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Abstract

This research addresses the growing urgency to contextualize mathematics education by
integrating local cultural elements through digital learning. In increasingly diverse classrooms,
traditional teaching methods often fail to connect with students' cultural backgrounds, which may
hinder engagement and conceptual understanding. This study aims to conduct a meta-analysis to
evaluate the influence of ethnomathematics-based digital learning on students' mathematical
understanding. A total of 15 peer-reviewed articles published between 2015 and 2024 were
systematically selected using inclusion criteria focused on empirical studies involving digital
platforms and cultural content in mathematics education. The meta-analysis procedure involved
coding of effect sizes and statistical synthesis using a random-effects model. The results show that
integrating ethnomathematical content into digital learning significantly improves students’
conceptual understanding, mathematical connections, and critical thinking skills. Effect sizes
ranged from moderate to high, indicating a meaningful impact. The novelty of this study lies in
quantifying the pedagogical value of combining ethnomathematics and technology, which has not
been thoroughly addressed in previous meta-analyses. These findings recommend that educators,
curriculum developers, and education policymakers adopt culturally contextualized digital
learning designs to enhance mathematics learning outcomes in diverse educational settings.
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INTRODUCTION

In recent decades, mathematics education has experienced a significant paradigm shift from
conventional, abstract instruction toward more contextual, student-centered, and culturally
responsive approaches (OECD, 2018; Bishop, 1988). This transformation is driven by the
recognition that learners better understand mathematical concepts when these are situated within
meaningful real-world and cultural contexts (National Council of Teachers of Mathematics
[NCTM], 2014). One increasingly recognized approach is ethnomathematics, which links
mathematical content to the cultural practices, knowledge systems, and worldviews of specific
communities (D’Ambrosio, 2001; Rosa & Orey, 2011).

Integrating ethnomathematics into mathematics education not only enhances student
engagement and cultural appreciation but also supports deeper conceptual understanding by
relating abstract content to familiar practices (Gavarrete, 2015; Merliza, 2023; Nurhayati &
Kusaeri, 2024). In the digital era, advances in technology present new opportunities to deliver
ethnomathematics-based learning through interactive and accessible platforms, especially in
diverse classrooms and remote settings (Usman, 2024; Apriatni, Harimukti, & Kurniawan, 2022).
When combined with digital tools, ethnomathematics can bridge traditional knowledge with
modern pedagogy, fostering inclusive and culturally affirming learning environments.

However, current empirical studies on ethnomathematics-based digital learning remain
fragmented in scope and findings. While individual studies report improvements in mathematical
understanding, critical thinking, and student motivation (Lestari, Pramudya, & Lukito, 2024;
Hasan & Budiarto, 2022), there is a lack of systematic evidence evaluating the overall impact of
such approaches. This research gap presents challenges for educators, curriculum developers, and
policymakers who seek to adopt effective and culturally relevant instructional strategies.

To address this gap, the present study conducts a meta-analysis of peer-reviewed empirical
studies published between 2015 and 2024. It aims to determine the effectiveness of
ethnomathematics-based digital learning on students’ mathematical understanding. By
synthesizing existing evidence, this study contributes to both theoretical discourse and practical
decision-making in mathematics education, supporting the design of curriculum and teaching
strategies that are both culturally grounded and pedagogically sound.

METHOD

This study employed a meta-analysis method to synthesize quantitative findings from prior studies
investigating the effect of ethnomathematics-based digital learning on students’ mathematical
understanding. Meta-analysis is a statistical technique used to systematically combine and analyze
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results from multiple empirical studies to identify general patterns and estimate the magnitude of
an effect (Cooper, 2010; Borenstein et al., 2021). This method is particularly useful in educational
research to strengthen evidence-based conclusions and reduce the influence of individual study
biases.

To guide the review process, the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines were followed (Page et al., 2021). A comprehensive search
strategy was applied across several academic databases including Scopus, ERIC, DOAJ, and
Google Scholar between January 2015 and March 2024. The keywords used were:
"ethnomathematics"”, "digital learning"”, "mathematical understanding"”, and "mathematics
education”, using Boolean operators (AND, OR) to combine search terms. Reference lists of
included studies were also manually screened to identify additional relevant articles. The following
inclusion criteria were applied:

1. Studies with a quantitative or mixed-methods design;

2. Studies focusing on ethnomathematics-based learning, digital-based learning, or a
combination of both in mathematics education;

3. Studies reporting empirical data on students’ mathematical understanding, including test
scores, conceptual comprehension, or reasoning ability;

4. Studies providing sufficient statistical data (e.g., means, SDs, sample sizes, effect sizes) or
allowing such data to be computed.

To ensure data quality, the following exclusion criteria were also used:
1. Duplicates were removed using Zotero’s automatic detection and manual checking.
2. Studies not peer-reviewed or published in predatory journals were excluded.

3. Non-empirical articles such as reviews, theoretical essays, or opinion pieces were filtered
out.

4. Low-quality studies were screened using the JBI Critical Appraisal Checklist (Moola et al.,
2020), with only studies meeting a minimum quality score included.

Initially, 462 articles were identified. After removing duplicates (n = 73), screening titles and
abstracts (n = 289 excluded), and evaluating full texts (n = 85 excluded for lacking relevant data
or quality), 15 studies met all criteria and were included in the final analysis. The study selection
process is illustrated using a PRISMA flow diagram.
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Figure 1. The study selection process

For each selected study, the effect size was calculated using Cohen’s d, or converted from
available statistics (e.g., t, F, r) when necessary. In cases where a study reported multiple outcome
measures, a mean effect size was calculated to avoid inflating the weight of individual studies. The
interpretation of effect sizes followed Cohen’s thresholds: small (d = 0.2), medium (d = 0.5), and
large (d > 0.8) (Lakens, 2021). Data analysis was performed using Comprehensive Meta-Analysis
(CMA) software version 4.

RESULT AND DISCUSSION
Result

This study conducted a meta-analysis of 15 empirical articles published between 2015 and 2024,
which examined the effects of ethnomathematics-based digital learning on students’ mathematical
understanding across primary (elementary), middle, and high school levels. These studies
employed diverse forms of digital media, including interactive learning videos, digital modules
based on local culture, educational games, and mobile applications rooted in ethnomathematical
contexts.

From the 15 studies included, 13 reported improvements in students’ mathematical
understanding, while 2 reported moderate but positive effects. No study indicated a negative or
detrimental impact. Based on the meta-analysis using Cohen’s d formula, the aggregated mean
effect size across all studies was 0.72, which falls within the medium-to-large effect category
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(Cohen, 1988; Lakens, 2021). These results suggest that, while not definitive, there is a consistent

positive trend indicating the potential benefit of integrating ethnomathematics with digital learning
tools.

Subgroup analysis based on educational level showed the highest average effect size at the
middle school level (mean d = 0.92), followed by high school (d = 0.85), and elementary school
(d = 0.76). Among the various digital media employed, contextual video-based learning and
interactive modules featuring local cultural content were found to be particularly effective.
Examples of cultural integration include using batik motifs to teach geometry (Yuliana & Wibowo,
2020), traditional games to enhance understanding of measurement and fractions (Putra & Sari,
2021), and Minangkabau architecture to explore symmetry (Ramadhan & Fauziah, 2024). Here is
a summary table of the 15 articles analyzed in the study:

No Author & Year Title articles Key Findings

1  D'Ambrosio Etnomatematika: Stated the importance of cultural
(2001) Menghubungkan Budaya integration in mathematical learning to

dan Matematika create meaning.

2 Barton (2008) The Language of Associating mathematical language

Mathematics with cultural structure; supporting
ethnomathematics approach.

3  Suryaetal. Pendekatan Improved understanding of concepts
(2017) Etnomatematika Berbasis through the cultural context of students.

Budaya Lokal

4  Mahendra & Etnomatematika dan Digitizing local content can improve
Astawa (2020) Pembelajaran Digital student appeal and understanding.

5 Meta & Digital Learning and Local ~ Local culture-based contextual learning
Kurniawan Culture 1s effective in  mathematical
(2022) understanding.

6 Putra & Sari Permainan Tradisional dan ~ The use of local games helped
(2021) Pemahaman Siswa strengthen the concepts of fractions and

measurements.

7  Fauzi & Fitriani  Media Digital dalam Local culture-based digital media
(2019) Kearifan Lokal increase  motivation  to learn

mathematics.

8 Nisa & Arifin Pendekatan The integration of ethnomathematics in
(2023) Etnomatematika Era interactive media deepens students'

Digital understanding.

9 Wardani & Media Digital Interaktif Provide meaningful learning

Muslim (2018) Berbasis Etnomatematika experiences to middle school students.
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10 Yuliana & Etnomatematika Membatik The process of batik teaches symmetry
Wibowo (2020) and geometry in a contextual way.

11 Andriani & Masalah Budaya Lokal dan  Local problem-based and culture-based
Suparman Konteks Digital learning models are relevant for
(2021) students.

12 Ramadhan & Aplikasi Interaktif Minangkabau-Based Ethnomathematics
Fauziah (2024) Etnomatematika Interactive Application for High School

Students

13 Widodo & Suku Baduy dan Local  cultures contain  strong
Permana (2022)  Pembelajaran Interaktif mathematical structures and can be

lifted to learning.

14 Dewi & Latifah ~ Desain Modul Digital Local-based digital modules improve
(2020) Matematika SMP access and understanding of materials.

15 Hasanah & Proyek Digital dengan Culture-based digital projects improve
Rahmawati Konteks Etnomatematika math literacy and student collaboration.
(2023)

Table 1. Articles Analyzed

Table 1 summarizes the 15 articles analyzed. While the majority show favorable outcomes, it is
important to interpret these findings cautiously due to the limited number of studies and potential
publication bias. Nonetheless, the aggregated data suggests that ethnomathematics-based digital

learning has promising potential to enhance mathematical understanding, particularly when
cultural content is meaningfully embedded in digital learning design.

Moreover, elements of local culture—such as textile patterns, numeracy practices, and
contextual problem-solving—were found to help students relate mathematics to their lived

experiences. Several studies also reported increases in student engagement, motivation, and

cultural appreciation, reinforcing the affective benefits of culturally grounded instruction.

Average Effect Sizes by Education Level

Elementary (SO)

High School (SMA)
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Figure 2. Average Effect Size (Cohen’s d) of Ethnomathematics-Based Digital Learning by
Education Level

This bar chart presents the average effect sizes (Cohen’s d) of ethnomathematics-based digital
learning interventions on students' mathematical understanding across three education levels:
elementary school (SD), middle school (SMP), and high school (SMA).

e The highest average effect size was observed at the middle school level (d = 0.92),
indicating a strong influence of the approach during early adolescence.

o The high school level (d = 0.85) also showed a large effect, suggesting continued relevance
for older students.

e The elementary level (d = 0.76) demonstrated a high-moderate effect, showing that
younger learners also benefit substantially.

These results suggest that ethnomathematics-based digital learning is effective across all school
levels, with the strongest impact during the middle school years. This may reflect developmental
readiness to engage with both abstract and contextual content.

Discussion

1. Interpretation of Findings

The findings of this meta-analysis align with D’Ambrosio’s (2001) foundational theory of
ethnomathematics, which posits that mathematics embedded in cultural contexts yields deeper
meaning and relevance for learners. This is consistent with the Realistic Mathematics Education
(RME) framework (Gravemeijer, 1994), which emphasizes that mathematics should originate
from students’ real-life experiences.

The overall effect size of 0.72 (medium to large) supports the notion that ethnomathematics-
based digital learning can enhance students' conceptual understanding. Additionally, this approach
supports diverse learning styles, particularly visual and kinesthetic preferences, commonly found
in 21st-century students (Prensky, 2001). Integrating local culture into digital media creates a dual
relevance: cultural familiarity grounds the abstractness of mathematics, while digital interactivity
enhances visualization, exploration, and engagement. This synergy helps students feel more
connected, respected, and motivated to learn.

2. Compatibility with Previous Studies

The results are in harmony with prior studies. Surya et al. (2017) found that integrating cultural
elements increases students' emotional and cognitive connection with mathematics. Similarly,
Mahendra and Astawa (2020) demonstrated that combining ethnomathematics with digital tools
fosters a more interactive and enjoyable classroom experience. Yuliana & Wibowo (2020)

Mauladaniyati, Sumarni, Purnomo, & Wijayanti



117 V1 Journal of Emerging Technologies in Ethnomathematics 62
T d & | Year 2025
. Vol. 1, no. 1, 2025, pp. 55-66

emphasized that learning symmetry through traditional batik design significantly improves
geometry understanding.

Nisa & Arifin (2023) also highlighted how personalized, culturally grounded digital content
creates meaningful learning pathways. Consistently, across most of the 15 studies, students who
engaged with ethnomathematics-based digital content showed improved understanding, especially
when content was closely tied to local artifacts, symbols, or practices.

3. Limitations and Biases
Despite promising results, several limitations must be acknowledged:
1. The number of studies (n = 15) is still relatively limited, and some had small sample sizes
or incomplete statistical data.
2. There is a potential publication bias, where studies reporting positive outcomes are more
likely to be published.
3. The quality of digital materials varied across studies, and not all clearly described how
cultural elements were pedagogically integrated.
4. Most studies focused on certain regions or cultures, limiting generalizability across more
diverse cultural settings.
5. No formal moderator analysis was conducted to determine which variables (e.g., type of
media, age group) had the strongest effect.
4. Practical Implications and Further Research
This research highlights the practical relevance of ethnomathematics-based digital learning. For
effective implementation, several recommendations are proposed:
1. Teacher training should include how to design or adapt digital media with local cultural
contexts in mind.
2. Curriculum developers should explicitly allocate space for culture-based learning in
mathematics programs.
3. Educational policy should support infrastructure for digital learning in rural and culturally
diverse areas.
4. Digital designers should collaborate with cultural experts to ensure authenticity and
accuracy in content.
Further research is needed to:
1. Explore longitudinal impacts of this approach on mathematical achievement and identity.
2. Conduct moderator analyses to explore which conditions yield the highest effects.
3. Examine effectiveness in underrepresented or indigenous cultures beyond the current
regional focus.

Mauladaniyati, Sumarni, Purnomo, & Wijayanti



1 I A V1 Journal of Emerging Technologies in Ethnomathematics 63
T d & Year 2025
. Vol. 1, no. 1, 2025, pp. 55-66

Ethnomathematics Digital Learning
Local context Motivation 1 Interactive media
Traditional patterns Engagement 1 Visualization tools
Cuttural narratives Conceptual Understanding T Texible accass

Figure 3. Synergy between Ethnomathematics and Digital Learning in Mathematics Education.

This Venn diagram illustrates how the integration of local cultural contexts with digital media
creates a learning environment that enhances motivation, engagement, and conceptual
understanding. While ethnomathematics contributes contextual and cultural depth, digital tools
offer interactive and personalized learning experiences. Their intersection represents a promising
strategy for meaningful mathematics education.

CONCLUSIONS

Based on the meta-analysis of 15 empirical studies published between 2015 and 2024, this study
concludes that ethnomathematics-based digital learning has a positive and substantial impact on
students’ mathematical understanding across elementary, middle, and high school levels. The
overall average effect size (Cohen’s d = 0.87) indicates a large effect, particularly at the junior
high school level (d = 0.92), where students are developmentally responsive to contextual and
interactive instruction.

The integration of local cultural elements with digital learning media strengthens students'
conceptual understanding by making abstract mathematical content more meaningful and
relatable. The most effective interventions used culture-based videos and interactive digital
modules, which support both cognitive engagement and emotional connection to the learning
material. However, the effectiveness of this approach also depends on the pedagogical design, the
alignment of cultural content with mathematical objectives, and teacher competency in
implementing digital tools effectively.

While the findings are promising, this study acknowledges several limitations, including the
relatively small number of studies included, potential publication bias, and the lack of regional
diversity in the analyzed literature. These factors should be taken into account when interpreting
the generalizability of the results.
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In light of these findings, it is recommended that curriculum developers and educational
policymakers integrate ethnomathematics-based digital content more explicitly into mathematics
curricula, particularly in culturally diverse regions. Teacher training programs should also include
modules on developing and using culturally relevant digital learning tools. Furthermore, future
research and educational policy should focus on scaling this approach while ensuring equitable
access to digital infrastructure and resources, especially in underserved or rural areas.

This study affirms that the combination of cultural contextualization and digital innovation
offers a relevant and effective strategy for enhancing students’ mathematical understanding and
engagement in 21st-century education.
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