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Ethnomathematics emphasizes the role of cultural context in shaping mathematical
understanding, yet its integration with immersive technologies to enhance Deep
Mathematical Creative Thinking (DMCT) in indigenous settings remains limited. This
study aimed to develop and evaluate ETNO-VR, a virtual reality-based teaching material
that incorporates Baduy cultural artifacts into junior high school geometry instruction to
foster DMCT. Employing a design-based research framework following the 4-D model
(Define, Design, Develop, Disseminate), the study involved three phases: expert
validation, small-group trials, and quasi-experimental testing with 30 eighth-grade
students. Instruments included content and construct validation using Aiken’s V,
practical feasibility assessment, and DMCT measurement across flexibility, elaboration,
originality, and fluency. Results indicated that ETNO-VR achieved acceptable content
validity (Aiken’s V = 0.56—0.80) and very good practicality (mean = 3.48). Paired t-test
analysis revealed a significant improvement in students’ DMCT (A = 17.30, p < 0.001,
d = 1.22), with marked gains across all four indicators. ETNO-VR advances
D’Ambrosio’s ethnomathematics framework by embedding metacognitive scaffolding
within culturally grounded spatial experiences, aligning with Indonesia’s Merdeka
Curriculum. This approach not only enhances students’ creative mathematical reasoning
but also contributes to the global discourse on culturally responsive mathematics
education. Future research should examine scalability, cross-cultural adaptation, and Al-
driven personalization of immersive ethnomathematics learning.
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INTRODUCTION

In the context of 21st-century education marked by technological disruption and global
competency demands, the Indonesian education system is challenged to foster higher-order
thinking skills in a contextually relevant manner (Gonzélez-Pérez & Ramirez-Montoya, 2022;
Yulianto et al., 2024). One key competency is Mathematical Creative Thinking (MCT), which
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enables students to generate original and adaptive solutions to complex problems (Hadar &
Tirosh, 2019; Suherman & Vidakovich, 2022). Although the 2013 Curriculum emphasizes the
importance of creative thinking in mathematics, its implementation in practice continues to face
significant challenges. Studies have reported low MCT performance among Indonesian
students, particularly in the areas of exploration and originality (Ansari et al., 2021; Tanujaya
et al., 2021), as well as difficulties faced by teachers in designing open-ended instructional
modules that support divergent thinking (Bulut Ates & Aktamis, 2024; Hamzah et al., 2022).

In fact, the development of MCT is closely linked to metacognitive awareness (Biwer et al.,
2020) and students’ emotional-cognitive engagement (Lidinillah et al., 2022). Therefore,
integrating MCT into locally contextualized teaching materials is a crucial strategy for
promoting higher-order thinking skills (HOTs), while simultaneously fostering the attributes of
the Profil Pelajar Pancasila, namely collaboration, problem-solving, and civic-mindedness
(PISA 2022 Results (Volume 1), 2023; Ye et al., 2023). MCT refers to a cognitive ability that
enables students to generate original, flexible, and elaborative solutions to context-based
mathematical problems (Hadar & Tirosh, 2019; Ye et al., 2023). MCT integrates both divergent
and convergent thinking processes, with four core indicators: fluency, flexibility, originality,
and elaboration (Kozlowski et al., 2019; Mokhtar et al., 2020). In mathematics education
practice, MCT is not solely demonstrated through correct answers, but rather through students’
capacity to formulate novel approaches, propose alternative strategies, and reconstruct ideas
reflectively (Kallia et al., 2021, PISA 2022 Results (Volume 1), 2023).

Contextually, local studies highlight that the integration of MCT in classroom instruction
remains limited, as evidenced by Indonesian students’ performance on the PISA creative
thinking assessment and the country's 115th ranking on the Global Creativity Index (Nusantara
et al., 2021, PISA 2022 Assessment and Analytical Framework, 2023; Yulianto et al., 2024).
These findings underscore the urgent need for innovative instructional designs that not only
foster mathematical creativity but also draw upon culturally and technologically contextualized
learning environments. In response, this study adopts the MCT framework as the foundation
for developing a mathematics learning intervention that is grounded in local cultural contexts
and exploratory technologies, specifically through an ethnomathematics approach. Cultural
motifs such as fapis and batik contain complex geometric elements that can be used to assess
students’ spatial flexibility and elaboration (Faiziyah et al., 2020; Kabuye Batiibwe, 2024). This
strategy is not only cognitively relevant but also reinforces cultural literacy within the
mathematics classroom (Suherman & Vidékovich, 2022). Accordingly, there is a pressing need
for innovative assessment tools and digital learning materials that integrate MCT, local culture,
and technologies such as Virtual Reality, to create meaningful and adaptive learning
experiences tailored to the profiles of Indonesian students.

In the context of 21st-century mathematics education, the integration of ethnomathematics
serves as a strategic approach to developing students” MCT skills in a contextualized manner
(D’Ambrosio & Rosa, 2017; Hasanah et al., 2024). Ethnomathematics facilitates the
exploration of mathematical concepts through local cultural practices, supporting idea
elaboration, divergent thinking, and critical reflection. Within the framework of Merdeka
Belajar and the Pancasila Student Profile, the development of culturally rooted teaching
materials is highly relevant, particularly for fostering critical thinking and global diversity
awareness. However, studies in Indonesia rarely develop teaching materials that systematically
assess MCT or explicitly utilize specific cultural artifacts. Leuit lenggang, a traditional rice barn
of the Baduy Dalam community, is a geometric artifact characterized by unique spatial
structures involving estimation, symmetry, and transformation. This artifact reflects intuitive
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mathematical practices embedded in local wisdom, yet it remains largely unexplored as a
medium for mathematical instruction (Handoyo et al., 2022; Kusuma et al., 2024). In this study,
the Jeuit serves as a contextual entry point for the development of STEM-ethnomathematics
learning materials focused on three-dimensional geometry and volume estimation.

‘ NN

Figure 1. Cuboid Structure Figure 2. Truncated Pyramid Structure

To address limitations in students’ visualization and access, VR is introduced as an immersive
learning medium capable of rendering leuit structures within a 3D digital environment.
Research has shown that VR significantly enhances spatial representation, affective
engagement, and conceptual understanding in geometry (Makri et al., 2021; Tene et al., 2024).
Grounded in Vygotsky’s social constructivism and Mayer’s multimedia learning theory, VR
integration enables direct interaction with abstract mathematical objects and supports adaptive
feedback when combined with artificial intelligence. Although the effectiveness of VR has been
demonstrated in topics such as fractions and linear equations (Akman & Cakir, 2023; Hsu,
2021), its application in developing ethnomathematics-based MCT at the primary education
level in Indonesia remains largely unexplored and offers substantial potential for further
investigation. VR has been recognized as a disruptive educational technology with strong
potential for spatial and visual mathematics learning, particularly in topics such as analytic
geometry, geometric transformations, and three-dimensional structures (Cooper et al., 2019;
Hamilton et al., 2021; Hidajat, 2024). Research indicates that VR enhances conceptual
engagement through immersive and exploratory learning experiences in dynamic 3D
environments (Scurati et al., 2021). In the context of Indonesia’s Kurikulum Merdeka, the
integration of VR aligns with the principles of experiential learning and the STEAM approach
(Marougkas et al., 2023), while addressing long-standing challenges in representing abstract
mathematical concepts (Buchori & Osman, 2023).

This study responds to the persistent issue of low spatial literacy and limited access to physical
manipulatives in schools by developing a lightweight, low-spec VR learning prototype
accessible via basic devices and grounded in local ethnomathematical contexts (Uteuliev &
Madyarov, 2022). The innovation draws on cultural elements such as batik patterns and
traditional architectural structures as vehicles for spatial exploration, supported by scaffolding
modules and interactive assessments. Despite its high potential, VR implementation faces
practical constraints in three key areas: limited hardware availability, insufficient teacher
technopedagogical literacy (TPACK), and the lack of culturally adaptive content (Diamah et
al., 2022; Lee & Hwang, 2022). To address these issues, the proposed development strategy is
inclusive and contextually grounded, combining problem-based learning with metacognitive
scaffolding tailored to the infrastructure realities of non-urban educational settings. This study
aims to contribute to the design of a VR-based mathematics learning model that is theoretically
valid, culturally relevant, and technologically accessible. Ultimately, it seeks to foster students’
creative thinking as a core component of deep, context-driven mathematical learning in the
Indonesian education landscape.

The deep learning approach in education emphasizes meaningful, transformative learning that
facilitates the transfer of knowledge to new contexts. Its implementation requires students’



Journal of Innovative Mathematics Learning

Volume 8, No. 4, December 2025 pp 692-710 695

metacognitive engagement (Téllez-Acuiia et al., 2020) and the integration of new information
with existing cognitive structures (Yulianto et al., 2024). In the context of primary education,
such learning must be adapted through scaffolding and the zone of proximal development
(Lukovic et al., 2022; Zaretsky, 2021). Research by Fan et al. (2023) and Anglin et al. (2008)
demonstrates that Mindful Learning and Joyful Learning not only support academic
achievement but also enhance students’ creativity and self-regulation in exploration-based
mathematics learning. Moreover, immersive technologies such as VR have been shown to
improve spatial understanding and cognitive engagement (Osterlie et al., 2023). Integrating
ethnomathematics into virtual design offers an authentic and culturally grounded context, as
emphasized by D’Ambrosio & Rosa (2017), while digital experiential learning reinforces
scaffolding through cognitive and social mediation. Accordingly, this study aims to develop a
digital learning material based on Ethno-VR that is valid, practical, and effective in optimizing
students’ creative thinking skills. As illustrated in Figure 3, the Ethno-VR model is designed to
synergize digital flexibility, the cultural context of the Baduy community, and immersive
learning experiences as the foundation for a creative, reflective, and joyful mathematics
learning environment.
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Figure 3. The Relationship Between Digital Teaching Materials, Ethno-VR, and Creative
Thinking

Based on the figure above, it can be seen that the characteristics of digital teaching materials
are closely related to Ethno-VR, providing a flexible, contextual, and immersive learning
experience that has the potential to optimize students’ creative thinking skills. Therefore, the
objective of this study is to develop digital teaching materials based on Ethnomathematics-
Virtual Reality within the context of Baduy culture that are valid, practical, and effective in
enhancing creative thinking skills as an effort to strengthen deep learning.

METHOD

This study aims to develop a digital instructional material based on VR, integrated with the
ethnomathematical content of Baduy culture, to enhance students’ creative mathematical
thinking skills through immersive, contextual, and culturally grounded learning experiences.
The innovation responds to the challenges of 21st-century education by combining immersive
technological approaches with the preservation of indigenous knowledge within a single,
forward-thinking instructional ecosystem. The research adopts a Research and Development
(R&D) methodology, employing a modified 4-D model (Thiagarajan et al., 1974) to
accommodate local cultural elements and 3D visualization.
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Figure 4. 4D Research Model

The development of the instructional media followed a structured ADDIE-based framework
comprising four stages. In the Define stage, needs analysis, learner characteristics assessment,
and curriculum review were conducted, focusing on identifying connections between
mathematical content and Baduy ethnomathematics, including geometric motifs in traditional
weaving, symmetrical structures in vernacular architecture, and nature-based measurement
systems. During the Design stage, a prototype of the VR-based instructional media was created
to integrate these cultural elements within the context of solid geometry, emphasizing principles
of 3D visualization, interactivity, and alignment with pedagogical standards. The Develop stage
involved expert validation by content specialists, media experts, and local cultural authorities,
who evaluated content accuracy, cultural relevance, and the quality of visual representation.
Participants were selected via purposive sampling to ensure diversity in background and
learning ability. Practicality tests were conducted with a small group of eighth-grade students
across varying proficiency levels (high, medium, low), while effectiveness tests were
implemented in a full experimental class at SMPN 1 Banjarsari, Lebak Regency, measuring the
media’s impact on students’ creative mathematical thinking using standardized instruments and
appropriate statistical analyses. Finally, in the Disseminate stage, the finalized media were
prepared for broader implementation in schools with similar cultural contexts, accompanied by
a dissemination plan that included content adaptation strategies and teacher training modules.

The research instruments included: (1) expert validation sheets (assessing content, language,
presentation, and cultural relevance), (2) practicality questionnaires completed by students and
lecturers, and (3) an MCT test based on four core indicators: fluency, flexibility, elaboration,
and originality. Data were analyzed using quantitative descriptive techniques. Content validity
was assessed using Aiken’s V formula, with V > 0.5 considered valid. Instrument reliability
was tested using Cronbach’s alpha, with a > 0.6 indicating acceptable reliability (Susanta et al.,
2023). The validity of the instructional material was determined based on mean expert ratings,
covering content, construction, language, and visual presentation. A four-point Likert scale was
used for expert assessments, with results categorized as highly valid, valid, or less valid.
Practicality was evaluated through user response questionnaires (teachers and students), using
a four-point Likert scale ranging from very impractical (1.00-1.80) to very practical (3.41—
4.00). Interpretations were supported by frequency distribution analysis and visual data
presentation. To measure effectiveness, the MCT test was administered in both pre-test and
post-test formats, covering the four creativity indicators derived from Guilford’s theory and the
Ministry of Education’s guidelines. Effectiveness was assessed by comparing pre- and post-test
scores using descriptive statistics (mean, standard deviation, minimum, and maximum scores),
and further confirmed using inferential statistics (e.g., paired t-test) to determine statistically
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significant improvements. A minimum success criterion was established, requiring at least 60%
of students to reach a high-score category (67—100), based on score conversion and distribution
aligned with national competency standards and 2 Ist-century skill evaluation practices.

RESULTS AND DISCUSSION
Results

This section presents the research findings and discussion concerning the development of
digital learning materials based on Ethnomathematics-Virtual Reality (ETNO-VR),
contextualized within the Baduy culture. The results are presented sequentially, covering
curriculum analysis, identification of media development needs, design processes, expert
validation, and the practical and pedagogical effectiveness of the product. The discussion
emphasizes how the integration of local cultural artifacts within a virtual environment can
enhance students’ understanding of mathematical concepts, foster creative mathematical
thinking skills, and support deep learning. All findings are critically analyzed, linking content
validity, practical implementation, and pedagogical relevance, thereby providing an empirical
foundation for the development of innovative, contextualized, interactive, and transformative
learning media. The developed ETNO-VR product can be accessed at https://shorturl.at/19gMq,
providing direct insight into its structure, features, and interactive capabilities.

1. Define Stage

The curriculum analysis was conducted through an in-depth review of the lesson plans
(Rencana Pelaksanaan Pembelajaran or RPP) for eighth-grade mathematics at SMPN 1
Banjarsari, Lebak Regency, specifically focusing on the topic of polyhedral geometry. The
findings revealed that instruction remains largely dominated by a one-way expository approach,
in which the teacher serves as the primary source of information while students play a passive
role as recipients of content. This method overlooks the principles of constructivist learning,
which emphasize active student engagement in constructing meaning, especially critical in
understanding abstract spatial concepts. Additionally, the instruction lacked integration with
students’ local cultural contexts. Geometry was primarily presented through two-dimensional
illustrations in textbooks and standard worksheets, offering limited visual experiences
necessary to foster spatial imagination and three-dimensional conceptualization. Digital
technologies such as VR, which could provide immersive visualization and culturally
contextualized simulations, had not yet been utilized. Needs assessment surveys completed by
both teachers and students indicated that the topic of polyhedral geometry remains challenging,
particularly in understanding the relationships between components (faces, edges, and vertices)
and applying these concepts to real-life situations. Students also reported difficulties connecting
geometric content to local cultural phenomena in their environment.

Field study findings revealed that within the Baduy cultural tradition, there are numerous
artifacts with high mathematical value, such as symmetrical patterns in woven textiles (sompé),
the spatial structure of traditional leuit lenggang granaries, and indigenous measurement
systems used in agriculture and trade. Unfortunately, this ethnomathematical potential has not
been integrated into formal instructional materials. As such, there is a clear need to develop a
digital learning medium based on Virtual Reality that not only visualizes geometric objects in
three dimensions but also incorporates local cultural values in a contextualized manner. This
approach would enable students not only to comprehend geometric concepts visually and
spatially but also to cultivate creative and reflective thinking skills by linking mathematics with
their cultural identity. The ultimate goal is to foster deep learning, characterized by students’
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ability to generalize, make interdisciplinary connections, and apply concepts within authentic

contexts.

Table 1. Diagnostic Findings for Developing ETNO-VR Learning Materials

Diagnostic Empirical Findines Implications for ETNO-VR
Aspect P g Learning Material Design
Problem- Diagnostic tests involving 30 students Instructional materials should be

Solving and

Creative

Mathematica
1 Thinking

Skills

Learning
Resources

Accessed by

Students
Cultural
Potential of
the  Baduy
Leuit n
Geometry

revealed that only 30% were able to
correctly solve mathematical problem-
solving tasks. Moreover, just 10%
demonstrated the ability to reflect on their
solutions. =~ The  creative  thinking
assessment based on TTCT indicators
(fluency, flexibility, originality,
elaboration) indicated a tendency among
students to provide a single standard
solution, with minimal exploration of
alternative strategies or idea development.

90% of students relied on conventional
textbooks. Only 25% perceived the
content as relevant to their daily lives or
cultural backgrounds.

The Leuit, a traditional Baduy rice barn,
incorporates spatial geometry concepts
(e.g., rectangular prisms, beams) and
proportional  reasoning  related to
structural height-to-width ratios. The roof
architecture and interior design reflect
practical  applications of  volume,
symmetry, and spatial efficiency.

designed to promote multi-
strategy exploration (flexibility),
allow space for open-ended ideas
(originality), and incorporate
scaffolding features that guide
reflective thinking. VR
simulations can be leveraged to
present open-ended, culturally
grounded challenges that
stimulate 1idea fluency and
solution elaboration.

There is a need to develop locally
grounded cultural media (e.g.,
based on Baduy traditions) in the
form of wvisual narratives,
authentic contexts, and 3D
objects.  This can  foster
contextualized learning, increase
engagement, and  enhance
knowledge transfer.

VR technology can be used to
explore the Leuit in 3D, enabling
students to measure dimensions,
analyze stability, and redesign
geometric structures within a
cultural context. This supports
problem-based learning models
focused on cultural design
challenges.

The diagnostic findings confirm that students’ primary deficiencies lie in the areas of flexibility
and originality in creative mathematical thinking. Local cultural contexts, such as the structure
of the Leuit, offer rich cognitive and affective foundations for developing innovative, VR-based
instructional materials centered on cultural redesign. This approach holds significant potential
for bridging the gap in contextual mathematics learning while meaningfully enhancing
students’ creative thinking abilities in both applied and culturally relevant ways.

2.

Design Phase

During the design phase, a prototype of a VR-based digital learning material was developed,
integrating ethnomathematics content from the Baduy ethnic group. This development aimed
to bridge the gap between the abstraction of geometric concepts, particularly three-dimensional
solid shapes, and a contextual, visual, and culturally grounded learning experience. Cultural
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artifacts such as the leuit lenggang (traditional rice barn), woven fabric motifs, and the
proportional structures of Baduy traditional houses were contextualized within problem-based
learning scenarios situated in immersive virtual environments. The product design
encompassed the development of curriculum-aligned mathematical content, culturally aesthetic
3D visual designs, and VR navigation scenarios that support spatial exploration and reflective
thinking. This approach is grounded in the principles of constructivist learning design and
TPACK integration, aiming to foster students’ mental representation and mathematical
creativity.

Each instructional unit begins with a culturally contextual problem, followed by virtual
exploration, conceptual explanation, and reinforcement activities through exploratory student
worksheets (LKPD). Evaluation instruments were developed to assess content and visual
validity (via expert validation forms), implementation practicality (through limited trials), and
students’ creative mathematical thinking skills based on modified Torrance indicators. The
distinctiveness of this design lies in the use of VR not merely as a visual aid but as a fully
integrated ethnopedagogical learning ecosystem, enabling students to experience, explore, and
reconstruct mathematical concepts through meaningful and creative engagement with cultural
artifacts. In the design phase, an initial prototype of a VR-based digital learning material was
developed, integrating Baduy cultural ethnomathematics into the topic of three-dimensional
geometry. The rationale for using VR stemmed from the need to enhance students’ spatial
visualization and contextualize abstract concepts through culturally grounded representations.
The Baduy culture was deliberately selected due to the rich geometric structures embedded in
its traditional architecture, such as the Leuit (rice granary) and the inherent educational values
reflected in its motifs and construction systems. The design process consisted of: (1) developing
geometry content (cuboids, cubes, and prisms) linked to the Leuit structure, including
estimations of dimensions, volume, and geometric proportions; (2) constructing a three-
dimensional Leuit Baduy model using Blender and integrating it into a VR platform for
interactive exploration of faces, edges, and vertices; and (3) designing learning interactivity
through cultural narratives, usage instructions, and problem-solving exercises rooted in local
contexts.

Initial validation of the prototype was conducted by two media experts and two subject matter
experts using a five-point Likert-scale validation instrument, with consistency measured using
Aiken’s V. The results indicated a high level of validity across content (V = 0.82), media design
(V = 0.80), and cultural relevance (V = 0.78), meeting the criteria for advancement to the
development stage. These findings suggest that the initial prototype effectively integrates an
ethnomathematical approach with immersive technology, resulting in a valid and contextually
grounded instructional design.

3. Development Phase

The digital instructional material based on ETNO-VR was validated by three experts, consisting
of two lecturers from La Tansa Mashiro University and one from Sultan Ageng Tirtayasa
University. The validation process began with a Focus Group Discussion (FGD) to establish
consensus on evaluation indicators, followed by a document review of the product and a scoring
process using a structured evaluation rubric. The validation covered several key aspects: content
relevance, material accuracy, presentation techniques and flow, language readability, and the
contextual alignment of ethnomathematical content with Baduy cultural elements. The
validation results are summarized in Table 2.
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Table 2. Expert Validation Results of the ETNO-VR Product Based on Aiken’s V Index
Aiken’s V

Aspect Index Category
Content Relevance 0.58 Valid
Content Accuracy 0.65 Valid
Presentation Technique 0.78 Valid
Presentation Flow 0.56 Valid
Language Readability 0.76 Valid
Ethnomathematical Context Relevance 0.80 Valid
VR Engagement and Interactivity 0.72 Valid
Ease of Navigation and User Experience (UX) 0.70 Valid

Based on the validity test results, all assessed aspects were deemed valid, with Aiken’s V values
exceeding 0.50 (Susanta et al., 2023), indicating that the media met the standards of content
appropriateness, presentation quality, language clarity, and integration of local cultural
elements. The ETNO-VR learning media developed in this study demonstrated strong content
validity, practical implement ability, and pedagogical effectiveness. Expert validation by
scholars in ethnomathematics and educational technology yielded Aiken’s V scores ranging
from 0.56 to 0.80, categorized as valid to highly valid. These results are presented in Table 2
and confirm that ETNO-VR is a robust learning tool in terms of content, usability, and
educational impact. These findings indicate that, conceptually, the product has satisfied the
criteria for content relevance, visual design, and contextual alignment with local cultural values
elements that are essential for meaningful mathematics learning rooted in students’ lived
realities. Although all components met the minimum validity threshold (V > 0.50; Retnawati,
2014), some indicators, such as “presentation flow” (V = 0.56) and “content suitability” (V =
0.58), were near the lower bound, suggesting the need for structural revisions to narrative
sequencing and adjustments to content depth following students’ cognitive levels. In contrast,
components such as ethnomathematical integration (V = 0.80) and VR interactivity (V = 0.72)
were identified as key strengths, effectively bridging mathematics learning with local cultural
values. Expert feedback is summarized in Table 4, highlighting suggestions for improvements
ranging from consistent material structuring and enhanced visual illustration to stronger
problem-based learning activities. All three validators emphasized the importance of authentic
contextual representation and consistent use of mathematical language.

Table 3. Recommendations for Improvement from Expert Validators

Validator Suggested Revisions

Expert 1 a. The material should be presented more consistently, including contextual
problem examples and their systematic solutions.

b. Realistic problems should be based on concepts and phenomena that are
familiar to students’ daily experiences.

Expert 2 a. Add realistic visual illustrations to enhance students’ understanding of
contextual problems.

b. Reinforcement exercises must align with indicators of mathematical problem-
solving skills.
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Validator Suggested Revisions
Expert 3 a. Each contextual question should be accompanied by culturally relevant

illustrations, particularly those related to Baduy traditions.

b. Review the consistency of mathematical notation and language usage
throughout the material.

The product was thoroughly revised based on the above feedback. Improvements included the
addition of visual illustrations representative of Baduy culture, the development of problems
grounded in students’ authentic experiences and exploration, and a comprehensive review of
language consistency and mathematical symbols. This revision process aligns with the
principles of educational design research, which emphasizes iterative refinement, critical
reflection, and contextual responsiveness as key elements in designing humanistic and
transformative mathematics learning experiences. Examples of the pre- and post-revision
design can be seen in Figures 5 to 8, which illustrate the contextualized problem scenarios used
in the instructional materials.
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Figure 8. Finish Culture-Based ETNO-VR Teaching Materials
4. Practicality Test Results (Small Group Trial)

The ETNO-VR-based digital learning material, having undergone expert validation and
conceptual revisions, was subjected to a limited-scale practicality test involving 30 eighth-grade
students representing three academic ability levels (high, medium, and low). This practicality
test followed Tessmer’s formative evaluation model (1998), focusing on key aspects such as
visual design, cognitive accessibility, language clarity, and the contextual relevance of
culturally grounded problem items. The evaluation results revealed high appreciation for the
visual elements, particularly the use of color and culturally inspired illustrations, with an
average score of 3.50, categorized as “very good.” This indicates that the design effectively
captured students’ attention and enhanced their engagement. Readability of font and layout also
received positive feedback (average >3.40). However, the clarity of realistic problem items and
their connection to students’ real-life environments scored lower (average 3.00-3.04),
suggesting a need for improvement in contextualizing problem design based on local student
experiences. Teacher and student responses regarding the practicality of the media yielded an
average score of 3.48 (categorized as “practical”) on a 4-point scale, indicating ease of use and
alignment with learners’ needs (Nieveen, 1999). These findings recommend the optimization
of cultural illustrations and locally relevant narratives to ensure that the ETNO-VR product is
not only visually engaging but also pedagogically and culturally meaningful. Table 4 presents
a summary of the practicality assessment results for the ETNO-VR product.

Table 4. Practicality Assessment of the ETNO-VR Product

Aspect ;&cvoe::ge Category
Visual Design Quality (images, color, VR resolution) 3.50 Very Good
Font Type and Size 3.45 Very Good
Layout and VR Navigation Flow 3.56 Very Good
Language Clarity 3.39 Good
Integration of Realistic Contextual Problems (Baduy Culture) 3.23 Good
Presentation of Materials and Exercises (in VR environment) 3.39 Good
Comprehensibility of Math Problems in VR 3.00 Good
Alignment of VR Content with Students' Local Environment 3.04 Good
Ease of Navigation and VR Interactivity 3.48 Very Good
Relevance of Virtual Cultural Artifacts (weaving, leuit, 342 Very Good

traditional measurement)

After a limited trial was conducted, improvements were made to the ETNO-VR media, focusing
on enhancing the quality of realistic problem visualization and the immersive contextualization
of Baduy culture. These refinements included the addition of a 360-degree rotatable 3D
simulation of traditional Baduy houses and weaving patterns, as well as the integration of
localized narratives within problem-solving scenarios. The field trial involved 30 students from
SMPN 1 Banjarsari and was carried out over two sessions covering the topic of three-
dimensional geometric solids. Before implementation, the teacher received training through a
focus group discussion (FGD) to align understanding regarding the instructional procedures
and the completion of the mathematical creative thinking assessment instruments. Effectiveness
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testing using a paired t-test revealed a statistically significant difference between pre-test and
post-test scores (p < 0.05), with an average score increase of 17.3 points. Students’
mathematical creative thinking skills improved from a pre-test mean of 58.9 to a post-test mean
of 76.2, indicating notable cognitive development. These findings align with Suherman &
Vidakovich (2022), who emphasized the importance of interactive media in fostering fluency,
flexibility, originality, and elaboration (Alabbasi et al., 2022). Test results showed that the
average score for students' creative mathematical thinking ability was 70.05 (classified as high),
with the highest score being 80.25 and the lowest being 25.04. The distribution of students’
creative thinking ability levels is presented in Table 6.

Table 5. Levels of Students’ Mathematical Creative Thinking Skills

Score Interval Category Number of Students Percentage
0-33 Low 2 4.05%
34-66 Medium 10 31.08%
67-100 High 18 64.86%

These data indicate that the majority of students (64.86%) fell into the high category, suggesting
that ETNO-VR holds significant potential in supporting culturally contextualized mathematical
problem-solving skills. This finding reinforces the notion that ethnomathematical approaches
within virtual environments can stimulate more flexible cognitive activity, particularly in
conceptualizing spatial structures through local symbols and artifacts. Furthermore, this media
supports D’Ambrosio’s (1985) view that integrating cultural elements such as traditional
weaving motifs and the leuit (granary) structures of the Baduy community can enrich the
mathematical learning experience both cognitively and affectively. The use of VR technology
is consistent with immersive learning theory (Ainsworth, 2006; Freina & Ott, 2015), enabling
students to engage in meaningful and contextually grounded three-dimensional spatial learning.

o

A . .
Figure 9. Small Group Trial

5. Dissemination Phase

The dissemination phase of this study focused on evaluating the implementational feasibility
and user perceptions of the ETNO-VR-based digital learning media. The product was
distributed to mathematics teachers at partner schools, particularly those teaching solid
geometry, through two channels: (1) direct distribution via digital storage devices (e.g., flash
drives) to support access in areas with limited internet connectivity, and (2) online
dissemination through a web-based learning platform, enabling multi-device and cross-location
access. In addition to technical distribution, the dissemination activities included pedagogical
training and intensive mentoring for participating teachers to enhance their understanding and
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skills in integrating the ETNO-VR media into classroom instruction. Teachers were not only
involved as end-users but also served as initial evaluators, providing critical feedback on
interface design, content flow, clarity, and alignment with the goals of the Kurikulum Merdeka.
This dissemination strategy was designed to assess the readiness for broader adoption of the
product and to explore the potential for local culture-based media adaptation in thematic,
contextual, and differentiated learning. It aligns with the spirit of Kurikulum Merdeka, which
emphasizes meaningful learning rooted in cultural identity and promotes the Profil Pelajar
Pancasila through immersive technological approaches to local identity exploration.

Discussions

This study demonstrates that integrating elements of Baduy ethnomathematics into a VR
learning environment significantly enhances students’ creative mathematical thinking. The
observed improvements in flexibility and elaboration reflect contextually grounded knowledge
construction, an outcome not typically fostered by traditional, non-immersive instruction. These
findings underscore the potential of culturally responsive VR as an innovative approach in
mathematics education, particularly within underrepresented indigenous contexts. To the best
of our knowledge, this is the first study to incorporate Baduy cultural artifacts into a VR-based
ethnomathematics learning platform designed to promote deep learning and 21st-century skills
in secondary education settings. Content validity testing using Aiken’s V yielded scores ranging
from 0.56 to 0.80, indicating varying degrees of appropriateness from moderate to high
depending on the assessed criteria. The eight evaluation indicators were grouped into three core
domains: content substance, instructional design, and cultural-technological integration. Lower
validity scores, especially those related to the presentation flow and the depth of cultural
representation, highlight key areas for refinement. Validators recommended restructuring the
content delivery for improved coherence and incorporating more authentic representations of
Baduy culture to strengthen the connection between ethnomathematical context and spatial
geometry concepts, in line with the ethno-constructivist approach (D’ Ambrosio & Rosa, 2017;
Mania & Alam, 2021).

The effectiveness of VR in mathematics instruction is further supported by prior studies
emphasizing the role of spatial visualization and immersive engagement in enhancing
conceptual understanding and cognitive involvement (Buchori & Osman, 2023; Hsu, 2021;
Kurzaeva et al., 2020). Local cultural contexts, such as the leuit lenggang granary artifact,
strategically represent mathematical ideas such as volume estimation and geometric
transformation (Handoyo et al., 2022; Kusuma et al., 2024). By blending culturally embedded
exploratory learning within an interactive VR environment, ETNO-VR has the potential to
deepen students’ reflective and contextual mathematical meaning-making (Lidinillah et al.,
2022). Additionally, validators’ emphasis on navigational ease aligns with the CAMIL design
model (Makransky & Petersen, 2021), which highlights interface comfort as a prerequisite for
optimal engagement and learning outcomes. In conclusion, while ETNO-VR exhibits a strong
conceptual foundation, further enhancement of its cultural narrative and multimodal learning
experiences is needed to ensure that the integration of culture and mathematics unfolds in a
cohesive and meaningful way.

The practicality of the ETNO-VR media was evaluated through a small group trial involving
30 eighth-grade students at SMPN 1 Banjarsari, Lebak Regency. The results indicated an
average score of 3.38 on a 4-point scale, which, based on the classification frameworks of Akker
(1999) and Tessmer (1998), falls within the “practical” category. The assessment instrument
covered four key dimensions: navigation, visualization, instructional clarity, and content appeal
(Farida et al., 2019; Yerizon et al., 2024). Students expressed enthusiasm toward the immersive
aspects of the media, aligning with findings by Makransky & Petersen (2021) and Marougkas
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et al. (2023) that virtual reality enhances engagement and learning motivation through
contextualized experiences. However, challenges emerged in students’ comprehension of
culturally embedded symbolic narratives, reinforcing the observations of Hamilton et al. (2021)
and Akman & Cakir (2020) regarding the need for adaptive cross-cultural design. Therefore,
simplifying visual elements and language becomes essential to ensure inclusivity (Kusuma et
al., 2024; Montagud et al., 2020).

Empirical evidence of ETNO-VR’s effectiveness was demonstrated through a significant
increase in students’ creative mathematical thinking scores from 58.9 to 76.2 (A= 17.3; p <
0.01; n=30). The most notable improvements were observed in the indicators of flexibility and
elaboration, reflecting students’ ability to construct diverse solutions and expand their
representation of ideas using Baduy cultural artifacts (Hadar & Tirosh, 2019; Suherman &
Vidakovich, 2022). These results support the principles of ethnomathematics (D’ Ambrosio &
Rosa, 2017), which emphasizes that integrating local cultural contexts can enrich mathematical
learning and foster creativity. The use of VR has been shown to strengthen spatial imagination,
idea elaboration, and conceptual understanding through interactive visualization (Asad et al.,
2021; Buchori & Osman, 2023; Hsu, 2021). In conclusion, ETNO-VR demonstrates substantial
potential in supporting culturally responsive education and enhancing 21st-century
competencies contextually and adaptively.

The enhancement of students’ creative mathematical thinking in this study was supported by
the immersive learning experiences provided by the ETNO-VR media. This aligns with the
Cognitive Affective Model of Immersive Learning (CAMIL) proposed by Makransky and
Petersen (2021), which emphasizes that VR-based learning is most effective when it
simultaneously activates both cognitive and affective engagement. Marougkas et al. (2023)
found that emotional involvement and spatial perception in VR environments significantly
reinforce the construction of mathematical concepts. Cultural relevance was further embedded
through the integration of Baduy values and artifacts, which enabled students to elaborate and
generate original ideas, an effect also supported by lasha et al. (2023) and Faiziyah et al. (2020).
Uteuliev and Madyarov (2022) added that embedding local cultural contexts within immersive
media bridges the gap between concrete and abstract experiences, a critical factor in developing
cognitive flexibility. The ETNO-VR product incorporates ethnomathematical geometry
(D’ Ambrosio & Rosa, 2017) into interactive simulations that have been validated in terms of
content, construct, and practicality. Istikomah et al. (2024) confirmed that all four indicators of
creative thinking fluency, flexibility, originality, and elaboration were actualized through this
approach. By integrating immersive technology with local cultural contexts, ETNO-VR not
only strengthens students’ conceptual understanding but also serves as an innovative model for
bridging local mathematical literacy with global competencies (Kim & Kwon, 2023; Palos et
al., 2025). These findings highlight important implications for the design of culturally
responsive educational technologies that connect global technological advancements with
indigenous and traditional knowledge systems, supporting UNESCQO’s Sustainable
Development Goal (SDG) 4 on inclusive and equitable quality education.

CONCLUSION

This study demonstrates that the development of ETNO-VR effectively bridges the gap
between mathematical abstraction and students’ cultural realities through an immersive
learning experience grounded in Baduy cultural artifacts. Empirical findings indicate that this
medium enhances students’ creative mathematical thinking, particularly in the domains of
flexibility and elaboration dimensions that are often difficult to cultivate through traditional
instruction. The study broadens the scope of ethnomathematics by integrating principles of
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immersive learning, cultural scaffolding, and local spatial contexts into a unified digital
learning ecosystem. Beyond its instructional effectiveness, the findings offer a conceptual
contribution to the development of culturally responsive and reflective learning models within
the context of disruptive technologies. Practically, ETNO-VR opens new possibilities for
replicating culturally grounded instructional design in marginalized regions with limited
infrastructure, aligning with the vision of the Kurikulum Merdeka and Sustainable Development
Goal 4. Looking ahead, future research should involve cross-cultural and longitudinal
investigations focused on Al-driven multimodal design, aiming to measure long-term impacts
on spatial literacy, digital inclusion, and the transformative meaning-making of mathematics
among Indonesian learners.
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