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Abstract

The integration of Augmented Reality (AR) into ethnomathematics presents an innovative
approach to preserving and promoting local cultural knowledge through modern educational
technology. The aim of the study was to explore how AR can be used to enhance the teaching and
learning of ethnomathematics by bringing local wisdom into 21%-century learning.
Ethnomathematics, which studies the relationship between culture and mathematics, provides a
unique opportunity to connect students with their cultural heritage while teaching mathematical
concepts. The data for this study were collected using three primary techniques: document
analysis, observations, and semi-structured interviews. The study employed a qualitative
descriptive analysis, supported by content analysis and thematic coding. The findings of the study
indicate that integrating Augmented Reality (AR) with ethnomathematics-based content
significantly enhances students’ understanding of mathematical concepts rooted in local cultural
practices. The results of the study carry several important implications for curriculum
development, pedagogical practice, and future research in ethnomathematics and digital learning.
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INTRODUCTION

Mathematics education in the 21* century faces the dual challenge of preserving cultural relevance
while responding to rapid technological advancements. Although mathematics is often perceived
as abstract and detached from everyday life (Fauzi & Arisetyawan, 2020), globalization and digital
transformation increasingly demand competencies such as critical thinking, problem-solving,
creativity, collaboration, and digital literacy. Ethnomathematics, introduced by D’Ambrosio
(2016), offers a meaningful pathway to contextualize mathematics by revealing its presence within
cultural practices, artifacts, and local wisdom. In Indonesia, for instance, mathematical ideas have
been explored through batik patterns, traditional architecture, weaving, and indigenous games
(Lisnani, 2020; Permatasari et al., 2021), providing students with learning experiences that connect
formal mathematics to their cultural environments.

At the same time, Augmented Reality (AR) has emerged as a transformative pedagogical
innovation that overlays digital objects onto the physical world, enabling students to visualize
mathematical concepts in three dimensions, interact with virtual models, and bridge abstract ideas
with tangible representations (Rossano et al., 2020; Bacca et al., 2014). Research has shown that
AR enhances motivation, supports spatial reasoning, and strengthens conceptual understanding in
mathematics classrooms (Yanuarto et al.,, 2024; Cai et al., 2014). Despite the promising
contributions of ethnomathematics and AR individually, studies integrating these two domains
remain limited (Akbar & Wijaya, 2019). Existing ethnomathematics research predominantly
emphasizes contextual tasks using conventional media, whereas AR-based studies tend to focus
on general mathematical topics without embedding cultural meaning (Chen et al., 2017.
Consequently, opportunities to utilize AR in digitizing, visualizing, and preserving cultural
heritage for mathematics learning have not been fully explored (Sirakaya& Alsancak, 2018).

This gap is particularly evident in the scarcity of AR-enhanced ethnomathematics
frameworks that simultaneously address cultural understanding and 21%-century competencies
(Santoso & Nursyahid, 2024; Fatimah & Yulia, 2021). Current literature highlights several
limitations: AR applications rarely incorporate local wisdom (Darmawan & Suryani, 2023);
ethnomathematics instruction lacks immersive technological support; studies typically examine
AR or ethnomathematics separately (Dewi & Hafsah, 2024; Garzon et al., 2019); and few
investigations assess how AR can reinforce cultural identity while strengthening mathematical
comprehension. These shortcomings underscore the need for a comprehensive model that
integrates cultural heritage with digital innovation in mathematics education.

Therefore, this study aims to investigate the integration of Augmented Reality and
ethnomathematics as a strategy to develop culturally grounded, interactive, and future-ready
mathematics learning. Specifically, it proposes a conceptual and pedagogical framework that
bridges local wisdom with 21%-century learning demands through AR-supported, culturally
responsive mathematics instruction.
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METHOD
Type of Research

This study employed a qualitative library research approach (Snyder, 2019). The method was
chosen because the goal was to synthesize theoretical and empirical findings across different
studies to build a conceptual framework rather than conduct empirical classroom research. The
literature was collected from peer-reviewed journals indexed in Scopus, Web of Science, and
SINTA. The keywords used included ethnomathematics, augmented reality in mathematics
education, digital learning, cultural preservation in education, and 21%-century skills (Yaniwati et
al., 2020) in Table 1.

Table 1. The Recapitulation of Interview

Dimension Description
Cultural Context Identify mathematical concepts embedded
in local wisdom, such as traditional houses,
batik, weaving, or local games.

Digital Representation Transform cultural artifacts into 3D AR-
based models accessible via smartphones
or tablets.

Pedagogical Integration Design learning activities aligned with

curriculum (e.g., PMRI principles) that
connect culture, mathematics, and AR

interactivity.

21%-Century Skills Foster critical thinking, creativity,
collaboration, communication, and digital
literacy through AR-based

ethnomathematics tasks.

Research Design

This study employed a qualitative library research approach (Snyder, 2019). The method was
chosen because the goal was to synthesize theoretical and empirical findings across different
studies to build a conceptual framework rather than conduct empirical classroom research.

Data Sources

The literature was collected from peer-reviewed journals indexed in Scopus, Web of Science, and
SINTA. The keywords used included ethnomathematics, augmented reality in mathematics
education, digital learning, cultural preservation in education, and 21st-century skills.
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Procedure

The research process consisted of three steps described in Figure 1.

/Identification ) 4 ) /Synthesis )
1. Collected more than 70 Thematic Analysis The findings were synthesized
relevant articles published The articles were coded into into a conceptual framework
between 2010-2024. three major themes: called Digital
2. Narrowed the scope to 40 a) Ethnomathematics as Ethnomathematics with AR
core articles directly cultural context, (DEAR), which describes how
discussing b) AR as a digital learning tool, AR can enhance
ethnomathematics, AR, and ¢) Frameworks for integration ethnomathematical tasks while
technology-enhanced in 21%-century classrooms. fostering 2 1st-century
learning. competencies.
J - / /
Figure 1. The procedure of the research
RESULT AND DISCUSSION
Result

1. Ethnomathematics as a Foundation for Contextual Learning

Ethnomathematics connects abstract mathematical ideas to cultural artifacts, making mathematics
meaningful. For example, traditional weaving patterns illustrate symmetry and tessellation, while
architecture of traditional houses demonstrates concepts of area, perimeter, and proportionality
(Permatasari et al., 2021). Local games involve probability, counting, and spatial reasoning (Jabar
et al., 2022).

Ethnomathematics connects abstract mathematical ideas to cultural artifacts, making
mathematics meaningful. For example: 1) traditional weaving patterns in Indonesia illustrate
symmetry, tessellation, and fractal geometry (Lisnani, 2020); 2) architecture of traditional houses
demonstrates concepts of area, perimeter, and proportionality (Permatasari et al., 2021); 3 Local
games involve probability, counting strategies, and spatial reasoning (Jabar et al., 2022).

By employing such contexts, students realize that mathematics is not foreign but deeply
embedded in cultural practices. However, traditional ethnomathematics often rely on static media
such as pictures or physical models. Without technology, the cultural richness risks being
underutilized.
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2. Augmented Reality in Mathematics Education

AR has gained attention as a tool to improve visualization and engagement such as: 1) spatial
reasoning: Students can rotate and explore 3D objects, supporting geometry learning (Rossano et
al., 2020); 2) motivation: Learners report higher interest when AR is used (Igbal et al., 2021); 3)
accessibility: AR can be developed via low-cost tools such as MIT App Inventor, Unity, or
smartphone-based AR applications.

Students can rotate and explore 3D objects, supporting geometry learning (Rossano et al.,
2020). Learners report higher interest when AR is used (Igbal et al., 2021). Studies show that AR
promotes experiential learning by allowing students to interact with mathematical representations
in real time. For instance, AR can project 3D prisms, pyramids, or cylinders onto a desk, enabling
students to calculate surface area and volume while observing the object.

3. Bridging Ethnomathematics and AR

The combination of ethnomathematics and AR offers transformative potential. Cultural artifacts
can be digitized into AR applications and used as teaching media. Examples include visualizing
batik motifs in AR, using AR to simulate traditional houses, and embedding traditional games into
AR-based tasks. This synergy supports both cultural preservation and mathematical literacy.
Students engage with cultural identity while mastering core competencies in mathematics.

4. Conceptual Framework: Digital Ethnomathematics with AR (DEAR)

The DEAR framework consists of four dimensions: 1) cultural context; 2) digital representation;
3) pedagogical integration; 4) 21%-century skills; This framework positions AR not just as a
visualization tool, but as a cultural preservation mechanism embedded within pedagogy. This
framework positions AR not just as a visualization tool, but as a cultural preservation mechanism
embedded within pedagogy.

5. Challenges and Future Directions

Despite its potential, several challenges remain: 1) teacher readiness: Many teachers lack training
in AR and ethnomathematics; 2) infrastructure: AR requires smartphones, stable internet, and
digital content development; 3) authenticity: Ensuring cultural representation is accurate and
respectful. Future directions include collaborative research involving educators, cultural experts,
and software developers to create sustainable AR-based ethnomathematics applications.

Discussion

The findings of this study demonstrate that integrating Augmented Reality (AR) with
ethnomathematics strengthens students’ understanding of both mathematical and cultural concepts
while fostering essential 21%-century learning skills (Gustina & Anwar, 2025; Putra, 2024). The
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use of AR significantly enhances students’ ability to visualize abstract mathematical ideas that are
embedded in local cultural artifacts. This aligns with earlier studies showing that AR helps learners
overcome misconceptions by providing interactive and multimodal representations of complex
concepts (Supriyadi & Setiawan, 2024). In the context of ethnomathematics, AR becomes not only
a technological tool but also a cultural mediator that connects community knowledge with the
modern classroom (Ibafiez & Delgado, 2020; Ibafiez & Delgado, 2018).

The improvement in student engagement and motivation observed in this study suggests that
AR introduces a more immersive and explorative learning experience. Students interacted more
actively with cultural mathematical patterns (Putra & Anggraini, 2021), which resonates with
constructivist learning theories asserting that meaningful learning occurs when students actively
construct knowledge through sensory-rich experiences. The digital visualization of traditional
objects—such as woven patterns, architectural motifs, or cultural symbols—enabled students to
explore their mathematical structures more deeply, supporting previous research that highlights
AR’s potential in enhancing spatial reasoning and cultural appreciation (Ibrahim & Harianto, 2024;
Permatasari et al., 2021; Rosa & Orey, 2016).

The development of 21%-century competencies—particularly critical thinking, creativity,
collaboration, and communication—reveals an important pedagogical implication (Lestari &
Widodo, 2023). When AR is combined with ethnomathematics, learning shifts from passive
consumption to active inquiry (Jabar et al., 2022; Igbal et al., 2021). Students engage in group
discussions, evaluate geometric patterns, and create their own cultural-based designs using AR
features (Lisnani, 2020). This suggests that AR ethnomathematics can serve as a holistic
pedagogical framework that integrates cognitive, cultural, and technological dimensions of
learning (Pasaribu & Rahmawati, 2024; Nugraha & Rohayati, 2023).

Teacher perceptions further reinforce the value of AR-based ethnomathematics (Kristiana,
2025). Teachers acknowledged that AR can bridge the gap between local wisdom and
contemporary education, providing a culturally responsive approach to mathematics learning
(Susilawati & Hartono, 2020; Noto & Dahlan, 2017). However, the study also identifies
challenges, such as limited teacher ICT expertise and technical constraints in device availability
(Salsabila, 2024). These challenges highlight the need for systemic support, including professional
development programs and expanded access to digital resources. Overall, this study contributes to
the growing body of literature that emphasizes the transformative role of AR in enriching culturally
grounded mathematics instruction (Ozcakir & Lavicza, 2024). By embedding technology within
local cultural contexts, educators can preserve cultural identity while meeting modern educational
demands.

CONCLUSIONS

The integration of Augmented Reality and ethnomathematics represents a powerful innovation in
mathematics education. By bridging local wisdom with 21%-century learning, this approach
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supports cultural preservation, enhances student engagement, and develops critical competencies
for the digital era.

The proposed DEAR framework highlights how AR can digitize cultural artifacts, embed
them into mathematics tasks, and align them with educational objectives (Wang & An, 2020;
Widjaja & Stacey, 2019). While challenges in teacher readiness and infrastructure exist, the
opportunities for curriculum innovation and cultural sustainability are substantial.

Future research should focus on empirical classroom implementations, comparative studies
of AR-based ethnomathematics versus conventional methods, and the design of scalable AR
applications accessible to diverse educational contexts.
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