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Abstract: This research is based on the fact that younger generations have difficulty understanding
mathematics and are also less culturally aware. Observing this phenomenon, it is necessary to develop
a culture-based (ethnomathematics) learning media. The purpose of this study is to develop an
ethnomathematics-based mathematics learning media by exploring the Minangkabau Rumah Gadang
(traditional house) through virtual reality technology. The research method used in this study was
research and development (R&D), which followed the ADDIE model, which consists of five phases:
analyze, design, develop, implement, and evaluate. The media was developed using the Artsteps
application. The media developed was validated by experts before being tested on students as research
subjects. Data were collected from two material-expert lecturers and one media-expert lecturer, as
well as from one class of 44 students, serving as the product trial sample. The instruments used in this
study were the material expert validation sheet, the media expert validation sheet, the student response
questionnaire, and the mathematics learning achievement test. The results of this study showed that
the material expert gave a score of 98%, the media expert 97%, and the practitioners (student
responses) 98%, with an average score of 97.7%, which falls into the “excellent” category. Meanwhile,
the mathematics learning achievement test showed that 84.1% of the students met the passing criteria
in this course, while 15.9% failed. Based on the research results and discussion, it can be concluded
that the Minangkabau culture-based ethnomathematics learning media developed through the ADDIE
model meets the criteria for validity and practicality for implementation with Elementary School
Teacher Education students.
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B INTRODUCTION supported by research conducted by Marhami

Education, of course, plays a crucial role in
introducing students to cultural diversity through
school-based learning activities, including
mathematics. However, the results of
observations conducted by the researcher, from
elementary school to university level, show that
most students dislike mathematics because
Mathematics learning is often considered abstract
and challenging to understand, which decreases
their interest and comprehension. This is

et al. (2024), which found that, overall,
Indonesian secondary school students still
experienced difficulties in using mathematical
operations, understanding problems, applying
strategies, and interpreting the results of solving
PISA-type questions in the areas of space and
shape, change and relationships, quantity,
uncertainty, and data content. These findings
indicate that the material considered most difficult
by Indonesian students is Space and Shape
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geometry. Putri et al. (2025) also found that
students often struggled to understand abstract,
difficult-to-relate-to mathematical concepts. One
approach to addressing this issue is
ethnomathematics, a learning approach that
connects mathematical concepts with local culture
(Supriyadi et al., 2024). This is supported by
research conducted by Rahmawati et al. (2024)
and Munir (2019), which states that
ethnomathematics-based learning not only
improves students’ mathematical skills but also
enhances their cultural understanding. Meanwhile,
the research of Prahmana & D’Ambrosio
(2020)shows that implementing
ethnomathematics in schools requires a specific
formula to make it easier for teachers to apply.
Ethnomathematics is a field of study that
examines the relationship between mathematics
and culture, exploring how different communities
develop, use, and transmit mathematical concepts
within their cultural contexts (Kariadinata et al.,
2023). This approach enriches mathematics
education by making it more relevant and
inclusive, connecting mathematical abstractions
with real-life experiences. Alongside
technological advancements, there is growing
potential to integrate immersive technologies,
such as Virtual Reality and Augmented Reality,
into ethnomathematics to enhance learning
experiences and conceptual understanding.
Immersive technology offers interactive,
engaging learning environments that allow users
to interact with digital visualizations and
simulations (Bertrand et al., 2024). Augmented
Reality can project virtual components into the
real world in real time, enabling interaction with
3D objects as if they were real (Kariadinata et
al., 2023). Meanwhile, Virtual Reality fully
immerses learners in a virtual environment,
replacing the physical world with simulations rich
in sensory stimuli (Bertrand et al., 2024). The
integration of immersive technology into
mathematics education has been shown to

improve student engagement and understanding
(Yazdi, 2025).

The use of VR and AR in ethnomathematics
has significant potential to enrich students’
understanding and experience of mathematical
concepts rooted in culture. VR and AR tools can
support the abstraction of concepts in tangible
ways through student interaction, idea exchange,
teamwork, and collaboration (Bertrand et al.,
2024). Research shows that immersive
experiences can facilitate understanding of
geometry (Nathal et al., 2018), enable
mathematical exploration through physical
movement in digital environments, and support
collaboration in VR settings (Huang et al., 2023).
Furthermore, adapting AR and VR activities to
students’ cultural backgrounds and interests can
provide opportunities to explore diverse cultures
and encourage self-discovery (Bertrand et al.,
2024).

Other works also highlight the use of AR to
illustrate geometric concepts related to
ethnomathematical values, such as traditional
houses (Saphira, 2022). In addition, these
technologies hold potential for the discovery,
reconstruction, experience, and learning of
cultural heritage (Upasani et al., 2023), which
aligns with the goals of ethnomathematics.
Nevertheless, implementing these immersive
technologies is not without challenges, including
technical issues, hardware limitations, and
navigation constraints (Bertrand et al., 2024).

Various studies on the development of
ethnomathematics learning media have previously
been conducted, including those by Kartono et
al. (2020). These studies utilized conventional and
non-immersive digital learning media, including
student worksheets (LKPD), printed modules,
two-dimensional visual media, and applications
based on Augmented Reality and interactive
multimedia. These media were effective in
integrating cultural contexts into mathematics
learning, particularly for introducing geometric



20

Jurnal Pendidikan MIPA, Vol. 27, No. 01, pp. 18-38, March 2026

concepts through visual representations of local
culture.

However, these studies have not yet utilized
immersive Virtual Reality technology, which
allows students to directly interact within a three-
dimensional virtual environment, spatially explore
cultural objects, and experience geometry
learning through more in-depth visual and
kinesthetic experiences. Therefore, this study
seeks to fill this gap by developing Virtual Reality-
based learning media for plane geometry
integrated with Minangkabau culture, and by
testing its feasibility through expert validation and
student responses.

The Minangkabau culture has a wealth of
geometric forms that can be integrated into the
learning of plane geometry, such as the triangular
shape of the Rumah Gadang roof and its
symmetrical carved motifs. Along with
technological advancements, Virtual Reality
(VR)-based learning media have become an
innovative alternative, offering immersive,
interactive learning experiences. Many
researchers have conducted research and
development on ethnomathematics media in
mathematics learning, as carried out by
Danoebroto (2024), Utami (2019), and Nur et
al. (2020). However, these studies have not yet
utilized Virtual Reality. This study developsa VR
learning medium for plane geometry grounded in
Minangkabau culture and tests its feasibility
through expert validation and student responses.

Culturally based mathematics learning
(ethnomathematics) can help students understand
subject matter by drawing on prior knowledge
from their surroundings. Introducing local culture
to students is expected to help preserve regional
cultural heritage passed down from ancestors
(Purwanto & Junaedi, 2025). Ethnomathematics
refers to the mathematical knowledge of a
sociocultural group, used to reason and draw
conclusions. According to D’Ambrosio,
ethnomathematics is the field that studies how

specific cultural groups understand, communicate,
and use mathematics in their daily lives (Orey &
Rosa, 2022). Ethnomathematics is also part of
research on mathematical knowledge within a
culture with pedagogical implications, focusing on
the art and techniques of counting, measuring,
explaining, and understanding in facing or
adapting to different sociocultural environments.

Mathematics is essentially born from cultural
and environmental activities (Bishop, 2004).
Mathematics exists within culture; it is embedded
in, bound to, and influences culture (Dominikus,
2018). Matematika adalah suatu bentuk aktivitas
manusia “mathematic as a human activity”.
Mathematics is a form of human activity:
“mathematics as a human activity.” Mathematics
and culture are closely interconnected. The
relationship between mathematics and local
culture is very strong because learning
mathematics requires a bridge between the
discipline and its cultural context (Pulungan &
Adinda, 2023).

Rumah Gadang is the traditional house of
the Minangkabau people of West Sumatra. Its
distinctive features include buffalo-horn-shaped
roofs (gonjong), carved walls, and elongated
structures. The house is not merely a residence
but also a cultural symbol representing social status
and the matrilineal system of the Minangkabau
people. The ethnomathematical elements in the
Rumah Gadang provide an interesting context
for mathematics learning, as various mathematical
concepts are found in its architectural design and
philosophy(Fauzan et al., 2020).

The Minangkabau people are known for
preserving their rich cultural heritage and traditions
to this day. This can be seen in cultural products
such as the architecture of the Rumah Gadang,
the traditional Randai performance, Minangkabau
songket weaving, and many others. The term
Rumah Gadang literally means “big house.” Its
grandeur is reflected in its size, shape, function,
and carvings, each of which bears symbolic
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meaning. The maximum length is 9 rooms, with 5
supporting pillars across its width, and the floor
is 2 meters above ground level. The number of
pillars determines the size of the building, while
the door’s position indicates the owner’s lineage
group. The bilik (chambers) serve as storage for
valuable possessions. The carved panels on the
front walls are reliefs that are chiseled and painted.
The motifs of these carvings reflect the
Minangkabau philosophy Alam Takambang
Jadi Guru (“Nature as the Ultimate Teacher”),
meaning the carvings’ meanings correspond to
natural laws and feature motifs of leaves, flowers,
fruits, and animals from the natural world
(Abdullah etal., 2015).

Rumah Gadang contains many geometric
elements that can serve as learning materials in
mathematics, especially through the
ethnomathematical approach. The geometric
elements of Rumah Gadang include both two-
and three-dimensional shapes. The plane (2D)
shapes found in the Rumah Gadang include: 1)
Triangles (the gonjong roof resembles an
isosceles triangle); 2) Trapezoids (the inward-
slanting walls form trapezoids); 3) Squares and
rectangles (used in windows, doors, and floors);
4) Rhombuses and circles (appearing in wall and
pillar carvings). The solid (3D) shapes include:
1) Prisms and pyramids (the roof and main
structure resemble rectangular prisms and
pyramids); 2) Cubes and blocks (the body of
the house resembles cubes or rectangular blocks);
and 3) Symmetry and transformation (carvings
and ornaments display reflectional and rotational
symmetry)(Fitriza, 2019).

Significant developments in ethno
mathematics have explored and integrated
mathematical concepts from various cultures into
education. One of the main approaches is the
development of Culturally Situated Design Tools,
web-based software applications that enable
students to create simulations of cultural artifacts
(Rosa & Orey, 2017; Xu & Ball, 2024). These

tools help reveal mathematical knowledge
embedded in traditional cultural designs such as
beadwork, basket weaving, hairstyles, and even
modern graffiti, enabling students to learn
mathematical principles through their own cultural
contexts (Rosa & Orey, 2017; Xu & Ball, 2024).
Furthermore, smartphones have been explored
as a way to integrate ethnomathematics and
enhance students’ learning experiences in
mathematics classrooms.

However, most students do not realize that
the ornaments in the Minangkabau Rumah
Gadang contain elements of mathematical
learning. Many believe that mathematics learning
is separate from culture. As a result, learners
become alienated from their own cultural heritage.
One way to prevent this is by using virtual reality
(VR) in the learning process. Through VR-based
learning, students can experience another
dimension that realistically presents objects similar
to the real world, helping improve understanding
and increasing learning interest and motivation
(Choirin Attalina etal., 2024). The use of VR in
education makes learning more enjoyable and
boosts student motivation (Sholihin et al., 2020).

Many studies confirm that VR and AR
significantly increase students’ motivation and
engagement in learning mathematics and reduce
mathematics anxiety (Bertrand et al., 2024). The
engaging and game-like environments created by
immersive technologies encourage more
meaningful learning experiences (Bertrand et al.,
2024). These technologies are highly effective in
supporting spatial reasoning and visualization,
particularly for abstract mathematical concepts
(Bertrand et al., 2024; Pahmi et al., 2023;
Romero & Angeles, 2023; Su et al., 2022).
Geometry and measurement are the topics most
frequently investigated because VR/AR can
realistically visualize 3D objects (Romero &
Angeles, 2023). Research by Bertrand et al.
(2024) mentions “Culturally Responsive
Pedagogies” and the use of “storytelling and
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culture” in AR/VR activities, but this provides only
an initial direction and has yet to position
ethnomathematics as a central framework.

Thus, overall, we can see that the state of
the art in this research specifically targets the use
of immersive technologies (VR/AR) in
ethnomathematics. By focusing on how VR/AR
can be used to explore, understand, and teach
mathematical concepts that originate from cultural
contexts, it will not only contribute to a deeper
understanding of ethnomathematics itself but also
provide a new model for making mathematics
education more inclusive, relevant, and engaging
for students from diverse cultural backgrounds.

The use of VR in education will continue to
transform how humans learn in the future. If the
internet has enabled distance learning, VR
provides an even more engaging remote
simulation experience (Kurdi, 2021). For
example, when visiting a traditional Minangkabau
house, students no longer need to go on study
tours; they can simply use VR equipment to visit
the Rumah Gadang virtually. The development
of VR, as cited by Kurdi (2021), began in 1962
with Morton Heilig’s Sensorama prototype,
designed to deliver a realistic film-viewing
experience by engaging multiple senses: sight,
hearing, smell, and touch. VR technology has
since been applied in many industries, including
entertainment, medicine, education, aviation,
architecture, and the military. It is particularly
useful for simulating scenarios that are difficult to
replicate in real life.

VR is a computer-generated, immersive
three-dimensional environment that can simulate
both fictional and real-world settings, making it
applicable across various fields (Elmgaddem,
2019). Currently, with the advancement of
technology, VR has expanded into multiple
domains and sectors, such as language learning
(Hua & Wang, 2023), surgical education (Singh
et al., 2015), cultural heritage (Chong et al.,
2021), and sports training (Richlan et al., 2023).

Based on previous research findings, this study
will focus on mathematics and apply VR
technology to mathematics learning grounded in
the Minangkabau Rumah Gadang culture.

Virtual reality technology requires several
components: realistic 3D visualization aligned with
the user’s perspective, and the ability to detect
all user movements and responses, such as head
or eye motion (Sukmawati et al., 2023). These
features ensure that the graphics adjust according
to changes in the user’s 3D environment.
According to Kurdi (2021), several key elements
define the virtual reality experience: 1) Virtual
world, a three-dimensional environment realized
through media (rendering, display, etc.) where
users can interact with others and manipulate
objects; 2) Immersion, the perception of being
physically present in a non-physical world, a
sensation created by VR technology. Immersion
is divided into three types: mental immersion
(feeling mentally present in the virtual
environment), physical immersion (feeling physical
sensations from the virtual surroundings), and
mental engrossment (being deeply absorbed in
the virtual experience); 3) Sensory feedback; VR
requires simulating as many human senses as
possible, including visual, auditory, and haptic
feedback; 4) Interactivity; the system must
respond to user actions, allowing direct interaction
within the virtual field.

The advantage of VR is its ability to create
a strong sense of presence, making users feel as
ifthey are truly inside the virtual environment. This
allows visitors to explore a digital replica of the
Rumah Gadang in a highly realistic way, as
though they were at the actual physical location.
This experience far surpasses what can be offered
by photos, 2D videos, or even standard 360-
degree videos (Slater & Sanchez-Vives, 2016),
because VR actively responds to the user’s head
and body movements. In addition, VR eliminates
geographical, physical, and financial barriers,
allowing anyone to “visit” cultural heritage sites
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from anywhere in the world. It can even be the
best option for visitors with health issues or those
who have difficulty dealing with environmental
factors (Othman et al., 2022). VR also facilitates
a deeper understanding of architectural details
and cultural context. Users can interact with the
virtual environment, examine every detail, and
understand the building’s structure and layout
from various perspectives and at a human scale.
This capability is extremely helpful for
understanding cultural values and historical
construction processes that may be difficult to
grasp solely from documents or images
(Cardellicchio et al., 2024). Moreover, VR can
be used to visualize architectural changes and
development over time, allowing users to observe
how the Rumah Gadang or other traditional
buildings may have evolved across different
historical periods (Hajirasouli etal., 2021).

Although not many specific studies on VR
for the Rumah Gadang were found during the
search, the concepts and advantages described
above are highly relevant. Thus, VR opens a new
dimension for experiencing and understanding
cultural heritage, unmatched by other media.

The application used in this study to develop
VR-based learning is Artsteps. Artsteps is a web-
based and mobile digital platform that enables
users to create, organize, and share 3D virtual
exhibitions. Itis suitable for art galleries, museums,
education, and other creative presentations. Key
features of Artsteps include: 1) VirtualSpace
design: Users can create custom exhibition spaces
by adding walls, floors, and decorative elements;
2) Upload Digital Content: Users can insert
images, videos, text, 3D objects, music, and
narration into the gallery; 3) Interactive
Navigation: Visitors can freely explore the
exhibition or follow a predetermined path; 4)
Web and Mobile Access: The application is
available via web browsers and Android/iOS
apps;5)  Collaborative and Public
Exhibitions: Creations can be shared publicly or
kept private as needed.

This study discusses the development of a
mathematics learning media based on
ethnomathematics within the Minangkabau
culture, utilizing virtual reality (VR). The cultural
element used in this study is the architecture of
the Minangkabau Rumah Gadang. So, the
research questions can be formulated as follows:
1) How is the development process of
ethnomathematics-based learning media assisted
by Virtual Reality using the ADDIE model? 2)
How feasible is the ethnomathematics-based
learning media assisted by Virtual Reality in terms
of the validity from content experts and media
experts?3) How do students respond to the use
of ethnomathematics-based learning media
assisted by Virtual Reality in mathematics
learning?

B METHOD
Participants
This study aims to develop

ethnomathematics-based learning media assisted
by virtual reality that are valid, practical, and
effective for use in the Mathematics Learning
course. The participants in this study were two
subject-matter expert lecturers, one media-expert
lecturer, and 44 students (from one class) as the
product trial sample. The trial sample was
randomly selected from four classes (a total of
168 students) enrolled in the Mathematics
Learning course in the even semester of the 2024/
2025 academic year.

Research Design and Procedures

The research method chosen for this study
is research and development (R&D), to develop
an educational innovation in the form of an
ethnomathematics-based mathematics learning
media using virtual reality. The research and
development stages follow the ADDIE model,
which consists of five stages: analysis, design,
development, implementation, and evaluation
(Hess & Greer, 2016). Each stage is explained
as follows: First, the Analysis Stage; it aims to
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identify the causes of the gap between
expectations and reality, or problems in the
learning environment. Once the causes of this gap
are identified, potential solutions can be
determined. The procedures carried out in this
stage are: (1) Validation of the gap between
expectations and reality; (2) Establishing
development objectives; (3) Confirming
development targets; (4) Identifying the needs
required for development; (5) Determining the
delivery system; and (6) Preparing the
development implementation plan; second Design
Stage; This stage aims to verify the expected
objectives and appropriate testing methods. The
steps include: (1) Preparing a list of components
needed in the product; (2) Formulating the
objectives of product development; (3) Designing
instruments for product validation and testing; third
Development Stage. In the development stage,
the product from the previous stage is further
developed and validated. The steps in this stage
include: (1) Creating the product according to
the design; (2) Selecting or developing supporting
media; (3) Developing a user guide for students;
(4) Developing a user guide for educators; (5)
Conducting formative revisions; and (6) Carrying
out preliminary trials; fourth Implementation Stage;
In the implementation stage, the learning
conditions are prepared to apply the developed
product as a learning resource in the learning
process; fifth Evaluation stage; At the evaluation
stage, a one-group posttest-only design was used,
in which students’ learning outcomes were
measured after the use of VR-based learning
media. This design was chosen because it aligns
with the objectives of development research,
namely to test the feasibility and potential
effectiveness of the product within a limited group.
However, a limitation of this design is the absence
of a control group and a pretest, which means
the learning outcomes obtained indicate only the
potential effectiveness of the media rather than
providing strong causal evidence.

The product developed in this research is a
learning medium based on ethnomathematics
assisted by Virtual Reality (VR). The resulting
press consists of two VR learning tools. The first
medium discusses the concept of plane figures
and their properties. This learing mediumis used
for two class meetings. The second medium
covers finding the area of plane figures and is also
designed for two class meetings. Both learning
materials are installed on the students’ Android
devices before the lessons are conducted. The
media contains problems, materials, assignments,
and quizzes.

Instruments the instruments used for data
collection include a material expert validation
sheet, a media expert validation sheet, a
practicality questionnaire related to the use of the
product, and a student learning outcomes test.
The expert validation instrument was developed
based on the following indicators: (1) suitability
with Course Learning Outcomes (CLOs) and
teaching materials on plane figures; (2) integration
of Minangkabau culture; (3) representation of VR
images; (4) suitability and quality of evaluation;
(5) effectiveness of VR media; and (6) students’
learning interest. The instrument consisted of 24
positive statements, rated on a 4-point Likert
scale (1-4), with all items formulated as positive
statements. Meanwhile, the material expert
validation instrument also consisted of 24 positive
statements, rated on a 4-point Likert scale (1—
4). The indicators included: (1) suitability between
images and teaching materials; (2) visual and color
design; (3) layout of components and materials
as well as text readability; (4) representation of
Minangkabau culture; (5) ease of application
access; (6) clarity and arrangement of menu
buttons; (7) operational stability of features and
media performance; (8) communicative and
interactive aspects; and (9) impact on learning
motivation and understanding of the material.
Next, statement items are created according to
the formulated blueprint.
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Before the subject-matter expert and media
expert validation sheets were used in the study,
they were first pilot-tested with one subject-
matter expert lecturer and one media expert who
were not part of the sample. The validity result
obtained was 3.81, which was categorized as high
validity, with several suggestions to revise some
statement sentences to make them easier to
understand. The purpose of the pilot test was
solely to determine the readability level of the
validation sheets (content validity), while reliability
index analysis was not conducted. The subject-
matter expert and media expert validation
instruments were used only to assess content
suitability and product feasibility. Therefore, these
instruments did not require reliability testing, but
only content validity (expert judgment), as
recommended by Arikunto (2013) and Sugiyono
(2015).

The next research instrument used was the
Student Practicality Instrument. This instrument
was a 24-item questionnaire using a4-point Likert
scale (1-4). The indicators used for the
practicality instrument included: (1) suitability of
the material with the learning objectives; (2)
interactivity and flexibility in the use of the media;
(3) text readability, language clarity, and
communication; (4) visual design appeal; (5)
representation of Minangkabau culture; (6) clarity
and arrangement of menu buttons; (7) ease of
media use; and (8) impact on learning motivation
and understanding of the material.

Before the questionnaire was used as a
research instrument, a pilot test was conducted
on six students who were not included in the
sample. The purpose of the pilot test was to
assess the questionnaire’s validity and reliability.
Based on the pilot test results, the validity index
was obtained by analyzing the correlation
between each item and the total score using the
Pearson Product-Moment correlation, yielding
an r-value of 0.71; therefore, the questionnaire
was considered valid. Meanwhile, the

questionnaire’s reliability was assessed using
Cronbach’s alpha, yielding an alpha of 0.78; thus,
the instrument was considered reliable.

To demonstrate the contribution of the
implemented product, a learning outcome test
was administered to students after the learning
process was completed. The test consists of 5
essay questions that measure cognitive abilities
at levels C3, C4, and C5. The material being
tested includes the basic concepts of geometric
shapes, the properties of plane figures, and the
area of plane figures, along with their learning
process. An example of a question is: A teacher
in West Sumatra wants to teach the concept of
plane figures to Sth-grade elementary school
students using the image of a Rumah Gadang.
The teacher shows that the wall parts are
rectangular and that the gonjong roof resembles
an isosceles triangle. As a prospective teacher,
you are asked to: a) Identify the plane figures
found in the Rumah Gadang and explain their
characteristics; b) Create a simple lesson plan
that integrates the concept of plane figures with
local culture.

Before the learning outcomes test was used
as a research instrument, a pilot test was
conducted on six students who were not part of
the sample. The purpose of the pilot test was to
examine the validity and reliability of the test.
Based on the pilot test results, the validity index
was obtained via item—total correlation using the
Pearson Product-Moment correlation, yielding a
calculated r of 0.84; therefore, the questionnaire
was considered valid. The questionnaire’s
reliability was assessed using Cronbach’s alpha,
yielding an alpha of 0.76; thus, the instrument was
deemed reliable. Consequently, the test was
deemed appropriate for use as a research data-
collection instrument.

Data Analysis
The data collected in this study were
analyzed using qualitative descriptive methods.
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Quantitative validation data were analyzed
descriptively, while the validators’ suggestions
were analyzed qualitatively.

B RESULTAND DISCUSSION

This study aims to develop a learning media
based on Minangkabau cultural ethnomathematics
integrated with virtual reality technology. The type
of research is Research and Development
(R&D). The research sample consists of students
from the Elementary School Teacher Education
Study Program at Bung Hatta University who are
taking the Mathematics Learning course in the
even semester of the 2024/2025 academic year.

The research method used in this study is
research and development (R&D) to develop an
ethnomathematics-based mathematics learning
media through virtual reality. The research and
development process follows the ADDIE model,
which consists of five stages: analyze, design,
develop, implement, and evaluate(Hess & Greer,
2016). As for the development stages of the
ADDIE development model that have been
carried out, they are as follows:

Analyze

At this stage, the researcher analyzed the
needs in implementing culture-based
(ethnomathematics) learning assisted by virtual
reality technology in the Mathematics Learning
course. This course is a new subject in the
updated curriculum of the Elementary School
Teacher Education (PGSD) Study Program.
Since this is a new course, it is very difficult to
find reference books that can serve as guides for
both lecturers and students. Therefore, teaching
materials are needed for students in the
Elementary School Teacher Education Study
Program (PGSD) who take the Elementary
Mathematics Learning course.

In addition, most PGSD students have low
mathematical abilities. Based on observations of
PGSD students, their mathematical ability was

found to be low. This was evident when they were
given math problems; only 10% achieved good
scores (the “good” category is defined as a score
equal to or greater than 65 on a 100-point scale).
Furthermore, it was also found that most students
were unfamiliar with Minangkabau culture. When
asked about Minangkabau objects or customs,
only 7% of students could identify them. If this
continues, the Minangkabau culture could
become extinct in its own region.

Therefore, a learning medium is needed that
can improve students’ mathematical abilities and
their understanding of Minangkabau culture. The
media developed in this research is an
ethnomathematics-based learning media,
supported by virtual reality, to enhance students’
mathematical skills and cultural understanding.
Based on various references, this media can
improve students’ mathematical abilities and their
understanding of their local culture, namely the
Minangkabau culture.

Next, a curriculum analysis was conducted.
The topic to be developed is Two-Dimensional
Shapes, with the course learning outcome (CLO)
being that students are skilled in teaching two-
dimensional shapes using virtual reality media. The
indicators of learning achievement are designing
learning steps to: 1) Explain the concept of two-
dimensional shapes; 2) Describe the types/forms
of two-dimensional shapes; 3) Distinguish the
properties or characteristics of two-dimensional
shapes; 4) Derive the area formulas of two-
dimensional shapes; and 5) Solve problems
related to two-dimensional shapes. Based on the
results of the curriculum analysis and the lesson
plan (RPS) for the Basic Mathematics Learning
course, ethnomathematics-based learning media
supported by virtual reality were then designed.

Design

The design stage aims to verify the expected
objectives and the appropriate testing methods.
The steps related to this design stage are as
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follows: First, designing teaching materials for
ethnomathematics-based learning. The teaching
materials are developed in accordance with the
learning indicators established in the previous
stage. These materials are based on
ethnomathematics, using Minangkabau traditional
culture, specifically the rumah gadang (traditional
house) as the cultural basis. The elements of the
Minangkabau rumah gadang are used as learning

ﬂ

layang

Lingkara®

media for two-dimensional shapes, as many parts
of the house structure represent geometric
shapes that can be explored in learning about
plane figures. Next, a Virtual Reality (VR) medium
was created using the Artsteps application,
available for download and installation from the
Play Store. Using this application, a VR-based
learning medium on two-dimensional shapes
grounded in ethnomathematics was developed

Figure 1. Interface examples of the virtual reality-based learning media developed for (a) basic

concepts of planes and (b) area of planes

The instruments developed in this study
consist of a Material Expert Evaluation
Questionnaire, a Media Expert Evaluation
Questionnaire, a Student Response
Questionnaire, and students’ mathematic score.

The material expert questionnaire was given to
three material experts, namely lecturers who teach
Mathematics Learning courses. The media expert
questionnaire was given to a media expert lecturer
from the PTIK study program. Meanwhile, the
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student response questionnaire and the learning
outcome test were administered to 44 students
who participated in the mathematics learning
activities. The purpose of the material expert
validation is to ensure that the developed Virtual
Reality Media aligns with the learning materials.
The purpose of the media expert validation is to
ensure that the developed Virtual Reality
Media functions properly. The purpose of
administering the student questionnaire is to
understand students’ perceptions of the learning
process.

Develop

At this stage, development is carried out
on the product designed in the previous stage,
followed by its validation. The developed product
is tested on the research sample. The product

=@=V/alidator 1

implementation was conducted over three
sessions. The first session tested the first material,
namely the concepts, types/forms of plane figures,
and their properties; the second session covered
the area of plane figures; and the third session
involved distributing student evaluation
questionnaires. Expert validation testing was
conducted to determine the product’s feasibility
level, involving both material and media experts.
The results of the material expert validation test
were then used to improve the learning media
materials developed. After the material expert
validation test, descriptive data, including
suggestions and improvements for the developed
media, were also obtained. The results of the
analysis of the validation questionnaires completed
by the material expert validators can be presented
as follows.

=@=Validator 2

Content Relevance

Learning motivation

Learning Efficience

~ cultural integration

visualization

Evaluation Direction

Figure 2. Validity result by material expert

The results of the subject-matter expert’s
questionnaire analysis indicate that the VR Flat
Shapes learning media are highly feasible for use
in mathematics instruction at the elementary
education level. From the 20 statement items
covering aspects such as alignment of the material
with the Learning Outcomes (CPMK), integration

of Minangkabau culture, clarity of presentation
(visualization), evaluation instructions, learning
efficiency, and learning motivation, an average
score of 3.92 out of 4 was obtained. This
indicates that the media meets the standards of
content, structure, and relevant learning context.
The subject matter expert also provided positive
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feedback on the use of the rumah gadang as a
cultural context that enhances understanding of
flat-shape concepts.

Furthermore, the results of the media expert
validation test, along with the analysis of the
validation questionnaire, are presented in Figure.

Content and
Visualization...

3.92
Learning Motivation

Interactivity

Technical Performance

Navigation and
Instructions

Visual Aesthetics

Layout, Text, and
Typography

Cultural Integration

Accessibility

Figure 3. Result of data analysis by media expert

The assessment by media experts on the
technical and visual design aspects of the VR
media showed highly satisfactory results. Out of
25 statements covering content and visualization
alignment, visual aesthetics, layout, text and
typography, cultural integration, accessibility,
navigation and instructions, technical performance,
interactivity, and learning motivation, the average
score was 3.89. The media was evaluated for its
visually appealing design, intuitive navigation, and
stable performance, without technical issues such
as lag or crashes. In addition, the use of VR
technology was considered capable of providing
an immersive, innovative learning experience,
motivating students to learn, and supporting the
effective delivery of material for easy
understanding.

In addition to providing quantitative
assessments, the content expert validators and
the media expert also provided qualitative
comments. The comments from the three
validators are summarized as follows. The first
content expert validator suggested: (1)
reconsidering the shapes of the parts of the
Rumah Gadang to better represent plane
geometric figures and adjusting them to align with

the concept of plane shapes; and (2) making the
concept of space more concrete in relation to
the Rumah Gadang. The second content expert
validator suggested: (1) reconsidering the planned
time allocation, as the material was too extensive;
and (2) improving the writing quality, as there
were still several typographical errors. The media
expert validator suggested: (1) adding a start
button on the initial access screen, as the absence
of such a button confused how to begin using the
media; and (2) including a user manual or usage
guidelines for students to help them understand
how to operate the media.

Based on the validators’ suggestions, the
developed learning media were revised. The
revisions included: (1) the trapezoidal shape in
the Rumah Gadang was represented by the
lower wall structure of the building, and one side
that was previously not straight was corrected to
better reflect a trapezoid; (2) the images used in
the material on finding the area of a kite were not
originally based on elements of the Rumah
Gadang and were therefore adjusted to align with
these elements; (3) two topics that were initially
planned for two learning sessions were revised
into three learning sessions; (4) all typographical

29



30

Jurnal Pendidikan MIPA, Vol. 27, No. 01, pp. 18-38, March 2026

errors were corrected; (5) a start button and a
welcome message were added; and (6) a
procedural manual was included.

Furthermore, the learning media were
revised based on comments and suggestions from
content and media experts and were piloted with
students. This user testing aimed to determine
students’ responses to the Ethnomathematics-

Based Learning media  through
virtual reality. At this stage, in addition to
assessing the learning media product,
students were also asked to provide comments
and suggestions for further product
development. The results of the completed
student questionnaires can be presented as
follows.

Learning Motivation I
Instruction I
Navigation [ B

Cultural Integrity |
Visual Aesthetics I
Communication [
Interactivity I
Content Relevance I
0% 20% 40% 60% 80% 100%
B Very High m®mHigh = Moderate ®Low ®Very Low

Figure 4. Results of the questionnaire by students

Students’ responses to the use of VR
learning media for Plane Figures were very
positive. Out of 24 statements covering aspects
such as content relevance, interactivity,
communication, visual aesthetics, cultural
integratity, navigation, instruction, and the impact
on motivation and learning comprehension, an
average score of 3.91 was obtained. Students
found this media engaging, easy to use, and
provided a learning experience different from
conventional methods. They also appreciated the
integration of Minangkabau culture into the media,
which not only enriched cultural insight but also
facilitated a contextual understanding of plane
figure concepts.

To measure students’ mathematical abilities
after participating in the ethnomathematics-based
Rumah Gadang learning media delivered through
virtual reality, a test was administered. The test

consisted of five essay questions and involved
44 students. The analysis of the test results was
categorized based on the criteria proposed by
Arikunto (2013) and Widoyoko (2014), which
are applied at Bung Hatta University. Students’
learning outcomes were classified into five
categories: Very High (score range 80—100), High
(66-79), Moderate (56-65), Low (40-55), and
Very Low (0-39). The results indicated that
36.36% of students achieved a very high level of
mathematical ability, 29.55% were in the high
category, and 18.18% reached a moderate level.
If mastery is defined as attaining the moderate,
high, or very high categories, 84.1% of students
passed the course, while 15.9% did not meet the
mastery criteria.

Based on the analysis of students’ learning
outcomes in terms of the cognitive levels of the
questions, the highest achievement was at the
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applying level (C3), comprising two items and
yielding an average score of 78.5 and an
achievement percentage of 85%. This was
followed by the analyzing level (C4), also
represented by two items, with an average score
of 74.2 and an achievement percentage of 80%.
Meanwhile, the evaluating level (C5), assessed
by one item, yielded an average score of 70.1

® Very High ®High

and an achievement percentage of 75%. These
results indicate that students’ abilities tend to be
stronger in applying concepts than in analyzing
and evaluating them. Graphically, it can be
illustrated as follows:

Figure 5 presents the distribution of
students’ learning outcomes by cognitive level as
a 100% stacked bar chart. It can be seen that

Moderate ®Low ™ Very Low

APPLIED

ANALYZED

EVALUATION

Figure 5. Students’ achievement based on cognitive level

the largest contribution comes from level C3
(applying), followed by C4 (analyzing) and C5
(evaluating). This indicates that ethnomathematics-
based VR media predominantly support the skill
of applying concepts, while analytical and
evaluative abilities (HOTS) remain relatively
lower. This underscores the need for additional
learning strategies to strengthen students’ HOTS
achievement. These findings align with the
characteristics of the media: they are more
effective at visualizing concrete concepts but
require reinforcement of learning strategies to
promote analytical and evaluative skills.
Overall, this analysis shows that the
implemented learning strategies have successfully
built a strong foundation of mathematical ability
for the majority of students, while also creating

opportunities for evaluation and development to
more evenly enhance learning quality.

From the analysis of learning outcome data,
it was found that students had not yet achieved
the maximum score; 15.9% still obtained low or
very low scores. This occurred despite the media
validation score (97.7%) being very high and the
student response score (3.91) also being very
high. After conducting a product-moment
correlation analysis between student response
scores and learning outcomes, an r-value of 0.54
was obtained, indicating a moderate correlation.
This indicates that high student response scores
are not strongly correlated with students’ learning
outcomes. This is because the validation score
reflects the design’s quality according to experts,
while the student response reflects the product’s
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practicality. Meanwhile, learning outcomes are
influenced by many factors, including students’
initial abilities, math anxiety, and the complexity
of ethnomathematics content. In addition, the
items in the learning outcome test contained
HOTS (C4, C5) levels without adequate support,
leaving some students in the low and very low
categories.

Based on the analysis of two questionnaires
and the learning outcome test, it can be concluded
that the Minangkabau culture-based Virtual
Reality learning media for plane geometry
material meets the criteria for validity and is
practical to use, and has the potential to improve
students’ learning outcomes in terms of content,
design, and users. This media is not only feasible
for teaching mathematics but also capable of
introducing local culture in an educational context.
Therefore, this media is highly recommended for
use in mathematics instruction at the elementary
school level and in pre-service teacher education.
Instructors can develop semester lesson plans that
integrate ethnomathematics-based media with
VR. The media can be designed gradually for
geometry or symmetry topics and then expanded
to other topics. It can also serve as a tool for
out-of-class exploration to strengthen conceptual
understanding.

Implement

At the implementation stage, learning
conditions are prepared to apply the developed
product as a learning resource in the learning
process. After the learning activities, the trial
subjects complete a practicality sheet regarding
the product’s use. The components assessed by
the students include the following aspects: 1)
language; 2) readability; 3) presentation; 4)
appearance; 5) ease of use; and 6) usefulness.

The steps in the implementation stage are:
1) Preparing the Educator — The educator in this
context is the researcher themselves, as a lecturer
teaching the Elementary School Mathematics

Learning course, who acts as the developer of
the Ethnomathematics-Based Learning Media
through Virtual Reality; 2) Preparing the
Population and Sample — The population for the
product trial consisted of students enrolled in the
mathematics learning course in the Primary
School Teacher Education program,
encompassing four classes. For field testing, a
trial sample of 30—100 participants is required
(Sugiyono, 2015). Since one class taking the
mathematics learning course consists of 44
students, the field-test sample was taken from
one of the four classes in the population. The
sample was selected using random sampling, with
the consideration that the students in that class
had a lower average GPA than those in the other
three classes. 3) Time and Place of Research
Implementation — The product implementation
was carried out in May of the 2024/2025
academic year at the Elementary School Teacher
Education program, Bung Hatta University.

Evaluate

At this stage, data on validation results,
responses, and the practicality of the developed
product are collected, analyzed, and summarized.
This stage aims to determine the quality of the
produced product.

The results of the study show that the
ethnomathematics-based mathematics learning
media that were developed successfully
connected geometric concepts with local culture.
The geometric concepts found in the rumah
gadang include various plane figures located on
the roof and wall carvings, such as squares,
rectangles, kites, trapezoids, rhombuses, and
circles. The concept of symmetry is also found in
the reliefs of the rumah gadang. In addition, this
VR media can enhance students’ visual and
kinesthetic engagement, in line with constructivist
learning theory. This indicates that a culture-based
learning approach (ethnomathematics) contributes
to the development of mathematical thinking skills.
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These results support the theory that mathematics
cannot be separated from culture and can be
found in the everyday practices of society (Auliya
etal., 2024).

This learning media is highly relevant for
students because it combines VR and culture,
allowing students not only to learn through theory
but also to experience an immersive environment
that demonstrates the application of mathematical
concepts in a cultural context. VR allows students
to explore cultural objects, such as historical
buildings or traditional motifs, while learning the
mathematical elements in an engaging virtual
environment. This learning media helps students
understand mathematical steps systematically and
continuously. This combination encourages active
student engagement, strengthens their connection
to the material, and helps students visualize
practical applications of mathematical concepts
in everyday life(Hasanah et al., 2024).

According to Buchori & Osman (2023),
the use of VR-based mathematics learning media

Building/Getting to Know Plane
Shapes in TraditionsHouses

Rectangular Plane Shapes Found in Minangkabau
Traditional Houses

3 Triangle
Trapezium = Square
— T

\ =is i

based on group investigations can increase
students’ curiosity. Students’ curiosity rises when
they access VR-based mathematics learning
media grounded in group investigations and
observe the engaging media display and diverse
menu options.

The novelty of this study lies in using the
rumah gadang as an ethnomathematical context
for mathematics learning. The rumah gadang is
positioned not only as a cultural object but also
as a “geometry laboratory” rich in forms, patterns,
and measurements. Its horn-shaped roof,
arrangement of pillars, floor patterns, and carved
motifs provide diverse representations of
mathematical concepts, including plane and solid
figures, measurement, symmetry, geometric
transformations, number patterns, and ratios. An
example of images of the parts of a Rumah
Gadang to explain mathematics material is
illustrated as follows.

This study developed mathematics learning
media based on ethnomathematics using Virtual

" Definition of Plane Figures

Mathematical Explanation

The shape of the vertical
plane where traditional
carvings are etched

Arranged symmetrically,
representing sharpand |
cultural aesthetics i

I Gonjong roof
(shaped like
buffalo horns)

Rectangle

Simple geometric
shapes
usefl functionally L2

Square or
and doors Rectangle

Used as a base
for calculating  *

Windows
and doors

Square or
Rectangle

House floor

Rectangle

Figure 6. Examples of rumah gadang architectural elements used in mathematics instruction

Reality, meeting valid and practical criteria as
assessed by experts and students. The trial results
indicate that this media has the potential to enhance
students’ understanding of geometry concepts
rooted in Minangkabau culture. However,

because the evaluation stage employed a one-
group posttest-only design, these findings provide
only preliminary indications and cannot yet serve
as strong causal evidence. Therefore, further
research using a more rigorous experimental
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design (e.g., with a control group and a pretest)
is needed to more comprehensively confirm the
effectiveness of the media.

B CONCLUSION

Based on the results of the research and
discussion, it can be concluded that: 1) The
mathematics learning media based on
Minangkabau cultural ethnomathematics,
developed through the ADDIE model, is feasible
and practical for use in learning. This media
integrates local cultural elements such as the
geometric shapes of Rumah Gadang, carving
motifs, and symmetrical patterns into mathematics
material; 2) The Virtual Reality (VR) media used
in the learning media can enhance students’
engagement both visually and interactively.
Students can explore Minangkabau cultural
objects directly within a virtual environment that
supports contextual understanding of
mathematical concepts; 3) Students’ responses
to the learning media are very positive. Most
students feel that the learning is more interesting,
relevant, and motivating, encouraging them to
learn mathematics in a way different from
conventional methods.

Theoretically, the results of this study will
have implications for mathematics learning,
indicating that Minangkabau ethnomathematics-
based learning media can make mathematics
learning more concrete and provide an immersive
learning experience, thereby increasing students’
engagement, motivation, and positive responses.
The findings of this study can also serve as a
reference for academic programs in designing
learning activities that help preserve the
Minangkabau culture. Practically, the results of
this study will also benefit lecturers as an innovative
learning medium that can be used in instruction,
benefit students by improving their learning
outcomes, and provide opportunities for other
researchers to further develop this medium, for
example, for other topics or different educational

levels. Equally important, the findings of this study
also impact the community by contributing to the
preservation of Minangkabau culture while
remaining adaptive to global technology.
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