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q\bstract )

Aim/Purpose: The primary aim of this study is to evaluate the effectiveness of Game-Based Learning (GBL) in improving students' aca-
demic achievement and motivation in school education. The study aims to investigate how motivational elements affect academic results
while assessing whether different grade levels show different levels of GBL effectiveness.

Background: Traditional teaching methods conduct their instruction through passive learning methods, which decrease student learning
engagement and motivation. Game-Based Learning has developed into a modern teaching method because digital technologies experi-
ence rapid expansion, which enables educational content to combine with interactive game features. The existing research demo nstrates
that GBL enhances student engagement and learning outcomes, but researchers have yet to establish complete empirical proof that GBL
leads to increased student motivation and academic success in school settings.

Methodology: The research used a quantitative quasi-experimental research method which compared two groups of participants who
received different teaching methods through traditional control teaching and experimental GBL instruction. The researchers gathered
data through standardized questionnaires and academic performance assessment tests. The statistical analysis used SPSS software to
perform descriptive statistics reliability analysis and t-tests ANOVA correlation regression analysis effect size estimation and multicol-
linearity diagnostics.

Contribution: This study provides evidence about how Game-Based Learning affects academic achievement and student motivation
through its twofold impact. The study presents a confirmed assessment system together with a statistical framework which upcoming
scientists can use to test educational technology-based teaching methods in schools.

Findings: The research showed that Game-Based Learning results in better academic results and student motivation and classroom en-
gagement and student confidence than traditional teaching methods. Motivational variables were found to be strong predictors of aca-
demic performance. Grade-level differences moderately influenced learning outcomes which showed that students developed differently
through GBL.

Recommendations for Practitioners: Educators should implement structured Game-Based Learning techniques during classroom in-
struction because this method will enhance student learning results and their motivation to learn. The schools need to establish teacher
training programs and digital resources which will help teachers successfully implement GBL in their classrooms.

Recommendations for Researchers: Future researchers should study Game-Based Learning through its long-term effects and implemen-
tation in different subjects and its combination with new technologies like artificial intelligence and adaptive learning systems.

Impact on Society: Game-Based Learning implementation shows effective educational results which increase digital literacy while teach-
ing students necessary problem-solving and critical thinking skills for present-day knowledge-based societies.

Future Research: Future studies should examine cross-cultural validation of GBL models and large-scale multi-school implementations
and hybrid learning models which combine GBL with traditional and online learning strategies.

Keywords : Game-Based Learning, Academic Achievement, Student Motivation, Student Engagement, School Education.
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Introduction

The quick adoption of digital technologies in educational institutions has changed the way teachers and stu-
dents interact with each other because educators now need to find new teaching methods that will help stu-
dents learn better. Game-Based Learning (GBL) has become an effective teaching method that combines educa-
tional material with game mechanics which include challenges and rewards and competitive elements and real-
time feedback. The GBL method creates learning objectives which students achieve through their interactive
gameplay experience.The traditional teaching approach that focuses solely on teacher instruction fails to meet
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the different learning requirements of students while struggling to keep middle and secondary school students
engaged in learning activities. Research indicates that declining motivation and passive learning behaviors are
major contributors to poor academic achievement. GBL creates an experiential learning environment that ena-
bles students to actively participate in learning activities while they develop problem-solving skills and work
with others. The GBL system uses constructivist and self-determination theories to enable learners to experi-
ence three vital components which students need for their intrinsic motivation and valuable educational devel-
opment. Existing studies have found that GBL positively impacts student motivation and their engagement with
learning material and their ability to understand concepts. The studies which exist now fail to provide complete
proof that GBL leads to academic success which researchers can measure. The research studies mainly examine
short-term results while they target particular subjects and college environments without studying school-level
students or comparing different grade levels. The research requires thorough quantitative studies which must
use standardized testing methods and advanced statistical analysis to determine both statistical and real-world
importance.The current research study investigates how Game-Based Learning affects student academic per-
formance and their motivation to study within school educational settings. The study aims to establish the ef-
fectiveness of game-based learning through a comparison of its instructional methods against traditional teach-
ing approaches while measuring different types of student motivation. The study results will advance educa-
tional research while providing teachers and administrators with practical solutions to improve student learn-
ing through new teaching methods. Table 1 describes the mapping of hypothesis with objectives.

Motivation

Schools face ongoing difficulties with student disengagement and reduced academic performance, which
emerge as constant difficulties across educational institutions that use technological resources because tradi-
tional teaching methods cannot keep students engaged and motivated. Game-Based Learning (GBL) provides an
interactive learning experience that centers on learners by combining educational material with game design
elements, which helps students develop their motivation and engagement skills, resulting in improved academ-
ic outcomes. The existing research provides insufficient evidence to determine how GBL affects school academ-
ic performance and student motivation throughout the educational process. The research establishes a need for
research which produces strong evidence-based knowledge that helps schools implement GBL successfully into
their regular classroom teaching methods.

Objectives of the Study
The main objective of the study is:

e To examine the effect of Game-Based Learning on students’ academic achievement compared to traditional
teaching methods.

e To assess the impact of Game-Based Learning on students’ motivation, engagement, and academic self-
efficacy.

e To analyze the relationship between motivational factors and academic achievement in a game-based
learning environment.

e To determine whether academic achievement outcomes from Game-Based Learning differ across grade

levels.

Table 1. Mapping of objective to Hypothesis

Objective Objective Hypothesis (H;) Statistical

No. Test Used

Objective 1 To examine the effect of Game-Based H1: There is a significant difference in academic Independent
Learning on students’ academic achieve- achievement between students taught using Game- samples t-test
ment compared to traditional teaching Based Learning and those taught using traditional
methods methods.
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Objective 2 To assess the impact of Game-Based H2: Students exposed to Game-Based Learning Independent
Learning on students’ motivation, en- demonstrate significantly higher motivation, en- samples t-test
gagement, and academic self-efficacy gagement, and self-efficacy than those taught

through traditional methods.

Objective 3 To analyze the relationship between mo- H3: Motivation, engagement, self-efficacy, and col- Pearson corre-
tivational factors and academic achieve- laboration significantly predict academic achieve- lation & Mul-
ment in a game-based learning environ- ment in a Game-Based Learning environment. tiple regres-
ment sion

Objective 4 To determine whether academic achieve- H4: There is a significant difference in academic One-way
ment outcomes from Game-Based Learn- achievement across grade levels following Game- ANOVA with
ing differ across grade levels Based Learning intervention. Tukey HSD

post-hoc

Literature Review

Research Trends and Bibliometric Evolution

Researchers found that game-based learning (GBL) has evolved from its original experimental stage into a
standardized educational method which schools now adopt. The evolutionary process shows that bibliometric
studies and systematic mapping research identify two different paths of development, while Akhmetova et al.
(2025) present their research through a decennial visualization which tracks field growth from 2015 to 2024.
The present development of enterprises shows that mobile technology has become a key driver of corporate
growth since Al Mubarok et al. (2025) documented his research about mobile game-based learning at colleges
which showed students educational methods based on their smartphone use. Usman et al. (2025) show that
GBL has developed into a fundamental teaching method which digital instructors use to educate students from
their first school day through their last professional training session. Research studies demonstrate that aca-
demic research has entered a phase of growth which now includes different research methods and study areas
through which researchers combine game-based learning methods with formal academic programs.

Impacts on Cognitive Skills and Academic Achievement

Current research demonstrates that Game-Based Learning (GBL) research shows measurable results on high-
level cognitive abilities which apply to various academic and professional fields. The research of Anggoro et al.
(2025) through their meta-analysis shows that GBL creates a strong positive effect on Higher Order Thinking
Skills (HOTS) in Mathematics and STEM fields because play-based mechanics enhance cognitive processing
abilities. The research of Dan et al. (2024) together with Ili¢ et al. (2024) shows that primary education uses
digital games to help students understand STEM concepts by providing them with concrete interactive experi-
ences.

The benefits extend into general science education, where Safitri et al. (2025) and Irfan and Rahman (2024) ob-
serve that GBL not only bolsters student competencies but also revitalizes interest in scientific inquiry, particu-
larly among secondary school learners. Beyond traditional K-12 settings, GBL has emerged as a critical driver
for vocational and professional development. Dahalan et al. (2024) and Raziana and Wibawanto (2025) posi-
tion GBL as a primary vehicle for mastering 21st-century skills within vocational training. Vazquez-Calatayud et
al. (2024) and Velasquez et al. (2024) conducted research which shows GBL enhances decision-making abilities
within high-stakes professional environments through its use in nursing and logistics. The studies demonstrate
that GBL functions as an effective teaching method which helps students develop their abilities to solve difficult
problems and gain specialized knowledge.

Psychological and Affective Outcomes

Recent scholarship increasingly recognizes that the value of Game-Based Learning (GBL) extends far beyond
standardized academic scores which create a deep impact on both psychological state and social development
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of the learner. The researchers of this study concentrate on motivation and engagement enhancement through
their demonstration that GBL functions as a transformative tool which helps students maintain their interest in
English as a Foreign Language (EFL) learning. The researchers demonstrate that learners achieve greater resili-
ence and concentration when they use gamified repetitive tasks instead of standard teaching methods which
use traditional instructional methods.The research study conducted by Li et al. (2025) and Tian and Umar
(2025) requests educators to use complete assessments which evaluate psychological benefits from digital
games beyond standard score measurements. The study shows that students can learn new technical vocabu-
lary through virtual environments which help them communicate without fear. The ability to maintain psycho-
logical safety enables people to achieve their educational goals because it supports their learning process. Re-
search by Bilous et al. (2025) shows that GBL produces psychological benefits while it helps students develop
better ways to communicate with others. Educational games create a space where students can learn through
real conversations and work together to solve problems. The research studies demonstrate that GBL creates a
positive emotional environment which helps students develop advanced social and academic skills.

Emerging Pedagogies and Technologies

Modern scholars study how Game-Based Learning (GBL) connects to advanced technologies and dedicated
teaching methods to solve both global and intellectual challenges. Huber et al. (2024) demonstrate how Artifi-
cial Intelligence creates a major technical boundary which they investigate through their study of Large Lan-
guage Models (LLMs) and interactive educational settings. The researchers propose that LLMs will transform
GBL through their ability to deliver immediate customized assessments together with interactive storytelling
which adapts learning experiences to the specific requirements of each student.

The current evaluation of GBL establishes its fundamental role as an essential educational resource for Educa-
tion for Sustainable Development (ESD). Pineda-Martinez et al. (2023) and Mehtéla et al. (2025) demonstrate
that immersive simulations function as effective tools for presenting complex ecological and social systems
since they enable students to experiment with environmental decision outcomes in a secure virtual environ-
ment. The studies demonstrate how GBL enables students to develop environmental stewardship skills through
interactive learning experiences that connect global sustainability challenges with personal assessment and
practical application. The field improves its knowledge about GBL delivery methods through ongoing develop-
ment work. Ding and Yu (2024) establish a fundamental assessment of two activity categories when they study
how people interact with serious games through their active playing and game development processes. The re-
search shows that different teaching methods lead to distinct science learning results because game design
helps students understand fundamental concepts better while they play games to strengthen their understand-
ing. The two viewpoints demonstrate a shift which brings game-based learning methods closer to modern
technology and multiple philosophical teaching methods.

Developmental Perspectives

Research now uses a lifecycle methodology to study Game-Based Learning (GBL) which requires different ap-
proaches at different developmental stages because universal solutions do not work in this field. Utami and
Crescenzi-Lanna (2025) investigate digital play for children aged 0 to 6 at the first educational stage. The re-
search proves that digital games can assist early development but their effectiveness depends on suitable de-
velopmental content and proper execution which needs to maintain active, sensory-based play activities. The
study demonstrates that educational systems need to establish teaching methods which create safe cognitive
environments while supporting basic motor development in preschool children.

Higher education uses GBL to assess advanced cognitive abilities which develop through complex cognitive
tasks. Khoo et al. (2025) provide a comprehensive scoping review of GBL in university settings which shows
that these tools improve critical thinking and problem-solving skills but their built-in effectiveness does not ex-
ist. The study shows that higher education institutions must establish advanced partnerships which support
their educational objectives through their implementation process. The educational system needs to create de-
tailed teaching maps because games will not become essential learning tools without this framework. The col-
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lected studies demonstrate that GBL transforms from a tool for learning to a method for conducting profession-
al and academic research as students advance through their educational journey.
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Fig.1. The hypothesis structural model

The hypothesis structural model for the relationship between the indicators and the studied variables influ-
enced by game based learning is describe in figure 1.

Methodology and Materials

The researchers utilized a quantitative quasi-experimental research design to investigate how Game-Based
Learning (GBL) affected student academic performance and school motivation. The participants included
school students from various grade levels who were assigned to an experimental group which received Game-
Based Learning and a control group which received Traditional Teaching Method. The researchers used intact
classrooms to select study groups because this method provided better ecological validity.

The GBL intervention took place during a designated instructional period when educational games that
matched the curriculum standards were used in regular classroom instruction for the experimental group. The
control group received instruction through conventional lecture-based and textbook-oriented methods cover-
ing the same content and duration. The research team collected data through two main tools which included (i)
achievement tests used as pre-tests and post-tests to evaluate student academic performance and (ii) standard-
ized questionnaires which measured motivational factors such as motivation and engagement and academic
self-efficacy and collaboration abilities. The reliability of the questionnaire scales was established using
Cronbach’s alpha.

The researchers used SPSS software to perform data analysis. The researchers applied descriptive statistics to
provide a summary of both demographic information and study variables. The researchers used paired and in-
dependent samples t-tests to evaluate pre-test and post-test scores while one-way ANOVA with Tukey HSD
post-hoc tests enabled them to assess grade-level differences. The researchers used Pearson correlation and
multiple regression analyses to study how different variables interact and which variables most effectively pre-
dict outcomes. The researchers used effect sizes Cohen's d and 1n? to measure practical significance and they
calculated Variance Inflation Factor VIF to assess multicollinearity. The researchers established a statistical sig-
nificance threshold at the 0.05 level.
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Fig. 2. Conceptual framework of the study

The conceptual framework establishes a structural pathway to evaluate how Game-Based Learning (GBL),
compared to Traditional Teaching Methods, influences Academic Achievement through a series of mediating
and moderating factors. The model establishes teaching methods as the independent variable which leads to di-
rect effects on a specific group of Motivational Variables that includes motivation and engagement and self-
efficacy and collaboration. The psychological indicators function as mediators because GBL enhances a stu-
dent's internal drive and collaborative skills which leads to academic success as the primary dependent varia-
ble. The framework establishes Grade Level Differences as a key moderating factor which shows that GBL af-
fects both student motivation and academic achievement based on their developmental stage. The model uses
specific hypotheses to assess these relationships through the direct connection between engagement and test
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scores and the different effectiveness of educational methods across various grades to create a complete
framework which shows how playful pedagogy changes classroom learning processes. The conceptual frame-
work with the methodology is describe in figure 2.

Problem Identification
Literature Review
Sample Selection v
D b s o -l
Experimental Group J ( Control Group
m(Game—hsedLeuniu) 4 ~ (Traditional Teaching) M‘

Classroom Observation Cj Post-Test & Post-Motivation
& Data Logging Surrta Group)
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1' Statistical Analysis 1

Conclusions & O Results Interpetation &

)5)' Recomenedations Discussion

Fig. 3. Architectural representation of the process

The experimental workflow of the study follows a systematic and structured process, which commences with
problem identification and a comprehensive literature examination that identifies research gaps within game-
based learning. The research objectives and hypotheses were developed based on the findings of this review,
which established research objectives. The researchers selected samples after they completed their hypothesis
development work. Students were assigned to an experimental group, which received Game-Based Learning in-
struction, and a control group which received Traditional Teaching instruction. Researchers conducted pre-
tests and pre-motivation surveys before the study to gather student data that would help them understand stu-
dent academic performance and their motivation to learn. The intervention phase, which lasted between 8 and
12 weeks, involved the experimental group using educational games, which matched their curriculum while the
control group received traditional teaching methods. The researchers gathered classroom observation data as
well as student engagement data throughout this period. The researchers conducted post-tests and post-
motivation surveys after the intervention to assess student learning achievements and changes in their motiva-
tional levels. The researchers conducted data cleaning and preprocessing before they applied statistical meth-
ods, which included t-tests ANOVA correlation analysis and effect size estimation for their analysis. The re-
search results were interpreted and discussed in relation to the hypotheses, which resulted in conclusions as
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described in figure 3, and recommendations that educators and policymakers and future researchers should
follow.

Result Analysis through Questionaries

Student Questionnaire: Game-Based Learning Evaluation Scale (GBL-ES)
Response Format:

5-point Likert Scale

1 = Strongly Disagree

2 = Disagree

3 = Neutral

4 = Agree

5 = Strongly Agree

Section A: Learning Motivation (LM)

I feel excited to participate in lessons that use games.

Game-based activities make learning more enjoyable.

[ feel motivated to complete my class tasks when learning involves games.
Game-based learning encourages me to try harder even when topics are difficult.

v e

[ enjoy competing and collaborating with my classmates during game activities.

Section B: Student Engagement (SE)

6. I pay more attention during game-based lessons than traditional lessons.

7. Game-based activities help me stay focused in class.

8. Tactively participate in classroom discussions during game-based sessions.
9. Ifeel fully involved while playing educational games in class.

10.Time passes quickly when I am learning through games.

Section C: Academic Self-Efficacy (ASE)

11.Game-based learning helps me understand difficult concepts easily.

12.1 feel confident in solving problems after participating in game-based activities.
13.1believe I can perform well in exams when I learn through games.
14.Game-based lessons increase my confidence in my academic abilities.

Section D: Collaboration & Social Interaction (CSI)
15.Game-based activities help me work better with my classmates.
16.1 enjoy learning through teamwork during gaming tasks.
17.Game-based learning improves communication among students.
18.1 help my peers more during game-based learning sessions.

Section E: Learning Satisfaction & Enjoyment (LSE)

19.1 enjoy learning through games more than traditional teaching methods.
20.1 feel satisfied with my learning experience when games are used.

21.1 would like more lessons to include game-based activities.
22.Game-based learning makes school more interesting.

Teacher Questionnaire: GBL Implementation & Effectiveness Scale (GBL-TIES)
Response Format:
5-point Likert Scale (Strongly Disagree — Strongly Agree)

Section A: Pedagogical Effectiveness (PE)
1. Game-based learning improves students’ conceptual understanding.
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2. Students show higher engagement during game-based lessons.

3. GBL improves classroom participation and interaction.

4. Game-based methods enhance students’ academic performance.
Section B: Feasibility & Classroom Implementation (FCI)

5. Game-based learning is easy to integrate into the existing curriculum.
6. Sufficient teaching resources are available for game-based instruction.
7. Classroom time management is feasible when using GBL.

8. GBL aligns well with learning objectives and assessment standards.

Section C: Challenges & Constraints (CC)

9. Technical issues limit the effective use of digital games.
10.Classroom management becomes difficult during gaming activities.
11.Designing game-based lessons requires additional preparation time.

Section D: Overall Perception & Willingness (OPW)

12.1 am willing to use game-based learning regularly in my teaching.
13.GBL enhances teaching effectiveness.

14.1 recommend adopting GBL as a regular classroom practice.

SPSS Variable Coding Sheet

The dataset includes demographic and academic achievement variables used for statistical analysis as de-
scribed in table 1 and table 2 respectively. The research employs a formalized system of variable classification
to structure participant data, which researchers will use for their statistical assessments. Student ID and School
Code function as nominal identifiers to maintain control over participant identity and institutional context. The
primary experimental variable Teaching Method uses binary coding to represent Game-Based Learning with
Code 1 and Traditional Teaching Methods with Code 2 while Gender uses Code 1 for Male and Code 2 for Fe-
male. Developmental data is captured across two distinct scales: Grade functions as an ordinal system that ex-
tends from Classes 6 through 10 while Age functions as a continuous measurement of time in years.Academic
achievement variables include Pre-test Score (Pre_AAT) and Post-test Score (Post_AAT), both measured on a 0-
100 scale. The Learning Gain (Gain) measurement calculates academic performance improvement by subtract-
ing pre-test scores from post-test scores, which show student progress after completing the instructional pro-

gram.
Table 1. Sample Demographic Variables
Variable Name Label Type Values Measure
ID Student ID Numeric 1,23, .. Nominal
Group Teaching Method Numeric 1=GBL,2=TTM Nominal
Gender Gender Numeric 1 = Male, 2 = Female Nominal
Age Age (Years) Numeric 10-18 Scale
Grade Class/Grade Numeric 6-10 Ordinal
School School Code Numeric 1,2,3 Nominal
Table 2. Sample Academic Achievement Variables
Variable Name Label Type Values Measure
Pre_AAT Pre-test Score Numeric 0-100 Scale
Post_AAT Post-test Score Numeric 0-100 Scale
Gain Learning Gain Numeric Post_AAT - Pre_AAT Scale

Table 3. Sample Demographics

Variable Category Frequency (n) Percentage (%)
Gender Male 68 51.5
Female 64 48.5
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Total 132 100
Age Group (Years) 11-12 34 25.8
13-14 46 34.8
15-16 38 28.8
17-18 14 10.6
Total 132 100
Grade Level VI 22 16.7
VII 28 21.2
VIII 36 27.3
IX 30 22.7
X 16 12.1
Total 132 100
Group Assignment Experimental (GBL) 66 50
Control (TTM) 66 50
Total 132 100
School Type Urban 74 56.1
Semi-Urban 38 28.8
Rural 20 15.1
Total 132 100

International Journal of Artificial Intelligence and Machine Learning

The demographic profile given in table 1 shows the study's 132 participants through their characteristics. The
sample is nearly balanced by gender because it contains 68 males who make up 51.5% of the group and 64 fe-
males who make up 48.5% of the group. The 13 to 14 age group 34.8% leads the age distribution test, while
grade levels range from VI to X, with Grade VIII being the most represented grade that has 27.3% of students.
The participants were divided into two groups with 66 students in each group for the Experimental (GBL) and
Control (TTM) groups. More than half of the students (56.1%) attend Urban schools, while Semi-Urban schools
(28.8%) and Rural schools (15.1%) serve as the second and third most common school locations. The detailed

represented in figure 4.
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Fig. 4. Description of demographic distributions

Table 4. Descriptive Statistics of Academic Achievement and Motivation Variables

Variable Group N Mean Std. Deviation
Pre-test Score GBL 66 51.84 8.62

TT™M 66 52.13 8.75
Post-test Score GBL 66 72.46 9.18
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TTM 66 61.32 8.94
Learning Gain GBL 66 20.62 6.43
TTM 66 9.19 5.87
Motivation Score GBL 66 92.38 11.27
TTM 66 76.14 12.03
Engagement Score GBL 66 22.84 3.12
TTM 66 18.96 3.45
Self-Efficacy Score GBL 66 17.92 2.34
TTM 66 14.68 2.81
Collaboration Score GBL 66 18.37 2.18
TTM 66 15.22 2.56

Table 4 shows descriptive statistics for academic achievement and motivational variables which were measured
in both the experimental group and the control group. The groups showed similar pre-test results but the GBL
group demonstrated substantial progress based on their post-test and learning gain achievements. The GBL
group demonstrated superior results in motivation, engagement, self-efficacy, and collaboration compared to
the traditional teaching group which shows that game-based learning methods succeed according to the evi-
dence.

Comparison of GBL vs. TTM across Academic and Psychelogical Variables
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Fig. 4. Comparison of GBL with respect to TTL

Table 5. Reliability Analysis of Measurement Scales

Scale No. of | Cronbach’s Al- | Reliability Level
Items pha (a)

Learning Motivation (LM) 5 0.87 Excellent

Student Engagement (SE) 5 0.89 Excellent

Academic Self-Efficacy (ASE) 4 0.85 Very Good

Collaboration & Social Interaction (CSI) 4 0.83 Very Good

Learning Satisfaction & Enjoyment (LSE) 4 0.88 Excellent

Overall Instrument 22 0.91 Excellent

The reliability analysis given in table 5 showed that all measurement scales used in the study maintained high
internal consistency, which was confirmed by their Cronbach's alpha values that ranged from 0.83 to 0.89. The
overall instrument achieved an excellent reliability coefficient of 0.91, which demonstrated strong internal con-
sistency and made the questionnaire appropriate for further statistical analysis.
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Table 6. Results of t-tests and ANOVA

Hypothesis | Test Variables Compared t/F df p-value Result

H1 Paired t-test Pre-test vs Post-test (GBL) 11.82 | 65 <0.001 Significant
H2 Independent t-test Post-test (GBL vs TTM) 6.74 130 <0.001 Significant
H3 Independent t-test Motivation (GBL vs TTM) 7.29 130 <0.001 Significant
H4 Independent t-test Engagement (GBL vs TTM) 5.96 130 <0.001 Significant
H5 Independent t-test Self-efficacy (GBL vs TTM) 6.18 130 <0.001 Significant
Hé6 One-way ANOVA Post-test across grades 4.37 4,127 0.002 Significant

The paired-samples t-test demonstrated a statistically significant improvement in GBL group post-test scores (t
= 11.82, p < 0.001) which confirmed that the intervention was effective. Independent-samples t-tests given in
table 6 showed that students who experienced game-based learning achieved better academic results and had
higher motivation and engagement and self-efficacy compared to students in traditional classrooms (p < 0.001).
The one-way ANOVA test showed that different grade levels produced distinct post-test score results (F = 4.37,
p =0.002).

Table 7. Correlation and Regression Analysis of Academic Achievement and Motivational Varia-

bles

Variables 1 2 3 4 5 Regression t-value p-value
Coefficient ()

1. Post-test Score 1 — — —

2. Motivation 0.68** 1 0.54 6.72 <0.001

(MOT_Total)

3. Engagement 0.61** 0.72%* 1 0.31 4.15 <0.001

(SE_Total)

4. Self-Efficacy 0.59%* 0.66** 0.70%* 1 0.27 3.68 <0.001

(ASE_Total)

5. Collaboration 0.53** 0.60%* 0.64** 0.67** 1 | o018 2.74 0.007

(CSI_Total)

The analysis of Pearson correlation results from Table 7 established that post-test academic achievement had
positive connections with all motivational variables through motivation (r = 0.68, p < 0.01), engagement (r =
0.61, p < 0.01), self-efficacy (r = 0.59, p < 0.01), and collaboration (r = 0.53, p < 0.01). The multiple regression
analysis showed that motivation (§ = 0.54, p < 0.001), engagement (3 = 0.31, p < 0.001), self-efficacy (B = 0.27, p
< 0.001), and collaboration ( = 0.18, p = 0.007) all served as important academic achievement predictors
which accounted for 62 percent of the variance (R* = 0.62) in academic performance. The results demonstrate
that students who exhibit higher levels of motivation and engagement along with self-efficacy and collaboration
achieve better learning outcomes in game-based learning environments.

Table 8. Tukey HSD Post-Hoc Comparisons of Post-Test Scores Across Grades
Comparison Mean Difference (I- Std. Error Sig. (p) 95% Confidence
)] Interval

VI - VII -3.42 2.12 0.236 -8.09 to 1.25

VI - VIII -7.18 2.08 0.015* -11.74 to -2.62

VI - IX -6.87 2.17 0.021* -12.61t0-1.13
VI-X -9.31 2.41 0.003* -16.12 to -2.50
VII - VIII -3.76 1.97 0.143 -8.96 to 1.44

VII - IX -3.45 2.05 0.217 -8.91t0 2.01

VII - X -5.89 2.28 0.027* -11.30 to -0.48
VIII - IX 0.31 1.94 0.987 -4.05 to 4.67

VIII - X -2.13 2.08 0.563 -7.78 to 3.52
IX-X -2.44 2.14 0.476 -8.20 to 3.32

* p< 0.05 indicates a statistically significant difference.
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The post-hoc analysis which used Tukey's HSD showed significant post-test score differences between Grade VI
and Grade VIII (p = 0.015) and Grade VI and Grade IX (p = 0.021) and Grade VI and Grade X (p = 0.003) and
Grade VII and Grade X (p = 0.027).The other grade comparisons given in table 8 showed no statistical signifi-
cance. The results demonstrate that students in higher grades achieved superior post-test scores after the
game-based learning intervention.

Table 9. Effect Size for Academic Achievement and Motivational Variables
Comparison Test Mean Std. Devia- | Effect Interpretation
Difference tion Size

Pre-test vs Post-test (GBL) Paired t-test 20.62 6.43 d=3.21 Large

Post-test (GBL vs TTM) Independent t- | 11.14 8.56 d=1.30 Large
test

Motivation (GBL vs TTM) Independent t- | 16.24 11.65 d=1.39 Large
test

Engagement (GBL vs TTM) Independent t- | 3.88 3.35 d=1.16 Large
test

Self-Efficacy (GBL vs TTM) Independent t- | 3.24 2.85 d=1.14 Large
test

Post-test across Grades One-way ANO- | — — n?=0.12 Medium
VA

The game-based learning intervention produced major academic improvements for students according to effect
size analysis given in table 9 showed academic achievement gains of Cohen's d value 3.21 and motivational as-
sessment results that included motivation (d = 1.39) and engagement (d = 1.16) and self-efficacy (d = 1.14). The
ANOVA analysis across grades showed a medium effect (n? = 0.12) which demonstrated that post-test results
depended on grade level. The results demonstrate that GBL method generates significant educational im-
provements which exceed mere statistical significance.

Discussion

The current research project identified as "Assessing the Role of Game-Based Learning in Improving Academic
Achievement and Student Motivation" implemented a structured quasi-experimental design to investigate the
effectiveness of Game-Based Learning (GBL) educational method. The research process started with problem
identification and literature review, which led to the development of specific research objectives and hypothe-
ses that compared GBL with traditional teaching methods (TTM) while studying the impact of motivational fac-
tors on academic performance.All students from Grades 6 to 10 participated in the study which created two
groups for the research. The pre-test showed that both groups had equal starting points because no baseline
difference existed between them (p > 0.05). The experimental group showed a significant improvement in their
post-test scores after they received their treatment which lasted between 8 to 12 weeks (t = 11.82, p < 0.001)
and achieved a large effect size which measured at Cohen's d value of 1.30. The GBL group achieved higher aca-
demic gains compared to the control group whereas their academic progress showed lower results. The three
variables motivation and engagement and self-efficacy showed large practical effects with their respective ef-
fect sizesofd=1.39andd=1.16 and d = 1.14.

The study discovered strong positive relationships between motivational variables and academic achievement
because researchers found an academic achievement threshold (r values ranging from 0.52 to 0.68, p < 0.001).
The study used multiple regression analysis to show that motivational factors explained 48 to 55 percent of
post-test score variance (R* ~ 0.52). ANOVA results showed that grade levels differed at a moderate level with F
=4.37 and p = 0.002 and n? = 0.12. The study found no multicollinearity because VIF values remained below
2.5.

Conclusion and Future scope
This study proves that Game-Based Learning (GBL) helps students achieve better academic results and develop

stronger motivation compared to conventional teaching approaches. The research shows that students who ex-
perienced GBL learning showed better academic results and higher classroom participation and developed
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stronger self-belief abilities. The study discovered that motivational factors directly influence students' aca-
demic results which emphasizes the need for schools to use interactive teaching methods that focus on student
learning. The research found that GBL effectiveness varies between grade levels because developmental factors
affect its implementation.The statistical tests showed both statistical significance and practical significance be-
cause the researchers found large effect sizes across the main studied variables. The study found that motiva-
tional constructs can predict academic achievement because they account for a major part of the post-test re-
sults. The study results demonstrate that psychological engagement functions as a mediator between interac-
tive learning experiences and academic progress assessment. The study results show that GBL effectiveness
varies according to different grade levels because developmental factors affect its success.

Future research will study the social-emotional effects, which develop through GBL learning as well as the abili-
ties of students to think critically and create new ideas and work together with others. The educational benefits
of digital and non-digital game-based learning methods will become clear through research that compares
these two types of instructional strategies. The research will evaluate GBL programs by determining their cost-
effectiveness and their ability to grow, which will help schools adopt these programs and support educational
reform efforts.

References

1. Akhmetova, A. [, Seitenova, S. S., Khodjaev, B. K., Jamoldinova, O. R., Yerkebaeva, S. Z., &Kazybayeva, K. U.
(2025). Evolution of game-based learning research: A cross-database bibliometric analysis and visualiza-
tion study (2015-2024). Contemporary Educational Technology, 17(3), ep585.

2. Akhmetova, A. L, Seitenova, S. S., Khodjaev, B. K., Jamoldinova, O. R., Yerkebaeva, S. Z., &Kazybayeva, K. U.
(2025). Evolution of game-based learning research: A cross-database bibliometric analysis and visualiza-
tion study (2015-2024). Contemporary Educational Technology, 17(3), ep585.

3. Al Mubarok, F. U, Rohmani, A. F, Al Manfaluthi, L. Z., & Al Farisi, M. S. (2025). Bibliometric analysis of
game-based mobile learning in higher education: Trends and gaps. Journal of Learning for Development,
12(3),501-518.

4. Anggoro, B. S, Dewantara, A. H,, Suherman, S.,, Muhammad, R. R., &Saraswati, S. (2025). Effect of game-
based learning on students’ mathematics high order thinking skills: A meta-analysis. Revista de
Psicodidactica (English ed.), 30(1), 500158.

5. Bilous, I, Shcherbiak, I, Maslak, V,, Alnsour, R. A, Jarmoch, E. Z., &Hubkov3, S. (2025). Game-based technol-
ogies as a tool for developing communicative competence in primary school students within a student-
centered educational context. Journal of Education Culture and Society, 16(2), 585-603.

6. Dahalan, F, Alias, N., &Shaharom, M. S. N. (2024). Gamification and game based learning for vocational ed-
ucation and training: A systematic literature review. Education and information technologies, 29(2), 1279-
1317.

7. Dan, N. N, Nga, N. T, & Dung, T. M. (2024). Digital game-based learning in mathematics education at pri-
mary school level: A systematic literature review. Eurasia Journal of Mathematics, Science and Technology
Education, 20(4), em2423.

8. Ding, A. C. E,, & Yu, C. H. (2024). Serious game-based learning and learning by making games: Types of
game-based pedagogies and student gaming hours impact students' science learning outcomes. Comput-
ers & Education, 218, 105075.

9. Huber S. E, Kiili, K, Nebel, S,, Ryan, R. M,, Sailer, M., &Ninaus, M. (2024). Leveraging the potential of large
language models in education through playful and game-based learning. Educational Psychology Review,
36(1), 25.

10. 1li¢, ], Ivanovi¢, M., &Klasnja-Milicevi¢, A. (2024). Effects of digital game-based learning in stem education
on students’ motivation: a systematic literature review. Journal of Baltic Science Education, 23(1), 20.

11. Irfan, M, & Rahman, S. R. (2024). Effect of Game-Based Learning on Grade 11 Senior High School Science
Students' Learning Interest. Indonesian Journal of Educational Science (IJES), 7(1), 45-54.

12. Khoo, Y. Y, Ramdan, M. R,, Abdullah, N. L., Abd Aziz, N. A., &Mahjom, N. (2025). The Impacts of Game-Based
Learning on Thinking and Learning in Higher Education Context: A Scoping Review. International Journal
of Education in Mathematics, Science and Technology, 13(3), 623-637.

13. Khoo, Y. Y, Ramdan, M. R,, Abdullah, N. L., Abd Aziz, N. A., &Mahjom, N. (2025). The Impacts of Game-Based
Learning on Thinking and Learning in Higher Education Context: A Scoping Review. International Journal
of Education in Mathematics, Science and Technology, 13(3), 623-637.

Vol.6, No.1s, 2026 289


http://www.svedbergopen.com/

www.svedbergopen.com International Journal of Artificial Intelligence and Machine Learning

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Li, B, Luo, T, Bahari, A, Yang, M., & Chan, W. S. (2025). Beyond scores: a systematic review of learning and
psychological outcomes of digital game-based language learning (2010-2025). Innovation in Language
Learning and Teaching, 1-37.

Mehtal4, S., Marton, Z., Fenyvesi, K., Martinelli, A., &Merza, A. (2025). A Review of National Elementary
School Curricula in relation to Experiential Education, Game-Based Learning and Education for Sustaina-
ble Development. EdMedia+ Innovate Learning, 738-747.

Pineda-Martinez, M., Llanos-Ruiz, D., Puente-Torre, P, &Garcia-Delgado, M. A. (2023). Impact of video
games, gamification, and game-based learning on sustainability education in higher education. Sustainabil-
ity, 15(17), 13032.

Raharjo, A. D., Putri, A. A., & Budi, H. R. (2024). The use of game-based learning to increase student en-
gagement. Hipkin Journal of Educational Research, 1(3), 299-310.

Raziana, E., &Wibawanto, H. (2025). Pedagogical Innovation of Game-Based Learning for 21st Century
Skills in Vocational Education: A Systematic Literature Review. Indonesian Journal of Learning and Instruc-
tional Innovation, 3(1), 19-30.

Safitri, R. R, Rahmania, U. G., Putri, A. F, & umadj, ]. (2025). The impact of game-based learning on student
competencies in science: A systematic review. JurnalPendidikandanKebudayaan, 10(1), 116-136.
Susaniari, N. K. A. C,, &Santosa, M. H. (2024). A systematic review on the implementation of game-based
learning to increase EFL students’ motivation. Journal of English Language and Education, 9(6), 77-87.
Tian, F,, &Naufal Umar, 1. (2025). Research trends of digital Game-based learning for technical vocabulary
acquisition: A systematic decennial literature review (2014-2024). Arab World English Journal (AWE])
Volume, 16.

Usman, A. T, Anisah, A. S., Marwabh, S. S., &Holis, A. (2025). Game-Based Learning for the Digital Age: A
Narrative Review across Educational Levels. Sinergi International Journal of Education, 3(2), 68-81.
Usman, A. T, Anisah, A. S, Marwabh, S. S., &Holis, A. (2025). Game-Based Learning for the Digital Age: A
Narrative Review across Educational Levels. Sinergi International Journal of Education, 3(2), 68-81.

Utami, A., &Crescenzi-Lanna, L. (2025). Research design and implementation of digital play and digital
games-based learning in early development (0 to 6 years): a systematic review. Education 3-13, 1-18.
Vazquez-Calatayud, M., Garcia-Garcia, R., Regaira-Martinez, E., & Gémez-Urquiza, J. (2024). Real-world and
game-based learning to enhance decision-making. Nurse Education Today, 140, 106276.

Velasquez, E. A. P, Paragarino, V. R,, & Navarro, D. S. (2024). Developing learning skills through game-based
learning in complex scenarios: A case in undergraduate logistics education. JOTSE, 14(1), 169-183.

Appendix

Appendix A. Student Questionnaire: Game-Based Learning Evaluation Scale (GBL-ES)

The Game-Based Learning Evaluation Scale (GBL-ES) is presented below in a systematic tabular format in table
A1l. Participants should respond to each item using the following 5-point Likert Scale: 1 = Strongly Disagree 2 =
Disagree 3 = Neutral 4 = Agree 5 = Strongly Agree.

Table A1. Questionaries’ for evaluation

Item # Survey Statement 1 2 3 4 5

Section A Learning Motivation (LM)

1 [ feel excited to participate in lessons that use games.

2 Game-based activities make learning more enjoyable.

3 [ feel motivated to complete my class tasks when learning in-
volves games.

4 Game-based learning encourages me to try harder even when
topics are difficult.

5 I enjoy competing and collaborating with my classmates during
game activities.

Section B Student Engagement (SE)

6 I pay more attention during game-based lessons than traditional
lessons.

7 Game-based activities help me stay focused in class.

8 [ actively participate in classroom discussions during game-based
sessions.

9 [ feel fully involved while playing educational games in class.
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10 Time passes quickly when [ am learning through games.

Section C Academic Self-Efficacy (ASE)

11 Game-based learning helps me understand difficult concepts
easily.

12 [ feel confident in solving problems after participating in game-
based activities.

13 I believe I can perform well in exams when [ learn through
games.

14 Game-based lessons increase my confidence in my academic
abilities.

Section D Collaboration & Social Interaction (CSI)

15 Game-based activities help me work better with my classmates.

16 I enjoy learning through teamwork during gaming tasks.

17 Game-based learning improves communication among students.

18 [ help my peers more during game-based learning sessions.

Section E Learning Satisfaction & Enjoyment (LSE)

19 I enjoy learning through games more than traditional teaching
methods.

20 [ feel satisfied with my learning experience when games are used.

21 [ would like more lessons to include game-based activities.

22 Game-based learning makes school more interesting.
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