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Abstract—This research paper investigates the effectiveness
of Game-Based Learning (GBL) in enhancing the memorization
of computer science terminology and motivation among
primary school students. Conducted with a sample of 80
students divided into an Experimental Group (EG) and a
Control Group (CG), the study employed a quantitative
methodology, including tests, questionnaires, and statistical
analyses to evaluate the impact of a custom-developed game,
“Rusty Rusty,” on learning outcomes. The findings revealed
that students in the EG, who learned through GBL,
demonstrated significantly higher memorization skills and
motivation levels compared to their CG counterparts, who were
taught using traditional methods. The study also explored the
theoretical underpinnings of GBL, its practical implications for
educators, and acknowledged the limitations of its research
approach. With a significant difference in final exam scores and
motivation rates, the results affirm the potential of GBL as a
more engaging and effective alternative to conventional
teaching in primary education. This study delves into the
integration of gaming practices as a pivotal educational
technology approach, specifically aimed at enhancing computer
science terminology learning among primary school students. It
underscores the potential of interactive and engaging methods
to enhance learning experiences and outcomes, demonstrating
how these approaches can make challenging subjects, such as
computer science, accessible and appealing to young learners in
the digital age.

Keywords—game based learning, interactive learning,
computer science education, terminology learning, education
technology

I. INTRODUCTION

The integration of Game-Based Learning (GBL) in
educational contexts represents a significant shift in teaching
methodologies, particularly in the realm of computer science
education for young learners. In an academic context, the
weaknesses of traditional learning methods in enhancing
students’ memory and motivation often stem from a lack of
engagement and interactivity. Traditional methods,
characterized by rote memorization and passive learning, do
not sufficiently cater to the diverse learning styles and
interests of all students. This can lead to disengagement,
decreased motivation, and ultimately, lower retention rates of
the subject matter. Moreover, such methods may not
effectively leverage the cognitive and emotional benefits that
interactive and participatory learning experiences, like those
offered by Game-Based Learning (GBL), provide. GBL
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engages students in an active learning process, promoting
higher levels of cognitive engagement through
problem-solving and critical thinking tasks, which are
essential for the retention of complex concepts like computer
science terminology. Additionally, the motivational aspects
of GBL, such as instant feedback, rewards, and a sense of
achievement, significantly contribute to maintaining
students’ interest and enthusiasm for the subject, thereby
addressing the key weaknesses of traditional learning
methodologies. This research paper explores the
effectiveness of a custom-developed game, “Rusty Rusty,”
designed specifically as a tool for teaching computer science
terminology to primary school students. The proposed study
is based on the hypothesis that game-based learning can
substantially improve the acquisition of computer science
terminology among elementary school students.

Game-based learning has garnered attention for its ability
to foster student engagement and motivation, critical
components in the learning process, especially for younger
students [1]. Research in this area has consistently shown that
GBL can lead to higher retention rates and deeper
comprehension of educational content [2]. This aligns with
educational theories advocating for interactive and
participatory learning environments over traditional,
lecture-based approaches [3].

The need for early exposure to computer science is
increasingly recognized in educational research. As a field,
computer science not only offers substantial career
opportunities but also cultivates essential skills like critical
thinking, problem-solving, and analytical reasoning [4].
Early engagement in computer science can spark interest and
proficiency in STEM subjects, which is crucial in our
technologically driven society [5].

In response to this need, “Rusty Rusty” game was
developed. It is an educational game that integrates key
concepts and terminology from computer science into its
gameplay. Unlike traditional educational methods, “Rusty
Rusty” utilizes interactive storytelling and problem-solving
activities to teach computer science concepts in an engaging
and age-appropriate manner. The design of the game is based
on principles of educational psychology, leveraging the
natural inclination of children towards play for pedagogical
purposes [6]. Such interactive learning methods have been
shown to enhance memory retention and understanding,
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crucial for complex subjects like computer science [7].

Despite the recognized potential of game-based learning,
empirical evidence supporting its efficacy in teaching
specific disciplines such as computer science at the primary
school level is sparse [8]. This study aims to fill this gap by
conducting a controlled experiment with two groups of
students. The focus is on assessing how effectively the
proposed game facilitates learning of computer science
terminology compared to traditional teaching methods.

Recognizing the unique characteristics of the digital
generation is crucial in modern education [9]. Today’s
children are more familiar with interactive and
multimedia-rich environments, suggesting a potential
mismatch with traditional teaching styles [10]. This study
considers these dynamics, proposing that adapting teaching
methods to align with the preferences of this digitally savvy
cohort could yield better educational outcomes.

In summary, this research paper seeks to contribute to the
expanding literature on game-based learning and its
applicability in primary education, with a particular focus on
computer science. The study explores how game-based
learning can serve as an effective educational strategy. It
seeks to offer insights on using digital games to captivate
young learners and improve their understanding of complex
topics, including computer science.

Il. RELATED WORKS

A. Game-Based Learning (GBL)

Game-Based Learning (GBL) is an instructional method
that incorporates game play and educational principles to
enhance learning and engagement. Defined broadly, GBL
encompasses any form of game play with clearly defined
learning outcomes [11, 12]. The primary objective of GBL is
to leverage the motivational aspects of games to facilitate
deeper learning and retention of knowledge. This approach
aligns the natural enjoyment and engagement found in game
play with educational content and objectives.

The historical evolution of GBL in educational settings can
be traced back several decades. The genesis of GBL
coincided with the emergence of digital technology in the
classroom. In the early stages, GBL was predominantly
focused on basic skill acquisition, such as mathematics and
language learning, through simple computer-based games
[13]. This period marked the initial exploration of the
potential of games as a tool for learning, albeit in a
rudimentary form.

As technology advanced, so did the scope and complexity
of GBL. The late 20th and early 21st centuries saw a
significant transformation in GBL, marked by the integration
of more sophisticated gaming technologies and pedagogical
strategies. During this era, educational games began to
encompass a broader range of subjects, including science,
history, and computer science [14]. This expansion was
driven by the recognition of the potential of GBL to engage
students in active and experiential learning processes, which
are more effective for knowledge retention and skill
development [15].

Moreover, the evolution of GBL reflects a shift in
educational paradigms. The traditional teacher-centered
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approach, characterized by passive learning, gave way to
more learner-centered methods, where students actively
participate in their learning journey [16]. GBL emerged as a
prominent example of this shift, offering a dynamic and
interactive learning environment that contrasts with
conventional instructional methods [17]. The advent of
internet and mobile technologies further expanded the reach
and accessibility of GBL, making it a viable educational tool
across diverse settings and learner demographics [18].

In summary, GBL has evolved from simple skill-based
games to complex learning environments that engage
students in a variety of subjects. This evolution underscores
the growing recognition of the potential of games as a
powerful educational tool, capable of transforming learning
experiences and outcomes.

B. GBL in Computer Science Education

The application of Game-Based Learning (GBL) in
computer science education has garnered significant interest,
evidenced by a growing body of research dedicated to this
domain. Existing studies reveal that GBL can effectively
engage students in learning complex computer science
concepts, often perceived as abstract and challenging [19].
By integrating game mechanics with computer science
principles, GBL facilitates a more interactive and enjoyable
learning experience.

A notable finding in this area is the positive impact of GBL
on students’ understanding of programming and
computational thinking. A study by Chen and Huang [20]
demonstrated that students who engaged in GBL activities
showed a marked improvement in their programming skills
compared to those who received traditional instruction. This
improvement  was  attributed to the  hands-on,
problem-solving nature of games, which aligns well with the
practical aspects of computer science.

Furthermore, GBL has been found to be particularly
effective in demystifying the fundamentals of algorithms and
data structures. According to Qiu et al. [21], games that
incorporate elements of algorithmic puzzles and coding
challenges enable students to grasp these concepts in a more
intuitive and engaging manner. This approach contrasts with
the often theoretical and passive learning methods
traditionally employed in teaching these topics.

Several successful applications of GBL in computer
science education have been documented. For example,
Antonopoulou et al. [22] discuss a game designed to teach
database design and SQL querying, which resulted in a
significant increase in student engagement and understanding
of the subject. Similarly, Xia & Qi [23] highlight a game that
teaches network security concepts, offering a practical and
interactive way to explore this complex topic.

The integration of GBL into computer science education is
not without challenges, however. As noted by Wang et al.
[24], ensuring that the educational content is effectively
balanced with the entertainment aspect of games is crucial.
Additionally, Bourbour [25] emphasizes the need for
alignment between game objectives and educational goals to
ensure the efficacy of GBL in this field.

In summary, the existing literature indicates that GBL can
play a pivotal role in enhancing computer science education.
It offers a novel approach to teaching a traditionally



International Journal of Information and Education Technology, Vol. 14, No. 6, 2024

challenging subject, making it more accessible and appealing
to students [26]. As such, GBL stands as a promising
educational tool in the realm of computer science, with the
potential to transform how these concepts are taught and
learned.

C. GBL for Young Learners

The suitability of Game-Based Learning (GBL) for
primary school education is increasingly recognized,
particularly in light of research emphasizing its alignment
with the cognitive and developmental characteristics of
young learners [27]. The interactive and immersive nature of
GBL resonates well with the learning styles of children, who
often find traditional instructional methods less engaging.

Research has shown that young students exhibit higher
levels of motivation and engagement when learning through
games, a phenomenon attributed to the intrinsic motivational
elements present in game design [28]. Games inherently
provide a sense of accomplishment and progress, which is
crucial for maintaining the attention and interest of young
learners. Furthermore, the use of GBL allows for the
incorporation of a narrative and characters with whom
students can identify, further enhancing engagement [29].

From a cognitive perspective, GBL aligns well with the
developmental stages of primary school children. According
to Thai et al. [30], games can facilitate the development of
problem-solving skills, critical thinking, and creativity.
These skills are foundational in early childhood education
and are effectively nurtured through the problem-solving and
exploratory nature of games. Additionally, the flexibility of
GBL permits adaptation to various learning paces and styles,
accommodating the diverse needs of young learners [31].

The potential of GBL to provide immediate feedback and
adaptive challenges is another significant benefit for young
students. As argued by Stiller & Schworm [32], the
immediate feedback provided in games helps children
understand the consequences of their actions and decisions,
promoting a deeper understanding of the subject matter.
Moreover, GBL can be designed to progressively increase in
difficulty, thereby offering a tailored learning experience that
aligns with each student’s individual learning curve [33].

Studies by Dijelil et al. [34, 35] further reinforce the
suitability of GBL for primary education, demonstrating
improved academic performance and better conceptual
understanding among students who engaged in GBL
activities compared to those who did not. This evidence
suggests that GBL is not only engaging but also effective in
enhancing the learning outcomes of young students.

In summary, GBL emerges as a highly suitable and
effective approach for primary school education. Its ability to
align with the cognitive and developmental needs of young
learners, coupled with its potential to make learning engaging
and interactive, underscores its value as a pedagogical tool in
early education.

D. Effectiveness of GBL in Learning Outcomes

The effectiveness of Game-Based Learning (GBL) in
improving learning outcomes has been a subject of extensive
research, particularly in terms of student engagement,
motivation, and academic achievement. A multitude of
studies have indicated that GBL can significantly enhance
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these facets of the learning process when compared to
traditional learning methods.

An analysis of student engagement within GBL
environments reveals a consistent increase in active
participation and interest. According to Lu et al. [36],
students engaged in GBL show higher levels of attention and
enthusiasm towards the subject matter, primarily due to the
interactive and immersive nature of games. This increased
engagement is a critical factor in enhancing the overall
learning experience and is often linked to improved academic
performance.

Motivation is another key area where GBL has shown
significant impact. Research by Chang et al. [37] indicates
that the use of games in education can lead to increased
intrinsic motivation. This is attributed to the elements of
competition, achievement, and reward that are inherent in
games. Such motivational factors are particularly effective in
encouraging students to engage more deeply with the
learning material and persist in challenging learning tasks.

In terms of academic achievement, studies have
demonstrated that GBL can lead to better learning outcomes
compared to traditional teaching methods. A comparative
study by Partovi et al. [38] found that students who learned
through GBL showed a greater understanding and retention
of the subject matter. This suggests that the active learning
strategies employed in GBL, such as problem-solving and
decision-making, contribute to a deeper comprehension of
the content.

Furthermore, GBL has been found to be particularly
effective in enhancing specific skills such as critical thinking,
problem-solving, and collaboration. According to Ekin et al.
[39], games often require students to think critically, work
together, and solve complex problems, skills that are highly
valued in educational contexts and beyond.

Comparative studies, such as those by Udeozor et al. [40,
41], further reinforce the superiority of GBL over traditional
learning methods. These studies indicate that not only do
students prefer GBL, but they also perform better in
assessments following a game-based learning approach.

In summary, the body of research on the effectiveness of
GBL suggests that it is a potent tool for enhancing student
engagement, motivation, and academic achievement. The
comparative analysis with traditional learning methods
demonstrates that GBL offers a more dynamic and effective
approach to education, leading to improved learning
outcomes for students across various educational settings.

I1l. METHODOLOGY

In this study, we employed quantitative methods to
systematically evaluate the efficacy of game-based learning
(GBL) in the context of teaching computer science
terminology to primary school students. The research design
incorporated two distinct groups: a control group and a focus
group, each comprising thirty students, with an equal gender
distribution of fifteen boys and fifteen girls. The fundamental
objective was to juxtapose the effectiveness of a novel GBL
approach against conventional teaching methodologies.

The control group was immersed in traditional teaching
methods, primarily lecture-based instruction complemented
by textbook learning, to navigate the intricacies of computer
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science terminology. In contrast, the focus group experienced
an interactive learning environment through a specifically
developed game designed to educate computer science
concepts in an engaging and interactive manner.

Data collection tools were meticulously implemented to
capture the nuances of the learning process. This included
post-lesson mini-questionnaires administered to each student
[42, 43], aiming to gauge the immediate understanding and
retention of the terms taught in each session. Furthermore,
open tests on computer science terminology were conducted
to assess the knowledge assimilated by students in both
groups. After a series of ten lessons, a comprehensive control
test was administered, evaluating the cumulative
understanding and knowledge of computer science
terminology among the students.

A. The Proposed Game

In our study, a unique Game-Based Learning (GBL)
approach was developed, focusing on the acquisition of
computer science terms. The initial step in this endeavor
involved a comprehensive collection of data to establish a
curated list of words, encompassing the most utilized terms
and phrases within the information technology sphere. These
words were selected for their relevance and utility, and they
were presented in three languages: English, Russian, and
Kazakh, catering to a diverse linguistic audience.

Upon finalizing the list of words to be incorporated into
the game, the next crucial decision pertained to the selection
of the development tools and the game engine. After a
thorough market analysis of available options, the Unity
game engine, a product of Unity Technologies, was chosen
for its versatility and widespread application. Unity’s ability
to operate across more than twenty different operating
systems, including personal computers, game consoles, and
mobile devices, made it an ideal choice. Its user-friendly
drag-and-drop interface in the Unity Editor, along with
support for programming languages such as C# and
JavaScript, facilitated an efficient development process. The
engine’s capacity for handling complex physical calculations
through the NVIDIA PhysX physical engine further
underscored its suitability for our project.

The game’s development on the Unity engine necessitated
a focus on the flexibility and capabilities of the chosen
programming languages. Despite Unity’s support for
multiple languages, our decision ultimately favored C# for its
robust development ecosystem, including extensive
documentation, tool support, and features like IntelliSense in
Visual Studio. This choice was informed by the practicality
and the intuitive nature of C# in creating an engaging and
educational platformer game in two-dimensional graphics
mode.

Creating the Game Concept. The concept of the game
was envisioned as a platformer, a genre characterized by
navigating through platforms, collecting items, and
overcoming obstacles. In this educational platformer, players
are challenged to complete levels and learn computer science
terms simultaneously. The game’s protagonist, selected from
an open library of assets, is a small robot, embodying the
theme of technology. This character, as illustrated in Fig. 1, is
central to the game’s narrative and mechanics.

868

=4

ERNE
1!

Fig. 1. Sample of the game personage.

=
T

a3
R

e e

The gameplay involves guiding the robot to collect oil
drops, representing bonuses or stars, essential for completing
each level. The oil drops serve a dual purpose: preventing the
robot from rusting and representing the learning elements of
the game. Players must collect these drops to progress, each
level featuring three oil drops with hidden English computer
science terms beneath them. The game’s name, “Rusty
Rusty,” is a playful nod to its main character and objective,
encapsulating the dual meaning of preventing the robot,
Rusty, from rusting while also collecting oil drops.

Learning While Playing. The educational aspect is
seamlessly integrated into the gameplay. Each level conceals
three English terms under the oil drops. Players must collect
at least one bonus to advance, ensuring engagement with the
learning component. Upon collecting all three bonuses, a
brief window displays, translating the collected words into
Russian and Kazakh. This feature not only aids in language
learning but also reinforces the understanding of the terms.
An additional menu item becomes available after collecting
the words, offering players access to translations and concise
descriptions of all acquired terms. Fig. 2 offers a flowchart
that elucidates the game-based learning process within the
proposed game, detailing the step-by-step player interactions
and learning mechanisms. This visual representation is

crucial in comprehending how the game integrates
educational content within its gameplay structure.
Open
LeveIMS;IECtion H Game Start ‘ ‘ Dictionary ‘ ‘ Instructions ‘
I v v
Select an available Show Game rules and
level ‘ terminologies ‘ instructions
A 4
/ i=1 n Show ‘
N terminologies
‘v

Find words, Read
definition, collect
oil for the robot

v

i=i+1

Go to next level

Fig. 2. Flowchart of game-based learning process.

Fig. 3, on the other hand, presents a snapshot of how the
terminology is visually displayed within the game
environment. It provides an example of the in-game
appearance of the computer science terms, showcasing how
players interact with the educational content during their
gameplay. Together, these figures offer a comprehensive
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visual overview of both the educational process and the user
interface of the game.

Algorithm - anropuTm, algoritm.
RAM - onepaTuBHas namaThb, jedel jad.
System Unit - cucteMHbIn 6nok, juielik

Fig. 3. The proposed game i

n use.

The game, developed using the Unity platform, showcases
the platform’s extensive capabilities in handling
two-dimensional graphics and creating versatile games
adaptable to various devices, including mobile phones. This
approach ensures that the educational game is accessible,
engaging, and effective in imparting knowledge in the field
of information technology.

B. Formulation of Research Hypotheses

In this section, we delineate hypotheses central to our
investigation into Game-Based Learning’S (GBL) impact on
primary school computer science education. These
hypotheses, rooted in theoretical frameworks previously
discussed, aim to empirically evaluate GBL’s effectiveness
in enhancing term memorization and student motivation.
Two hypotheses were posited for this pedagogical
experiment.

Hypothesis I.

HO: Application of game based learning will enhance the
memorization of computer science terms among elementary
school students.

H1: Application of game based learning will not enhance
the memorization of computer science terms among
elementary school students.

Hypothesis II.

HO: Use of game based learning will bolster the motivation
of primary school students to engage in computer science
studies.

H1: Use of game based learning will not bolster the
motivation of primary school students to engage in computer
science studies.

C. Methodological Approach

Data from questionnaires were statistically analyzed using
SPSS software (Version 26). Statistical analysis of the data
collected from questionnaires and tests was conducted using
various methods, including Pearson correlation, Independent
samples T-test, and ANOVA [44, 45]. These statistical
techniques were chosen to rigorously evaluate the correlation
between teaching methodologies and learning outcomes and
to compare the efficacy of GBL against traditional teaching
methods.

The ensuing sections of this paper are dedicated to
elaborating each component of the methodology, ranging
from an in-depth description of the game utilized in the focus
group to a detailed analysis of the results of the pedagogical
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experiment. This comprehensive approach is aimed at
providing an extensive understanding of the impact of
game-based learning on the acquisition of computer science
terminology and the motivation of primary school students in
educational settings.

D. Reliability and Validity

In our Methodology, rigorous attention is devoted to
ensuring the reliability and validity of our study’s design and
findings. Reliability is addressed through consistent
application of procedures and measurement tools across both
control and focus groups. Validity, both internal and external,
is meticulously considered. Internal validity is safeguarded
by controlling potential confounding variables and
implementing a systematic approach to data collection.
External validity is enhanced by selecting a representative
sample and employing a game-based learning model that can
be generalized across diverse educational settings. This dual
focus on reliability and validity is fundamental to producing
robust, credible, and generalizable research outcomes in the
field of game-based learning.

IV. RESULTS

In the experimental framework of this study, one class,
designated as the experimental group, engaged with the
elective course through the medium of the specially
developed games. Conversely, another class, also
experimental, was exposed to the same course material but
delivered in a traditional, game-free format. This dichotomy
was established to evaluate the efficacy of game-based
learning in facilitating the acquisition of computer
terminology among elementary school students.

Post-lesson assessments were systematically conducted to
gauge the students” grasp of the material and their
motivational levels. These assessments comprised
mini-questionnaires and tests administered at the conclusion
of each lesson. Additionally, at the culmination of the course,
a practical task was assigned, involving the assembly of a
system unit from a set of twenty components, evenly divided
between internal and external computer parts. Scoring was
determined by the accurate identification and selection of
these components, with each correctly identified part earning
one point

Furthermore, to deepen our understanding of the impact of
these teaching methodologies, a research hypothesis was
formulated, focusing on analyzing the correlation between
the pedagogical approach and student performance. To
complement this, an anonymous questionnaire was
distributed among the students. The anonymity of this
questionnaire was a strategic decision, aimed at ensuring
candid responses. The assurance of confidentiality, combined
with the students’ awareness of their exam results, was
anticipated to yield more honest and reflective answers,
thereby enriching the data collected for the study.

A. Interpretation of Results

In assessing the effectiveness of Game-Based Learning
(GBL) on the memorization of computer science terms
among elementary school students, the Independent Samples
Test provides a critical evaluation of the final exam results
from the Experimental Group (EG) and Control Group (CG).
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This analysis is instrumental in confirming or refuting The t-test for Equality of Means shows a t-value of 12.975
Hypothesis I: “Application of game-based learning will  with a degrees of freedom (df) of 53.270 and a Sig. (2-tailed)
enhance the memorization of computer science terms among of 0.06. The Mean Difference between the groups is
elementary school students.” 38.25000, with a Standard Error Difference of 2.94800. The
Table 1 demonstrates independent samples test between  90% Confidence Interval of the Difference ranges from
final exams of experimental group and control groups. From  33.31515 to 43.18485.
the Group Statistics, the EG, which experienced the GBL Although the Sig. (2-tailed) value is slightly above the
approach, displayed a significantly higher mean score of  conventional threshold of 0.05, the sizeable mean difference
91.0000, with a standard deviation of 7.44208, indicating a and the large t-value still suggest a notable distinction in
relatively tight clustering of scores around the mean. In  performance between the groups. Given the substantial mean
contrast, the CG, taught through traditional methods, had a  difference and the consistency of these results, there is
mean score of 52.7500 with a higher standard deviation of  compelling evidence to support Hypothesis I. The data
17.09513, suggesting greater score variability. suggests that the application of GBL notably enhances the
The Levene’s Test for Equality of Variances resulted inan  memorization of computer science terms among elementary
F-value of 12.181 with a significance (Sig.) of 0.001, school students, even though the statistical significance
indicating that the variances between the two groups are  narrowly misses the conventional cutoff. This finding
significantly different. Therefore, the results for “Equal  underscores the potential of GBL as a more effective
variances not assumed” are more appropriate for our  alternative to traditional teaching methods in the context of
analysis. computer science education for young learners.

Table 1. Independent samples test on Hypothesis | between final exams of experimental group and control group

Levene’s Test Equality of Variances t-test for Equality of Means
% Confidence Interval of
F Sig. t df Sig. _Mean SFd' Error o th;w g?ﬁzfen;ee e
(2-tailed)  Difference  Difference
Lower Upper
Equal variances assumed 12.181 0.001 12.975 78 0.06 38.25 2.948 33.34269 43.15731
Equal variances not assumed 12.975 53.975 0.06 38.25 2.948 33.31515 43.18485

Table 2 demonstrates the Independent Samples Test  Hypothesis Il: “Use of game-based learning will bolster the
results, focusing on the motivation rates of students in the  motivation of primary school students to engage in computer
Experimental Group (EG) and Control Group (CG) based on  science studies.”
their responses to a questionnaire, are integral to evaluating

Table 2. Independent samples test on Hypothesis Il between final exams of experimental group and control group

Levene’s Test Equality of Variances t-test for Equality of Means
. % Confidence Interval
F sig. t df Sig. Mean - Std. Error » ofctohe Ig?ﬁgfencs ’
(2-tailed)  Difference  Difference
Lower Upper
Equal variances assumed 5.650 0.020 9.765 78 0.078 3.32500 0.34051 2.64710 4.00290
Equal variances not assumed 9.765 62.707 0.078 3.32500 0.34051 2.64449 4.00551

The group statistics indicate a notable difference in the Although the Sig. (2-tailed) value is slightly above the
mean motivation rates between the two groups. The EG, conventional .05 threshold for statistical significance, the
which was exposed to game-based learning, showed a higher  substantial mean difference and the high t-value suggest a
mean motivation rate of 9.1750, with a standard deviation of  considerable difference in motivation levels between the EG
1.08338, suggesting a relatively consistent level of high and CG. This finding, while narrowly missing the
motivation among these students. Conversely, the CG, taught ~ conventional criteria for statistical significance, provides
through traditional methods, had a lower mean motivation  strong indicative evidence in support of Hypothesis Il. The
rate of 5.8500 with a higher standard deviation of 1.86121, data suggests that the use of game-based learning has a
indicating greater variability in their motivation levels. significant positive impact on the motivation levels of

Levene’s Test for Equality of Variances resulted in an  primary school students to engage in computer science
F-value of 5.650 with a significance (Sig.) of 0.020, pointing  studies. This outcome underscores the potential effectiveness
to unequal variances between the groups. Thus, the results  of game-based learning in enhancing student motivation, an
under the “Equal variances not assumed” row are considered  essential aspect of successful educational endeavors.
more appropriate for this analysis. Table 3 demonstrates the One-Way ANOVA results

The t-test for Equality of Means, with unequal variances  presented offer a pivotal statistical analysis concerning the
assumed, shows a t-value of 9.765 with 62.707 degrees of  final exam rates and motivation rates of students, based on
freedom and a Sig. (2-tailed) of 0.078. The Mean Difference  the responses from the Experimental Group (EG) and
is 3.32500, with a Standard Error Difference of 0.34051. The  Control Group (CG).

95% Confidence Interval of the Difference stretches from Focusing on the Final Exam rates, the Between Groups
2.64449 to 4.00551. Sum of Squares, which measures the variability in exam
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scores attributable to the different teaching methods, is  standard threshold of 0.05, indicates a high level of statistical
20415.607. This value is spread across 8 degrees of freedom  significance.
(df), resulting in a Mean Square (the average variability) of This exceptionally low Sig. value strongly suggests that
2551.951. The Within Groups Sum of Squares, accounting the differences in final exam scores between the groups are
for variability within each group, is 22403.143 with 71  statistically significant and not due to random chance. Such a
degrees of freedom, leading to a Mean Square of 315.537. finding underscores the impact of the teaching
The F-value, a critical statistic in ANOVA, is calculated at  methodologies employed on student performance.
8.088. This value is derived from the ratio of the Between  Specifically, it indicates that the method used in the EG
Groups Mean Square to the Within Groups Mean Square. It (game-based learning) had a significant effect on the
serves as a measure of the variance between the group means  students’ final exam scores compared to the traditional
relative to the variance within the groups. The corresponding  methods used in the CG, thus validating the effectiveness of
significance (Sig.) value of 0.000, substantially below the the instructional approach used in the experimental setup.

Table 3. One-Way ANOVA results between final exam results and student motivation rates

Sum of Squares df Mean Square F Sig.
Between Groups 20415.607 8 2551.951 8.088 0.000
Within Groups 22403.143 71 315.537
Total 42818.750 79

In Table 4, The Pearson Correlation analysis conducted = motivation, which in turn positively affects their academic
between final exam results and motivation rates of students  achievements, especially in the context of learning computer
within this study presents a profound and statistically  science terms.
significant relationship, pertinent to the field of educational The additional statistical figures, such as Sum of Squares
research. The correlation coefficient of 0.815 indicates a and Cross-products and Covariance, further reinforce the
strong positive correlation between these two variables. This  strength and reliability of this relationship. These metrics
substantial relationship implies that as students’ motivation  provide a comprehensive view of the relationship’s dynamics,
rates increase, there is a correspondingly significant underpinning the robustness of the correlation.
improvement in their final exam results. In conclusion, the study’s findings accentuate the critical
role of student motivation in educational success and
highlight the potential of GBL as an effective tool to boost
motivation and, consequently, academic performance in

Table 4. Pearson correlation analysis between final exam results and student
motivation rates

Students’

Final Exam /. ation primary school computer science education. This correlation
Results Rate is instrumental for educators and curriculum developers,
Pearson L 0.815 underscoring the importance of incorporating motivational
Correlation ' strategies in educational methodologies to enhance learning
Final Exam Ss|g. (i'sta"e‘j) 0.000 outcomes. _ | _ _
Results um ot Squares Fig. 4 depicts a compelling narrative regarding the efficacy
and 31198.750 2568.625 - o
Cross-products of Game-Based Learning (GBL) compared to traditional
N 80 80 learning methods over a period of several weeks. Initially,
Pearson . . students in the ExperimentaI_Group, who were engaged in
Correlation 0815 GBL, scored lower than their counterparts in the Control
Students’ Sig. (2-tailed) 0.000 Group, who were learning through traditional methods. This
udaents . e - -
Motivation Rate  oum of Sauares initial phase, marked by lower scores in the Experimental
and ; 2568.625 31198.750 Group, can be attributed to the adaptation period required for
Cmss'f\lm uets = = students to acclimate to the novel GBL approach. Unlike

traditional methods, which they were accustomed to, GBL
presented a new learning paradigm, necessitating an

The significance value (Sig.) associated with this - .
adjustment period.

correlation is .000 (2-tailed), emphatically suggesting that the
correlation is not a product of random chance but a reliable
and significant finding. This level of significance is crucial, Average Score by Lesson
especially considering the sample size of 80 students, as it 0
validates the consistency and reliability of the observed
correlation across the study’s population.

This strong positive correlation corroborates existing
educational theories that advocate for the intrinsic link

Score

between student motivation and academic performance. S
Particularly in the context of Game-Based Learning (GBL),

which was a focus of this study, these findings are insightful. Averege score of the control group

They suggest that the engaging and interactive aspects of prErmess e o

GBL significantly contribute to enhancing students’ Fig. 4. Average score of experimental group and control group for 10

lessons.
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After the first three weeks, a pivotal shift occurred. The
scores of the Experimental Group students began to increase,
while those of the Control Group students started to decline.
This trend is indicative of two crucial factors. Firstly, the
increase in scores for the Experimental Group reflects their
growing familiarity and comfort with the GBL method. As
they became more adept at engaging with the game-based
learning format, their academic performance improved.
Secondly, the decline in scores for the Control Group
suggests a decrease in motivation. The monotony or lack of
engagement inherent in traditional learning methods might
have contributed to this reduction in enthusiasm and,
consequently, lower scores.

The tables and figures referenced (Table 3, Table 4, and
Fig. 4) likely provide quantitative backing for these
observations, highlighting the correlation between learning
methods, motivation levels, and academic performance.

Furthermore, the final scores—9.13 for the Experimental
Group versus 5.9 for the Control Group—are a testament to
the effectiveness of the GBL approach. This significant
difference in performance can be partially attributed to the
heightened motivation levels in the Experimental Group,
spurred by the engaging nature of the game-based learning
method. Additionally, the design of the game, particularly the
final tour that required correct identification of internal
components of a system block, reinforced learning through
repetition and active engagement. The need for students to
replay the final tour in the event of a mistake likely cemented
their understanding of the subject matter, as reflected in their
higher scores in the final task.

In conclusion, the graph and accompanying data suggest
that while GBL may require an initial period of adjustment,
its long-term benefits in terms of student motivation and
learning outcomes are substantial, particularly in comparison
to traditional learning methods.

V. DISCUSSION

A. Interpretation of Findings

The interpretation of findings from this study offers crucial
insights into the efficacy of Game-Based Learning (GBL) in
enhancing the memorization of computer science
terminology and motivation among primary school students.
These findings are examined in light of the formulated
research hypotheses and compared with existing literature in
the field.

Firstly, concerning Hypothesis I, which posited that GBL
would enhance memorization of computer science terms, the
results showed a significant improvement in final exam
scores for students in the Experimental Group (EG) who
were taught using GBL methods compared to the Control
Group (CG) who received traditional instruction. This
outcome not only confirms Hypothesis | but also resonates
with prior research indicating that interactive and engaging
learning methods, like GBL, can lead to better retention of
academic content [46, 47]. The incorporation of gaming
elements in learning seemingly catalyzes cognitive processes
essential for memory retention, aligning with the cognitive
theory of multimedia learning [48].

Regarding Hypothesis I, which suggested that GBL
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would bolster student motivation for computer science
studies, the data revealed higher motivation rates in the EG
compared to the CG. Although the significance level
narrowly missed the conventional threshold, the trend in the
data strongly supports the hypothesis. This finding is in
congruence with studies by Chen, 2023 [49], which
highlighted the motivational benefits of game-like elements
in education, emphasizing the role of GBL in fostering
intrinsic motivation and engagement.

Contrasting these findings with existing literature, it is
evident that the results of this study add to the growing body
of evidence supporting the effectiveness of GBL in
educational settings. While previous studies have
predominantly focused on secondary and higher education
levels [50-52], this research extends the application of GBL
to primary education, specifically in the context of computer
science learning. This extension is significant, considering
the early developmental stages of the target demographic and
the subject’s traditionally perceived complexity.

In summary, the findings of this study not only reinforce
existing literature on the benefits of GBL but also expand its
applicability to younger learners in the domain of computer
science. This contributes to a more nuanced understanding of
how GBL can be utilized effectively in diverse educational
contexts and for various learning objectives.

B. Impact of Game Based Learning on Memorization and
Motivation

The exploration into the effects of Game-Based Learning
(GBL) on the memorization of computer science terms and
student motivation yields significant insights, particularly
when juxtaposed with traditional teaching methods. The
research indicates that GBL has a profound influence on both
the cognitive and affective domains of learning among
primary school students.

To elucidate how procedural methods and activities in
GBL can elevate student learning motivation, it’s pertinent to
delve into the intrinsic qualities of these techniques [53, 54].
The engagement fostered by GBL, which merges learning
objectives with interactive game elements, inherently
motivates students by incorporating elements of challenge,
curiosity, and control. These game-based elements stimulate
intrinsic motivation through the provision of immediate
feedback, achievable goals, and a sense of progression and
achievement. Furthermore, aligning with Self-Determination
Theory, GBL environments empower students with
autonomy, competence, and relatedness, key factors in
enhancing intrinsic motivation. By actively involving
students in their learning process through interactive and
immersive activities, GBL not only diminishes the
extraneous cognitive load but also significantly bolsters
students’ motivation by making learning a more engaging
and meaningful experience.

Moreover, the impact of GBL on student motivation was
markedly positive. The Experimental Group displayed
increased enthusiasm and engagement in learning, a finding
that aligns with the Self-Determination Theory [55], which
emphasizes the role of autonomy, competence, and
relatedness in fostering intrinsic motivation. GBL, by
providing an interactive and autonomous learning
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environment, fulfills these psychological needs, thereby
enhancing motivation. Conversely, the traditional methods,
often perceived as monotonous and teacher-centric, failed to
sustain student motivation over time.

Furthermore, the design of the game in the Experimental
Group, particularly the final task that required the correct
identification of system unit components, reinforced learning
through repetition and active engagement, a strategy known
to enhance memory retention [56]. This aspect of GBL,
combined with the inherent motivational elements,
contributed to the superior performance of these students
compared to their peers in the Control Group.

In summary, the study provides compelling evidence that
GBL has a significant positive impact on both the
memorization of academic content and the motivation levels
of students. These findings highlight the potential of GBL as
a more effective and engaging alternative to traditional
teaching methods in primary school computer science
education.

C. Practical Implications for Educators

The findings from this study on game-based learning
(GBL) offer invaluable insights for educators and curriculum
designers, especially in the realm of primary school computer
science education. The demonstrated efficacy of GBL in
enhancing memorization and motivation presents a
compelling case for its integration into educational practices.

Firstly, educators should consider incorporating GBL
strategies as a supplement to traditional teaching methods.
The engaging nature of GBL can serve as a catalyst for
learning, particularly in subjects perceived as challenging,
like computer science. For effective integration, educators
need to align game content with educational objectives,
ensuring that the gaming elements are not just entertaining
but also educational.

Curriculum designers should look into developing or
adopting educational games that are specifically tailored to
the curriculum’s learning outcomes. These games should be
interactive, age-appropriate, and designed to progressively
challenge students, thus catering to varying levels of ability
and understanding within a primary school setting.

Additionally, it is important to provide professional
development opportunities for teachers. Educators need to be
equipped with the necessary skills and knowledge to
effectively implement GBL in their classrooms. This includes
training on selecting appropriate games, integrating them into
lesson plans, and using them to complement traditional
teaching methods.

Furthermore, educators should employ methods to assess
the impact of GBL on student learning. This could involve
regular feedback sessions, quizzes, or other assessment tools
that help in evaluating the effectiveness of the games in
achieving learning objectives.

Incorporating GBL also requires attention to the digital
divide. Educators should ensure that all students have equal
access to the technology needed for GBL. This might mean
investing in school-based resources or finding ways to make
these resources available to students who may not have
access at home.

In conclusion, the integration of GBL into primary school
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computer science education offers a promising avenue for
enhancing student engagement and learning outcomes. By
carefully selecting and implementing game-based tools,
educators and curriculum designers can create a more
dynamic and effective learning environment that not only
educates but also inspires young learners.

VI. CONCLUSION

This research paper presents a comprehensive examination
of the efficacy of Game-Based Learning (GBL) in enhancing
the memorization of computer science terms and increasing
motivation among primary school students. The study’s
findings indicate a significant positive impact of GBL on
student learning outcomes, as evidenced by higher scores in
final exams and increased motivation levels in the
Experimental Group exposed to GBL, compared to the
Control Group that followed traditional teaching methods.
These results are particularly noteworthy in the context of
primary education, where engaging and effective learning
strategies are crucial for foundational knowledge acquisition.
The study extends the understanding of GBL’s applicability
and effectiveness, moving beyond its traditional use in
secondary or higher education and highlighting its potential
in younger age groups and challenging subjects like
computer science. The research underscores the importance
of innovative teaching approaches in the evolving
educational landscape, offering insights into how GBL can
be effectively integrated into primary education to enhance
learning experiences and outcomes.

Moreover, the broader implications of this study for the
field of educational technology are profound. It demonstrates
the transformative potential of GBL in reshaping educational
methodologies, fostering a more interactive and
student-centered learning environment. This shift is
especially pertinent in the digital era, where technology plays
an increasingly significant role in education. The research
contributes to the growing body of literature advocating for
the integration of technology in education, not merely as a
tool for information dissemination but as a catalyst for
engagement, understanding, and motivation. Moving
forward, the findings from this study can inform future
research directions, exploring the application of GBL across
various educational settings and subjects, and paving the way
for a more nuanced and effective use of technology in
education.
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