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Background: Mathematical problem-solving ability is a fundamental
competency in elementary mathematics education because it supports
conceptual understanding, reasoning, and higher-order thinking. However,
evidence regarding how gender and residential context contribute to variations
in students’ problem-solving performance remains limited.

Accepted: July 20, 2026 Aims: This study examines variations in elementary students’ mathematical

problem-solving ability across gender and residential contexts to provide

Keywords: empirical evidence for developing more equitable and responsive mathematics
instruction.
Elementary Education; Methods: A quantitative ex post facto design was employed involving 116 fifth-
Gender; Mathematical grade students from three elementary schools in Cigedug Subdistrict, Indonesia.
Problem-Solving Ability; Students’ mathematical problem-solving ability was assessed using a Polya-
Polya’s Problem-Solving based testencompassing four stages: understanding the problem, devising a plan,
Erar:le\'/[vork; Residential carrying out the plan, and looking back. Data were analyzed using descriptive
ontext.

statistics, Mann-Whitney U tests, Spearman’s rho correlation, and nonparametric
effect size analysis.

Results: Students demonstrated stronger performance in devising and carrying
out solution plans than in understanding problems and reviewing solutions.
Significant differences were identified only across residential contexts for
problem understanding and looking back (p < 0.001), whereas no significant
gender-based differences were observed (p > 0.05). Effect size analysis indicated
that both factors had negligible practical influence on overall problem-solving
ability.

Conclusion: Variations in mathematical problem-solving ability are more
evident across Polya’s problem-solving stages than across gender or residential
contexts. Mathematics instruction should therefore prioritize strengthening
conceptual understanding and reflective evaluation to improve students’
comprehensive problem-solving competence.

To cite this article: Latipah, E., Turmudi. & Irawan, S. B. (2026). Understanding variations in elementary students’
mathematical problem-solving ability across gender and residential contexts. Journal of Advanced
Sciences and Mathematics Education, 6(3), 69-91.

INTRODUCTION

Mathematical problem-solving ability is widely recognized as one of the fundamental
competencies that should be systematically developed across all levels of mathematics education
because it equips students with the logical, analytical, critical, creative, and reflective thinking skills
required to address increasingly complex academic and real-world problems. Rather than being
viewed solely as the ultimate objective of mathematics instruction, problem solving has evolved into
a comprehensive learning process through which students construct conceptual understanding,
strengthen mathematical reasoning, and apply mathematical knowledge to authentic situations
(Fulop, 2021; Nilimaa, 2023; Szabo et al., 2020). Consequently, contemporary mathematics curricula
across many countries emphasize mathematical problem-solving ability as a core learning outcome
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and a key component of higher-order thinking skills (HOTS), reflecting its importance in preparing
students for lifelong learning and informed decision-making. International large-scale assessments
also recognize mathematical problem solving as an essential indicator of students’ readiness to
interpret information, evaluate evidence, formulate appropriate strategies, and solve contextual
problems effectively. Students who possess well-developed problem-solving skills are generally
better able to identify relevant information, organize mathematical ideas, justify their reasoning, and
evaluate the validity of their solutions before drawing conclusions (Suseelan et al.,, 2022). These
competencies not only support success in mathematics learning but also contribute to students’
ability to think systematically when facing unfamiliar situations that require flexible and adaptive
reasoning. Accordingly, mathematical problem-solving ability has become an indispensable
component of twenty-first-century education because it integrates conceptual knowledge,
procedural fluency, strategic competence, adaptive reasoning, and productive mathematical
disposition. Developing these competencies from the elementary school level is particularly
important because early mathematical experiences establish the cognitive foundation for learning
more advanced mathematical concepts in subsequent educational stages. Without adequate
problem-solving competence, students often rely on memorizing procedures rather than
understanding mathematical relationships, limiting their capacity to solve non-routine and
contextual problems meaningfully. Therefore, strengthening mathematical problem-solving ability
has become a central priority for mathematics educators seeking to improve both students’ academic
achievement and their long-term capacity to apply mathematics in diverse contexts.

Conceptually, mathematical problem-solving ability refers to students’ capacity to integrate
mathematical knowledge, procedural skills, and logical reasoning to solve problems that cannot
always be addressed through routine algorithms or memorized procedures. Polya’s classical
problem-solving framework remains one of the most influential theoretical models for describing
this cognitive process, consisting of four interconnected stages: understanding the problem, devising
a plan, carrying out the plan, and looking back to evaluate the obtained solution. The first stage
requires students to identify known and unknown information, interpret the meaning of
mathematical situations, and recognize relationships among the given data before selecting an
appropriate solution strategy (Alsina & Salgado, 2022; Laamena & Laurens, 2021; Manfreda Kolar &
Hodnik, 2021). Difficulties encountered during this initial stage frequently propagate to subsequent
stages, resulting in inappropriate strategies and inaccurate mathematical conclusions. During the
planning stage, students connect previously acquired mathematical concepts with contextual
information by selecting suitable representations, diagrams, patterns, equations, or mathematical
models that facilitate efficient problem solving (Sinaga et al, 2023; Yu et al, 2026). The
implementation stage subsequently demands procedural accuracy, conceptual consistency, and
careful execution of the selected strategy while encouraging students to monitor and adjust their
reasoning whenever errors or inconsistencies emerge throughout the solution process (Elbistan &
Stubbe, 2021; Rosas-Rivera & Solovieva, 2023). Finally, the looking-back stage emphasizes reflective
thinking by encouraging students to verify the correctness of their solutions, evaluate the efficiency
of the strategies employed, and explore alternative approaches that may produce more meaningful
mathematical understanding (Santos et al., 2024). This reflective process is increasingly recognized
as a defining characteristic of successful mathematical problem solvers because it promotes
metacognitive awareness and deeper conceptual learning rather than merely obtaining correct
numerical answers. In elementary mathematics education, these four stages collectively represent a
comprehensive cognitive framework through which students gradually develop higher-order
thinking skills while learning to connect mathematical concepts with meaningful real-life situations.
Consequently, mathematics instruction should be designed not only to improve students’ procedural
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proficiency but also to cultivate their conceptual understanding, strategic reasoning, and reflective
thinking throughout every stage of the mathematical problem-solving process.

Despite the recognized importance of mathematical problem-solving ability, numerous
studies consistently report that elementary school students continue to experience substantial
difficulties in solving non-routine mathematical problems, particularly those requiring conceptual
understanding, strategic planning, and reflective evaluation. Empirical evidence indicates that many
students struggle to identify relevant information, formulate appropriate solution strategies, connect
mathematical concepts with contextual situations, and verify the correctness of their answers,
resulting in relatively low levels of problem-solving performance (Magfiroh et al., 2024; Oktasya et
al, 2022; Pratiwi & Alyani, 2022; Ramadhani et al., 2023). These persistent challenges suggest that
mathematical problem-solving ability is influenced not only by students’ conceptual knowledge but
also by individual and environmental characteristics that shape their learning experiences. Among
the individual characteristics frequently examined, gender has received considerable attention
because differences in cognitive strategies, mathematical confidence, and learning behaviours may
contribute to variations in students’ approaches to solving mathematical problems (Hanggara et al.,
2022). Nevertheless, previous findings concerning gender differences remain inconclusive, with
some studies reporting meaningful differences in mathematical performance, whereas others
indicate that male and female students demonstrate comparable levels of mathematical competence.
Beyond individual characteristics, the learning environment also plays an important role in
supporting the development of mathematical problem-solving ability through differences in
educational resources, parental support, school facilities, and learning opportunities. Residential
context, particularly the distinction between urban and border or rural areas, may reflect disparities
in students’ educational experiences that subsequently influence their mathematical thinking and
problem-solving performance (Agusfianuddin et al., 2024). Students living in different residential
contexts often encounter unequal access to quality instruction, learning resources, extracurricular
support, and technology, which may affect their opportunities to develop higher-order mathematical
thinking skills. Consequently, understanding variations in mathematical problem-solving ability
requires consideration of both individual characteristics and contextual factors rather than
examining each factor independently. Such an integrated perspective is expected to provide a more
comprehensive understanding of students’ mathematical problem-solving processes and establish a
stronger empirical foundation for designing mathematics instruction that is equitable, inclusive, and
responsive to student diversity.

Although mathematical problem-solving ability has been extensively investigated in
mathematics education, previous studies have predominantly focused on improving students’
problem-solving performance through instructional interventions, including teaching models,
assessment strategies, problem-based learning, and the implementation of Polya’s problem-solving
process, rather than examining how students’ characteristics contribute to variations in problem-
solving ability (Son et al., 2020; Ukobizaba et al,, 2021; Yapatang & Polyiem, 2022). At the same time,
research in elementary mathematics education has largely emphasized the effectiveness of
instructional programs, project-based learning, realistic mathematics education, and game-based
learning in enhancing mathematical achievement and numeracy skills (Debrenti, 2024; Fauzan et al,,
2024; Lazi etal., 2021; Pellegrini etal., 2021). Studies examining gender have generally concentrated
on mathematics achievement, motivation, self-concept, self-efficacy, communication skills, and
gender stereotypes rather than mathematical problem-solving ability itself, and the reported
findings remain inconsistent regarding the magnitude and direction of gender-related differences
(Matteucci & Mignani, 2021; Mejias et al,, 2021; Mozahem et al, 2021; Reinholz et al, 2022;
Rodriguez et al, 2020). Furthermore, although the concept of residential context has received
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considerable attention in sociology, public health, and urban studies, its application in mathematics
education, particularly as a contextual factor influencing elementary students’ mathematical
problem-solving ability, remains largely unexplored (Hwang & Ding, 2020; Reinholz et al., 2022;
Rodriguez et al, 2020). Moreover, previous studies have generally investigated instructional
interventions, gender, or contextual factors independently, providing limited evidence regarding
their combined relationship with students’ performance across each stage of Polya’s problem-solving
framework. Therefore, this study addresses these theoretical, empirical, methodological, and
contextual gaps by examining variations in elementary students’ mathematical problem-solving
ability across gender and residential contexts using Polya’s four-stage problem-solving framework,
thereby providing a more comprehensive understanding of how individual and environmental
characteristics relate to students’ mathematical problem-solving processes in elementary education.

Building upon the identified theoretical, empirical, methodological, and contextual gaps, this
study seeks to provide a more comprehensive understanding of variations in elementary students’
mathematical problem-solving ability by simultaneously considering both individual and
environmental characteristics. Specifically, the study aims to examine whether mathematical
problem-solving ability differs between male and female students and across different residential
contexts in elementary education. In addition, this study investigates students’ performance at each
stage of Polya’s problem-solving framework, including understanding the problem, devising a plan,
carrying out the plan, and looking back, to identify which stages are most sensitive to variations in
student characteristics. Rather than focusing solely on overall problem-solving scores, this study
adopts a multidimensional perspective by examining variations across individual problem-solving
indicators. Such an approach is expected to provide a more detailed understanding of students’
cognitive processes during mathematical problem solving and reveal patterns that may not be
captured through aggregate achievement scores alone. The findings are anticipated to enrich the
existing body of knowledge regarding the relationship between gender, residential context, and
mathematical problem-solving ability in elementary mathematics education. Furthermore, the study
contributes to extending the application of Polya’s problem-solving framework by examining its
relevance in explaining variations associated with both individual and contextual characteristics.
From a practical perspective, the findings are expected to provide evidence-based recommendations
for teachers to design mathematics instruction that strengthens conceptual understanding, strategic
reasoning, and reflective thinking while accommodating the diverse backgrounds of elementary
school students. The results may also assist educational policymakers in identifying contextual
factors that should be considered when developing equitable mathematics learning environments
across different residential settings. Ultimately, this study aims to contribute to the advancement of
mathematics education research by providing empirical evidence that supports more inclusive,
context-responsive, and student-centered approaches to developing mathematical problem-solving
ability in elementary education.

LITERATURE REVIEW

Mathematical problem-solving ability is widely regarded as one of the most important
learning outcomes in mathematics education because it reflects students’ capacity to apply
mathematical knowledge and reasoning in solving unfamiliar and meaningful problems. Unlike
routine exercises that emphasize procedural fluency, mathematical problem solving requires
students to interpret problem situations, identify relevant information, formulate appropriate
strategies, execute mathematical procedures accurately, and evaluate the validity of the obtained
solutions (Manfreda Kolar & Hodnik, 2021). This multidimensional competence integrates
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conceptual understanding, procedural knowledge, strategic competence, adaptive reasoning, and
metacognitive regulation, making it a comprehensive indicator of mathematical proficiency.
Contemporary mathematics education emphasizes that problem-solving ability should be developed
continuously because it enables students to connect mathematical concepts with authentic situations
encountered both inside and outside the classroom (Suseelan et al.,, 2022). Students with strong
mathematical problem-solving ability generally demonstrate greater flexibility in selecting solution
strategies, constructing logical arguments, and adapting their reasoning when encountering
unfamiliar mathematical situations. Moreover, mathematical problem solving promotes deeper
conceptual understanding by encouraging students to explain, justify, and reflect on their
mathematical thinking rather than merely producing correct numerical answers. Numerous studies
have shown that students’ mathematical problem-solving ability is positively associated with
mathematical achievement, reasoning ability, critical thinking, and long-term learning success
(Sinaga et al., 2023). Consequently, many mathematics curricula have positioned problem-solving
ability as a central learning objective that supports the development of higher-order thinking skills
and mathematical literacy. The importance of this competency has also been reinforced by
international assessment frameworks that evaluate students’ ability to solve contextual and non-
routine mathematical problems rather than relying solely on procedural calculations. Therefore,
mathematical problem-solving ability should be understood as a comprehensive cognitive
competency that extends beyond computational accuracy and reflects students’ overall
mathematical proficiency.

Among the various theoretical models proposed to explain mathematical problem solving,
Polya’s problem-solving framework remains one of the most influential and widely adopted
frameworks in mathematics education because it systematically describes the cognitive processes
involved in solving mathematical problems. According to Polya, effective mathematical problem
solving consists of four interconnected stages: understanding the problem, devising a plan, carrying
out the plan, and looking back to evaluate the solution. The first stage emphasizes students’ ability to
interpret problem situations, distinguish relevant from irrelevant information, identify known and
unknown quantities, and establish meaningful relationships among mathematical concepts before
attempting a solution. During the planning stage, students generate appropriate solution strategies
by selecting mathematical representations, formulas, diagrams, or logical procedures that
correspond to the characteristics of the problem (Sinaga et al, 2023; Yu et al, 2026). The
implementation stage requires students to apply these strategies accurately while continuously
monitoring the correctness of each computational and reasoning step throughout the solution
process (Elbistan & Stubbe, 2021; Rosas-Rivera & Solovieva, 2023). The final stage, looking back,
encourages students to verify their answers, evaluate the efficiency of their strategies, and consider
alternative solution methods that may provide deeper mathematical understanding (Santos et al,,
2024). This reflective stage is considered particularly important because it promotes metacognitive
awareness and enables students to recognize and correct errors independently. Numerous empirical
studies have demonstrated that students often experience difficulties during the initial and final
stages of Polya’s framework, indicating that conceptual understanding and reflective thinking remain
more challenging than procedural execution. Consequently, Polya’s framework has become an
important theoretical foundation for evaluating students’ mathematical problem-solving ability
because it provides a structured approach for assessing both cognitive processes and solution
outcomes. For these reasons, the present study adopts Polya’s four-stage framework as the
conceptual basis for examining variations in elementary students’ mathematical problem-solving
ability across different individual and contextual characteristics.
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Gender has long been considered one of the individual characteristics that may contribute to
variations in students’ mathematical learning experiences and problem-solving performance,
although the nature and magnitude of these differences remain widely debated within mathematics
education research. Rather than suggesting the superiority of one gender over another,
contemporary perspectives emphasize that male and female students may demonstrate different
cognitive strategies, learning preferences, and approaches when solving mathematical problems.
Several studies have reported that female students tend to approach mathematical problems more
carefully, systematically, and sequentially, whereas male students are generally more willing to
employ exploratory strategies and alternative solution methods, although they may occasionally
demonstrate lower procedural accuracy (Hanggara et al, 2022). These differences are often
interpreted as reflecting variations in mathematical confidence, self-regulation, communication
style, and metacognitive behaviour rather than differences in intellectual ability. Nevertheless,
empirical findings concerning gender differences in mathematical problem-solving ability remain
inconsistent across educational contexts and student populations. Some studies have identified
significant differences favouring either male or female students in specific mathematical
competencies, whereas others have reported no statistically significant gender-related differences
after controlling for instructional and contextual factors. Such inconsistencies suggest that gender
alone cannot fully explain variations in mathematical problem-solving ability because cognitive
performance is influenced by multiple interacting factors, including instructional quality, learning
opportunities, and classroom experiences. Recent mathematics education research increasingly
argues that differences in students’ mathematical performance should be interpreted through
multidimensional perspectives that integrate both individual and contextual variables rather than
relying solely on demographic characteristics. Consequently, investigating gender within broader
educational contexts provides a more comprehensive understanding of students’ mathematical
problem-solving processes and learning outcomes. This perspective supports the need for further
empirical investigation into how gender interacts with contextual characteristics, such as residential
environments, in shaping elementary students’ mathematical problem-solving ability.

Residential context represents an important environmental characteristic that shapes
students’ educational experiences through differences in socioeconomic conditions, educational
resources, school facilities, parental support, and opportunities to engage in meaningful learning
activities. In mathematics education, residential context extends beyond geographical location
because it reflects the broader educational ecosystem in which students develop their mathematical
knowledge and problem-solving competence (Jiménez Consuegra et al.,, 2026; Rubel & McCloskey,
2021; Wu, 2025). Students living in urban areas generally have greater access to qualified teachers,
digital learning technologies, enrichment programs, and extracurricular educational opportunities,
whereas students in border or rural regions often experience more limited educational resources
and learning support. Such disparities may influence students’ opportunities to develop conceptual
understanding, mathematical reasoning, and higher-order thinking skills throughout their
educational experiences. Previous studies have demonstrated that learning environments
significantly affect students’ mathematical achievement by influencing motivation, resilience,
learning behaviour, and engagement during mathematics instruction. Likewise, students’ difficulties
in interpreting mathematical language, representing contextual situations, and selecting appropriate
solution strategies have been associated with differences in learning experiences and environmental
support (Agusfianuddin et al, 2024). Nevertheless, existing research has primarily examined
residential context from the perspectives of educational inequality, academic achievement, or
learning resources, while relatively limited attention has been given to its relationship with students’
mathematical problem-solving ability across each stage of Polya’s framework. Furthermore, many
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previous studies have treated environmental characteristics as background variables rather than as
substantive factors that may explain variations in mathematical thinking processes. Consequently,
investigating residential context provides an opportunity to understand how differences in
educational environments influence students’ abilities to comprehend, plan, implement, and evaluate
mathematical solutions in elementary education. Such evidence is expected to support the
development of mathematics instruction that is more equitable, context-responsive, and capable of
addressing disparities in students’ learning opportunities across different residential settings.

The theoretical perspectives discussed above indicate that mathematical problem-solving
ability is a multidimensional construct influenced by the interaction between students’ cognitive
characteristics and the educational environments in which learning occurs. Polya’s problem-solving
framework provides a systematic representation of students’ cognitive processes, enabling
researchers to evaluate mathematical problem-solving ability beyond overall achievement scores by
examining each stage of problem solving individually. At the same time, theories of individual
differences suggest that students’ mathematical thinking may vary according to personal
characteristics, including gender, although previous empirical findings remain inconclusive
regarding the extent of these differences (Hanggara et al.,, 2022). Environmental theories further
emphasize that learning opportunities, educational resources, parental support, and school
characteristics collectively shape students’ mathematical development and academic performance
(Agusfianuddin et al, 2024). Integrating these theoretical perspectives provides a broader
understanding of mathematical problem-solving ability by acknowledging that students’ cognitive
performance is influenced by both internal and external factors rather than by a single determinant.
From this perspective, gender represents an individual characteristic associated with differences in
learning approaches, whereas residential context reflects environmental conditions that may
facilitate or constrain mathematical learning opportunities. Examining these factors simultaneously
allows researchers to identify whether variations in mathematical problem-solving ability originate
primarily from individual characteristics, contextual influences, or the interaction between the two.
Such an integrated approach also extends previous mathematics education research that has
generally examined these variables separately, thereby providing a more comprehensive
understanding of elementary students’ mathematical problem-solving processes. Accordingly, this
study adopts Polya’s four-stage problem-solving framework as the theoretical foundation for
investigating variations in mathematical problem-solving ability across gender and residential
contexts, while recognizing that mathematical competence develops through the interaction of
cognitive and environmental influences. The proposed theoretical framework therefore establishes
a conceptual basis for interpreting the empirical findings and contributes to a more comprehensive
understanding of mathematical problem-solving ability within the context of elementary
mathematics education.

METHOD

Research Design

This study employed a quantitative ex post facto research design using a causal-comparative
approach to examine variations in elementary students’ mathematical problem-solving ability across
gender and residential contexts. This design was considered appropriate because the independent
variables, namely gender and residential context, were naturally occurring characteristics that could
not be manipulated by the researchers. Instead of applying experimental treatments, the study
compared naturally existing groups to identify potential associations between individual and
contextual characteristics and students’ mathematical problem-solving ability. Causal-comparative
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research is widely recognized as an appropriate approach for investigating differences in educational
outcomes under authentic learning conditions while maintaining ecological validity (Nurhikmayati
etal, 2024). Recent advances in causal inference have further strengthened the methodological rigor
of non-experimental research through the application of appropriate statistical techniques for
analyzing naturally occurring variables (Martinez-Abad & Le6n, 2023). Although this design does not
establish direct causal relationships, it provides robust empirical evidence for understanding
patterns of variation and association among educational variables. Therefore, an ex post facto causal-
comparative design was considered the most appropriate methodological approach for achieving the
objectives of this study without manipulating the variables under investigation.

Participants

The study involved 116 fifth-grade students from three public elementary schools in Cigedug
Subdistrict, Garut Regency, West Java, Indonesia. Fifth-grade students were selected because they
had completed the mathematics curriculum on multiplication and division of whole numbers and
possessed the cognitive readiness required to solve contextual mathematical problems. The
participating schools represented two contrasting residential contexts, namely the city subdistrict
and border subdistrict, while implementing the same national curriculum and comparable
instructional standards to minimize curricular differences. A total sampling (saturated sampling)
technique was employed, in which all students within the target population were included as
research participants. This sampling technique was considered appropriate because the population
size was relatively small, allowing complete population coverage while minimizing sampling bias and
enhancing data representativeness. Furthermore, total sampling is recommended for quantitative
studies involving relatively small populations because it improves statistical representativeness and
supports more reliable interpretations of relationships among research variables.

Instruments

The study involved 116 fifth-grade students from three public elementary schools in Cigedug
Subdistrict, Garut Regency, West Java, Indonesia. Fifth-grade students were selected because they
had completed the prerequisite mathematics curriculum on multiplication and division of whole
numbers and possessed sufficient cognitive readiness to solve contextual mathematical problems.
The participating schools represented two contrasting residential contexts within the same
administrative district, namely the city subdistrict and the border subdistrict, while implementing
the same national curriculum and comparable instructional standards to minimize curricular
differences. A total sampling (saturated sampling) technique was employed, whereby all students in
the target population were included as research participants. This approach was considered
appropriate because the relatively small population size allowed complete population coverage,
thereby minimizing sampling bias and maximizing the representativeness of the collected data.
Furthermore, total sampling is recommended for quantitative studies involving relatively small
populations because it enhances statistical representativeness, reduces sampling error, and supports
more reliable interpretations of relationships among research variables.

Table 1. Scoring Rubric Based on Polya’s Problem-Solving Framework

Polya’s Stages Score 4 Score 3 Score 2 Score 1
Writes down all . Does not
. Writes down most .
. important . Writes down understand the
Understanding the . . of the important - . .
information and ) . limited or unclear information or
Problem . information . . ..
questions information. misinterprets the
correctly.
completely. problem.
: Creates a logical The solution plan ~ The solution planis Fails to formulate
Formulating a : : : .
Plan solution plan that is correct but incorrect or not an appropriate
follows the incomplete. entirely logical. solution plan.
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appropriate
mathematical
operations.
. Performs all Most calculations Makes errors in Calculations are

Carrying Out the : . . .

Plan calculation steps are correct witha  some calculation incorrect or
correctly. few errors. steps. incomplete.
Reviews and checks = Reviews the result .
the final result with with general Reviews the result

Checking the . . but without a Does not review the
proper reasoning without . .

Work . . correct basis for calculation results.
reasoning.alasan in-depth ;

. the calculation.

yang tepat. explanation.

Data Collection

Data collection was conducted during the second semester of the 2024 /2025 academic year
after obtaining permission from the participating schools and classroom teachers. Before
administering the instrument, students received standardized instructions regarding the objectives
of the assessment, test procedures, and expected response format to ensure that all participants
completed the assessment under comparable conditions. The mathematical problem-solving test
was administered during regular mathematics lessons under direct supervision by the researchers
and classroom teachers to maintain consistency throughout the testing process. Students completed
the assessment individually without external assistance to ensure that the collected responses
accurately represented their own mathematical problem-solving ability. Upon completion of the
assessment, all answer sheets were collected and independently scored using the predetermined
analytic rubric presented in Table 1. Each student response was evaluated according to the four
stages of Polya’s problem-solving framework, enabling separate scores to be obtained for
understanding the problem, devising a plan, carrying out the plan, and looking back before
calculating the overall mathematical problem-solving score. The resulting dataset was subsequently
coded and organized according to students’ gender and residential context to facilitate comparative
statistical analyses. This systematic data collection procedure ensured that the assessment process
remained standardized, objective, and consistent across all participating schools while producing
reliable empirical data for subsequent statistical analysis.

Data Analysis

Data analysis was conducted to describe and compare elementary students’ mathematical
problem-solving ability across gender and residential contexts while examining relationships among
the four stages of Polya’s problem-solving framework. Students’ responses were scored using the
analytic rubric presented in Table 1, in which each problem-solving stage understanding the
problem, devising a plan, carrying out the plan, and looking back was rated on a four-point scale. The
indicator scores were then aggregated to obtain each student’s overall mathematical problem-
solving ability score, allowing the assessment to capture both students’ final performance and their
cognitive processes throughout problem solving (Pradana, 2024).

Descriptive statistics, including the mean, standard deviation, minimum score, maximum
score, and score distribution, were used to summarize students’ mathematical problem-solving
ability for each Polya indicator and the overall score. Descriptive analyses were also performed
according to gender and residential context to identify patterns and variations among the
comparison groups (Santos etal., 2024).

Prior to inferential analysis, the assumptions of normality and homogeneity were examined
using the Shapiro-Wilk and Levene’s tests, respectively, with a significance level of 0.05. Since the
data did not satisfy the normality assumption, nonparametric statistical analyses were employed.
Differences in mathematical problem-solving ability between gender groups and residential contexts
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were analyzed using the Mann-Whitney U test, while the magnitude of group differences was
evaluated using the effect size (r) calculated as:
|1Z]

VN

where Z is the standardized Mann-Whitney test statistic and N is the total number of
participants. Effect sizes were interpreted according to Cohen’s criteria, where r = 0.10, 0.30, and
0.50 indicate small, medium, and large effects, respectively (Kraft, 2020). Relationships among the
four stages of Polya’s problem-solving framework and the overall mathematical problem-solving
score were further examined using Spearman’s rho correlation, which is appropriate for ordinal or
non-normally distributed data. All statistical analyses were performed using IBM SPSS Statistics, with
statistical significance established at o = 0.05.

Research Procedure

The research procedure consisted of five sequential stages to ensure the systematic
implementation of the study. The first stage involved reviewing the literature on mathematical
problem-solving ability, Polya’s problem-solving framework, gender differences, and residential
context to establish the theoretical foundation, identify the research variables, formulate the
research objectives, and develop the research instrument. The second stage focused on instrument
preparation, including the development of contextual mathematical problems based on Polya’s four-
stage framework, preparation of the scoring rubric, coordination with participating schools, and
administration of the mathematical problem-solving test under standardized conditions. The third
stage involved scoring students’ responses using the analytic rubric presented in Table 1, coding the
data according to gender and residential context, and preparing the dataset for statistical analysis.
The fourth stage comprised descriptive and inferential statistical analyses, including assumption
testing and nonparametric analyses, to examine differences in mathematical problem-solving ability
and relationships among the problem-solving indicators. Finally, the statistical findings were
interpreted in relation to the theoretical framework and previous studies to draw conclusions and
formulate practical implications and recommendations for future research.

RESULTS AND DISCUSSION

Results

A descriptive analysis was conducted on 116 fifth-grade elementary school students
regarding the multiplication and division of whole numbers up to 100,000, examined based on
school location (urban, subdistrict, and subdistrict border areas) and gender, and presented
through scores on four indicators: understanding the problem (MM), formulating a solution plan
(SR), implementing the plan (MR), and checking the results (MK). The following are the results
of the descriptive analysis based on school location and gender.

Table 2. Results of the Descriptive Analysis by School Location

School MM_Indicator SR_Indicator MR_Indicator MK _Indicator
City Mean 50.68 61.92 57.92 34.19
Subdistrict N 53 53 53 53
SDt:\;iation 28.791 26.058 25.377 19.011
Border Mean 2497 60.73 59.08 41.52
Subdistrict N 63 63 63 63
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Std'. . 0.252 25.764 23.696 16.235
Deviation
Mean 36.72 61.28 58.55 38.17
N 116 116 116 116
Total
Std.
L 23.245 25.792 24.377 17.86
Deviation

The results of the descriptive analysis indicate differences in the profiles of fifth-grade
elementary school students’ mathematical problem-solving ability between schools in urban
subdistrict areas and schools in subdistrict border areas across several Polya indicators. For the
“understanding the problem” indicator, students from urban schools showed a higher mean (M
=50.68) and a relatively wide score distribution, whereas students from border areas tended to
be concentrated at low scores (M = 24.97). These findings are consistent with the literature,
which highlights disparities in numeracy and problem-solving achievement across different
school contexts (differences in access to learning resources and the quality of instruction)
(Fanggidae et al.,, 2024). The indicator for developing a problem-solving plan showed nearly
identical scores between the two school groups (urban MR = 61.92; border MR = 60.73) and a
relatively symmetrical distribution, indicating that the ability to devise problem-solving
strategies appears to be more consistent among respondents than their ability to understand
the problem. This finding is consistent with studies showing that strategy planning in
mathematical problem-solving is a critical aspect that is systematically developed through
structured learning practices and reflection on solution steps, thereby minimizing individual
variation in scores for the “devising a plan” indicator compared to other stages such as initial
problem understanding (Raiyan et al,, 2025).

The ability to implement plans also showed a nearly balanced pattern across groups (urban:
M = 57.92; border areas: M = 59.08) with a wide range of scores, indicating individual variation in
the accuracy of strategy implementation, although the means for both groups were relatively
adequate. International literature indicates that interventions based on problem-based learning
(PBL) or contextual learning generally improve performance during the solution implementation
stage, although the effects vary depending on the intervention design and study duration. A
systematic review shows that PBL enhances engagement, critical thinking, and problem-solving
competence across various learning contexts (Amoa-Danquah & Carbonneau, 2025). The indicator
for checking answers was the weakest aspect overall (total M = 38.17), with students in border
regions showing a slightly higher average than urban students. A number of studies confirm that
the habits of reflection and checking answers are often underemphasized in daily teaching
practices, so these evaluative skills tend to be low among groups of students who have not
received explicit training in solution verification procedures. These findings categorize students’
metacognition into awareness, evaluation, and regulation as they solve non-routine problems,
highlighting the importance of self-evaluation of the strategies and results obtained (Kholid &
Ahadiyati, 2022).

Overall, the findings indicate that students perform relatively better on indicators
related to planning and implementing strategies than on those related to understanding
problems and reviewing results. Therefore, instructional interventions that emphasize the
context of problem understanding (contextual problems, strengthening reading comprehension
of problems) and review routines (e.g., self-check rubrics, peer review, step-by-step reflection)
are recommended to improve the overall problem-solving skills of fifth-grade students in
multiplication and division of whole numbers up to 100,000. These pedagogical
recommendations align with the findings of empirical studies and recent research syntheses,
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which confirm that process-based mathematics learning-explicitly focusing on the problem-
solving stages and incorporating reflective activities has been proven effective in improving the
problem-solving skills of elementary school students. Next, a descriptive analysis was conducted
based on the gender of fifthgrade elementary school students, with the results shown in Table
3.

Table 3. Results of the Descriptive Analysis by Gender

Gender MM_Indicator SR_Indicator MR_Indicator MK _Indicator
Mean 32.77 57.34 55.25 35.68
Male N 65 65 65 65
Std. Deviation 18.763 24.691 22975 15.422
Mean 41.75 66.29 62.76 41.35
Female N 51 51 51 51
Std. Deviation 27.314 26.53 25.668 20.269
Mean 36.72 61.28 58.55 38.17
Total N 116 116 116 116
Std. Deviation 23.245 25.792 24.377 17.86

Based on Table 3, the data on fifth-grade elementary school students’ mathematical
problem-solving skills in the area of multiplication and division of whole numbers up to 100,000
show different achievement patterns based on the students’ gender. The average scores for all
problem-solving ability indicators were higher for female students than for male students. For
the first indicator-understanding the problem (Indicator MM)-the average score for female
students was 41.75, while that for male students was only 32.77, indicating a tendency for
females to have a better understanding of the problem context than males.

For the indicator on developing a problem-solving plan (SR Indicator), the average score
for female students (66.29) was also higher than that of male students (57.34), indicating that
female students tend to be more prepared and systematic in designing strategies to solve
problems. This difference is consistent with the findings of other studies in the elementary
education setting, which show variations in problem-solving strategies based on student
gender, with female students tending to exhibit more meticulous planning strategies in the early
stages of problem-solving. The study found that there are variations in problem-solving
strategies based on student gender, with female students tending to demonstrate more
meticulous planning strategies than male students in problem-based learning in elementary
education (Romadhon et al, 2024). Another study indicates that gender differences in
elementary school students’ mathematical process skills are influenced by social, cognitive, and
pedagogical factors, which shape differences in problem-solving strategies between male and
female students. Although it did not specifically examine each of Polya’s indicators, these
findings suggest that gender can influence students’ overall patterns of mathematical skills in
elementary school. Next, a normality test was conducted on the data using SPSS, with the results
presented in Table 4 below.

Table 4. Normality Test of KPM by Gender

Tests of Normality

Kolmogorov-Smirnova Shapiro-Wilk

Gender
Statistic  df Sig. Statistic  df Sig. Conclusion

MM _Indicator Male 0.445 65 <.001 0.478 65 <.001 Abnormal
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Female 0.416 51 <.001 0.648 51 <.001 Abnormal
Male 0.112 65 0.04 0.919 65 <.001 Abnormal
SR_Indicator
Female 0.141 51 0.01 0.896 51 <.001 Abnormal
Male 0.103 65 0.08 0.934 65 0 Abnormal
MR_Indicator
Female 0.128 51 0.04 0.913 51 0 Abnormal
Male 0.263 65 <.001 0.73 65 <.001 Abnormal
MK Indicator
Female 0.281 51 <.001 0.784 51 <.001 Abnormal
Male 0.139 65 0 0.923 65 <.001 Abnormal
Total_Score
Female 0.092 51 .200" 0.938 51 0.01 Abnormal

The normality test results presented in Table 5, using both the Kolmogorov-Smirnov and
Shapiro-Wilk tests, indicate that the mathematical problem-solving ability scores, both at the
indicator level and the overall score, were not normally distributed across students from both
the city subdistrict and border subdistrict schools. All significance values were consistently
below the 0.05 threshold, indicating that the score distributions deviated significantly from
normality. This finding suggests that students’ mathematical problem-solving abilities were
unevenly distributed, with substantial variability in performance among individuals. Such non-
normal distributions are commonly observed in elementary mathematics achievement data
because students often demonstrate heterogeneous levels of conceptual understanding and
problem-solving proficiency. The presence of skewed distributions may also reflect the
influence of extreme scores, particularly among students who experienced considerable
difficulty in specific stages of the problem-solving process. These findings imply that students’
mathematical problem-solving abilities varied considerably according to school location,
especially in relation to their understanding and application of mathematical concepts. Similar
distribution patterns have been reported in previous studies, which found that elementary
students’ mathematical problem-solving performance frequently exhibits non-normal and
skewed distributions due to substantial differences in cognitive development and mathematical
reasoning abilities. Therefore, because the assumption of normality was not satisfied,
subsequent inferential analyses were conducted using appropriate nonparametric statistical
procedures.

Tabel 5. Uji Normalitas KPM Berdasarkan Lokasi Sekolah
Tests of Normality

School Kolmogorov-Smirnov Shapiro-Wilk
choo
Statistic  df Sig. Statistic  df Sig.  Conclusion
City Subdistrict 0.254 53 <.001 0.8 53 <.001  Abnormal
MM_Indicator  Bord Ab 1
oreer 0534 63 <001 0106 63 <001 norma
Subdistrict
City Subdistrict 0.167 53 <.001 0.899 53 <001  Abnormal
SR_Indicator
- Border - 0122 63 0021 0905 63 <oo01 ‘bmormal
Subdistrict
City Subdistrict 0.152 53 0.004 0.907 53 <.001 Abnormal
MR_Indicator
- Border 0112 63 0047 0935 63 0 Abnormal
Subdistrict
City Subdistrict 0.401 53 <.001 0.537 53 <.001  Abnormal
MK Indicator B A |
order 0196 63 <001 0864 63 <001 ‘bmorma
Subdistrict
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City Subdistrict 0.164 53 0.001 0.873 53 <001  Abnormal
Total_Score Border Abnormal

. 0.115 63 0.037 0.923 63 <.001
Subdistrict

a. Lilliefors Significance Correction

The results of the normality tests in Table 5 show that all variables analyzed including
the indicators for understanding the problem, formulating a plan, implementing the plan, and
reviewing the solution, as well as the total problem-solving ability score were not normally
distributed in either the urban or border school groups. This is indicated by significance values
that were consistently less than 0.05 in both tests, leading to the rejection of the null hypothesis
regarding the normality of the data. The study indicates that students’ problem-solving skills
remain relatively low and vary across school groups, resulting in considerable variation in test
scores. Therefore, the non-normal distribution of data in this study can be understood as a
consequence of the heterogeneity in elementary school students’ mathematical problem-solving
abilities. Based on these findings, further inferential analysis was conducted using the Mann-
Whitney U test, as this test does not require a normal distribution and is considered more
appropriate for comparing mathematical problem-solving abilities across school groups and
genders. This nonparametric approach yields more reliable and scientifically valid results for
heterogeneous elementary education data. Next, a homogeneity test was conducted based on
the results of Levene’s Test for Equality of Variances to determine whether the variances across
data groups were equal. The testing criteria used were as follows: if the Sig. value > 0.05, the
variances across groups were considered homogeneous; whereas if Sig. < 0.05, the variances
across groups were considered non-homogeneous. The results of the homogeneity test are
described in Table 6.

Table 6. Homogeneity Test (Levene’s Test for Equality of Variances)

Indikator Levene's Test for Equality of Variances Homogenitas Varians
F Sig.
MM _Indicator 2144 <0.001 Non-Homogeneous
SR_Indicator 0.258 0.613 Homogeneous
MR _Indicator 1.123 0.292 Homogeneous
MK _Indicator 0.102 0.75 Homogeneous
Total_Score 2.327 0.13 Homogeneous

The results of Levene’s test for homogeneity of variances indicate that the degree of
homogeneity of variances across groups varies depending on the indicator analyzed. The MM
indicator variable has an F-value of 214.399 with p < 0.001, indicating that the variances across
groups are not homogeneous. Meanwhile, for the SR Indicator (F = 0.258; p = 0.613), the MR
Indicator (F = 1.123; p = 0.292), the MK Indicator (F = 0.102; p = 0.750), and Total_Score (F =
2.327; p = 0.130), the p-values were > 0.05, indicating that the variances across groups were
homogeneous and the assumption of homogeneity was met. This finding is important because
the assumption of homogeneity of variances must be met for valid further analyses such as t-
tests (Zhou et al., 2023). Hypothesis testing was conducted using the Mann-Whitney U test
because the data on students’ mathematical problem-solving abilities were not normally
distributed, making a nonparametric test more appropriate. The results based on school
location and gender are summarized in Tables 7 and 8 below.
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Table 7. Mann-Whitney U Test Based on School Location

Variable U Z Asymp. Sig. (2-tailed) Result
MM_Indicator 744.5 -6.51 0 Significant
SR_Indicator 1621 -0.269 0.788 Not Significant
MR_Indicator 1632.5 -0.205 0.837 Not Significant
MK _Indicator 1023 -3.759 0 Significant
Total_Score 1562.5 -0.593 0.553 Not Significant

a. Grouping Variable: School

The results of the Mann-Whitney U test, with data grouped by school, showed that
significant differences were found only for the MM Indicator and the MK Indicator, while the
other indicators did not show statistically significant differences. Specifically, the MM Indicator
had a U value of 744.500; Z = -6.510; p <.001, and the MK Indicator had a U value of 1023.000;
Z = -3.759; p < .001, indicating that the score distributions for these two indicators differed
significantly across schools, thus rejecting the null hypothesis. Conversely, the SR Indicator (p =
.788), the MR Indicator (p = .837), and the Total Score (p = .553) showed significance values
greater than 0.05, indicating no significant differences among schools in these aspects. These
findings imply that variations in school context influence specific indicators, but are not strong
enough to affect the overall total score. Methodologically, this interpretation is consistent with
the principles of the Mann-Whitney U test as a nonparametric test that compares the
distributions or ranks of scores between two independent groups when the assumption of
normality is not met, rather than directly comparing group means.

Table 8. Mann-Whitney U Test by Gender

Variabel U Z Asymp. Sig. 2-tailed Conclusion
MM _Indicator 1498 -1.127 0.26 Not Significant
SR_Indicator 1343.5 -1.75 0.08 Not Significant
MR_Indicator 1377.5 -1.559 0.119 Not Significant
MK _Indicator 1388.5 -1.57 0.116 Not Significant
Total_Score 1310 -1.934 0.053 Not Significant (close to 0.05)

a. Grouping Variable: Gender

The results of the Mann-Whitney U test based on the gender variable show that there is
no statistically significant difference between male and female students on all indicators
analyzed. The MM indicator yielded a U value of 1498.000; p = 0.260; the SR indicator yielded a
U value of 1343.500; p = 0.080; the MR indicator had U = 1377.500; p = 0.119; and the MK
indicator had U = 1388.500; p = 0.116 all of which indicate significance levels greater than 0.05.
Similarly, the Total Score has a U value of 1310.000; p = 0.053, which, although close to the
significance threshold, still does not meet the statistical criteria for declaring a significant
difference. These findings indicate that the distribution of student ability scores on each
indicator is relatively equivalent between male and female students; therefore, the null
hypothesis stating that there is no difference based on gender cannot be rejected.
Methodologically, these results are consistent with the characteristics of the Mann-Whitney U
test as a nonparametric test that compares the ranks of scores between two independent groups
when the data do not meet the assumption of normality; thus, small or inconsistent differences
between indicators will not be detected as statistically significant differences. In the context of
elementary education, several international and national studies have also reported that gender
differences in elementary school students’ learning outcomes are not always significant,
particularly regarding cognitive skills, which are influenced by learning experiences and a
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relatively homogeneous school environment (Aydin, 2019; Siddiq & Scherer, 2019). Thus, the
results of this study reinforce the view that gender is not the primary determinant of the skills
measured in elementary school students; rather, pedagogical factors and the learning context
play a greater role.

Based on the results of the Mann-Whitney U test conducted to examine differences in
mathematical problem-solving ability across groups, it was found that differences did not occur
uniformly across all indicators. Thus, this study’s analysis proceeded to examine the
relationships among the indicators of mathematical problem-solving ability in order to obtain a
more comprehensive picture. Since the data did not meet the assumption of a normal
distribution, the relationships among the variables were analyzed using Spearman’s rho
correlation, which is appropriate for measuring the strength and direction of relationships
among variables on a rank scale. This analysis is expected to provide a deeper understanding of
the interrelationships among the stages of mathematical problem-solving by elementary school
students in multiplication and division.

Table 9. Spearman’s rho correlation

Correlations
MM_Indic SR_Indica MR_Indic MK_.Indic Total_
ator tor ator ator Score
Spearman’s ~ Correlation 1.000 218" 0.160 0.051  .334"
rho MM_Indic  Coefficient
ator Sig. (2-tailed) 0.019 0.086 0.585 0.000
N 116 116 116 116 116
~ Correlation 218" 1.000 986" 724" 975"
SR_Indicat Coefficient
or Sig. (2-tailed) 0.019 0.000 0.000  0.000
N 116 116 116 116 116
~ Correlation 0.160 986" 1.000 735" 965"
MR_Indica Coefficient
tor Sig. (2-tailed) 0.086 0.000 0.000  0.000
N 116 116 116 116 116
~ Correlation 0.051 724" 735" 1000 740"
MK Indica Coefficient
tr Sig. (2-tailed) 0.585 0.000 0.000 0.000
N 116 116 116 116 116
Correlation 334" 975 965" 740" 1.000
Total_Scor Coefficient
e Sig. (2-tailed) 0.000 0.000 0.000 0.000
N 116 116 116 116 116

*. Correlation is significant at the 0.05 level (2-tailed).

** Correlation is significant at the 0.01 level (2-tailed).

The results of the Spearman’s rho correlation analysis of 116 fifth-grade elementary
school students showed that the relationships among the indicators of mathematical problem-
solving ability ranged from weak to very strong, and most of these relationships were
statistically significant. Specifically, the MM indicator had a significant but weak positive
relationship with the SR indicator (p = .218, p = .019), while also showing a moderate and
significant relationship with the Total Score (p =.334, p <.001), meaning that the better students
understood the problems, the higher their overall problem-solving ability scores were.
However, the relationships between the MM Indicator and the MR and MK Indicators did not
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reach statistical significance (p > .05), indicating that problem understanding among some
students is not automatically linked to their ability to design and revise more complex problem-
solving strategies.

Conversely, the correlations among the more operational problem-solving process
indicators-namely, the SR, MR, and MK indicators-were very strong and significant (p = .724-
.986, p <.001), and all three also have very strong relationships with the Total Score (p =.740-
975, p < .001), confirming that students’ abilities to formulate plans, implement plans, and
review answers are closely interrelated and substantially contribute to the overall problem-
solving ability score. This pattern is consistent with research findings indicating that various
components of problem-solving skills are interrelated in the cognitive development of
elementary school students, where experience and operational skills tend to strengthen the
connections between stages in problem-solving, as well as findings from studies on the
relationship between cognitive abilities and elementary school students’ mathematics
achievement, which emphasize the role of thinking skills in mathematical achievement (Kliziene
et al, 2022) these studies found a reciprocal relationship between basic cognitive abilities and
mathematics achievement in elementary school children. To enrich the interpretation of the
statistical findings and assess their practical implications in the context of learning, the next
stage of analysis focuses on calculating the nonparametric effect size, so that the contribution of
the relationships between variables to students’ mathematical problem-solving skills can be
understood more comprehensively.

Table 10. Nonparametric Effect Size (r) Based on School Location

Indicator Z-Score r-Value Effect Size Interpretation
MM _Indicator -6,510 -0,0561 Very small
SR_Indicator -0,269 -0,0023 Very small
MR_Indicator -0,205 -0,0018 Very small
MK Indicator -3,759 -0,0324 Very small
Total_Score -0,593 -0,0051 Very small

The results of the nonparametric effect size calculation (r) based on school location show
that all r values are well below the 0.10 threshold, indicating that differences in the
mathematical problem-solving abilities of fifth-grade elementary school students based on
school location have a very small practical impact. Although for some indicators, such as the MM
Indicator and the MK Indicator, the Z-values showed relatively large statistical differences, the
very small r-values indicate that these differences are not practically significant in an
educational context. Thus, variations in school location do not have a substantive influence on
elementary school students’ ability to understand problems, formulate strategies, implement
plans, or review their mathematical solutions. Methodologically, the very small effect size
suggests that although statistical differences exist, their actual impact on elementary school
students’ mathematics learning is relatively minimal. The study’s results confirm that statistical
significance does not always reflect the strength of an effect; thus, a low effect size indicates that
variations in problem-solving ability are more influenced by individual factors and the learning
process than by group differences such as school location or gender.

Table 11. Nonparametric Effect Sizes (r) by Gender

Indicator Z-Score r-Value Effect Size Interpretation
MM _Indicator -1.127 -0.0097 Very small
SR_Indicator -1.750 -0.0151 Very small
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MR_Indicator -1.559 -0.0134 Very small
MK _Indicator -1.570 -0.0135 Very small
Total_Score -1.934 -0.0167 Very small

The results of the nonparametric effect size r calculations derived from the Z-values of
the Mann-Whitney U test by gender show that all r values are very close to zero, ranging from
-0.0097 to -0.0167. These values are well below the threshold for a small effect size (r = 0.10),
suggesting that the differences in mathematical problem-solving ability between male and
female students at the elementary school level have a very small or negligible practical impact.
In other words, although statistically there are certain Z-scores indicating the direction of
differences between groups, the magnitude of these differences is not strong enough to be
considered meaningful in the context of mathematics learning in elementary school. Other
studies indicate that at the elementary school level, mathematical abilities including problem-
solving tend to develop relatively evenly among male and female students, so that any
differences that emerge are typically very small and do not have a direct impact on actual
learning outcomes (Zhang et al,, 2024).

Discussion

The research findings indicate that fifth-grade students’ mathematical problem-solving
abilities develop at varying rates across each stage of problem-solving. Within the framework of a
comparative analysis based on gender and place of residence, the differences that emerge are not
universal but are limited to specific stages. In general, students tend to perform better at the
operational stage-that is, formulating and implementing a plan-than at the stages of understanding
the problem and reviewing their work. This pattern reflects the cognitive development trend among
elementary school students, who master procedural skills more quickly than conceptual and
reflective abilities. During the problem-understanding stage, students are required to integrate their
reading skills, understand the context, and relate it to relevant mathematical concepts. In the
comparative analysis, difficulties at this stage appeared relatively consistent across all groups,
regardless of gender or place of residence. This suggests that the main obstacle is more closely
related to mathematical literacy than to differences in group characteristics. This finding aligns with
research confirming that difficulties in understanding word problems are one of the main obstacles
in mathematical problem-solving for elementary school students.

At the planning and execution stage, student performance was relatively stable across the
various groups. This indicates that students have become accustomed to using routine problem-
solving procedures through repeated practice. In the context of comparing residential areas, this
similarity suggests that learning practices in various locations tend to follow similar patterns,
particularly in their emphasis on mastering procedures. This explains why the differences between
groups were not significant. Previous research has also shown that procedural skills develop through
practice, although this is not always accompanied by deep conceptual understanding (Pradana,
2024). Conversely, performance at the review stage remained relatively low across all groups. This
indicates that students’ metacognitive abilities particularly their ability to evaluate the process and
outcomes of problem-solving have not yet developed optimally. In a comparative analysis, this
weakness emerged consistently, unaffected by gender or place of residence. These findings suggest
that the lack of reflective skills is primarily due to the insufficient integration of evaluation activities
into the learning process. Previous studies have also shown that review activities are rarely explicitly
taught, so students are not yet accustomed to critically evaluating their own answers.

Furthermore, the research results show that differences in ability based on school location do
not have a practically significant effect. The low effect size suggests that geographic factors are not
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the primary determinant of students’ mathematical problem-solving skills. Instead, factors such as
the quality of instruction and learning experiences play a greater role. These findings align with the
results of international studies emphasizing that pedagogical practices play a more dominant role
than geographic background in determining student learning outcomes. The same pattern is evident
in the comparison by gender. Although descriptive differences exist, the results of the inferential
analysis indicate that these differences are not significant. This confirms that gender is not a major
factor in determining mathematical problem-solving ability at the elementary school level. Given
equal learning opportunities, male and female students demonstrate relatively balanced abilities, as
also found in international studies.

Furthermore, the relationships among the problem-solving stages indicate that the operational stage
has a strong correlation, while the relationship between the problem-understanding stage and the
subsequent stage tends to be weaker. This indicates a gap in translating initial understanding into
the problem-solving process. Therefore, strengthening the problem-understanding stage and
fostering a habit of reflection should be priorities in mathematics instruction, so that students’
problem-solving skills develop not only procedurally but also conceptually and metacognitively.

Implications

The findings of this study provide important theoretical, pedagogical, and practical
implications for elementary mathematics education. The absence of significant gender differences
suggests that mathematics instruction should prioritize equitable learning opportunities rather than
gender-based approaches. In contrast, the significant influence of residential context indicates that
learning environments affect students’ ability to understand mathematical problems and evaluate
their solutions, highlighting the need for contextualized instruction, particularly in border or less
advantaged areas. Teachers should therefore strengthen students’ metacognitive skills by
incorporating activities that promote reflection, verification, and justification throughout Polya’s
problem-solving stages, especially during the looking back stage, which emerged as the weakest
aspect of students’ performance. The strong relationships among the problem-solving stages further
emphasize the importance of process-oriented assessment that evaluates students’ reasoning rather
than focusing solely on final answers. Curriculum developers and policymakers should also consider
contextual disparities when designing learning resources and professional development programs
to support equitable mathematics instruction. From a theoretical perspective, this study extends the
application of Polya’s problem-solving framework by demonstrating that residential context has a
greater influence on specific stages of mathematical problem solving than gender. Overall, these
findings suggest that improving elementary students’ mathematical problem-solving ability requires
instructional strategies that integrate conceptual understanding, metacognitive reflection, and
context-responsive learning environments.

Limitations and Suggestions for Future Research

This study has several limitations that should be considered when interpreting its findings.
First, the use of an ex post facto causal-comparative design allows the identification of associations
among variables but does not establish definitive causal relationships between gender, residential
context, and mathematical problem-solving ability. Second, the study involved students from only
three elementary schools within a single subdistrict, which may limit the generalizability of the
findings to other educational settings. Third, the analysis focused solely on mathematical problem-
solving ability in multiplication and division of whole numbers, limiting the applicability of the
findings to other mathematical domains. Fourth, the assessment relied exclusively on written
responses, which may not fully capture students’ cognitive, verbal, and metacognitive processes
during problem solving. Fifth, the study also did not examine other influential factors, such as
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mathematical self-efficacy, socioeconomic background, parental support, instructional practices, and
classroom learning environments. Therefore, future research should involve larger and more diverse
samples, include additional psychological and contextual variables, and employ longitudinal, mixed-
methods, or qualitative approaches to obtain a more comprehensive understanding of students’
mathematical problem-solving ability. Future studies are also encouraged to evaluate instructional
interventions specifically designed to strengthen students’ abilities in understanding mathematical
problems and reflecting on their solutions, as these stages emerged as the weakest aspects in the
present study. Such efforts are expected to provide stronger empirical evidence for developing more
effective, equitable, and context-responsive mathematics instruction in elementary education.

CONCLUSION

This study concludes that fifth-grade students’ mathematical problem-solving skills in
multiplication and division of whole numbers up to 100,000 have not developed uniformly across all
stages of problem-solving. From a comparative perspective based on gender and location, the results
show that there are no significant differences between student groups, whether based on gender or
school location. This indicates that the mathematical problem-solving skills of elementary school
students tend to develop relatively equally across various groups, provided they receive similar
learning experiences. Nevertheless, in general, students’ problem-solving processes are still
dominated by operational and procedural skills, while their ability to deeply understand problems
and reflect on their solutions has not yet developed optimally. These findings suggest that the
variations in achievement reflect differences in students’ individual characteristics and the quality of
classroom learning processes rather than the influence of gender or residential location. Thus, the
quality of mathematics instruction is a key factor in comprehensively developing students’ problem-
solving skills. Based on these conclusions, efforts to strengthen mathematics instruction should focus
on developing comprehensive and balanced problem-solving skills at every stage, particularly by
enhancing students’ ability to understand the context of problems and encouraging them to reflect
on their strategies and solutions. Instruction that emphasizes the thinking process and active student
engagement is believed to improve the quality of conceptual understanding and independence in
problem-solving. Furthermore, future research is recommended to further examine the application
of process-oriented learning models and the development of metacognition in a wider range of
contexts. This is important to reinforce the finding that improvements in mathematical problem-
solving skills do not depend solely on group characteristics but are more strongly determined by
learning strategies that are consistently applied.
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