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Abstract: Mathematical critical thinking remains a persistent challenge in elementary education
globally, as TIMSS 2023 findings show that only a small proportion of fourth-grade students worldwide
reached the High and Advanced benchmarks in mathematics, while empirical evidence on the
effectiveness of game-based approaches at the primary level remains limited. This study examined
how the Game-Based Learning (GBL) model, assisted by Ladders War media, influenced fourth-
grade students’ mathematical critical-thinking skills in number patterns, a topic fundamental to algebraic
reasoning that remains persistently difficult for young learners. Employing a quasi-experimental
Nonequivalent Control Group Design, 50 students (aged 9–10; 25 males, 25 females) from two intact
classes in Bekasi, Indonesia, participated. The study was conducted over four 90-minute sessions:
the pretest was administered at the beginning of the first session, followed by the first treatment, two
additional treatment sessions, and a posttest in the fourth session. Critical thinking was assessed
using a five-item expert-validated essay test (reliability = 0.74) measuring analysis, inference, evaluation,
and explanation. ANCOVA with pretest scores as the covariate yielded a large effect size (ç²p =
0.217) and a significant between-group difference (F = 13.013, p < .001), with an adjusted mean
difference of 13.132 points (95% CI [5.809, 20.455]). The GBL group achieved a higher learning gain
(N-Gain = 0.56, moderate) than the control group (N-Gain = 0.33, moderate). These findings suggest
that the GBL model with Ladders War media effectively supports the development of mathematical
critical thinking among elementary school students. Theoretically, this study reinforces the use of
GBL to foster higher-order thinking, while practically offering an innovative instructional alternative
for mathematics teachers, with broader implications for mathematics education in developing-country
contexts.
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 INTRODUCTION
Mathematical education plays an important

role in developing students’ problem-solving,
analytical, and logical reasoning skills, which are
essential components of 21st-century
competencies (Thornhill-Miller et al., 2023).
Mathematics provides a foundation across
scientific disciplines and fosters students’ logical
and critical thinking by developing structured,
abstract, and systematic concepts grounded in
deductive reasoning (Sukmawati & Arifanti,

2022). This aligns with the National Council of
Teachers of Mathematics (2000), which asserts
that effective mathematics instruction must foster
conceptual connections, the communication of
mathematical ideas, and robust reasoning.
Nevertheless, students’ mathematical critical
thinking skills remain a significant challenge that
classroom practice has yet to address fully.

Mathematical critical thinking comprises a
range of cognitive abilities that allow students to
analyze information systematically, evaluate the
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validity of mathematical arguments, derive logical
conclusions, and construct well-reasoned
justifications when addressing mathematical
problems (Facione, 2011). In mathematics
learning, this ability not only supports conceptual
mastery but also encourages students to identify
relationships among concepts, evaluate problem-
solving strategies, construct evidence-based
conclusions, and communicate mathematical
reasoning logically (Jannah et al., 2024;
Monteleone et al., 2023). These abilities align with
the characteristics of mathematics, which
emphasize logical reasoning, systematic analysis,
and problem-solving as the foundation for building
conceptual understanding. Therefore, students
should develop mathematical critical-thinking
skills at the elementary level to build a solid
foundation for addressing increasingly complex
problems in later stages of education.

Cultivating mathematical critical-thinking
skills among elementary school students remains
a persistent, well-documented challenge in
mathematics education worldwide. TIMSS 2023
data show that only a limited proportion of fourth-
grade students achieved the High and Advanced
International Benchmarks in mathematics,
reflecting limited cultivation of higher-order
mathematical reasoning competencies at the
primary school level (IEA, 2023). This aligns with
Monteleone et al. (2023), who found that many
elementary school students still struggle to
analyze, evaluate, and communicate mathematical
reasoning systematically. One learning context that
exemplifies this challenge is number pattern
material, which this study selected because it
forms the foundation of algebraic thinking. This
topic requires students to recognize regularities,
identify relationships between patterns, generalize,
and construct general rules based on observed
patterns, making it well suited to developing
mathematical critical thinking skills at the
elementary level (Maula et al., 2024;
Pramasdyahsari et al., 2023). A similar challenge

exists in Indonesia, where mathematics instruction
remains dominated by procedurally oriented
approaches, leaving the cultivation of higher-order
thinking skills suboptimal.

Despite the growing adoption of Game-
Based Learning in elementary mathematics
education, recent reviews indicate that research
gaps remain regarding mathematical topics,
research designs, game types, and empirical
evidence across diverse learning contexts,
highlighting the need for further research into its
effectiveness on students’ higher-order thinking
skills (Alotaibi, 2024; Dan et al., 2024; Wardani
& Himmah, 2026). These gaps underscore the
need for research that develops innovative game-
based media within the Game-Based Learning
framework, specifically designed to develop
mathematical critical thinking skills in number
pattern material at the elementary school level.

Game-Based Learning (GBL) is a learning
framework that integrates game elements into
academic tasks to create meaningful learning
experiences and support students’ cognitive
development in formal educational settings (Plass
et al., 2015). This study’s implementation of GBL
is grounded in Vygotsky’s (1978) constructivist
perspective, which views knowledge as
constructed through active experience and social
interaction. These principles are reflected in
problem-solving, discussion, decision-making,
and peer interaction during gameplay. These
activities give students opportunities to develop
mathematical understanding through structured
learning experiences.

Games in mathematics education also rest
on a strong theoretical foundation. Dienes (1963)
emphasized the importance of active, game-based
experiences in helping students explore and
generalize mathematical structures. Consistent
with this perspective, well-designed mathematical
games can provide an environment for
exploration, reasoning, discussion, and the
development of conceptual understanding
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(Klooger, 2026). In this study, Ladders War
serves as a structured game-based medium that
allows students to repeatedly solve number-
pattern problems, discuss strategies, and make
decisions based on their solutions. These activities
relate to mathematical critical thinking skills,
particularly analysis, inference, evaluation, and
explanation, which the test assesses. Accordingly,
this study’s theoretical foundation focuses on
knowledge construction and cognitive
development relevant to mathematical critical
thinking rather than on student motivation or
engagement, as these constructs were not directly
measured.

International empirical studies have
demonstrated that Game-Based Learning
positively influences higher-order thinking skills,
mathematical conceptual understanding, learning
motivation, and student engagement. These
findings are further supported by meta-analyses
and systematic literature reviews reporting the
effectiveness of Game-Based Learning across
various educational levels and mathematics
learning contexts (Anggoro et al., 2024; Cheng
et al., 2023; Christopoulos et al., 2024; Mao et
al., 2022; Putra et al., 2024; Rohman & Khaliza,
2025). However, most existing studies have
focused on affective or motivational outcomes,
with relatively little attention given to the direct
impact of Game-Based Learning on mathematical
critical thinking, particularly at the elementary level
and within specific content areas such as number
patterns. The present study seeks to address this
gap.

Various educational game media have been
developed in mathematics learning, such as
modified Snakes and Ladders games designed
to support the learning process and improve
student outcomes (Azizah & Fidrayani, 2024;
Halidah et al., 2024). However, game media
designed specifically to stimulate mathematical
critical thinking through decision-making activities
and problem-solving strategies remain relatively

limited. To address this gap, this study developed
Ladders War as a mathematics learning medium
by adapting selected game mechanics inspired
by the Ladders War challenge featured in the
second season of Clash of Champions. The study
adapted and redesigned these mechanics to suit
elementary school students and the learning
objectives of number-pattern material.

These game mechanics were later adapted
into a mathematics learning medium suited to
elementary school students and the learning
objectives of number-pattern material, integrating
critical-thinking tasks, action cards, inter-group
battle mechanisms, and strategic decision-making
to stimulate students’ cognitive engagement.
Unlike most educational games based on modified
Snakes and Ladders, which retain conventional
mechanics in which dice rolls determine piece
movement (Azizah & Findrayani, 2024), Ladders
War uses step cards with number-pattern tasks.
Students must solve the tasks correctly to obtain
the opportunity to move forward. The ladder
mechanism is also modified into an inter-group
battle that requires students to solve mathematical
problems before advancing. Through these
mechanics, the game directly integrates problem-
solving and decision-making, positioning Ladders
War not merely as a game medium but as a
structured learning tool designed to support the
development of mathematical critical-thinking
skills.

This study’s novelty lies in integrating the
Ladders War game media into the Game-Based
Learning model and assessing its effectiveness
across four mathematical critical-thinking
indicators (analysis, inference, evaluation, and
explanation) within number pattern material at the
elementary level, a combination that prior
research has rarely examined. Grounded in
Constructivism and responding to persistent
global concerns about students’ higher-order
thinking in mathematics, this study aims to
contribute not only to the development of
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elementary mathematics instruction in Indonesia
but also to enrich the international literature on
contextual Game-Based Learning implementation
for developing mathematical critical thinking
across diverse educational systems.

 Accordingly, this study hypothesizes that
students receiving Game-Based Learning
instruction assisted by Ladders War media will
demonstrate significantly higher mathematical
critical thinking skills than those receiving
Discovery Learning with Question Pull media,
after statistically controlling for prior ability

 through ANCOVA (H  ). The findings are
expected to contribute to theory and practice in
game-based mathematics instruction at the
elementary level, while giving teachers a reference
for designing learning experiences that more
effectively develop students’ mathematical
critical-thinking skills.

 METHOD
This study employed a quantitative quasi-

experimental design with a Nonequivalent Control
Group arrangement, in which participants were
allocated to experimental and control groups
without random assignment (Widiastika et al.,
2023). This design was selected because the
participating school’s intact class structures
precluded random assignment of students to
different conditions, a common constraint in
naturalistic educational research (Ballance, 2024).
Although the lack of randomization limits causal
inference compared with a true experiment,
ANCOVA with pretest scores as a covariate was
used to control for pre-existing differences in
prior ability between groups, producing a more
accurate estimate of the treatment effect when
analytical assumptions are met (Lüdtke &
Robitzsch, 2025). Prior to data collection, the
study received an official research permit from
the university (No. T-2026/UN40.C4.1/
PK.03.03/2026) and formal approval from the
school principal (No. 421.2/044/SDN TP VIII/

V/2026). Parents and guardians of all participating
students were informed of the research objectives,
procedures, and timeline through the classroom
teacher via the established parent communication
group. All student responses were analyzed
anonymously to ensure participant
confidentiality.

The participants were 50 fourth-grade
students, approximately 9-10 years of age, from
two intact classes at a state elementary school in
Bekasi City, West Java, Indonesia. The experimental
group included 25 students (13 males, 12 females),
and the control group included 25 students (12
males, 13 females). Participants were selected
through purposive sampling based on class
availability and teacher willingness (Ballance, 2024).
The experimental group received instruction through
the Game-Based Learning (GBL) model assisted
by Ladders War media, whereas the control group
received Discovery Learning assisted by Question
Pull media. Data were analyzed anonymously to
maintain student confidentiality.

The study was conducted over four 90-minute
sessions (2 × 45 minutes), comprising a pretest, three
treatment sessions, and a posttest. Both groups used
teaching modules and student worksheets. Before
each session, the researcher reviewed the lesson
plans and coordinated with the classroom teacher
to ensure consistent implementation, while
conducting direct observations throughout the
intervention. However, the researcher’s direct
involvement in teaching both groups may have
introduced instructor-related bias, a methodological
limitation. The relatively short intervention provided
focused practice in mathematical critical thinking
through structured problem solving, discussion,
decision-making, and explanation. Thus, the findings
reflect changes in test performance following the
intervention rather than long-term development of
critical thinking skills. Future research should examine
longer interventions and involve independent
observers or co-instructors to strengthen
instructional fidelity.
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In the experimental group, instruction followed
six GBL stages: game selection, concept explanation,
rule agreement, game implementation, knowledge
summarisation, and reflection. Learning was
supported by Ladders War, in which students were
divided into six groups and solved number-pattern
problems using step cards, inter-group battles, ladder
boxes, and special boxes containing higher-order-
thinking questions. The group that reached the finish
line first earned the highest game score.

The control group followed six Discovery
Learning stages: stimulation, problem statement, data
collection, data processing, verification, and
generalization. Learning was supported by Question
Pull media, through which students selected number-
pattern cards and collaboratively discussed solutions.

Although the intervention period was relatively
brief, each treatment session focused on a distinct
mathematical critical thinking indicator and
incorporated repeated practice through the Ladders
War game. The first treatment session focused on
the analysis and inference indicators, the second on
evaluation and explanation, while the third integrated
all four indicators. In each session, the Ladders War
game was consistently employed with number
pattern tasks adjusted to align with the indicator
being addressed. Prior research has demonstrated
that game-based learning can support higher-order
thinking skills and mathematics learning outcomes
(Plass et al., 2015; Mao et al., 2022; Anggoro et
al., 2024).

Data were collected using a mathematical
critical thinking essay test developed based on four
indicators from Facione (2011): analysis, inference,
evaluation, and explanation. Four of Facione’s six
indicators were selected because they were
considered appropriate for written assessment of

number-pattern material at the elementary school
level. The final instrument consisted of five items:
one analysis item, one inference item, two evaluation
items, and one explanation item.

Content validity was assessed through expert
judgment by two validators: a mathematics education
lecturer and a practicing fourth-grade elementary
school teacher. Each item was evaluated for content
relevance, construct alignment, and language clarity
using a five-point rating scale. Scores of 4 and 5
were classified as relevant. The results showed an
I-CVI of 1.00 for all items and an S-CVI/Ave of
1.00, indicating excellent content validity (Polit &
Beck, 2006). Minor revisions to item wording were
made based on the validators’ feedback.

The instrument was then piloted with students
with characteristics comparable to those of the study
participants. Item validity was analyzed using
corrected item-total correlations, and reliability was
assessed using Anates Essay Version 4.0.5. The five
items showed item-total correlation coefficients
ranging from 0.594 to 0.743, while the reliability
coefficient was 0.74, indicating adequate reliability
(Guilford, 1956). Thus, all five items were retained
as the research instrument.

Students’ responses were scored using a
predetermined analytic rubric. The researcher
scored all responses, while a second rater
independently assessed 30 answer sheets. Inter-
rater reliability was examined separately for pretest
and posttest scores using a two-way random-effects
model with absolute agreement. The results
indicated excellent reliability for both pretest (single-
measure ICC = 0.974, 95% CI [0.941, 0.988])
and posttest scores (single-measure ICC = 0.995,
95% CI [0.989, 0.998]), with both values exceeding
the 0.90 threshold (Koo & Li, 2016).

Table 1. Mathematical critical thinking ability test instrument

Number 
Capability Indicators 

Critical Thinking 
Questions 

1 Students' ability to analyze 
number patterns in a series of 
numbers (Analysis) 

Notice the following pattern: 20, 16, 12, 8. Each 
number transitions into the next. Explain the 
change and determine the difference! 

2 Students' ability to make logical Notice the following pattern! 15, 13, 11, 9, … 
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2 Students' ability to make logical 
conclusions when identifying the 
continuation of a number 
sequence (Inference) 

Notice the following pattern! 15, 13, 11, 9, … 
Determine the next number in the pattern and 
explain how you found the change in each 
number! 

3 Students' ability to judge the truth 
of a statement grounded in a 
given number pattern 
(Evaluation) 

Notice the following patterns: 6, 12, 18, 24, ... In 
Nai's opinion, the next number is 30, while Mel 
thinks it is 28. Whose opinion is correct? Explain 
your reasons based on the pattern that is formed! 

4 Students' ability to judge the truth 
of a statement grounded in a 
given number pattern 
(Evaluation) 

Notice the following pattern: 35, 28, 21, 14, ... 
According to Dika, the next number is 9, while 
according to Lina, it is 7. Whose opinion is 
correct? Explain your reasons based on the pattern 
that is formed! 

5 Students' ability to explain and 
arrange number patterns based on 
certain rules (Explanation) 

Make a row of 4 numbers with a pattern of 
decreasing by 9 each Step. It should not be the 
same as the questions above! Write down the row 
of numbers you made: (..., ..., ..., ..., ...) After that, 
please tell me how you can identify the pattern in 
the numbers you wrote. 

 
Supporting data were gathered through

classroom observation and documentation. Student
responses were scored using an analytic rubric
ranging from 0 to 4, based on answer accuracy,
completeness of solution procedures, and clarity of
reasoning, as shown in the table. The rubric was

applied consistently to minimize scoring subjectivity,
and the complete scoring criteria are presented in
the table below.

All analyses were conducted using IBM
SPSS Statistics Version 30 at an alpha level of 0.05.
We first computed descriptive statistics to

Table 2. Rubric scoring mathematical critical thinking skills

Answer Criteria  Score  
The answer is correct, complete, and accompanied by a 
reason or an appropriate and systematic completion step 

4 

The answer is correct, but the completion steps or reasons 
given are incomplete 

3 

The response demonstrates partial correctness, although 
errors remain in the completion process 

2 

The answer is not correct and shows a low understanding 
of the concept 

1 

Not answering or inappropriate answers 0 
 

characterize score distributions across both groups.
Before ANCOVA, we examined normality and
homogeneity of variance using the Shapiro-Wilk and
Levene’s tests, respectively. ANCOVA was then
performed with pretest scores as the covariate,
posttest scores as the dependent variable, and
instructional group as the independent variable to

account for pre-existing differences in prior ability
between groups (Lüdtke & Robitzsch, 2025). The
magnitude of the treatment effect was reported using
partial eta squared (ç²p) and converted to Cohen’s
f to interpret effect size based on established criteria
(Cohen, 1988). Additionally, a 95% confidence
interval was reported to support the interpretation
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of findings (Lakens, 2013). As a supplementary
measure, normalized gain (N-Gain) was calculated
to quantify the degree of improvement in
mathematical critical-thinking skills within each group
(Hake, 1998).

 RESULT AND DISCUSSION
Descriptive statistics were used to

characterize students’ mathematical critical-
thinking performance before and after the

intervention. As presented in Table 3, the
experimental group obtained a higher posttest
mean (76.80, SD = 13.14) than the control group
(59.60, SD = 16.83). The experimental group’s
mean increased from 45.40 in the pretest to 76.80
in the posttest, whereas the control group’s mean
increased from 38.00 to 59.60.

Figure 1 displays the distribution of
individual pretest and posttest scores for students
in both the experimental and control groups. The

Table 3. Descriptive statistical results of pretest and posttest

Group Data 
Score 

Mean 
Std. Devi-

ation Min Max 

Experiments 
Pretest 20 75 45.40 17.436 
Posttest 50 95 76.80 13.140 

Controls 
Pretest 10 65 38.00 13.769 
Posttest 30 90 59.60 16.828 

 
diagonal line (y = x) represents the condition in
which pretest and posttest scores are equal,
allowing the direction and magnitude of each

student’s score change, as well as any
potential ceiling effect, to be observed
visually.
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Figure 1. Pretest and posttest scores by group
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Figure 1 presents the pretest and posttest
scores of individual students in the control group
(blue) and the experimental group (orange). The
diagonal line marks equal pretest and posttest
scores, so points above it indicate improvement.
Most points in both groups lie above the diagonal,
indicating that most students improved, and the
experimental group’s points tend to sit higher than
those of the control group.

To complement the ANCOVA results, N-
Gain analysis was employed descriptively to
quantify the magnitude of improvement in
mathematical critical thinking skills within each
group. Before conducting ANCOVA, the
assumptions of normality and homogeneity of
variance were examined using the Shapiro-Wilk
test, Levene’s test, and homogeneity of regression
slopes. The results are presented in Table 4.

Table 4. Results of normality, homogeneity of variance, and homogeneity of regression slopes tests

Data 
Experimental 

Sig. 
Control 

Sig. 
F df1 df2 Sig. 

Pretest 
(Shapiro-Wilk) 

0.087 0.200 - - - - 

Posttest  
(Shapiro-Wilk) 

0.065 0.116 - - - - 

Pretest  
(Levene’s test) 

- - 3.808 1 48 0.057 

Posttest 
 (Levene’s test) 

- - 1.988 1 48 0.165 

Pretest × Group 
(regression-slope 
homogeneity) 

- - 0.414 1 46 0.523 

 
The assumption tests indicated that the data

met the assumptions of normality and
homogeneity of variance. The homogeneity of
regression slopes assumption was also met, as
the interaction between pretest scores and group
membership was not statistically significant, F(1,

46) = 0.414, p = 0.523. Accordingly, ANCOVA
was conducted to examine whether students’
posttest mathematical critical thinking scores
differed significantly between the experimental
and control groups after controlling for pretest
scores.

Table 5. Results of the analysis of covariance (ANCOVA)

Source Type III SS df MS F Sig. Partial η² 
Pretest 3579.786 1 3579.786 22.859 <0.001 0.327 
Classes 2037.883 1 2037.883 13.013 <0.001 0.217 
Error 7360.214 47 156.600 - - - 

 

The adjusted means further clarify the
direction of this effect. As shown in Table 6, the
experimental group achieved an adjusted mean
of 74.77 (SE = 2.54, 95% CI [69.66, 79.87]),
compared with 61.63 (SE = 2.54, 95% CI
[56.53, 66.74]) for the control group. The
adjusted mean difference was 13.13 points (95%

CI [5.81, 20.46]). These results indicate that
students who received GBL assisted by Ladders
War demonstrated higher mathematical critical-
thinking performance than those who received
Discovery Learning assisted by Question Pull,
even after statistically controlling for differences
in prior ability.
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Table 6. Comparison of adjusted means

Group Adjusted 
Mean 

Standard 
Error 

95% CI 
Lower 

95% CI 
Upper 

Experiments 74.766 2.539 69.659  79.873  
Controls  61.634 2.539 56.527  66.741 

 
The findings suggest that the experimental

condition’s effectiveness may be linked to the
characteristics of Ladders War, which required
students to solve mathematical problems as part
of the game’s progression. Rather than merely
providing an entertaining activity, the game
embedded number-pattern problems, inter-group
battles, and decision-making into the learning
process. These features required students to
analyze information, discuss possible solutions,
evaluate answers, and explain their reasoning
during gameplay. These activities align with the
principles of Game-Based Learning, which
integrates meaningful game elements with learning
objectives to promote active cognitive engagement
(Anggoro et al., 2024; Cheng et al., 2023).

From a constructivist perspective,
collaborative problem solving during gameplay
gave students opportunities to build mathematical

understanding through interaction with peers and
the teacher (Vygotsky, 1978). The competitive
elements of Ladders War also challenged students
and gave them opportunities to demonstrate their
understanding while working collaboratively.
These characteristics are consistent with previous
research showing that Game-Based Learning can
support students’ mathematical thinking through
active participation, interaction, n problem-solving
(Putra et al., 2024; Rohman & Khaliza, 2025).

To complement the ANCOVA findings, N-
Gain analysis was conducted to describe the
magnitude of improvement within each group. As
shown in Table 7, the experimental group
obtained a mean N-Gain of 0.56, whereas the
control group obtained 0.33. Both values were
classified as moderate according to Hake’s
(1998) criteria; however, the experimental group
demonstrated a greater learning gain.

Table 7. Overall and indicator-level n-gain in mathematical critical thinking

Group 
Overall 
N-Gain 

Analysis Inference Evaluation Explanation 

Experiments 0.56 0.60 0.57 0.56 0.52 
Controls 0.33 0.26 0.22 0.52 0.22 

 

The higher N-Gain in the experimental
group complements the ANCOVA result by
describing greater improvement relative to
students’ initial performance. This finding aligns
with prior evidence that game-based learning can
support meaningful cognitive learning outcomes
by increasing student engagement and
participation (Barz et al., 2024; Debrenti, 2024).
However, the N-Gain result should be interpreted
as a descriptive measure of improvement rather
than as an additional test of the treatment effect.

The ANCOVA provides inferential evidence of
differences between groups. The relatively high
gain in the analysis indicator in the experimental
group may reflect repeated exposure to number-
pattern problems during Ladders War. Students
had to identify relationships, recognize patterns,
compare possible solutions, and choose
appropriate strategies before progressing in the
game. The activity’s collaborative nature also
encouraged students to discuss and justify their
reasoning, supporting the development of
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analytical thinking. This interpretation is consistent
with research suggesting that interactive game-
based environments can promote discussion and
deeper engagement with mathematical problems
(Cezarotto et al., 2024; Patterson, 2024).

In contrast, explanation showed the lowest
N-Gain among the four indicators in the
experimental group. This suggests that although
gameplay supported students in analyzing and
solving problems, systematically expressing
mathematical reasoning in written form remained
challenging. Oral discussion during gameplay
does not necessarily translate directly into
organized written explanations. Therefore, future
implementation could complement gameplay with
structured written reflection or justification
activities to give students more opportunities to
practice communicating their reasoning
(Christopoulos et al., 2024).

The relatively small difference between the
two groups on the evaluation indicator warrants
cautious interpretation. This indicator was
measured by two items (items 3 and 4), accounting
for 40% of the total test, whereas each of the
remaining three indicators was assessed by a
single item. This disproportionate weighting may
have influenced the N-Gain value for the
evaluation indicator, as the control group obtained
a notably higher gain on this indicator (0.52)
compared with the other three indicators (0.22–
0.26).

However, since the difficulty level and
scoring patterns of individual items were not
analyzed separately, and since the analytic rubric
was applied uniformly across all items without
item-level calibration, the specific factors
contributing to the control group’s relatively high
N-Gain on this indicator, whether attributable to
lower item difficulty, scoring rubric characteristics,
or other influences, cannot be determined with
certainty. Accordingly, this finding is interpreted
descriptively and is not used to conclude that
either instructional model is more effective in
developing evaluation skills.

The findings provide empirical evidence that
a non-digital, strategy-based game can support
the development of mathematical critical thinking
when game mechanics are directly integrated with
higher-order mathematical tasks. In particular,
Ladders War combines collaborative problem-
solving, competition, decision-making, and
mathematical challenges within the Game-Based
Learning framework. This extends existing
evidence on Game-Based Learning by
demonstrating its application to mathematical
critical thinking in elementary education and within
number-pattern learning.

Practically, Ladders War offers teachers an
alternative instructional medium for engaging
elementary students in mathematical problem
solving without requiring digital infrastructure.
Teachers can adapt its mechanics to other
mathematical topics that require analysis,
reasoning, evaluation, and explanation.
Nevertheless, because the explanation indicator
showed the smallest gain, gameplay should be
complemented by structured written reflection to
strengthen students’ ability to communicate
mathematical reasoning.

The findings should be interpreted in light
of several limitations. The study involved only 50
students from one elementary school and focused
on number-pattern material over four sessions,
which limits the generalisability of the findings.
Future studies should involve larger, more diverse
samples, examine other mathematical topics, and
use longer interventions.

 CONCLUSION
The Game-Based Learning model assisted

by Ladders War was associated with higher
mathematical critical thinking performance among
elementary school students in number-pattern
learning after controlling for pretest scores, with
an adjusted mean difference of 13.13 points.
Ladders War integrated problem solving,
discussion, decision-making, and mathematical
explanation into game progression, providing
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structured opportunities to practice critical
thinking. As a non-digital instructional medium, it
can be integrated into elementary mathematics
learning and complemented with structured
reflection and written justification. However,
interpret the findings with consideration of the
short intervention, researcher involvement, and
single-school sample. Future research should
involve longer interventions, larger and more
diverse samples, and independent instructors or
observers.

 DECLARATION OF GENERATIVE
AI USAGE IN THE WRITING
PROCESS
During the preparation of this manuscript,

the authors used Claude AI to help refine sentence
structure and translate the text. Following the use
of this tool, the authors reviewed and revised the
content as necessary and accept full responsibility
for the final content of the article.
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