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ABSTRACT

Educational research trends demonstrate a growing interest in understanding the impact of games on
mathematics achievement. However, only a limited number of studies have synthesized previous quan-
titative studies to investigate how game-based learning (GBL) influences the enhancement of students’
high-order thinking skills (HOTS) in mathematics. To address this gap, this meta-analysis study aims to
investigate the effectiveness of GBL on students’ mathematics HOTS. The study analyzed 40 effect sizes
from 13 empirical studies published from 2010 to 2024, gathered from electronic databases such as Sco-
pus, Eric, and Pro-Quest. R software was employed for analyzing effect sizes, detecting publication bias,
and conducting subgroup analyses. Using the k-means algorithm, two studies identified as outliers were
excluded. After removing these outliers, the findings revealed a positive effect of GBL on students’ math-
ematics HOTS, with an overall effect falling within the small category (g=.134, p<.001). Additionally,
moderator variables, including educational level, measured thinking skills, continent, control treatment,
and intervention duration, significantly influenced the improvement of HOTS using GBL, while the sam-
ple size factor showed no significant impact. All findings, limitations, and implications are discussed in
this article.
© 2024 Universidad de Pais Vasco. Published by Elsevier Espaiia, S.L.U. All rights are reserved,
including those for text and data mining, Al training, and similar technologies.

Efecto del aprendizaje basado en juegos en las habilidades de pensamiento de
orden superior en matematicas de los estudiantes: Un meta-analisis

RESUMEN

Las tendencias de investigacién educativa muestran un creciente interés en comprender el impacto de
los juegos en el logro en matematicas. Sin embargo, solo un niimero limitado de estudios ha sintetizado
investigaciones cuantitativas previas para investigar como el aprendizaje basado en juegos (ABJ) influye
en la mejora de las habilidades de pensamiento de alto nivel (HOTS) de los estudiantes en matematicas.
Para abordar esta brecha, se ha realizado un estudio de metaanalisis con el objetivo de investigar la efec-
tividad del AB] en las HOTS matematicas de los estudiantes. El estudio ha analizado 40 tamafios de efecto
de 13 estudios empiricos publicados desde 2010 hasta 2024, recopilados de bases de datos electronicas
como Scopus, Ericy Pro-Quest. Se ha empleado el software R para analizar los tamafios de efecto, detectar
sesgo de publicacién y realizar andlisis de subgrupos. Utilizando el algoritmo k-means, se han excluido
dos estudios identificados como valores atipicos. Después de eliminar estos valores atipicos, los hallazgos
han revelado un efecto positivo del AB] en las HOTS matematicas de los estudiantes, con un efecto
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general situado dentro de la categoria pequefia (g=.134, p<.001). Ademas, se ha encontrado que vari-
ables moderadoras, incluido el nivel educativo, las habilidades de pensamiento medidas, el continente, el
tratamiento de control y la duracién de la intervencion, han influido significativamente en la mejora de
las HOTS mediante el ABJ; mientras que el factor de tamafio de la muestra no ha mostrado un impacto

significativo. Se han discutido todos los hallazgos, limitaciones e implicaciones en este articulo.
© 2024 Universidad de Pais Vasco. Publicado por Elsevier Espaiia, S.L.U. Se reservan todos los derechos,
incluidos los de mineria de texto y datos, entrenamiento de IA y tecnologias similares.

Introduction

Mathematical concepts are applicable across a wide spectrum
of everyday scenarios, ranging from uncomplicated tasks like
determining discounts, profit and loss (Suherman et al., 2020;
Wibawa et al., 2022), extending to more intricate applications in
diverse fields such as engineering, economics, pharmaceutics, and
accounting (Lopez-Diaz & Pefia, 2021; Mumcu, 2018). Additionally,
mathematics has been regarded as a fundamental subject and the
foundation of science and technology (Yeh et al., 2019). Regarding
those essential roles, the instructional approach in classroom math-
ematics should not only emphasize procedural comprehension or
theoretical knowledge, but also aim to develop high-order think-
ing skills (HOTS) (Lovianova et al., 2022), particularly analytical
thinking, among mathematics learners. This proficiency is not only
advantageous academically but also holds substantial relevance in
effectively addressing and solving real-world challenges.

Developing HOTS, such as problem-solving, reasoning, criti-
cal thinking, and computational thinking, is crucial for students.
However, mathematics educators often encounter significant chal-
lenges in this endeavor (Ganapathy et al., 2017). One primary
difficulty faced by teachers is the quest for engaging and effec-
tive methods to stimulate students’ high-order thinking. These
challenges arise from the abstract, logical, and systematic char-
acteristics of mathematics, coupled with the complexity of its
symbols and formulas (Acharya, 2017). The challenges in improv-
ing students are multifaceted, encompassing diverse students’
needs arising from their varied initial abilities (Smith et al., 2022),
mathematical beliefs, and practical constraints associated with
implementing specific teaching methods (Yerizon et al., 2022).

One potential strategy to address these challenges is by integrat-
ing games into the learning process. Game-based learning (GBL)
has garnered significant interest from both researchers and practi-
tioners (Qian & Clark, 2016). The integration of games in learning
is intriguing to explore, as most students naturally enjoy playing
games (White & McCoy, 2019). GBLinvolves incorporating games as
educational tools, immersing students in a dynamic and interactive
learning environment. GBL has emerged as an innovative learn-
ing approach that can enhance students’ motivation, emotional
involvement and enjoyment (Hartt et al., 2020). GBL also emerges
as an innovative approach with the potential to assist educators in
elevating students’ HOTS.

Several previous studies have yielded valuable insights into the
impacts of GBL, highlighting its significant enhancement of stu-
dents’ educational engagement across diverse educational level
(Jabbar & Felicia, 2015; Shu & Liu, 2019). GBL has potential to make
learning enjoyable and interactive, fostering students’ interest and
engagement, including cognitive involvement (Deng et al., 2020).
In GBL, students are not only challenged to progress to higher
levels but also derive satisfaction and joy upon successful com-
pletion of assignments or game missions (Freitas et al., 2017). In
a more specific context, integrating game in the learning process
holds the potential to enhance advanced cognitive thinking skills

such as reasoning, critical thinking, and problem-solving (Angelelli
et al., 2023; Bourke, 2019). Several prior studies support the idea
that GBL has the potential to improve mathematics thinking skills.
Asri & Jamaludin (2022) highlighted the effectiveness of Scratch
games in developing thinking skills. Multiple studies demonstrated
the enhancement problem solving skills through GBL using mind
games (Demirel & Yilmaz, 2019), architecture-themed epistemic
game (Ke, 2019). Indriani et al. (2019) found that problem-based
learning assisted by monopoly game improved critical thinking
ability, while Izzati et al. (2022) showed enhanced divergent think-
ing with snakes and ladders games.

Despite various studies have explored the use of GBL in math-
ematics education, the findings remain diverse and, at times,
contradictory. Some studies advocate for the significant positive
impact of GBL on students’ HOTS (Al-Absi, 2017; Izzati et al., 2022;
Luetal,2023; Maetal,, 2023; Taja-on, 2019), while others suggest
no substantial difference compared to traditional teaching methods
(Emihovich et al., 2022; Lee et al., 2014). This incongruity prompts
a fundamental question: how can we establish consistent conclu-
sions regarding the effects of GBL on students’ mathematics HOTS?
To comprehensively address this question, a meta-analysis, which
systematically synthesizes results from multiple studies, needs to
be conducted.

Several previous meta-analysis studies have examined GBL,
highlighting its promise as a pedagogical approach that effectively
enhances students’ cognitive development (Turgut & Temur, 2017;
Wang et al., 2022) and learning outcomes (Bai et al., 2020; Barz
et al., 2024). Some meta-analyses have specifically focused on stu-
dents’ HOTS, such as the effects of GBL on computational thinking
(Lu et al., 2023; Ma et al., 2023), and critical thinking (Mao et al.,
2022). However, these studies often address general thinking skills
rather than focusing specifically on mathematics. On the other
hand, there are meta-analyses that examine the effects of GBL in
a mathematical context, but their focus is on general mathematics
achievementrather than HOTS. For instance, GBL has been reported
as an effective educational method for improving students’ math-
ematics achievement in specific educational levels, such as K-12
(Byun & Joung, 2018) and Pre K-12 grade levels (Tokac et al., 2019).
Nonetheless, research specifically investigating the impact of GBL
on students’ mathematics HOTS across various educational levels
remains limited.

To fill this gap, this current meta-analysis aims to assess the
effectiveness of GBL -compared to traditional non-GBL- on stu-
dents’ mathematics HOTS. By integrating studies with diverse
research designs and outcomes, the study aims to provide a
nuanced understanding of the effectiveness of GBL in enhancing
students’ mathematical HOTS, such as problem-solving, critical
thinking, matheamtics reasoning, computational thinking, and
other relevant cognitive thinking skills (Suherman & Vidakovich,
2022). Through this systematic examination, the study seeks to
contribute valuable insights to educators and researchers, shed-
ding light on the potential of GBL to elevate students’ mathematics
HOTS.
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Figure 1. PRISMA flow diagram.
Method words were combined with terms ‘AND’ and ‘OR’ as the Boolean

This study employs a meta-analysis approach, a statistical
method to synthesize findings from numerous quantitative stud-
ies within a particular research domain (Pigott & Polanin, 2020).
In particular, this study applied a group contrast meta-analysis,
involving the measurement of one or more variables across two
or more respondent groups, followed by subsequent comparisons
(Borenstein et al., 2009).

Literature search

To conduct a comprehensive meta-analysis about the effect
of GBL on students’ mathematics HOTS, this study employed the
new Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) 2020 method (Page etal.,2021). The data sources
consisted of studies (peer-reviewed journal articles and proceeding
articles). Electronic databases, including Scopus, Eric, Pro-Quest,
were queried for relevant studies published from January 2010
to January 2024. This period has seen significant advancements
in educational technology and game design (Qian & Clark, 2016),
increased adoption of game-based learning in educational settings
(Plass et al., 2015), and a shift towards emphasizing higher-order
thinking skills in mathematics curricula (Scherer & Beckmann,
2014). Additionally, research methodologies have become more
sophisticated (Merchant et al., 2014), and educational policies have
increasingly emphasized technology integration in mathematics
education (Hsu et al., 2020). This timeframe thus provides a rich,
recent body of research that reflects current educational contexts
and practices, ensuring the meta-analysis findings are applicable
to present-day mathematics instruction and future developments
in game-based learning.

The search terms included variations of "game-based learning”,
"mathematics education,” and "HOTS" in which the relevant key-

operators (Wang et al., 2022). The first set of keywords encom-
passed terms "game-based learning”, "GBL", "educational game",
"gamified learning”, “gamification”, "computer game", "digital game".
The second set included keywords such as "math™", "math* learning,
"math education”. The third set covered terms "high-order think-

"o«

ing skill™", “HOTS", “thinking skill”, "cognitive thinking", “problem

” o« ” o« » o«

solving”, “critical thinking”, “creative thinking”, “analytic thinking”,
“computational thinking”, “reasoning”.

From the literature search, a total of 293 records were identified
on Scopus, 43 on ERIC, and 307 on ProQuest (Figure 1). Furthermore,
manual searching of literature was carried out, encompassing the
examination of bibliographies of literature relevant to the meta-
analysis topic. Following this, the acquired literature underwent

screening based on the inclusion criteria set by the researcher.

Literature selection and inclusion criteria

Eight inclusion criteria have been established as guidelines for
literature selection. Literature that does not meet all of the follow-
ing inclusion criteria will be excluded. The eight inclusion criteria
employed in this study are: (1) The literature must have been
published between 2010 and 2024; (2) The literature should be
published in peer-reviewed journals or conference proceedings,
excluding theoretical papers, study reports, book reviews, and book
chapters; (3) The studies should have been conducted in educa-
tional settings at all levels, from primary to higher education; (4)
The studies needed to have full-text content in English. Studies
not published in English were excluded; (5) The research should
have a specific focus on the implementation of GBL interventions
in mathematics classrooms; (6) The studies should report outcomes
related to HOTS, covering problem-solving, critical thinking, com-
putational thinking, creative thinking, mathematics reasoning, and
otherrelevant cognitive abilities; (7) The studies should empirically
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investigate the impact of GBL on HOTS in mathematics learning
(studies investigating the effects of GBL on students’ HOTS in sub-
jects other than mathematics were excluded); (8) The studies must
have included at least one group using GBL and one control group
with a traditional setting or non-game intervention (did not involve
GBL). Studies without a control group were excluded; and, (9)
The studies were required to provide sufficient data for calculat-
ing effect sizes. This includes reporting quantitative data such as
means, standard deviations, and sample sizes for both the exper-
imental and control groups or reporting t-tests, F-tests, or exact
p-values along with sample sizes for both groups. Studies with
insufficient data for calculating effect sizes were excluded.

Data extraction, coding scheme, and moderator variables

The data extraction and coding process in this meta-analysis
adhered to a meticulous and systematic approach, encompassing
various steps from literature search to final data analysis. The ini-
tial phase involved a literature search using specific keywords to
identify relevant studies related to the impact of GBL on enhanc-
ing students’ mathematics HOTS. Subsequently, literature selection
was conducted based on predefined inclusion criteria.

Once the literature was successfully collected, a careful data
extraction process was initiated from the selected studies. This
process involved capturing information on study design, sample
size, reported outcomes, and other essential variables. The meta-
analysis analyzed thirteen empirical studies, including both journal
articles and conference proceedings, generating 42 effect sizes for
subsequent analysis. A summary of the literature search process is
depicted in the new PRISMA flow diagram (Figure 1).

The selected thirteen literatures, which met the inclusion crite-
ria, underwent a detailed data extraction process, resulting in the
derivation of 42 effect sizes. Following this, a coding process was
executed to identify the variables associated with the effect sizes,
including the mean, standard deviation (SD), sample size (1), and
effect sizes related to posttest scores for both experimental and
control groups. Additionally, any moderator variables present in
each study were identified during the coding process.

The codebook (coding scheme) serves as a comprehensive guide
for coding each study, containing essential information such as: (1)
The literature’s details, including auhor(s)’ last name, publication
year, the title of the studies, and the type of publication (peer-
reviewed articles or proceedings); (2) Sample size: small (n<30)
(S) and large (n>30) (L). This sample size refers to the sample
of experiment class in the analyzed studies; (3) Cognitive think-
ing skills measured: problem solving (PS), computational thinking
(CoT), critical thinking (CrT), reasoning (Rs), and other (O); (4) Edu-
cational level : elementary school (ES), secondary school (SC), and
undergraduate (UG). These educational level categories used in
this meta-analysis were determined based on the classifications
provided in the original articles, rather than specific age ranges.
However, the age ranges for each study analyzed are presented in
Table 1 (Appendix); (5) Control treatment: traditional (Tr) and mul-
timedia (MM); (6) Continent : Asia (A), Europe (E), North America
(NoA),and Other (O); (7) Intervention duration: <10 hours(ID 1), 10
—20hours (ID 2), > 20 hours (ID 3), and not specified (NS); and, (8)
Statistical information to calculate effect sizes, including total sam-
ple of experiment group (NE), average score of experiment group
(ME), and standard deviation of experiment group (SD E), total
sample of control group (NC), average score of control group (MC),
and standard deviation of control group (SD C). Furthermore, two
raters were involved in assessing the literature coding conducted
by the researchers in this meta-analysis. To ensure reliability, inter-
rater consistency was measured using the kappa statistics (Ho et al.,
2019).
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Effect size calculation and statistical models

This research compared mathematics cognitive achievement
between control and experimental groups, then the effect size was
calculated using the standardized mean difference (SMD) proposed
by Hedges (1981). Descriptive statistics from most studies, includ-
ing mean (X;, X»), standard deviation (s1, s3), and sample size
(nq, ny) for both groups, allow us to compute SMD values using
the following formula (Lipsey & Wilson, 2001):

de X — X4
Spuoled
Where,
V(1 —1)s12 + (n — 1)552
Spoolecl =

ng+ny;—2

Hedges (1981) found that the d value slightly overestimates the
absolute population parameter, leading to a proposed modification
known as Hedges’ g. To convert from d to g, a correction factor called
J is needed, calculated with the following formula:

3
I=1

where df is degrees of freedom calculated as:

df =ny+ny -2

with the corrected effect size, Hedges’ g was computed as:
g=Jxd

After calculating the effect size for each study, the aggregate
effect (mean effect) was computed using a random effect (RE)
model. The selection of a random effects model over a fixed model
was based on the researchers’ assumption that effect sizes in var-
ious studies could potentially stem from distinct populations, and
these different populations have their own sampling distributions
(Borenstein et al., 2009). This is reinforced by the opinion of Cooper
(2016) that the diversity in experimental settings in each study
(e.g., gender, country, education level) would be better suited for
analysis using a random effects model.

In our analysis, we employed a frequentist framework, which
relies on classical statistical methods to estimate parameters and
infer population characteristics based on observed data. This frame-
work was used to assess the pooled effect size and the influence
of moderator variables. Furthermore, we used inverse variance
weighting for the meta-analytic integration, as the most common
way to calculate a pooled effect size (Harrer et al.,, 2021). This
method gives more weight to studies with more precise effect
size estimates, which are typically those with larger sample sizes
or smaller variances. The overall effect size was calculated as a
weighted average of the effect sizes from individual studies, where
the weights correspond to the precision of each study’s effect size
estimate. This approach allows us to incorporate the variability
both within and between studies, leading to a more accurate esti-
mate of the overall effect size.

Heterogeneity among the effect sizes was assessed using the
Q statistic and quantified with the I? index. The between-studies
variance was estimated using the DerSimonian and Laird method.
The corresponding confidence intervals for the heterogeneity esti-
mates have also been included. This approach allows us to account
for variability both within and between studies, providing a more
accurate estimate of the overall effect size.

To calculate the effect size for each study and the aggregate
effect, R software version 2023.9.0.463 (Posit Team, 2023) was
employed with the 'meta’ package (Balduzzi et al., 2019). The ran-
dom effects model implemented in this package allows for the
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incorporation of variability both within and between studies, and it
provides a robust estimate of the overall effect size. The frequentist
approach used in this analysis involves calculating point estimates
and confidence intervals to make inferences about the population
effects.

Outlier detection

In meta-analysis, random effects are typically used to account
for unexplained variation beyond within-study variability, but this
method may not suffice when dealing with outlier studies (Beath,
2014). It is crucial to consider the identification of outliers (Riahi
& Mokhayeri, 2017) because these outliers possess an effect size
so extreme that it markedly diverges from the overall effect. The R
software version 2023.9.0.463 (Posit Team, 2023) was utilized for
detecting the outlier(s), employing the ‘'metafor’ and '"dmetar’ pack-
ages. The '"dmetar’ package incorporates the 'find.outliers’ function,
implementing the outlier removal algorithm (Harrer et al., 2021).
Additionally, he 'gosh.diagnostic’ function, utilizing different clus-
ter algorithms to identify data patterns, was also utilized (Harrer
etal.,2021).In this study, the k-means algorithm (Hartigan & Wong,
1979) was specifically selected from these algorithms.

Moderator variable analysis

Analyzing moderator variables is crucial in meta-analysis, help-
ing researchers understand the factors influencing variations in
effect sizes among studies and informing the evaluation of current
interventions and the potential formulation of more impactful ones
(Li et al., 2020). In this study, the moderator variables to be ana-
lyzed include sample size, educational level, continent where the
study was conducted, as well as control treatment and interven-
tion duration. The exploration of research outcome diversity among
various studies involved the utilization of a heterogeneity test (Q
test). A noteworthy finding in the Q statistic indicates the potential
consideration of each study as originating from a common popula-
tion. Essentially, the substantial variations in the collective impact
of each element within the moderator variable, highlighted by a
significant Q statistic, underscore the potential significance of mod-
erator variable analysis. Analysis of all moderator variables in this
study was conducted using ANOVA-like models. Within these mod-
els, presentation of mean effects (g) within groups, 95% confidence
intervals (CI), and heterogeneity between groups (Qb) was made.
A noteworthy Qb statistic signals significant distinctions in aggre-
gate effects among components of the moderator variable. The
analysis of moderator variables was facilitated by R software ver-
sion 2023.9.0.463 (Posit Team, 2023) with 'meta’ package (Balduzzi
et al,, 2019).

Publication bias assessment

Publication bias evaluation aims to identify potential bias in the
literature and its impact on the overall conclusions of the meta-
analysis. To assess the publication bias in this meta analysis study,
a three-pronged approach was adopted. The examination involved
the implementation of funnel plots and Egger’s regression test. The
visual inspection of the funnel plot was employed as an initial
step to discern any asymmetry. A symmetric distribution within
the funnel plot was considered indicative of an absence of publica-
tion bias (Card, 2011). This graphical representation facilitated the
identification of potential outliers and provided an overall visual
impression of the publication bias landscape. Subsequently, Egger’s
regression test, recognized for its quantitative assessment of funnel
plot asymmetry, was applied to rigorously evaluate the presence
of publication bias. This statistical approach quantified the degree
of asymmetry within the funnel plot, contributing a quantitative
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dimension to the assessment of bias. The evaluation aimed to dis-
cern whether there was a systematic relationship between the
effect sizes and their precision, potentially indicating publication
bias.

In addition to the above methods, we also applied the Trim
and Fill method to further assess publication bias. This is one of
the most common methods to adjust for funnel plot asymmetry
(Duval & Tweedie, 2000). Trim and Fill method involves identifying
potential missing studies from the funnel plot and adjusting the
meta-analysis to account for these missing studies, thus provid-
ing a more accurate estimate of the effect size. This comprehensive
approach allowed us to address potential biases more robustly and
enhance the credibility of our findings.

To execute the analysis of publication bias, R software version
2023.9.0.463 (Posit Team, 2023) was utilized in conjunction with
the 'meta’ package (Balduzzi et al., 2019) and the 'metafor’ pack-
age (Viechtbauer, 2010). The integration of these statistical tools
enabled a comprehensive exploration of publication bias, reinforc-
ing the robustness and credibility of the meta-analysis findings in
elucidating the impact of game-based learning on students’ math-
ematics analytic thinking skills.

Results
Study overview

In the course of the literature review and selection process, a
total of thirteen relevant sources, comprising experimental studies
investigating the impact of GBL on students’ mathematical analytic
skills, were identified. The synthesis of these 13 articles yielded
a dataset encompassing 42 individual studies, each contributing
a distinct effect size to the meta-analysis. The studies included in
this meta-analysis meet the predetermined inclusion criteria: they
are peer-reviewed journal articles or conference proceedings pub-
lished in English between 2010 and 2024. These studies empirically
investigate the impact of GBL on HOTS in mathematics education
across all levels (from primary to undergraduate). The research
design must be experimental, involving at least one group using
GBL and one control group with traditional or non-game interven-
tions (non-GBL). Additionally, the studies must provide sufficient
data to calculate effect sizes.

The characteristics of the studies included in this meta-analysis,
along with the detailed distribution of these studies, are presented
in Appendix (Table 1). This table provides an overview of the
diverse literature sources, publication types, measured thinking
skills, intervention durations, sample sizes, educational levels, con-
tinents where the studies were conducted, and control treatments.
A total of 42 studies are involved, comprising 40 journal articles
and two conference proceedings, conducted across four differ-
ent continents: Asia (n=12), North America (n=3), South America
(n=1), and Europe (n=22). These studies examine the impact of
GBL on HOTS in mathematics students at the following educational
levels: primary school (n=29), secondary school (n=6), and under-
graduate (n=5). The research focuses on various aspects of HOTS,
including problem-solving (n = 3), mathematical reasoning (n=18),
and other skills such as computational thinking, critical thinking,
and divergent thinking (n=6). In the experimental groups, sam-
ple sizes are categorized into two groups: small samples (n<30)
in 11 studies and large samples (n<3) in 29 studies. The dura-
tion of the GBL intervention varies and is categorized into four
groups: 12 studies with intervention durations of less than ten
hours, three studies with durations both less than ten hours and
more than 20 hours, and the remaining studies lack detailed dura-
tion information. In the control groups, teaching methods include
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Experimental Control Standardised Mean
Study Total Mean SD Total Mean sD Difference SMD 95%-Cl  Weight
Demirel & Yilmaz (Study 1)-2018 20 408 048 20 382 0.38 +—— 0.59 [-0.05; 1.22 2.0%
Demirel & Yilmaz (Study 2)-2018 20 4.14 0.60 20 422 0.50 —_— -0.14 [-0.76; 0.48 2.1%
Demirel & Yilmaz (Study 3)-2018 20 390 0.89 20 298 075 | e — 1.10 [043; 1.76 2.0%
Demirel & Yilmaz (Study 4)-2018 20 414 064 20 374 061 i 0.63 [-0.01; 1.26 2.0%
Emihovich (Study 1)-2020 17 66.82 27.16 17 102.65 60.80 —_— -0.74 [-1.44;-0.05 1.9%
Emihovich (Study 2)-2020 17 5.02 145 17 438 1.67 ——— 0.40 T1-0.28; 1.08 2.0%
Pires et al.-201 14 056 0.20 14 036 0.17 —_— 1.06 0.26; 1.85 1.8%
Chang et al. (Study 1)-2011 45 1071 1.63 47 9.68 242 ——l— 0.49 0.08; 0.91 2.4%
Chang et al. (Study 2)-2011 45 924 235 47 787 289 —_— 0.51 0.10; 0.93 2.4%
Chang et al. (Study 3)-2011 45 1995 370 47 1755 511 —_— 0.53 0.12; 0.95 2.4%
Taja-on-2021 121 7437 2078 102 26.00 12.01 : — 278 241; 3.15 2.4%
Indriani et al.-2019 36 84.08 12.30 36 6672 933 . —_—— 1.57 1.04; 2.11 22%
Ke-2019 41 711 333 20 415 213 | —— 0.98 0.41; 1.54 2.2%
Bakker & Panhuizen (Study 1)-2014 112 2015 856 327 2050 9.66 —— -0.04 [-0.25; 0.18 2.6%
Bakker & Panhuizen (Study 2)-2014 202 1822 755 327 2050 9.66 | : -0.26 [-0.43;-0.08 2.7%
Bakker & Panhuizen (Study 3)-2014 78 2045 775 327 2050 9.66 s -0.01 [-0.25; 0.24 2.6%
Bakker & Panhuizen (Study 4)-2014 112 241 131 327 240 1.46 - 0.01 [-0.21; 0.22 2.6%
Bakker & Panhuizen (Study 5)-2014 202 212 138 327 240 146 ] : -0.20 [-0.37;-0.02] 2.7%
Bakker & Panhuizen (Study 6)-2014 78 238 130 327 240 1.46 —— -0.01 [-0.26; 0.23 2.6%
Bakker & Panhuizen (Study 7)-2014 112 031 144 327 -003 148 == 0.23 [0.02; 045 2.6%
Bakker & Panhuizen (Study 8)-2014 202 -005 151 327 -0.03 148 : -0.01 [-0.19; 0.16 2.7%
Bakker & Panhuizen (Study 9)-2014 78 012 137 327 -0.03 148 0.10 [-0.14; 0.35 2.6%
Bakker & Panhuizen (Study 10)-2014 112 28.60 11.93 327 31.52 12.08 . -0.24 [-0.46;-0.03 2.6%
Bakker & Panhuizen (Study 11)-2014 202 29.78 12.02 327 31.52 12.08 HE -0.14 [-0.32; 0.03 2.7%
Bakker & Panhuizen (Study 12)-2014 78 3228 1048 327 31.52 12.08 - 0.06 [-0.18; 0.31 2.6%
Bakker & Panhuizen (Study 13)-2014 112 3,50 1.27 327 3.5 1.32 —— 0.00 [-0.21; 0.21 2.6%
Bakker & Panhuizen (Study 14)-2014 202 329 148 327 350 1.32 H -0.15 [-0.33; 0.02] 2.7%
Bakker & Panhuizen (Study 15)-2014 78 357 125 327 350 1.32 = 0.05 [-0.19; 0.30 2.6%
Bakker & Panhuizen (Study 16)-2014 112 160 1.33 327 152 1.38 - 0.06 [-0.16; 0.27 2.6%
Bakker & Panhuizen (Study 17)-2014 202 124 150 327 152 138 {: -0.20 [-0.37;-0.02] 2.7%
Bakker & Panhuizen (Study 18)-2014 78 153 128 327 152 1.38 —_— 0.01 [-0.24; 0.25 2.6%
Sala & Gobet (Study 1)-2017 17 250 141 18 240 155 —_— 0.07 [-0.60; 0.73 2.0%
Sala & Gobet (Study 2)-2017 17 162 120 18 240 155 ey -0.55 [-1.22; 0.13 2.0%
Sala & Gobet (Study 3)-2017 53 1.81 1.69 98 1.87 1.36 —_— -0.04 [-0.37; 0.29 2.5%
Sala & Gobet (Study 4)-2017 82 160 1.14 98 1.87 1.36 —t . -0.21 [-0.51; 0.08 2.5%
|zzati et al.-2022 32 79.01 846 32 7120 949 —— 0.86 0.34; 1.37 22%
Yeh et al (Study 1)-2019 73 629 283 41 4.9 2.16 ——— 0.50 0.11; 0.89 2.4%
Yeh et al (Study 1)-2019 209 784 340 125 639 324 S 0.43 0.21; 0.66 2.6%
Harisudin, et al.-2019 36 1425 235 36 1261 1.78 —_— 0.78 0.30; 1.26 2.3%
Al-Absi (Study 1)-2017 38 9.05 244 41 837 243 -+ 0.28 [-0.17; 0.72 2.3%
Al-Absi (Study 2)-2017 14 6.86 135 14 6.29 0.83 —————— 0.49 [-0.26; 1.25 1.8%
Al-Absi (Study 3)-2017 24 1033 1.97 27 944 228 “+—— 0.41 [-0.15; 0.97 2.2%
Random effects model 3408 6861 - 0.27 [0.09; 0.45] 100.0%
Heterogeneity: /% = 89%, t* = 0.3091, p < 0.01 I 1 T I T 1
-3 -2 -1 0 1 2 3

Figure 2. Forest Plot for 42 Studies (Pre-Outlier Detection).

multimedia-based instruction in 20 studies, with the rest utilizing
traditional teaching methods.

To provide a comprehensive perspective on the included stud-
ies, an examination of key characteristics was conducted. These
characteristics were organized into four primary categories: liter-
ature, study design, sample, and intervention (gaming) features.
Within each category, subcharacteristics were identified, serving
as moderator variables that provided a detailed perspective on the
studies. In this study, two raters assessed the literature coding con-
ducted by the researchers. Inter-rater consistency was measured
using the kappa statistic, which yielded a kappa value of .78, indi-
cating a ‘substantial agreement’ among the raters. It confirmed
that the two raters’ decisions were highly consistent, thereby sup-
porting the reliability of the literature coding performed by the
researchers (Ho et al., 2019).

Main analysis results before detecting outliers

The analysis utilizing the random effects model revealed that
the average impact size across the 42 studies was .266 (p<.001),
and the 95% confidence interval ranged from .086 to .446 (Figure
2). These findings indicate a statistically significant impact of GBL
on students’ mathematics HOTS compared to traditional (non-GBL)
learning methods, although the aggregate effect size falls into the
‘moderate’ category, as defined by Cohen (2013), where effect sizes
between 0.20 and 0.50 are considered moderate for experimental
studies. Thus, the positive impact of implementing GBL on math-
ematics HOTS, compared to traditional methods, falls within the
medium/moderate effect size category. Moreover, the analysis also
revealed diverse effect sizes among the 42 studies (Q=385.71,
df=41, p<.001), with a level of heterogeneity (I2) reaching 89.4%.
These findings indicate a considerable variation in the effect sizes
employed in this study.

Outlier detection

Identifying outliers, data points that exhibit considerable devi-
ation from the standard, can wield a noteworthy influence on the
overall outcomes. Consequently, it is recommended to eliminate
outliers and subsequently reassess the cumulative impact (Riahi
& Mokhayeri, 2017). The plots from the K-means analysis (Figure
3) illustrate studies with data points positioned significantly dis-
tant from the horizontal line (studies 11 and 12), acknowledged
as outliers. The results of the analysis uncover the existence of two
studies identified as outliers, encompassing the research conducted
by Taja-on (2019) and Indriani et al. (2019).

Summary effect analysis after removing outliers

After the exclusion of two studies identified as outliers, a reeval-
uation of the collective impact of the remaining 40 studies was
undertaken. In these studies, the effect sizes (ES) range from -
.74 to 1.10 (Figure 4). Among them, 15 studies (37.50%) depict a
negative effect size, indicating that GBL was not more effective
compared to traditional learning (non-GBL) in the control group.
Conversely, 25 studies (62.50%) show a positive effect size, sug-
gesting that students in the experimental group, implementing
mathematics GBL, achieved higher mathematics HOTS than those
in the control group with non-game approaches. To summarize,
the results reveal an overall positive and significant effect size with
g =.134 (p<.001, 95% CI=[.028; .239]) considerably lower than
the original effect size before removing the outlier studies (g=.27),
highlighting the importance of outlier detection in meta-analyses
(Viechtbauer & Cheung, 2010). In contrast to the condition before
excluding the outliers, the overall effect size now falls within the
’small effect size’ category (Cohen, 2013). Figure 4 provides the
forest plot, illustrating the studies’ effect sizes and confidence inter-
vals. Additionally, the heterogeneity test yielded a significant result
(Q=143.62, df=39, p<.001), indicating variation in the effect sizes



B.S.Anggoro, A.H. Dewantara, S. Suherman et al.

Revista de Psicodiddctica 30 (2025) 500158

01234567 8 910111213141516171819202122232425262728293031323334 35

Cluster imbalance (K-Means algorithm)
‘+

0.2 -

0.1
L)
(o))
L
® B | 4
g 0.0 ---.--.---A---:--.-a.‘ ---------------
o k3 * e e e
o
©
0

-0.1

-0.2

Study

Cluster

Figure 3. K-Means Plot for Detecting Outliers.

(I2=72.8%). According to Higgins et al. (2003), an 2 value above
75% suggests considerable heterogeneity, indicating that a substan-
tial proportion of the observed variance reflects real differences in
effect sizes rather than sampling error. This heterogeneity under-
scores the need for exploring potential moderators that might
explain the variability in GBL effectiveness (Borenstein et al., 2009).

Publication bias evaluation

The funnel plot in Figure 5 visually represents the results of a
publication bias assessment using the Trim and Fill method (Duval
& Tweedie, 2000). This analysis revealed substantial publication
bias in the meta-analysis. The asymmetry observed in the plot,
with fewer studies on the left side, initially suggested missing
studies with negative or null findings. The Trim and Fill method
confirmed this, identifying 11 potentially missing studies. Cru-
cially, after adjusting for these missing studies, the results changed
dramatically. The originally reported effect size was significantly
reduced and became statistically non-significant (SMD =-.019, 95%
CI [-.154; .116], p=.781). This substantial shift suggests that pub-
lication bias may have inflated the original findings, a common
issue in educational research (Pigott et al., 2013). This aligns with
known challenges in educational research, where studies with
positive or significant findings are more likely to be published,
potentially skewing meta-analytic results. The funnel plot and asso-
ciated analysis serve as a critical reminder of the importance of
addressing publication bias in research synthesis and the need for
caution when interpreting unadjusted meta-analytic findings in
fields prone to such bias.

Interestingly, Egger’s test (Egger et al, 1997) provided a
contrasting result (t=4.55, p=.082), not indicating significant pub-
lication bias. The associated funnel plot (Figure 6) shows a relatively
symmetrical distribution of effect sizes. This discrepancy between
the Trim and Fill results and Egger’s test is not uncommon in meta-
analyses and highlights the importance of using multiple methods
to assess publication bias (Sutton et al., 2000). It also suggests that
different types of publication bias might be at play, such as out-
come reporting bias or time-lag bias (Dwan et al., 2008; loannidis &
Trikalinos, 2005). The funnel plot (see Figure 6) reveals asymmetry,

particularly a lack of studies in the lower left quadrant, suggesting
potential publication bias in this meta-analysis. This asymmetry
indicates that smaller studies with negative or null results may
be underrepresented, a phenomenon known as the "file drawer
problem” (Rothstein, 2005). The plot shows a trend where smaller
studies (with larger standard errors) tend to report larger positive
effects, while there’s a noticeable absence of smaller studies report-
ing negative effects. This pattern aligns with Sterne et al. (2011)
description of publication bias in funnel plots and supports the
earlier findings from the Trim and Fill method. While the Egger
test may not have indicated significant bias, visual inspection can
reveal patterns that statistical tests might miss (Egger et al., 1997).
This asymmetry underscores the need for cautious interpretation
of the meta-analytic results and highlights the potential impact of
publication bias in educational research, where small studies are
common (loannidis & Trikalinos, 2007).

The substantial change in effect size after applying the Trim
and Fill method underscores the critical importance of address-
ing publication bias in meta-analyses. As loannidis (2005) argues,
publication bias can lead to an overestimation of effect sizes and
potentially false-positive findings in the literature. In this case, the
initial small positive effect of GBL on mathematics HOTS appears
to be largely attributable to publication bias, suggesting that the
true effect may be negligible or non-existent when considering
the full landscape of conducted studies, including those potentially
unpublished.

Moderator variable analysis

The analysis results of moderator variables, encompassing the
measured thinking skills, educational level, sample size (Li et al.,
2020), continent where study conducted, control treatment, and
intervention duration (Prieto-Rodriguez et al., 2020), are depicted
in Figure 7.

Thinking skills measured

The initial moderator variable ‘thinking skills measured’ con-
sisted of four groups: problem solving, critical thinking, mathematical
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Experimental Control
Study Total Mean SD Total Mean SD
Denirel & Yilmaz (Study 1)-2018 20 408 048 20 382 038
Denirel & Yilmaz %Study 2;-2018 20 414 060 20 422 050
Denirel & Yilmaz (Study 3)-2018 20 390 089 20 298 075
Demirel & Yilmaz (Study 4)-2018 20 414 064 20 374 061
Emihovich EStudy 1;—2020 17 66.82 27.16 17 102.65 60.80
Emihovich (Study 2)-2020 17 502 145 17 438 167
Pires et al.~2019 14 056 020 14 036 0.17
Chang et al. (Study 1)-2011 45 1071 163 47 968 242
Chang et al. (Study 2)-2011 45 924 235 47 787 289
Chang etal. (Study 3)-2011 45 1995 370 47 1755 511
Ke-2019 4 711 333 20 415 213
Bakker & Panhuizen (Study 1)-2014 112 2015 856 327 2050 9.66
Bakker & Panhuizen (Study 2)-2014 202 1822 755 327 2050 9.66
Bakker & Panhuizen }Study 3{-2014 78 2045 775 327 2050 9.66
Bakker & Panhuizen (Study 4)-2014 112 241 131 327 240 146
Bakker & Panhuizen }Study 5{-2014 202 212 138 321 240 146
Bakker & Panhuizen (Study 6)-2014 78 238 130 327 240 146
Bakker & Panhuizen (Study 7)-2014 112 0.31 144 327 -0.03 148
Bakker & Panhuizen }Study 8;-2014 202 -005 151 327 -003 148
Bakker & Panhuizen (Study 9)-2014 78 0.2 137 327 -0.03 148
Bakker & Panhuizen (Study 10)-2014 112 28.60 11.93 327 3152 12.08
Bakker & Panhuizen }Study 11)-2014 202 2978 12.02 327 3152 12.08
Bakker & Panhuizen (Study 12)-2014 78 32.28 1048 327 3152 12.08
Bakker & Panhuizen (Study 13)-2014 112 350 127 327 350 1.32
Bakker & Panhuizen }Study 14)-2014 202 329 148 327 350 1.32
Bakker & Panhuizen (Study 15)-2014 78 357 125 327 350 1.32
Bakker & Panhuizen (Study 16)-2014 112 160 133 327 152 1.38
Bakker & Panhuizen }Study 17{-2014 202 124 150 327 152 138
Bakker & Panhuizen (Study 18)-2014 78 153 128 327 152 1.38
Sala & Gobet (Study 1)-2017 17 250 141 18 240 155
Sala & Gobet (Study 2)-2017 17 162 120 18 240 155
Sala & Gobet EStudy 3;—2017 53 181 169 98 187 136
Sala & Gobet (Study 4)-2017 82 160 114 98 187 1.36
|zzati et al.-2022 32 7901 846 32 7120 949
Yeh et al (Study 1{-2019 73 629 283 41 498 216
Yeh et al (Study 1)-2019 209 784 340 125 639 3.4
Harisudin, et al.-2019 36 1425 235 36 1261 178
Al-Absi gStudy 1{-2017 38 905 244 41 837 243
Al-Absi (Study 2)-2017 14 686 135 14 629 083
Al-Absi (Study 3)-2017 24 1033 197 27 944 228
Random effects model 3251 6723

Heterogeneity: /= 73%, 7= 0.0785, p <0.01
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Figure 4. Forest Plot for 40 Studies (Post-Outlier Detection).
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Figure 5. Funnel plot using fill and trim method.

reasoning, and other skills. However, after the removal of out-
liers, only three groups of thinking skills remained, as both studies
removed belonged to the category of critical thinking. Overell, the
analysis result show that there is a significant difference in the
effectiveness of GBL based on the type of thinking skill measured
(Qb=32.63, p<.001). The analysis reveals that GBL has a positive
yet small effect on enhancing students’ problem-solving skills, with
an effect size of g=.29. Among the three measured thinking skill
groups, GBL demonstrated notable positive effectiveness for 'other
skills,” such as critical thinking, computational thinking, and divergent
thinking, with a larger effect size of g=.61. In contrast, for mathe-
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Figure 6. Funnel plot using Egger method.

matical reasoning skills (with g=-.05 and 95% confidence interval of
[-.12; .01] is not statistically significant, as the confidence interval
includes zero. This indicates that GBL does not show a signifi-
cant difference in improving students’ mathematical reasoning skills
compared to non-GBL interventions.
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Number of Interaction
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Random Effects Model

Subgroup Studies  P-value (Standardised Mean Difference) = SMD 95%-Cl
Problem Solving 16 <0.01 S 0.29 [0.07; 0.52]
Other 6 ;o 0.61 [0.36; 0.85]
Math Reasoning 18 g -0.05 [-0.12; 0.01]
Secondary 6 <0.01 D —m— 0.64 [0.33; 0.96]
Undergraduate 5 —1 0.18 [-0.22; 0.59]
Elementary 29 4 0.05 [-0.04; 0.14]
Small 11 0.27 —-'— 0.29 [-0.05; 0.64]
Large 29 : 0.09 [-0.01; 0.20]
Asia 14 <0.01 X ! 0.50 [0.38; 0.62]
North America 3 ] 0.23 [-0.76; 1.22]
Other 1 i ————=—— 1.06 [0.26; 1.85]
Europe 22 : -0.06 [-0.12; -0.00]
Traditional 20 <0.01 - 042 [0.24; 0.59]
Multimedia 20 : -0.06 [-0.12; 0.01]
10-20h 12 <0.01 T 0.30 [-0.00; 0.61]
NS 3 ;. —i— 0.85 [0.53; 1.18]
<10h 3 —— 0.51 [0.27; 0.75]
>20h 22 -0.02 [-0.09; 0.06]
Random effects model | : I - : : | 0.13 [0.03; 0.24]|

-1.6

-1 -05 0 05 1 15

Figure 7. Forest plot of subgroup (moderator variables).

Educational level

In terms of educational level, this study investigates three
groups: elementary, secondary, and undergraduate level. The anal-
ysis results reveal significant differences in the effect of GBL on
students’ mathematics HOTS based on the students’ level of edu-
cation (Qb=15.09, p=.0017). It indicates that the educational level
significantly influence the effectiveness of GBL on students’ mathe-
matics HOTS as compared to traditional learning (non-GBL). Among
the three measured subject groups, the implementation of GBL to
be most effective in the level secondary school (g=.78 and 95%
CI [.33; .96]. While, two other educational levels (elementary and
undergraduate) show the non-significant effect sizes in which their
confidence interval include zero (Figure 7).

Sample size

Among the six identified moderator variables, only sample size
was found to have no significant impact on the improvement of
students’ HOTS in GBL. The moderator variable of sample size is
categorized into two groups: large and small samples. The findings
suggest that there are no significant differences in the impact of
GBL on students’ mathematics HOTS when considering the sample
size of the study (Qb=1.22, p=.27) (Figure 7).

Continent

The moderator variable for continent where the study was
undertaken is categorized into four groups: Asia, North Amer-
ica, Europe, and other. The findings reveal notable variations in
the average effect sizes among these continent groups (Qb=76.73,
p<.001). The overall p<.01 (Figure 7) indicates a significant differ-
ence in the effectiveness of GBLacross the continents analyzed. Asia

shows a positive and significant effect size with g=.50. The "Other"
category, which includes South America (see Table 1 Appendix),
displays an even higher effect size with g=1.06 (95% CI [.26; 1.85]).
Although the effect size is substantial and the confidence interval
does not include zero, this category includes only one study, so
the results should be interpreted with caution. The lack of com-
parative studies in this region makes it challenging to draw strong
conclusions about the effectiveness of GBL in South America. In con-
trast, North America presents a smaller, statistically non-significant
effect size with g=.23, indicating a less pronounced impact of GBL
in this region. Europe also shows a non-significant effect size with
g=-.06 (96% CI [-.12; .00]), suggesting that GBL does not exhibit
a clear difference compared to conventional learning methods in
Europe.

Intervention duration

Treatment duration in the experimental group is categorized
into four groups: less than ten hours, 10-20 hours, more than
20 hours, and unspecified. This study revealed significant differ-
ences in the impact of GBL on the enhancement of students’
mathematics HOTS compared to non-GBL, based on intervention
duration (Qb =43.44, p <.001). Furthermore, two groups within this
intervention duration variable (less than ten hours and unspeci-
fied) are suggested to exert an influence. However, the intervention
duration category of 10 - 20 hours, the results are not statisti-
cally significant because the confidence interval includes 0 (95%
CI [-.00; .61]). Additionally, in studies with the longest treat-
ment duration (> 20 hours), GBL was not found to be more
effective than non-GBL in improving students’ mathematics HOTS
(Figure 7).
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Control treatment

The control treatment variable is divided into two groups,
including traditional and multimedia. The analysis results indicate
significant differences in the impact of GBL on students’ mathemat-
ics HOTS based on the type of control treatment applied (Qb = 24.01,
p<.001). This suggests that the chosen control treatment sig-
nificantly influences the effectiveness of game-based learning in
enhancing students’ mathematics HOTS compared to non-game
learning. Among the two measured control treatment groups, the
implementation of GBL is most effective when compared to tradi-
tional non-technological or multimedia-assisted learning (g=.42,
p<.001) (Figure 7).

Discussion

In spite of the increasing trend of incorporating game into the
learning process, which has led to numerous empirical research
examining the effectiveness of GBL, individual studies yield varied
findings regarding its influence on students’ mathematics academic
thinking skills. Furthermore, a comprehensive synthesis of out-
comes from these studies is notably absent. This research seeks
to bridge this gap through a meta-analysis approach. The results of
this investigation suggest that, on the whole, the implementation
of game-based learning positively affects students’ mathematics
high-order thinking skills.

The current scope of this meta-analysis study focuses effective-
ness of GBL on students’ mathematics HOTS (Chang et al., 2012).
Due to constraints arising from limited data availability, there are
challenges in directly comparing the results of this research with
otheridentical studies. However, it is possible to draw comparisons
between the results of this study and previous relevant meta-
analyses. The findings of this research correspond with the results
of numerous earlier meta-analytical studies that have delved into
the effectiveness of GBL in the context of general mathematics
achievements.

Following the exclusion of outliers, the summary effect analysis
reveals an overall positive effect size (g=.13), signifying a sta-
tistically significant effectiveness of GBL, compared to traditional
non-GBL, to enhance students’ mathematics HOTS. It is notewor-
thy, however, that the effect size falls within the ’small effect
size’ category, as defined by Cohen (2013). This finding notably
differs from several earlier meta-analysis studies that reported
the large effect or moderate/medium effects of GBL on students’
mathematics cognitive performance, such as the findings of Turgut
and Temur (2017) and Byun and Joung (2018) which indicate
a 'medium/moderate’ effect (g=.792 and g=.370, respectively).
However, the results of this study show no substantial difference
from the findings observed in study of (Tokac et al., 2019), reveal-
ing the ‘small but marginally significant’ overall effect size (g=.13,
p=.02). The results suggest that, despite multiple meta-analyses
consistently indicating the positive influence of GBL on students’
cognitive performance in mathematics, the aggregate effect size
exhibits variability.

Several prior studies have also explored the impact of GBL on
students’ HOTS (Harisudin et al., 2019), but with a broader research
focus, not limited to the field of mathematics only. In comparison,
the results of this study show consistency with those previous stud-
ies, indicating positive outcomes. However, the aggregate effect
size category found slightly differs from previous meta-analysis
study results, such as research examining the effect of GBL on com-
putational thinking abilities, as provided in studies by Lu et al.
(2023) and Ma et al. (2023), yielding values of g=.677 and g=.600,
both falling within the ‘moderate’ category according to Cohen’s
criteria (Cohen, 2013). In addition, another study examining HOTS
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in the context of critical thinking reported effect sizes categorized
as 'large’ effect with g=.863 (Mao et al., 2022). These findings rein-
force that GBL has a positive effect in enhancing students’ HOTS,
although the overall effect size remains dynamic.

In addition to information about the aggregate effect size, this
meta-analysis study also provides insights into the results of the
analysis of moderator variables, including thinking skills measured,
educational level, sample size, continent, intervention duration,
and control treatment. These findings offer a comprehensive under-
standing of how various factors contribute to the impact of GBL on
students’ mathematics HOTS. The exploration of the 'thinking skills
measured’ variable indicates a significant difference in the average
impact size among these groups, suggesting that the effectiveness
of GBL on students’ HOTS is significantly influenced by the spe-
cific measured thinking skills. These findings reinforce previous
meta-analyses that reported a positive effect of GBL on students’
mathematics HOTS, specifically for certain thinking skills (Aizpurua
et al., 2018; Suherman & Vidakovich, 2024), such as critical think-
ing (Mao et al., 2022) and computational thinking skill (Lu et al.,
2023; Ma et al., 2023).

This study examined four educational levels and found signif-
icant differences in the impact of GBL on students’ mathematics
HOTS based on the academic level. These findings align with study
of (Turgut & Temur, 2017), indicating a statistically significant dif-
ference between groups concerning educational levels, suggesting
that the academic level is a contributing factor in providing a pos-
itive effect of game-assisted mathematics education on academic
achievement (Bakker et al., 2015). In contrast, these findings con-
tradict the results of a previous meta-analysis, which concluded
that the impact of GBL on students’ cognitive performance remains
unaffected by their academic levels (Wang et al., 2022).

Furthermore, it was found that the sample size was the only
moderator variable that did not significantly impact the improve-
ment of students’ mathematics HOTS in GBL. This finding is
consistent with the results of a previous meta-analysis study (Ma
et al., 2023), indicating that the sample size factor did not signif-
icantly influence the effect of GBL on students’ critical thinking.
Although not significantly impactful, an interesting aspect of this
study’s findings is that GBL was considered most effective in
enhancing students’ mathematics HOTS for small sample sizes
compared to large sample sizes. Variations in effect size can be
influenced by sample size, with smaller samples typically yield-
ing larger effect sizes compared to larger samples (Slavin & Smith,
2009; Sun et al., 2023). The influence of sample size on effect size
variations suggests that GBL tends to show more effective learning
outcomes with smaller sample sizes, a trend supported by several
previous studies (Petri & Gresse von Wangenheim, 2017).

Another factor that significantly infiuenced the effectiveness of
GBL in enhancing students’ mathematics HOTS is the continent
where the study was conducted (Pires et al., 2019; Sala and Gobet,
2017). Notable variations were observed among continents, with
GBL demonstrating its highest effectiveness in the 'other’ coun-
tries group, particularly in South America, followed by Asia in the
second position. This finding has little similarity to a previous meta-
analysis study indicating that the use of games in learning, as a
learning approach, appears to yield more favorable results in Asian
contexts when compared to other continents (Bai et al., 2020).
However, this result is still questionable as there is limited empiri-
cal support regarding the influence of a country or continent (Tokac
et al., 2019) on the impact of GBL on mathematics HOTS. These
results need to be further examined in the further investigation.

The type of control treatment also significantly influenced the
effectiveness of GBL on students’ mathematics HOTS. GBL out-
performed traditional non-technological or multimedia-assisted
learning, emphasizing the importance of carefully selecting con-
trol treatments in experimental designs involving GBL. This finding
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contradicts the results of a previous study (Wang et al., 2022), that
found no statistically significant difference between the control
group treated with traditional and multimedia approaches regard-
ing the impact of digital game-based learning on students’ cognitive
achievement. Limited research has been conducted on this, so fur-
ther investigation is needed to explore this area.

Furthermore, it was found that the moderator variable of
intervention/treatment duration significantly influences the effec-
tiveness of GBL on students’ mathematics HOTS. The treatment
duration in the experimental group played a crucial role, and inter-
ventions with extended durations typically exhibit stronger effects
(Korkman et al., 1999). Contradictorily, the findings of this study
briefly indicate that GBL proves effective across various durations,
but its effectiveness decreases in studies with treatment dura-
tions exceeding 20 hours (the longest duration group). This result
might seem paradoxical, as one could anticipate that longer inter-
ventions would be more effective than shorter ones (Tokac et al.,
2019). By disregarding the ‘unspecified duration’ in this subgroup
of moderator variable, the shortest duration (less than ten hours)
provided the strongest impact. This is fairly consistent with the
results of a previous meta-analysis study (Lu et al., 2023), reporting
that GBL interventions between four hours and one week showed
the strongest effect on students’ critical thinking. This underscores
the importance of optimizing intervention duration for optimum
impact within an intermediate duration, not too short or too long,
to avoid causing boredom in students.

The findings of this meta-analysis suggest that while the over-
all effect is relatively small, GBL positively impacts students’
mathematics HOTS. This indicates that GBL can be a valuable
supplementary approach in enhancing mathematics HOTS across
different educational levels. However, educators and policymak-
ers should be mindful of specific variables that influence GBL's
effectiveness, such as the alignment between the game used and
the targeted thinking skills, the educational level of the students,
and the duration of the intervention. Given the limitations of the
study, including the small number of empirical studies and lan-
guage restrictions, future research should aim to include a broader
range of studies and explore additional moderator variables. This
will help to provide a more comprehensive understanding of how
GBL can be optimized to support students’ mathematical thinking
and improve educational practices.

Lastly, our meta-analysis initially revealed a small but statisti-
cally significant positive effect. However, upon applying the Trim
and Fill method to adjust for potential publication bias, we observed
a substantial change in both the magnitude and direction of the
effect size. The adjusted effect became slightly negative and statis-
tically non-significant. This marked shift aligns with findings from
Carter et al. (2019), who demonstrated that publication bias can
lead to overestimation of effect sizes in psychological research.
The substantial change we observed suggests that publication bias
likely exerted a considerable influence on our original findings,
consistent with the meta-meta-analysis by Fanelli et al. (2017)
which found that publication bias is prevalent across scientific dis-
ciplines. While Egger’s test did not indicate significant bias, the
notable change in effect size after adjustment cannot be over-
looked. This discrepancy between different methods of assessing
publication bias echoes the work of Renkewitz and Keiner (2019),
who emphasized the importance of using multiple approaches to
detect and correct for publication bias. The confidence interval
of the adjusted effect now includes zero, further supporting the
possibility that the true effect may be negligible or non-existent.
This dramatic change from a significant positive effect to a non-
significant result raises important questions about the robustness
and balance of the available literature in this field, reminiscent of
the "decline effect" described by Schooler (2011) in psychologi-
cal science. Our findings suggest that published studies may not
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fully represent the entire landscape of conducted research, with a
potential bias towards reporting positive or significant outcomes,
a phenomenon well-documented by loannidis (2005). They also
serve as a reminder to interpret meta-analytic results with cau-
tion, especially in fields where publication bias may be prevalent,
as highlighted by Ferguson and Heene (2012) in their critique of
psychological meta-analyses.

Limitation and implication

Despite offering valuable insights into GBL and its impact on stu-
dents’ mathematics HOTS, this study has several limitations. The
review is constrained by a small number of empirical studies—only
thirteen were included—which may affect the generalizability
of the findings to broader populations and diverse educational
contexts. The limited scope is partly due to difficulties access-
ing the Clarivate Web of Science (WoS) database and relevant
theses or dissertations. Additionally, the study was restricted to
English-language articles due to language limitations. Furthermore,
although six moderator variables were analyzed, other influential
factors may not have been fully considered, suggesting the need
for more comprehensive analyses in future research. Additionally,
this analysis addresses each moderator individually, and does not
account for potential interactions between moderators, which may
collectively influence the effectiveness of GBL.

Acknowledging these limitations is crucial for a deeper under-
standing and for guiding improvements in future GBL and
mathematics education research. This underscores the necessity
for broader investigations involving a larger number of empiri-
cal studies across diverse populations and educational settings to
provide a more complete understanding of the impact of GBL on
mathematics HOTS. Additionally, future studies could explore other
potential moderator variables not covered in this meta-analysis,
such as the specific characteristics of GBL interventions or stu-
dents’ prior knowledge levels. Furthermore, future research could
explore the combined effects of multiple moderators through more
complex analytical approaches, such as interaction effects in meta-
regression models. Adopting this broader approach will contribute
to a more comprehensive understanding of GBL dynamics in math-
ematics education.

A notable limitation of this study also is the potential for publi-
cation bias, as evidenced by the significant reduction in effect size
following the Trim and Fill adjustment. While Egger’s test did not
indicate substantial bias, the findings from the Trim and Fill method
suggest that missing studies may have skewed the original results,
possibly inflating the effect size. This highlights the need for cau-
tion when interpreting the findings, as the dataset may not be as
robust as initially assumed. Additionally, the analysis is constrained
by the data available, with potential variability in study design and
sample characteristics across the included studies contributing to
the observed bias. Relying solely on statistical corrections like Trim
and Fill may not fully account for all dimensions of publication bias,
leaving room for further exploration. Future research should prior-
itize replicating these findings with more comprehensive datasets
and employ a broader range of methods for detecting and correct-
ing publication bias. Expanding the scope of databases searched,
encouraging pre-registration of studies, and considering additional
tools such as p-curve analysis or selection models could provide
deeper insights into the influence of publication bias, ultimately
enhancing the reliability and validity of meta-analytic outcomes.

The implications of this meta-analysis for mathematics educa-
tion are significant. Despite the relatively small effect size, GBL
has shown potential as a supplementary tool for enhancing stu-
dents’ mathematics HOTS. Educators should consider integrating
GBL strategies into their curricula to stimulate students’ math-
ematics thinking. However, it is essential to carefully select and
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design GBL interventions to align with specific educational goals,
the types of thinking skills targeted, and the educational level.
Future research should also investigate how game characteristics
and the interplay between students’ prior knowledge and GBL can
provide insights into customizing interventions to better meet indi-
vidual learning needs, particularly in enhancing their mathematics
HOTS. By addressing these aspects, future studies can provide a
more comprehensive understanding of how GBL can be effectively
utilized to support and enhance learning quality in mathematics
classroom.

Conclusion

Considering the varied conclusions derived from individual
studies assessing the effectiveness of GBL on students’ mathemat-
ics HOTS, this meta-analysis aims to offer an updated synthesis of
the impact of GBL on students’ mathematics HOTS. It concludes that
GBL positively affects students’ mathematics HOTS, with an overall
effect size falling within the ’small’ category. Albeit the aggregated
effect size found is relatively small, it is sufficient to provide insights
that GBL can be considered as an alternative approach to enhance
students’ mathematics HOTS across various educational levels. This
study also reveals that variables such as the type of thinking skills
measured, educational level, continent where the study was con-
ducted, type of control treatment, and intervention duration tend
to significantly influence the impact of GBL on students’ mathe-
matics HOTS. While the sample size factor showed no significant
impact. However, the factor of sample size showed no significant
impact on the effectiveness of GBL. Overall, these findings indicate
that while GBL can support the development of students’ math-
ematics HOTS, attention should be given to the specific variables
affecting its effectiveness.
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