions and 5 multiple-choice questions on
the course content and concepts communicated during the experiment. The purpose of this
test was to examine whether there were differences between the experiment and control
groups in the test. Since some students did not take the test, 36 students’ data were available.
The descriptive statistics table of the post-test is shown in Table 2.

Table 2. Descriptive statistics of the post-test.

Grouping Variable Count Mean | Median | Minimum Maximum | Std. dev.
Experimental Group 18 90.7222 94.5 69 106 11.6811
Control Group 18 83.7219 89 52 106 15.4036

With the mean values, we can see that the experimental group with the aid of the card
game did achieve better scores than the control group, with a mean difference of 7.0003
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points, and in the experimental group, the standard deviation of the post-test results was
much more stable than in the pre-test. The minimum score was also seen to be higher than
that of the pre-test.

5.3 Assessment of Measurement Model: Reliability and Validity Test

We employed PLS to analyze the questionnaire results, with the model shown in Fig.
11. To ensure the validation of analysis results, the reliability, internal consistency, and
convergent validity of the questionnaire categories and items must be calculated in advance.
If the indicators are highly correlated and exchangeable, they are considered to be reflexive
and should be checked for reliability and validity [37]. For this purpose, of our question-
naire, the two items related to social influence (SI-1, SI-2) and one related to gamification
(GM-2) were deleted.
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Fig. 11. Questionnaire analysis model.

Table 3. Construct reliability and validity.
AVE | CR Cronbach’s AL BI GM HM PE
Alpha
AL 0.796 | 0.921 0.871 0.892
BI 0.916 | 0.956 0.909 0.804 | 0.957
GM | 0.839 | 0.939 0.904 0.853 | 0.915 | 0.916
HM | 0.712 | 0.880 0.804 0.583 | 0.779 | 0.739 | 0.844
PE 0.830 | 0.936 0.897 0.633 | 0.534 | 0.675 | 0.718 | 0.911

Note: GM = Gamification; PE = Performance Expectancy; HM = Hedonic Motivation;
AL = Active Learning; BI = Behavioral Intentions

According to Ken, the reliability and validity of these indicators are considered ac-
ceptable if the Cross-Loading (CL), Cronbach’s alpha (), and Composite Reliability(CR)
values are equal or greater than 0.7, and the AVE value is greater than 0.5 [38]. The final
analyzed results were presented in Table 3 and Appendix 2. All CL values were greater
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than 0.760 and « values were greater than 0.870, which indicated that the reliability of the
measurement model is good and all CR values are above 0.880. The average variance ex-
tracted (AVE) is greater than 0.871, indicating a high degree of convergence calibration.
The next significant step is to observe the discriminant validity of the Fornell-Larcker cri-
terion analysis, in which the results are considered acceptable when the diagonal values
are higher than the cross-loading values of the constructs. It means the model can have
good discriminant validity indicating the structures has sufficient convergence calibration.

5.5 Analysis Results of the Research Questions

Based on the conceptual framework of the questionnaire and the analysis model, we
listed six hypotheses and analyzed them separately.

Hypothesis 1: Gamification has a strong effect on Performance expectancy in software en-
gineering practice courses.

Hypothesis 2: Gamification has a positive effect on students’ hedonic motivation toward
software engineering practice courses.

Hypothesis 3: Gamification has a significant effect on students’ active learning.

Hypothesis 4: Performance expectations have a strong effect on students’ behavioral in-
tentions.

Hypothesis 5: Students’ hedonic motivation has a positive influence on students’ behav-
ioral intentions to use gamification in the software engineering course.

Hypothesis 6: Students’ active learning has a significant impact on students’ behavioral
intentions to use gamification in the software engineering course.

Table 4 shows the results of the research hypotheses. The first hypothesis showed a
positive relationship between Gamification and Performance expectancy (S8 = 0.675; P-
value=3.923; T-value=0.00%). which indicated that Gamification has a meaningful impact
on Performance expectancy; thus, H1 is supported.

The second hypothesis outline the association between Gamification and Hedonic
Motivation (£ = 0.739; P-value =4.996; T-value =0.00*) which demonstrates that Gami-
fication has a positive effect on students’ hedonic motivation; thus, H2 is supported.

The third hypothesis presented the connection between Gamification and Active
Learning (£ = 0.853; P-value = 11.427; T-value = 0.00¥) which shows that Gamification
has a significant effect on Active learning; thus, H3 is supported.

The fifth revealed a correlation between Hedonic Motivation and Behavioral Inten-
tions (= 0.648; P-value =2.909; T-value =0.004*) which demonstrated that student’s he-
donic motivation has a positive influence on students’ behavioral intentions to use gamifi-
cation in the software engineering course; thus, HS is supported.

The sixth hypothesis shows the relationship between Active Learning and Behavioral
Intentions (£ = 0.639; P-value =2.987; T-value = 0.07*) which indicated that students’ ac-
tive learning has a significant impact on students’ behavioral intentions to use gamification
in the software engineering course; thus, H6 is supported. As a result, H1, H2, H3, HS, and
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H6 are supported and demonstrated that Gamification and Active learning have a signify-
cant effect on the student’s motivation and behavioral intentions in software engineering
class.

In contrast, the relationship between Performance Expectancy and Behavioral Inten-
tion is less obvious, and the variable cannot be predicted for Behavioral Intention, so H4
is not supported. From the results, we can see that the educational approach of the card
game is indeed effective in influencing motivation and the benefits of learning. This effect
is not so obvious compared to the effect of hedonistic motivation and active learning, so
H4 is not supported, which shows that the main factor that affects behavioral intention is
not the effectiveness of learning but the motivation of learning.

Table 4. Results of testing study hypotheses related to direct effects.

Hypotheses | Relation £ | T-Value | P-Value Result
H1 GM — PE | 0.675 | 3.923"™ | 0.000 Supported
H2 GM — HM | 0.739 | 4.996™" | 0.000 Supported
H3 GM — AL | 0.853 | 11.427""| 0.000 Supported
H4 PE — BI |-0.336] 1.219 0.224 | Unsupported
H5 HM — BI | 0.648 | 2.909" | 0.004 Supported
H6 AL — BI |0.639| 2.987™ | 0.003 Supported

Note: GM = Gamification; PE = Performance Expectancy; HM = Hedonic Motivation;

AL = Active Learning; BI = Behavioral Intentions; "p < 0.05; “p < 0.01; *"p < 0.001

6. DISCUSSIONS

RQ1: Is the card game help students improve their understanding of the software
development process?

Data obtained from the post-test showed that the experimental group performed better
than the control group after engaging with the game, with mean scores were 90.72 (sd =
11.68) and 83.72 (sd = 15.40), and median scores were 94.5 and 89, respectively. Com-
pared to the pre-test, the standard deviation of the experimental group decreased by 9.4
and the control group decreased by 3.1. The findings showed that, in comparison to the
control group, the performance of students in the experimental group was relatively com-
pact. In the questionnaire, students were asked whether they thought that adding card
games had improved their understanding of software development. 72.2% of students
strongly agreed (5) and 16.7% agreed (4). It demonstrates that the student’s understanding
of the software development process has improved as a result of the card game’s inclusion,
as confirmed by both test results and students’ opinions.

RQ2: Does adding the card game to support a traditional course affect students’ lear-
ning motivation in software engineering education?

The analysis results are in Section 5.5. has stated that hypotheses H1, H2, and H3 are
supported by the results of the survey questionnaire. Based on the results, the inclusion
that card games effectively affect performance expectations is held; (i) Card games im-
prove understanding of software development knowledge, making it easier to remember
software engineering development knowledge than traditional educational methods, mak-
ing it easier to understand actual knowledge of software development; (ii) Hedonistic



EDUCATIONAL CARD GAME APPROACH TO MOTIVATING OF SOFTWARE ENGINEERING LEARNING 1015

motivation: playing with cards is enjoyable, card games are more motivating than tradi-
tional learning methods, card games are more competitive than traditional learning meth-
ods; (iii) Active learning: students can think about how to solve problems on their own and
what game strategy should be used to get better competitive results. Generally, the students
were able to better understand the educational objectives, felt more engaged in their learn-
ing, and were more motivated to learn, which had a positive impact on the learning content
related to the software engineering practice course.

RQ3: What are the advantages and disadvantages of this game card for teaching soft-
ware engineering?
We consolidated the students’ responses to OEQ1, OEQ2, OEQ3, and consolidated
similar feedback, and sorted out the benefits and drawbacks of the card game.
Advantages mentioned in OEQ1 and OEQ2 feedback:

a) Less boring and more motivated to learn (32%)

b) Increase interaction with group members through games (28%)
¢) Easier to remember course content (25%)

d) Understand the process of software development (15%)

Students were motivated to learn the knowledge taught in the classroom, which can
enhance the motivation to learn and increase the interaction with the group through the
game. Some students even mentioned in their questions that they usually do not feel in-
volved in the classroom, so they often feel bored and lack the motivation to learn.

Some students also reported that the card game helped them to remember the course
content better. We believe that this is due to the physical nature of the cards, which makes
the educational element a physical object that students can remember better. Through the
feedback, we can tell that the students felt that the card game helped them to better under-
stand the actual software development process.

Drawbacks mentioned in the OEQ3 feedback that could be improved:

a) The game mode is relatively single (15%)

b) Need to adjust the score allocation (30%)

¢) Hope the game adds random elements (24%)
d) Hope to give more time to play (20%)

Although most of the responses were positive, some of the game’s design still needs
to be improved. For example, some students would like to see more variety in the game
modes, while more students want to adjust the number of points earned in the game. It is
also hoped that the game can be made more interesting by adding random factors such as
chance or fate cards to the game chart. Some students also mentioned that they would like
to have more time for card games in the course so that they can understand the course con-
tent better.

7. CONCLUSIONS AND FUTURE WORKS

Understanding the actual software engineering development process and its content
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is important for students who will be working as software engineers in a near future. The
complexity of the software engineering field has resulted in a lot of content in traditional
courses that cannot be realized on paper. Some studies have integrated video games into
their educational content, but fewer studies have used card games to integrate card games.
Therefore, this study developed a serious game to educate the knowledge of the actual
software development process with educational card games. A research experiment was
also designed to evaluate the effectiveness of using educational card games in software
engineering education. The research model was designed based on the UTUAT2 model,
and the data from the experimental questionnaire was tested and analyzed through PLS-
SEM.

Based on the experimental results, almost elements in the model had positive effects
on behavioral intention. In addition, gamification has obvious positive effects on learning
motivations and can indirectly influence students’ behavioral intentions. Therefore, we be-
lieve the card game proposed in this study can have a positive impact on students’ learning
and software development practices.

In future work, we are going to take students’ advice on the card game to change the
content, add random elements, adjust the card score, and even add more educational ob-
jectives to enrich the game so that students can have more fun, learn more and become
more competitive while playing. We also introduce more concepts related to the software
development process and give students more time to play so that they can be more familiar
with the knowledge and understanding.
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Appendix 1. The Question cards for attacking (A) and the corresponding concept

cards for defense (D).

Project Program Cards (A)

Development Concept Cards (D)

An upcoming product has a major issue. The
product was coded with a logical error.

Engineers address product issues promptly or use
Pair Programming to reduce program defects.

When writing the product’s unit test, the coverage
rate of the unit test cannot exceed a certain thresh-
old. Discrepancies in discussions with product
stakeholders regarding the required functionality
for the project.

Teams will schedule project discussion meetings
to enhance precisely unit test coverage or usage.

During product processing, different package ver-
sions frequently

Employ a unified development environment for
each developer to avoid potential writing conflicts.

Due to the use of different environmental sys-
tems during project processing, some program
data cannot be read or used.

Continuous delivery using Jenkins can unify envi-
ronment variables and versioning.

Due to the different versions of the environment,
there will be errors in the compilation of the pro-
gram during the processing of the product.

Using GitLab for version control of a program can
unify the package and product versions.

Test Cards (A)

Test Concept Cards (D)

The testing project discovered that the code
patched one bug but introduced another. When
the developer’s code passes testing and is deter-
mined to be valid, the area is distinct, posing test-
ing challenges.

Using Teams or Jira, communicate with develop-
ers regarding testing defects.

It is discovered during product testing that the
provided product testing requirements are
flawed. There are distinctions between testing
product requirements and product development

Teams or Jira can be used to discuss product spec-
ifications with developers.

The test environment system is different from the
developers, so some data cannot be read or uti-
lized.

Please configure the environments of quality as-
surance personnel and developers in a

Using a different software version on the test
causes errors during product launches due to in-
consistencies.

Continuous delivery using Jenkins can unify envi-
ronment variables and versioning.

Using a different environment version on test re-
sults in errors when launching production due to
variations.

Using GitLab for version control of a program can
unify the package and product versions.

Operation Cards (A)

Operation Concept Cards (D)

The server was compromised by outsiders, who
stole crucial data. The SQL database in the back-
ground is corrupt, users cannot use SQL com-
mands to retrieve data correctly, and some data
are lost.

Emergency backup and setting the data as read-
only to repair information security vulnerabilities
or actively backing up the database during normal
business hours; when the website is inaccessible,
close the original data and enable users to access
the backup data.
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The server’s system check is malfunctioning.
There is no standardization in the online product
support process. Errors require re-adjustment of
environmental parameters.

Utilize Teams or Jira to communicate with devel-
opers and report issues.

The configuration version of the production en-
vironment differs from that of the developer,
causing an error when executing the product

Please standardize the environments of developers
and operations and maintenance personnel to pre-
vent unidentified errors.

The production environment uses a different
suite than the suite used by the developer.

Continuous delivery using Jenkins can unify envi-
ronment variables and versioning.

Due to the difference in environment version,
there will be errors in the program compilation

Using GitLab for version control of a program can
unify the package and product versions.

during the processing of the product.

The server is discovered to be disconnected from
the monitor; therefore, it is necessary to determine
whether the server is shut down or abnormal.

There is a problem with the monitoring server’s
management, and the

Appendix 2. The questionnaire and corresponding factor loading values.

Factor
Performance Expectancy (PE) Loading
PE-1 | think using card games improves my understanding of software develop- 0.906
ment concepts
I think using card games makes it easier to remember software engineering-
PE-2 " i 0.947
related knowledge than traditional teaching methods
PE-3 I think using card games can help me understand the actual process of soft- 0.878
ware development. '
Hedonic Motivation (HM)
HM-1 Learning with card games is enjoyable. 0.863
HM-2 psing card games gives me more motivation to learn than traditional teach- 0.900
ing methods
HM-3 The compe?titiveness of using card games is enough to make me more active 0.760
in my studies.
Active Learning (AL)
AL-1 Through the card game, | think that | know how to solve the problem. 0.863
Through th I think h ing of th f th
AL-D rough the card game, | think about the meaning of the arrangement of the 0.858
game flow.
When I’'m playi | i h ies | | i
AL-3 en I’m playing cards, | consider what strategies | can employ to improve 0.953
my results.
Social Influence (SI) *
SI-1* The course’s demands compelled me to participate in the card game. 0.841
SI-2* My classmates actively participated in the card game, so | did as well. 0.884
Gamification (GM)
Gamification of educational objectives allows me to understand the educa-
GM-1 . . 0.803
tional content better than traditional text-based lessons
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The gamification of the educational content made me feel more involved in
GM-2* g _ 0.955
the course learning

The integration of the actual software development process through card

GM-3
games is helpful to me

0.960

GM-4 Physical card games are easier to remember than books or handouts 0.957

Behavioral Intention (BI)

BI-1 | prefer to conduct the course with the aid of games rather than traditional 0.954
teaching. '

If other courses are offered in the future (software quality testing), | would be

BI-2 . - . -
more willing to participate if they are taught in a game format.

0.960

Open-Ended Question (OEQ)

OEQ-1 | How do you think the card game assistance will help in the actual course?

If you had to choose between a traditional class or a game as a course aid,

EQ-2
OFQ which would you choose and why?

What improvements do you think the software engineering card game could

EO-
OEQ-3 make?

* deleted items



