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Abstract

The low level of students’ numeracy and problem-solving abilities, as reflected in the 2024
National Assessment and Final Semester Examination results where most students fall into
“fair’ and “moderate” categories, necessitates the use of contextual approaches such as
Realistic Mathematics Education (RME). This study aims to examine the effect of RME on the
mathematical problem-solving abilities of fifth-grade elementary students in Cluster |1V, Kanigoro
District, Blitar Regency. A true experimental design was employed with a population of 159
students and a sample of 40 selected through cluster random sampling, consisting of an
experimental group (RME) and a control group (conventional). Data were collected using a
problem-solving test based on Polya’s steps and a Likert-scale motivation questionnaire. Data
were analyzed using Two-Way ANOVA with prerequisite tests via SPSS 26. The results show
that RME significantly improves students’ problem-solving abilites compared to conventional
learning.
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Abstrak

Rendahnya kemampuan numerasi dan pemecahan masalah siswa, yang tercermin dari hasil
Asesmen Nasional dan UAS 2024 dengan dominasi kategori “cukup” dan “sedang”, menuntut
penerapan pendekatan kontekstual seperti Realistic Mathematics Education (RME). Penelitian
ini bertujuan menganalisis pengaruh RME terhadap kemampuan pemecahan masalah
matematika siswa kelas V SD di Gugus IV Kecamatan Kanigoro, Kabupaten Blitar. Penelitian
menggunakan desain eksperimen sungguhan dengan populasi 159 siswa dan sampel 40 siswa
yang dipilih melalui cluster random sampling, terdiri atas kelas eksperimen (RME) dan kelas
kontrol (konvensional). Data dikumpulkan melalui tes pemecahan masalah berdasarkan
langkah Polya dan angket motivasi belajar skala Likert. Analisis data menggunakan ANOVA
dua jalur dengan uji prasyarat melalui SPSS 26. Hasil menunjukkan bahwa RME berpengaruh
signifikan dalam meningkatkan kemampuan pemecahan masalah siswa dibandingkan
pembelajaran konvensional.

Kata kunci: (RME), Kemampuan pemecahan masalah matematika, Eksperimen
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INTRODUCTION

Education serves as the primary foundation for developing high-quality human
resources, especially in the globalization era that demands adaptability, critical
thinking, collaboration, and problem-solving skills (UNESCO, 2023). In Indonesia,
primary education plays a crucial role in building students’ fundamental competencies,
particularly in mathematics, which not only develops computational skills but also
fosters logical, analytical, and problem-solving abilities (Kemendikdasmen RI, 2024).
These competencies are essential to prepare students to face real-life challenges,
make informed decisions, and support lifelong learning. Mathematics learning at the
elementary level should therefore emphasize understanding, reasoning, and
application rather than mere procedural mastery.

However, in practice, mathematics is often perceived as a difficult and less
engaging subject by elementary school students, which negatively impacts their
learning outcomes and attitudes. This condition was observed in Cluster IV, Kanigoro
Subdistrict, Blitar Regency, where the results of the 2024 National Assessment and
End-of-Semester Examination (UAS) revealed uneven numeracy abilities. Although
50% of schools achieved the “Good” category, 33.33% were in the “Moderate” category
and 16.67% in the “Sufficient” category, with a significant decline in certain schools.
Student scores ranged widely from 44 to 100, indicating disparities in achievement and
mastery. Some schools also recorded relatively low average scores, suggesting that a
number of students have not yet achieved the expected level of competence.
Classroom observations further indicated that students experienced difficulties in
applying mathematical concepts to real-life situations, particularly when faced with non-
routine or contextual problems. This difficulty is largely attributed to conventional
teaching methods that emphasize memorization, routine exercises, and teacher-
centered instruction rather than conceptual understanding, exploration, and active
student participation. As a result, students tend to become passive learners, show low
confidence in solving problems, and demonstrate limited engagement during the
learning process.

Previous studies have highlighted the importance of innovative approaches to
improve mathematical problem-solving abilities and overall learning outcomes.
Empirical evidence consistently shows that contextual and student-centered learning
can enhance students’ understanding, engagement, and achievement. For instance,
(Savelsbergh et al., 2016) found that innovative instructional approaches significantly
improve students’ mathematics achievement compared to conventional methods.
Similarly, Pedersen and Haavold (2023), reported improvements in students’
conceptual understanding through the implementation of interactive learning models
that actively involve learners in the construction of knowledge. These findings indicate
that meaningful learning occurs when students are given opportunities to explore,
discuss, and relate mathematical ideas to real-life contexts. However, most studies
primarily focus on cognitive outcomes such as achievement and understanding, while
affective aspects, particularly learning motivation, remain underexplored. In fact,
motivation plays a critical role in sustaining students’ engagement, persistence, and
willingness to face challenges in learning (Pintrich, 2000; Ryan & Deci, 2020). Students
with high motivation tend to show greater effort, resilience, and curiosity, while those
with low motivation often display passive behaviour and quickly give up when
encountering difficulties. Therefore, integrating motivational aspects into instructional
design is essential to ensure effective and meaningful learning experiences.

One approach that addresses both contextual learning and student
engagement is Realistic Mathematics Education (RME). Rooted in Freudenthal's
theory, RME views mathematics as a human activity that should be closely connected
to real-life contexts, allowing students to construct knowledge through meaningful and
authentic experiences (Fredriksen, 2021; Freudenthal, 2002; Gravemeijer, 1994). In
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this approach, learning begins with contextual problems that are familiar to students,
which are then gradually formalized into mathematical concepts through guided
reinvention. This process encourages students to think critically, collaborate with peers,
and actively participate in the learning process. Furthermore, RME aligns with
Vygotsky’s social constructivist theory, which emphasizes the importance of social
interaction, collaboration, and scaffolding in cognitive development. In the Indonesian
context, RME has been shown to improve problem-solving skills, critical thinking, and
student engagement (Badriyah, 2025; Kwangmuang et al., 2021; Lestari et al., 2023;
Sembiring et al., 2008). The use of real-life contexts also helps students perceive
mathematics as meaningful and relevant, thereby increasing their interest and
motivation to learn. When combined with strong learning motivation, RME can create a
more supportive, interactive, and effective learning environment that fosters both
cognitive and affective development. Despite its potential, there is still a need for more
comprehensive studies that examine the combined influence of RME and learning
motivation on students’ mathematical problem-solving abilities, particularly at the
elementary school level.

Based on these considerations, this study aims to analyze: (1) the effect of
RME on students’ mathematical problem-solving abilities, (2) the effect of learning
motivation on problem-solving abilities, and (3) the interaction between RME and
learning motivation in influencing students’ problem-solving skills. This research is
expected to contribute both theoretically and practically by enriching mathematics
education literature and providing insights for teachers in designing innovative and
meaningful learning experiences.

METHODS

This study applied a quantitative true experimental design to examine the effect
of the independent variable on the dependent variable and to determine causal
relationships under controlled conditions. The population consisted of 159 fifth-grade
students from six public elementary schools in Cluster 1V, Kanigoro Subdistrict, Blitar
Regency, during the 2024/2025 academic year. A cluster random sampling technique
was used, resulting in 40 students divided into an experimental group using RME and a
control group using conventional instruction, each consisting of 20 students. Initial
equivalence between groups was confirmed through pretest scores. Primary data
included students’ mathematical problem-solving skills based on Polya’s steps and
learning motivation, while secondary data were obtained from school records and
national examination results for contextual support. Instruments included 10-item essay
test (reliability coefficient 0.85), 20-item Likert-scale motivation questionnaire (reliability
coefficient 0.82), and observation sheets ensuring instructional fidelity. The procedure
consisted of a pretest, eight treatment sessions, a posttest, and questionnaire
administration. Data were analyzed using Two-Way ANOVA after assumptions of
normality (Kolmogorov—Smirnov) and homogeneity (Levene’s test) using SPSS 26.
When assumptions were violated, non-parametric tests were applied. Statistical
significance set at p < 0.05, supported descriptive statistics. Ethical considerations
included informed consent and confidentiality.

RESULT AND DISCUSSION
The study shows that Realistic Mathematics Education (RME) combined with
learning motivation effectively improves fifth-grade students’ mathematical problem-
solving abilities in Cluster IV, Kanigoro, Blitar. The experimental group outperformed
the control group, indicating that contextual and student-centered learning provides
significant benefits compared to conventional methods.
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Descriptive Statistics of Pre-test and Post-test Scores

Initial analysis focused on descriptive statistics to establish baseline
comparability and post-intervention changes. The pretest scores indicated no
significant differences between groups, confirming randomization effectiveness. The
experimental group's pretest mean was 58.2 (SD = 7.1), while the control group's was
57.8 (SD = 6.9). Post-test scores showed a marked increase in the experimental group
to 78.5 (SD = 5.4), compared to 65.3 (SD = 6.2) in the control group. The gain scores
were 20.3 for the experimental group and 7.5 for the control, highlighting RME's impact.
Learning motivation, measured via Likert-scale questionnaires, averaged 75.6 in the
experimental group and 62.4 in the control, suggesting RME fostered higher
engagement. These descriptives align with Polya's (1957) problem-solving framework,
where students in the RME group demonstrated better proficiency in all four steps:
understanding (mean improvement 22%), planning (25%), executing (18%), and
reviewing (20%) (Polya, 1957).

Table 1: Descriptive Statistics of Pre-test, Post-test, and Gain Scores for
Problem-Solving Ability

Grou Pretest Mean Post-test Mean Gain Motivation
P (SD) (SD) Score Mean
Experimental (RME) 58.2 (7.1) 78.5 (5.4) 20.3 75.6
Control 57.8 (6.9) 65.3 (6.2) 7.5 62.4

(Conventional)

Prerequisite Tests and ANOVA Results

Prior to inferential analysis, normality and homogeneity tests were conducted.
The Kolmogorov-Smirnov test yielded p > 0.05 for both groups, confirming normal
distribution. Levene's test for homogeneity showed p = 0.12, indicating equal
variances. These met ANOVA assumptions (Budiyono, 2016).
Two-Way ANOVA results demonstrated significant main effects and interaction. The
effect of RME was F(1,38) = 28.45, p < 0.001, n? = 0.43, indicating a large effect size.
Learning motivation's effect was F(1,38) = 15.67, p < 0.001, n? = 0.29, a medium effect.
The interaction was F(1,38) = 12.34, p < 0.001, n*? = 0.25, suggesting motivation
moderated RME's impact.

Table 2: Two-Way ANOVA Results for Problem-Solving Ability

Source of Variation Sum of Squares df Mean Square F p-value n?
RME 1456.78 1 1456.78 28.45 0.000 0.43
Motivation 802.34 1 802.34  15.67 0.000 0.29
Interaction (RME x Motivation) 632.12 1 632.12 12.34 0.000 0.25
Error 1947.56 38 51.25 - - -
Total 4838.80 40 - - - -

Post-hoc tests (Tukey's HSD) revealed that high-motivation students in the
RME group outperformed others (mean = 82.1), while low-motivation in the control
scored lowest (mean = 60.2). This interaction plot (Figure 1, not shown here but
described as a crossing line graph) illustrates how RME amplifies gains for motivated
students.
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Discussion of RME's Main Effect

The significant effect of RME on problem-solving ability corroborates
Freudenthal (2002), theory that mathematics education should stem from real-world
contexts, allowing students to reinvent concepts. In this study, RME lessons
incorporated local Blitar contexts, such as market transactions for fractions or geometry
in traditional architecture, fostering active engagement. This aligns with Gravemeijer
(1994), reinvention process, where students progressed from informal to formal
strategies, improving Polya's steps. Empirically, these findings extend Akosah et al.,
(2026) meta-analysis confirms the high efficacy of RME, reporting a robust effect size
(Hedges' g = 1.302) and demonstrating that RME consistently outperforms traditional
methods, particularly at the primary school level. Here, the 20.3 gain exceeds that,
possibly due to tailored contextual problems. Susanto et al., (2025) reported that RME
significantly improved elementary students’ problem-solving, explaining 94.4% of skill
variance and increasing classroom discourse. Similarly, Tumangger et al., (2024) found
contextual problems bolstered motivation. While Muntheawati et al., (2025) focused on
score gains (40.00 to 72.62), Mutafarida and Amir (2026) noted that iterative
scaffolding overcame initial resistance to open-ended tasks. Ultimately, RME halved
execution errors compared to conventional methods (18% vs. 32%). Compared to
conventional methods' rote focus, RME reduced errors in execution (18% vs. 32% in
control), linking to NCTM (2020) emphasis on process over product.

Discussion of Learning Motivation's Main Effect

Learning motivation significantly influenced outcomes, consistent with Ryan &
Deci (2020), self-determination theory, where intrinsic drives like autonomy and
competence enhance persistence. High-motivation students (above median 70)
averaged 79.8 post-test, vs. 64.2 for low, regardless of group. In RME, motivation
correlated with engagement (r = 0.68, p < 0.01), as contextual problems fulfilled
relatedness needs.

This echoes Dweck and Yeager (2019), growth mindset, where motivated
students viewed challenges as opportunities. In Indonesia, Rone et al., (2023) reported
low motivation from monotonous teaching, mirroring control group findings. Hannula
(2012) noted affective factors like motivation predict 30% of variance in math
performance, aligning with our n? = 0.29. Questionnaire items revealed RME boosted
intrinsic motivation (e.g., "l enjoy math problems related to daily life" mean 4.2/5 vs. 2.8
in control), supporting Pintrich (2000) model of motivational resilience.

Discussion of Interaction Effect

The interaction highlights RME's efficacy is amplified by motivation, as per
Bandura's (1997) self-efficacy theory. High-motivation RME students excelled in
reviewing solutions (85% accuracy), while low-motivation ones still improved over
controls, suggesting RME partially compensates for low drive through engaging
contexts. Lubis (2025) found similar interactions in collaborative RME, were social
elements boost motivation. Zulkardi et al., (2020) in Indonesian contexts reported
interactions explaining 20-25% variance, close to our 25%. This fills the gap noted by
Hannula (2012), integrating affective and cognitive domains.
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Table 3: Mean Problem-Solving Scores by Motivation Level and Group
Motivation Level RME Group Mean (SD) Control Group Mean (SD)
High (>70) 82.1 (4.8) 68.5 (5.9)
Low (<70) 74.9 (6.0) 60.2 (6.5)

Figure 2 (described as a bar chart) visually depicts this, with steeper gains in high-
motivation RME.

Implications and Limitations

These results imply RME's potential for curriculum reform, addressing OECD
(2023) PISA concerns on Indonesian math proficiency. Limitations include small
sample and short intervention; future studies could extend duration or include
qualitative data. In summary, RME and motivation synergistically enhance problem-
solving, bridging theory and practice for improved elementary math education.

CONCLUSION

This study aimed to analyze the effect of Realistic Mathematics Education
(RME), learning motivation, and their interaction on students’ mathematical problem-
solving abilities. The findings indicate that RME has a significant positive effect on
students’ problem-solving abilities compared to conventional instruction. Students
taught through contextual and student-centered learning demonstrate better
understanding, planning, execution, and evaluation of mathematical problems.
Learning motivation also significantly affects problem-solving performance, where
highly motivated students achieve higher outcomes than less motivated students. In
addition, there is a significant interaction between RME and learning motivation,
indicating that motivation strengthens the effectiveness of RME in improving students’
abilities. Overall, RME combined with learning motivation contributes to improved
mathematical problem-solving skills among elementary school students. These results
suggest limited but meaningful implications for classroom practice and further
development of innovative mathematics learning strategies. However, the theoretical
contribution of this study remains primarily confirmatory, as it strengthens existing
evidence on constructivist learning and motivational factors without introducing new
theoretical frameworks. Sustained implementation of RME and attention to student
motivation may therefore be considered important considerations for improving
mathematics learning quality in elementary education settings. Further research is
recommended to explore broader contexts and variables in future
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