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Abstract
Learning computer programming is often perceived as difficult due to
abstract concepts, complex syntax, and the challenges associated with
algorithm design and debugging. With the rapid growth of technology
and digital learning, new instructional approaches have emerged to ad-
dress these challenges. Game-based learning and collaborative learning
are two widely adopted strategies in programming education. This study
investigates their impact on students’ motivation, programming skills, and
learning outcomes. Participants were 198 first-year university students,
divided into two groups: a game-based learning group (GBL, n = 83) and
a collaborative learning group (COL, n = 115). Both groups completed
a pre-test to assess prior knowledge, studied PHP programming concepts
using different instructional approaches, completed programming assign-
ments, and then completed a post-test and a motivation questionnaire.
Results indicate that COL students reported significantly higher moti-
vation in the intrinsic motivation, grade motivation, self-determination,
and self-efficacy dimensions than GBL students. Regarding programming
skills, COL students performed better in identifying outputs, whereas
GBL students demonstrated stronger performance in identifying inputs
and processes. No significant difference was found in overall learning
achievement between the two groups. These findings suggest that collab-
orative learning enhances engagement and comprehension through team-
work and peer interaction, while game-based learning provides an inter-
active and enjoyable means of developing technical skills. Consequently,
educators should carefully select pedagogical approaches and tools that
best suit their instructional context and learners’ needs.

1. Introduction

Programming is a crucial skill for many modern careers
(Song et al., 2021; Scherer et al., 2020). Developing this
skill enhances problem-solving ability, logical thinking,
and creativity, which are essential competencies for pro-
fessional success (Daungcharone et al., 2024). However,
learning programming remains challenging because of
abstract concepts, complex syntax, algorithm design,
and debugging processes. These challenges often lead
students to perceive programming as a difficult sub-
ject (van Niekerk and Webb, 2016; Hainey and Baxter,

2024).

Advancements in technology and digital learning
have transformed programming education to better
meet learners’ needs. Traditionally, programming was
taught through lectures and computer-based exercises
(Santilli et al., 2025). In the digital era, programming,
recognized as an essential 21st-century skill (Lavi et al.,
2021; Dilekçi and Karatay, 2023), is increasingly sup-
ported by educational technologies that make learning
more effective, engaging, and enjoyable (Liang et al.,
2024).

Today, learners have access to a variety of learning
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resources, such as interactive coding platforms, game-
based learning tools, visual programming tools, collab-
orative coding platforms, virtual reality learning tools,
and AI-powered learning assistants. These technologies
help create authentic learning experiences that meet
diverse learner needs in the digital age (Ibarra-Torres
et al., 2024; Gutiérrez Beltrán and Mart́ınez Arias, 2025;
Arnedo-Moreno and Garćıa-Solórzano, 2025; Molina
et al., 2025).

Among these approaches, game-based learning is
one of the most prevalent educational formats. Games
enhance learners’ engagement with learning materials
and foster curiosity. Furthermore, these games pro-
vide learners with opportunities to develop their skills in
situations that reflect real-world contexts (Hainey and
Baxter, 2024; Arnedo-Moreno and Garćıa-Solórzano,
2025; Al-Jamili et al., 2024). Similarly, collaborative
learning (COL) supports the development of program-
ming skills through teamwork, knowledge sharing, and
collective problem-solving. When enhanced with online
collaboration tools, it fosters logical reasoning, creativ-
ity, and adaptability (Liao et al., 2019; Lapitan et al.,
2023).

Previous studies have shown that both game-based
learning and collaborative learning environments can ef-
fectively enhance students’ learning motivation and aca-
demic achievement. However, there is a noticeable gap
in the research regarding the direct comparison of these
two approaches, particularly in the context of learn-
ing computer programming. Therefore, this study aims
to investigate the effects of game-based learning and
collaborative learning environments in a computer pro-
gramming course. The findings are expected to provide
insights into the suitability of these instructional ap-
proaches for future teaching and learning.

Three research questions have been formulated as
follows:

RQ1: Are there significant differences in programming
learning motivation between students engaged in
a game-based learning environment and those en-
gaged in a collaborative learning environment?

RQ2: Are there significant differences in programming
skills between students educated in a game-based
learning environment and those educated in a col-
laborative learning environment?

RQ3: Are there significant differences in programming
learning achievement between students engaged in
a game-based learning environment and those en-
gaged in a collaborative learning environment?

2. Related Work

This study reviews previous research on game-based
learning, collaborative learning, and educational tech-
nologies that aim to enhance students’ motivation,

achievement, and performance in computer program-
ming.

2.1 Key Skills in Computer Programming

Computer programming is a fundamental skill that un-
derpins many aspects of modern society, with applica-
tions extending across diverse industries and disciplines
(Song et al., 2021; Scherer et al., 2020; Daungcharone
et al., 2024). The literature identifies several key skills
that contribute to programming success. Problem-
solving is widely regarded as a cornerstone of program-
ming expertise because it enables learners to decompose
complex problems into manageable components (van
Niekerk and Webb, 2016; Hainey and Baxter, 2024).
Logical thinking refers to the ability to analyze, formu-
late, and implement effective algorithms for program
development (Román-González et al., 2017). Compu-
tational and mathematical abilities, particularly in al-
gebra, logic, and discrete mathematics, are also funda-
mental to many programming concepts, especially those
related to algorithm design, optimization, and complex-
ity analysis (Hainey and Baxter, 2024; Román-González
et al., 2017).

Moreover, programming proficiency requires mas-
tery of several fundamental concepts that form the foun-
dation of programming expertise. Understanding the
syntax of a programming language is essential, includ-
ing the rules governing input, processing, and output
operations. Furthermore, control flow mechanisms such
as conditionals, loops, and recursion enable program-
mers to manage program execution effectively (Hainey
and Baxter, 2024).

In addition, Joseph’s Programmer Competency Ma-
trix emphasizes several competencies that contribute to
programming expertise, including problem decomposi-
tion, code organization, code readability, defensive cod-
ing, and error handling (Joseph, nd).

2.2 Game-Based Learning Enhances Com-
puter Programming Performance

Many researchers emphasize the importance of integrat-
ing academic content with gaming elements to create
educational computer games. Such games engage learn-
ers in enjoyable learning environments while improving
their understanding of subject content (Arnedo-Moreno
and Garćıa-Solórzano, 2025). Educational games exist
in various forms and can be designed to support dif-
ferent learning objectives and learner characteristics.
Therefore, the selection of educational games should
consider both the subject matter and learner needs.

Hamari et al. demonstrated that educational games
positively influence learning by increasing challenge
and skill development, which subsequently enhance
engagement and learning outcomes (Hamari et al.,
2016). Koorsse et al. highlighted the effectiveness
of computer games in teaching programming concepts
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(Koorsse et al., 2015). Furthermore, Hainey and Bax-
ter investigated the characteristics of games that influ-
ence programming learning in higher education (Hainey
and Baxter, 2024). Their findings demonstrated the ef-
fectiveness of games in teaching fundamental program-
ming concepts, including variable declaration, program-
ming syntax, conditionals, loops, functions, arithmetic
operators, logical operators, and program execution se-
quences.

The use of educational games as digital learning
tools can enhance student satisfaction, engagement, and
learning effectiveness while providing meaningful learn-
ing experiences that promote motivation and problem-
solving skills (Arnedo-Moreno and Garćıa-Solórzano,
2025; Chen and Huang, 2024). Educational games lever-
age their motivational characteristics to address educa-
tional challenges and support skill development (Hainey
and Baxter, 2024; Cheng et al., 2023). By combin-
ing instructional content with interactive and enjoyable
experiences, educational games provide a more engag-
ing alternative to traditional instructional approaches
(Arnedo-Moreno and Garćıa-Solórzano, 2025; Chen and
Huang, 2024).

2.3 Fostering Programming Performance
with Collaborative Learning

Collaborative learning is an effective instructional strat-
egy for enhancing students’ skills and competencies in
higher education (Muñoz Miguel et al., 2023). Collab-
orative learning is an educational approach in which
students work together to achieve shared learning ob-
jectives. Through collaborative engagement in various
tasks and activities, learners can reflect on their under-
standing, exchange ideas, and develop important social
and communication skills through meaningful group in-
teractions (Serrano-Cámara et al., 2014).

This approach promotes student interaction, knowl-
edge sharing, and collaborative knowledge construction
while reducing limitations associated with time and lo-
cation. Online collaborative learning offers a flexible
framework that can be effectively implemented in con-
temporary educational environments. Both face-to-face
and online learning settings can benefit from collabo-
rative learning by fostering a sense of belonging and
increasing student engagement. Previous studies have
shown that collaborative learning positively influences
academic performance, motivation, and participation
(Liao et al., 2019; Serrano-Cámara et al., 2014).

The effectiveness of online collaborative learning can
be attributed to its instructional structure and interac-
tive characteristics, which promote active and mean-
ingful learning experiences. Such environments facil-
itate the development of higher-order thinking skills,
including critical thinking and problem-solving, while
enhancing motivation and overall learning satisfaction
(Daungcharone et al., 2024; Liao et al., 2019). The flex-
ibility and inclusiveness of collaborative learning make

it a valuable instructional approach for improving en-
gagement, learning outcomes, and skill development in
modern educational settings.

The literature highlights the potential benefits of
both game-based learning and collaborative learning
for programming education. Game-based learning en-
hances motivation, engagement, and problem-solving
skills by integrating interactive and enjoyable learning
experiences. It also supports conceptual understand-
ing and makes complex topics more accessible to learn-
ers. In contrast, collaborative learning promotes team-
work, communication, and critical thinking through
shared learning activities and peer interaction. Both ap-
proaches can contribute to increased motivation, active
participation, and improved learning outcomes. There-
fore, this study compares the effectiveness of game-
based learning and collaborative learning in enhancing
students’ programming skills and examines the suitabil-
ity of these instructional approaches for future teaching
and learning contexts.

3. Research Methodology

This study adopted a quasi-experimental design to in-
vestigate the effects of game-based learning (GBL) and
collaborative learning (COL) on students’ motivation,
programming skills, and learning achievement. Data
were collected from two groups of students who were
assigned to different learning environments through a
lottery draw. One group participated in a game-based
learning environment, whereas the other group learned
through a collaborative learning environment. The re-
search methodology is described in the following sub-
sections.

3.1 Participants

This study involved 198 volunteer first-year university
students from Chiang Mai University and Maejo Uni-
versity, aged between 18 and 20 years, who were en-
rolled in information technology, computer science, and
related programs requiring foundational programming
knowledge for business applications. All participants
shared a similar background in PHP programming for
web application development. The demographic charac-
teristics of the participants are summarized in Table 1.

Table 1. Participants’ demographic characteristics.

Group Characteristic Option Frequency Percentage (%)

GBL
Age

18 29 14.65
19 40 20.20
20 14 7.07

Gender
Male 48 24.24
Female 35 17.68

COL
Age

18 42 21.21
19 55 27.78
20 18 9.09

Gender
Male 69 34.85
Female 46 23.23
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Regarding the learning environment, 83 students
were assigned to study computer programming through
a game-based learning environment (GBL), whereas 115
students were assigned to a collaborative learning envi-
ronment (COL). Each student had an equal probability
of assignment through a lottery draw, thereby ensuring
fairness in the assignment process and reducing poten-
tial researcher bias.

3.2 Measurement Tools

Four measurement instruments were developed to assess
students’ learning outcomes in accordance with the ob-
jectives of the study. Pre-test and post-test assessments
were used to evaluate students’ learning achievement
and improvements in PHP programming knowledge be-
fore and after the intervention. A rubric-based assess-
ment was employed to evaluate practical programming
skills through programming assignments. In addition,
a motivation questionnaire was administered to assess
students’ learning motivation. Details of the four in-
struments are described below.

The pre-test was administered to evaluate stu-
dents’ PHP programming knowledge before instruction,
whereas the post-test assessed their knowledge after the
learning process. Both tests were developed by lecturers
responsible for teaching the introductory PHP program-
ming course. Each test consisted of 20 multiple-choice
questions covering the identification of program inputs,
outputs, and processes. The content focused on funda-
mental PHP programming concepts, including sequence
structures (executing statements in a linear order), se-
lection structures (using conditional statements to de-
termine actions based on specified criteria), and repeti-
tion structures (executing a code block repeatedly).

The KR-20 coefficient was employed to evaluate the
reliability of the pre-test and post-test instruments.
KR-20 coefficients of 0.76 and 0.78 for the pre-test and
post-test, respectively, indicated acceptable reliability.

The third instrument was a rubric-based assess-
ment designed to evaluate students’ programming skills
through practical assignments. These assignments cov-
ered fundamental PHP programming concepts, includ-
ing algorithm design using sequence, selection, and rep-
etition structures. The first dimension, identifying in-
put, measured students’ understanding of the data re-
quired by a program. The second dimension, identi-
fying output, evaluated students’ ability to determine
the expected output produced after program execution.
The third dimension, identifying the process, assessed
students’ competency in constructing PHP expressions
and procedures to solve programming problems.

Table 2 presents the adapted rubric scoring sys-
tem based on Joseph’s Programmer Competency Matrix
(Joseph, nd). The rubric evaluated three dimensions of
programming skills, with proficiency levels ranging from
0 to 3. A score of 0 indicated insufficient knowledge
or skills and suggested a need for additional instruc-

tion and support. A score of 1 reflected basic profi-
ciency, indicating that students possessed limited un-
derstanding and required further practice. A score of
2 represented intermediate proficiency, demonstrating
reasonable problem-solving ability and conceptual un-
derstanding, although additional practice was still nec-
essary. A score of 3 indicated advanced proficiency,
demonstrating the ability to solve problems effectively
and a thorough understanding of the subject matter.

The fourth instrument was the motivation question-
naire developed by Glynn et al. (2011). The question-
naire was used to assess students’ motivation in learning
programming analysis and design. It employed a five-
point Likert scale ranging from 1 (strongly disagree)
to 5 (strongly agree) and consisted of 20 items divided
equally into four dimensions, with five items per dimen-
sion.

Intrinsic motivation (IM) refers to the inherent sat-
isfaction derived from learning programming. Example
item: “I enjoyed learning about programming and was
interested in the topic through game-based learning/-
collaborative learning.”

Grade motivation (GM) refers to students’ desire to
achieve high academic performance through acquired
knowledge and skills. Example item: “I believe that us-
ing game-based learning/collaborative learning will help
me achieve a high score in programming.”

Self-determination motivation (SDM) refers to stu-
dents’ commitment and effort in managing their own
learning process. Example item: “I fully utilized game-
based learning/collaborative learning to learn about
programming.”

Self-efficacy motivation (SEM) refers to students’
beliefs in their capability to learn programming success-
fully. Example item: “I am confident in using game-
based learning/collaborative learning to learn about
programming.”

The questionnaire demonstrated high reliability,
with a Cronbach’s alpha coefficient of 0.91.

3.3 Research Procedures

To achieve the objectives of this study, the effects of
game-based learning and collaborative learning on stu-
dents’ motivation, programming skills, and learning
achievement were investigated. Fig. 1 illustrates the
experimental procedure. The study began with par-
ticipants completing a 20-minute PHP programming
pre-test. Participants volunteered to participate in the
study and were subsequently assigned to learning en-
vironments through a lottery draw. A total of 83 stu-
dents were assigned to a game-based learning environ-
ment (GBL), whereas 115 students were assigned to a
collaborative learning environment (COL).
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Table 2. Rubric scoring structure to evaluate PHP programming skills.

Dimension Level 0 Level 1 Level 2 Level 3

Input Unable to define the
input.

Can define 50% of the
input.

Can define 100% of
the input.

Defines 100% of the
input systematically
and coherently.

Output Unable to define the
output.

Can define 50% of the
expected output.

Can define 100% of
the expected output.

Outputs 100% of the
expected results sys-
tematically and co-
herently.

Process Unable to create ex-
pressions.

Can create 50% of the
required expressions.

Creates 100% of the
required expressions
accurately.

Produces 100% of the
required expressions
systematically and
coherently.

Figure 1. Research experiment procedures.

Students in both groups studied PHP programming
for five weeks, totaling 20 instructional hours, includ-
ing 4 hours on sequence structures, 8 hours on selec-
tion structures, and 8 hours on repetition structures.
Following the instructional period, students completed
a 60-minute programming assignment covering funda-
mental PHP programming concepts. The assignment
was designed to evaluate programming skills in three
dimensions: identifying input, identifying output, and
identifying the programming process. Finally, partici-
pants completed a 20-minute PHP programming post-
test and a 10-minute learning motivation questionnaire.

To support learning in the game-based learning en-
vironment, the CP-Game (Thongkoo et al., 2020) was
adopted as the primary learning tool. The CP-Game
was designed to assist students in learning, analyzing,
designing, and developing computer programs through
gameplay. The game aimed to reduce students’ per-
ceptions of programming as a difficult subject while
encouraging interest, self-directed learning, and knowl-

edge construction. It also helped students understand
the stages of computer program execution through ev-
eryday scenarios embedded within the game environ-
ment. Furthermore, the game assisted students in iden-
tifying programming errors and correcting them during
the learning process. These interactive scenarios en-
abled students to learn programming concepts through
a step-by-step approach, as illustrated in Fig. 2.

Figure 2. The CP-Game overview.

To support collaborative learning, the Logical-
Thinking Diagnosis System (LTDS) (Daungcharone
et al., 2024) was employed as a learning tool that al-
lowed students to design and develop programs collab-
oratively with their classmates. The system provided
functions for evaluating logical reasoning in program-
ming and delivering feedback on students’ strengths and
weaknesses. It included a graphical interface that sup-
ported the creation and manipulation of flowchart com-
ponents, such as shapes and connectors, thereby facili-
tating program planning and debugging before coding.

The LTDS also promoted algorithmic thinking
through flowchart-based problem-solving activities. In
addition, the system supported online collaborative
learning by allowing multiple users to interact with the
same flowchart simultaneously in real time. Commu-
nication functions, including a chat interface, enabled
synchronous discussion and brainstorming among group
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members. Consequently, students could learn, prac-
tice, and discuss programming concepts collaboratively,
learn from mistakes, solve problems with peers, and re-
ceive guidance from instructors. An overview of the
LTDS is presented in Fig. 3.

Figure 3. The logical-thinking diagnosis system
overview.

4. Experimental Results

This study examines the impact of game-based learning
and collaborative learning approaches on students’ mo-
tivation, programming skills, and learning achievement
in computer programming. The results of the experi-
ment are detailed below.

4.1 Result of Learning Motivation

Table 3 presents the results of a one-way MANOVA
examining students’ motivation to learn computer pro-
gramming across four dimensions: intrinsic motivation
(IM), grade motivation (GM), self-determination moti-
vation (SDM), and self-efficacy motivation (SEM). The
analysis compared students in the game-based learning
environment with those in the collaborative learning
environment. Statistically significant differences were
observed between the two learning environments for
all four motivational dimensions: intrinsic motivation
(F = 23.880, p = 0.006, η2 = 0.109), grade motivation
(F = 27.575, p = 0.005, η2 = 0.123), self-determination
motivation (F = 33.532, p = 0.007, η2 = 0.146),
and self-efficacy motivation (F = 26.999, p = 0.004,
η2 = 0.121).

Table 3. Results of one-way MANOVA regarding stu-
dents’ learning motivation.

Dimension MS F(1,196) η2

IM 12.211 23.880∗ 0.109

GM 14.424 27.575∗ 0.123

SDM 17.249 33.352∗ 0.146

SEM 14.144 26.999∗ 0.121

∗p < 0.05

Additionally, Table 4 presents the descriptive statis-
tics of students’ learning motivation in the two learn-
ing environments. The results indicate that students
in the collaborative learning environment demonstrated
higher levels of intrinsic motivation (M = 4.06, SD =
0.800), grade motivation (M = 4.16, SD = 0.790), self-
determination motivation (M = 4.12, SD = 0.791), and
self-efficacy motivation (M = 4.15, SD = 0.803) than
students in the game-based learning environment (IM:
M = 3.56, SD = 0.576; GM: M = 3.62, SD = 0.617;
SDM: M = 3.52, SD = 0.598; SEM: M = 3.60,
SD = 0.595).

Table 4. Descriptive statistics of students’ learning mo-
tivation by learning environment.

Dimension Learning
Environment

n M SD

IM
GBL 83 3.56 0.576

COL 115 4.06 0.800

GM
GBL 83 3.62 0.617

COL 115 4.16 0.790

SDM
GBL 83 3.52 0.598

COL 115 4.12 0.791

SEM
GBL 83 3.60 0.595

COL 115 4.15 0.803

4.2 Result of Computer Programming Skill

A one-way MANOVA was conducted to compare stu-
dents’ programming skills in three areas: identifying
input, identifying output, and identifying program pro-
cesses. Students in the game-based learning environ-
ment were compared with those in the collaborative
learning environment. Table 5 presents the results. A
statistically significant difference was found in identify-
ing output skills (F = 23.487, p = 0.005, η2 = 0.107).
However, no statistically significant differences were ob-
served in identifying input skills (F = 2.767, p = 0.098,
η2 = 0.014) or identifying process skills (F = 0.047,
p = 0.828, η2 = 0.002) between the two learning envi-
ronments.

Table 5. One-way MANOVA results for students’ pro-
gramming skills.

Skill MS F(1,196) η2

Input 1.218 2.767 0.014

Output 11.873 23.487∗ 0.107

Process 0.023 0.047 0.002

∗p < 0.05

Furthermore, Table 6 presents the descriptive statis-
tics of students’ programming skills in the two learning

6



Daungcharone and Thongkoo Journal of Applied Informatics and Technology 2026, 8(2), 260398

environments. The findings indicate that students in
the collaborative learning environment obtained higher
scores in identifying output (M = 2.56, SD = 0.763)
than students in the game-based learning environment
(M = 2.06, SD = 0.631). In contrast, students in
the game-based learning environment achieved slightly
higher mean scores in identifying input (M = 2.60,
SD = 0.680) and identifying process skills (M = 2.27,
SD = 0.842) than students in the collaborative learn-
ing environment (M = 2.44, SD = 0.651 andM = 2.25,
SD = 0.574, respectively).

Table 6. Descriptive statistics of students’ programming
skills by learning environment.

Dimension Learning
Environment

n M SD

Input
GBL 83 2.60 0.680

COL 115 2.44 0.651

Output
GBL 83 2.06 0.631

COL 115 2.56 0.763

Process
GBL 83 2.27 0.842

COL 115 2.25 0.574

4.3 Result of Learning Achievement

Students’ learning achievement was evaluated using a
one-way ANCOVA based on PHP programming pre-
test and post-test scores. Students in the game-based
learning environment were compared with those in the
collaborative learning environment. The learning envi-
ronment was treated as the independent variable, the
post-test score as the dependent variable, and the pre-
test score as the covariate to control for differences in
prior knowledge.

Table 7 shows that the difference in post-test scores
between students in the game-based learning environ-
ment and those in the collaborative learning environ-
ment was not statistically significant (F = 1.813, p =
0.180, η2 = 0.009). Although the difference was not
significant, students in the collaborative learning envi-
ronment achieved a higher mean post-test score (M =
12.30, SD = 3.228) than students in the game-based
learning environment (M = 11.42, SD = 2.741).

Table 7. One-way ANCOVA results for students’ learn-
ing achievement.

Learning
Environment

n M SD MS F(1,195) η2

GBL 83 11.42 2.741
13.781 1.813 0.009

COL 115 12.30 3.228

5. Discussion

The findings of this study highlight the comparative
effectiveness of game-based learning (GBL) and col-
laborative learning (COL) environments in enhancing
students’ motivation, programming skills, and learning
achievement in computer programming. The results
provide valuable insights into the strengths and limi-
tations of these instructional approaches and their im-
plications for programming education.

To answer RQ1, the findings presented in Tables 3
and 4 indicate that students in the COL environment
demonstrated higher levels of motivation across all di-
mensions, including intrinsic motivation, grade moti-
vation, self-determination motivation, and self-efficacy
motivation, than students in the GBL environment.
These findings suggest that collaborative learning pro-
vides a supportive and engaging learning environment
that encourages students to participate actively in the
learning process. The higher motivation levels observed
in the COL environment may be attributed to oppor-
tunities for peer interaction, idea exchange, and team-
work.

To answer RQ2, the results reveal mixed findings re-
garding students’ programming skills, as shown in Ta-
bles 5 and 6. Students in the COL environment achieved
significantly higher scores in identifying program out-
puts than students in the GBL environment. However,
no statistically significant differences were observed be-
tween the two groups in identifying program inputs and
processes. Although students in the GBL environment
obtained slightly higher mean scores in these dimen-
sions, the differences were not statistically significant.
These findings suggest that collaborative learning may
facilitate conceptual understanding related to program
outputs, whereas game-based learning may support pro-
cedural thinking and problem-solving activities com-
monly associated with programming tasks. Such out-
comes may be explained by the interactive and immer-
sive characteristics of game-based activities, which often
encourage systematic problem-solving and algorithmic
reasoning (Hamari et al., 2016; Chen and Huang, 2024).
Overall, the findings suggest that both approaches con-
tribute to programming skill development through dif-
ferent instructional mechanisms.

To answer RQ3, the results indicate no statisti-
cally significant difference in learning achievement be-
tween students in the GBL and COL environments,
as shown in Table 7. Although students in the COL
environment achieved a slightly higher mean post-test
score than students in the GBL environment, the dif-
ference was not statistically significant. This finding
suggests that both instructional approaches can effec-
tively support student learning, although they may do
so through different learning processes (Daungcharone
et al., 2024; Hainey and Baxter, 2024; Arnedo-Moreno
and Garćıa-Solórzano, 2025; Liao et al., 2019). Collabo-
rative learning encourages deeper understanding and re-
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flection through peer discussion and group interaction,
whereas game-based learning emphasizes active partic-
ipation and independent problem-solving.

The findings of this study provide practical implica-
tions for teachers and curriculum developers seeking to
improve programming instruction. The results suggest
that both game-based learning and collaborative learn-
ing are effective instructional approaches and that com-
bining their strengths may enhance learning outcomes.
For example, teachers may employ game-based learning
activities to strengthen students’ problem-solving and
algorithmic reasoning skills while incorporating collab-
orative learning activities to promote teamwork, com-
munication, and conceptual understanding. Curricu-
lum developers may also consider integrating gamified
elements into collaborative tasks or designing project-
based learning activities that combine competition and
cooperation to sustain student motivation and engage-
ment. Furthermore, teacher professional development
programs should emphasize the effective balance be-
tween individual and group learning activities, enabling
teachers to adapt instructional strategies according to
learning objectives, student characteristics, and class-
room contexts.

6. Conclusion

This study examined the comparative effects of game-
based learning (GBL) and collaborative learning (COL)
environments on students’ motivation, programming
skills, and learning achievement in computer program-
ming. The findings directly address the three research
questions and provide insights into how each instruc-
tional approach contributes to different aspects of stu-
dent learning.

For RQ1, students in the COL environment demon-
strated higher levels of motivation across all dimen-
sions, including intrinsic motivation, grade motivation,
self-determination motivation, and self-efficacy motiva-
tion. These findings suggest that collaborative learning
can create a supportive learning environment through
peer interaction, communication, and shared problem-
solving experiences, thereby enhancing student motiva-
tion.

For RQ2, the findings revealed partial differences in
programming skills between the two learning environ-
ments. Students in the COL environment performed
better in identifying program outputs, whereas stu-
dents in the GBL environment obtained slightly higher
mean scores in identifying program inputs and pro-
cesses. These results suggest that collaborative learn-
ing may support conceptual understanding, while game-
based learning may facilitate procedural thinking and
problem-solving skills.

For RQ3, no statistically significant difference in
learning achievement was observed between students in
the two learning environments. Although students in

the COL environment achieved slightly higher post-test
scores, both instructional approaches were effective in
supporting learning achievement. This finding suggests
that game-based learning and collaborative learning can
improve student performance through different instruc-
tional mechanisms.

One limitation of this study is that the participants
were drawn from a single institution, which may limit
the generalizability of the findings. In addition, the in-
tervention was conducted within a single programming
course and over a limited instructional period.

Overall, the results indicate that both GBL and
COL are effective yet distinct pedagogical approaches
for programming education. Collaborative learning ap-
pears to be particularly beneficial for enhancing stu-
dent motivation and conceptual understanding, whereas
game-based learning may provide advantages in pro-
moting engagement and problem-solving skills. Future
research should investigate hybrid instructional models
that integrate the strengths of both approaches and ex-
plore how emerging technologies, including AI-assisted
educational games and collaborative learning platforms,
can further support programming education.

Acknowledgments

This work is an extension of the study by the National
Research Council of Thailand (NRCT), RGNS 63-083.

CRediT Authorship Contribution
Statement

Kannika Daungcharone: Conceptualization, Methodol-
ogy, Software, Formal analysis, Validation, Investiga-
tion, Data Curation, Visualization, Funding acquisition,
Writing – Original Draft. Krittawaya Thongkoo: Con-
ceptualization, Methodology, Software, Validation, In-
vestigation, Resources, Data Curation, Writing – Re-
view Editing.

Declaration of Interests

The authors declare that they have no known competing
financial interests or personal relationships that could
have appeared to influence the work reported in this
paper.

References

Al-Jamili, O., Aziz, M., Mohammed, F., Almogahed,
A., and Alawadhi, A. (2024). Evaluating the effi-
cacy of computer games-based learning intervention
in enhancing english speaking proficiency. Heliyon,
10(16):e36440. DOI: 10.1016/j.heliyon.2024.e36440.

8



Daungcharone and Thongkoo Journal of Applied Informatics and Technology 2026, 8(2), 260398

Arnedo-Moreno, J. and Garćıa-Solórzano, D. (2025).
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