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Digitalization of Learning,  design. The learning media were validated by nine experts in
Virtual Reality, content, media, and instructional design, and underwent usability
Ethnomathematics, testing with 21 student participants. Quantitative data were gathered
Mathematical Critical ~ from pretest and posttest assessments and analyzed to determine the
Thinking, Analytical ~ magnitude of learning gains. The experimental group achieved an
Geometry. average N-Gain score of 0.68, classified as moderate improvement,

while the control group attained an N-Gain of 0.61. Qualitative data
from classroom observations and open-ended questionnaires
provided additional insight into user experience. The results
showed that the VR-based tool significantly enhanced students’
mathematical critical thinking and was positively rated for
usability, navigation, and engagement. Students also appreciated
the integration of cultural elements, which enriched their
conceptual understanding. These findings highlight the potential of
immersive and culturally contextualized media for enhancing
students’ mathematical critical thinking. The study recommends
wider implementation of the developed VR tool and suggests
further research focusing on scalability and long-term learning
impacts.
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1. INTRODUCTION

The integration of advanced technologies in education has significantly transformed the
delivery and reception of knowledge across disciplines, including mathematics (Attard &
4Hlolmes, 2020; Bray & Tangney, 2017; McLeod, 2018). Mathematics is widely acknowledged
as a fundamental domain that underpins technological advancement, economic development,
and informed citizenship (Heilio, 2016; Wakayama, 2013). Despite its importance, many
students find mathematics, particularly geometry, difficult and abstract (Iwano et al., 2021;
Jiménez-Vilcherrez et al., 2023). Geometry often requires strong spatial reasoning and

| http://ejournal.uin-malang.ac.id/index.php/ijtlm


http://creativecommons.org/licenses/by-sa/4.0/
mailto:fikrimath@uinkhas.ac.id

International Journal on Teaching and Learning Mathematics
2020, Vol. 8, No. 2, pp. 41-56
P-ISSN: 2621-2188, E-ISSN: 2621-2196

visualization skills, which are challenging for learners to develop through conventional
instructional methods (Contreras et al., 2018; Mjenda et al., 2023; Mondido et al., 2024).
Consequently, educators are increasingly exploring pedagogical innovations that can enhance
students' conceptual understanding and engagement.

One promising pedagogical shift is the incorporation of immersive technologies, such as
Virtual Reality (VR) and Augmented Reality (AR), into the teaching of geometry. These tools
provide interactive, three-dimensional environments that support spatial visualization and
experiential learning (Elamrani & Moughit, 2024; Korenova et al., 2024; Mondido et al., 2024).
In addition, integrating ethnomathematics into instructional design ensures that students learn
geometry through cultural contexts that are familiar to them, enabling more meaningful
knowledge construction. When VR or AR features are utilized to present these cultural
representations in three-dimensional space, students can explore mathematical ideas in a way
that is simultaneously immersive and culturally grounded, leading to stronger engagement and
deeper conceptual understanding. Studies have consistently demonstrated that the application of
VR and AR in mathematics education can enhance student motivation and learning outcomes
(Kononov et al., 2025; Vashisht, 2024). Parallel to this technological innovation is the
ethnomathematics approach, which emphasizes the cultural relevance of mathematical concepts
by integrating local knowledge systems and practices into instruction (Mumpuni, 2022; Rosa &
Orey, 2011). This approach fosters deeper engagement and helps students perceive mathematics
as a meaningful and socially embedded discipline (Harding, 2022; Susanti et al., 2025).

The primary issue addressed in this study is the persistent difficulty students face in
understanding geometry due to its abstract nature. Traditional didactic teaching methods often
fail to support the development of students' critical thinking and spatial reasoning (Barta et al.,
2022; Hitchcock, 2017; Tay & Preciado Babb, 2023). Moreover, access to high-quality
technological learning tools remains limited in many educational contexts, particularly in under-
resourced regions (Shamsudinova et al., 2025; Yalgin, 2023). Simultaneously, the integration of
ethnomathematics into formal curricula poses challenges due to the diversity of cultural contexts
and the limited availability of culturally relevant instructional materials (Kyeremeh et al., 2025;
Sunzuma & Mabharaj, 2021; Wulandari et al., 2024).

A general solution to these challenges involves the development of learning environments
that leverage both technological innovation and cultural contextualization. Specifically,
combining VR/AR technologies with ethnomathematics content offers a unique opportunity to
present abstract mathematical concepts in a visually engaging and culturally meaningful
manner. This dual approach aims to address both cognitive and affective barriers to learning by
making geometry more accessible and relevant to diverse student populations.

Numerous studies have documented the effectiveness of VR and AR in improving
mathematics learning. For example, Su, Cheng, and Lai (2022) designed a VR-based geometry
system that significantly enhanced students' motivation and comprehension. Hsu (2002) and
Ibanez et al. (2020) also found that immersive environments facilitated better understanding of
spatial relationships. Complementing these technological advancements, research in
ethnomathematics has highlighted its role in contextualizing abstract concepts. Rosa and Orey
12011) emphasized that connecting mathematics to cultural practices can deepen students'
conceptual grasp and foster a more inclusive educational experience. Moreover, Jamil et al.
(2023), Kiourexidou et al. (2024), and Marin-Rodriguez et al. (2023) demonstrated that AR
applications can enrich the learning environment by making abstract concepts tangible.
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Despite the progress achieved through these innovations, significant gaps still exist in how
VR/AR and ethnomathematics are combined in standard classroom practices. Very few studies
have examined the joint effect of these two approaches on enhancing students' critical thinking
in geometry (Alves et al., 2017; Sarkar et al., 2020). Moreover, many existing implementations
fail to consider the practical limitations faced by schools that lack adequate technological
infrastructure (Hermawan et al., 2018; Supardi et al., 2024). There is also a lack of sufficient
empirical research on how well VR/AR tools with ethnomathematical content can be scaled and
adapted across different cultural settings (Kargas & Loumos, 2023; Sudirman et al., 2020).

The current study seeks to bridge these gaps by investigating the effectiveness of a VR/AR-
based ethnomathematics learning model in improving students' mathematical critical thinking,
particularly in geometry. This research builds on previous findings by proposing a holistic
instructional framework that merges immersive technology with culturally relevant pedagogy.
The innovation of this study lies in its simultaneous emphasis on cognitive development,
motivational enhancement, and cultural contextualization within the geometry curriculum. By
focusing on students at a university with limited resources, this research also provides insight
into the practical implementation of advanced educational technologies in diverse educational
environments.

Ultimately, this research aims to contribute to the development of more effective, engaging,
and inclusive mathematics instruction. By offering empirical evidence on the integration of
VR/AR and ethnomathematics, the study supports the advancement of educational practices that
address both the abstract nature of geometry and the socio-cultural backgrounds of learners. The
scope of this study includes the design, implementation, and evaluation of a VR/AR-based
learning model for middle school students, with an emphasis on critical thinking in geometry.
The findings are expected to inform future educational innovations that leverage technology and
culture to enhance mathematics learning outcomes.

2. METHOD

This study adopted a mixed-methods approach combining Research and Development
(R&D) with a quasi-experimental design to address the research objectives effectively. The
primary aim was to develop Virtual Reality (VR)-based learning media and evaluate its
effectiveness in enhancing students' mathematical critical thinking skills, specifically within the
domain of Analytical Geometry. The choice of mixed-methods design was driven by the need to
both construct a viable educational product and assess its pedagogical impact, aligning with the
suggestions of Creswell and Plano Clark (2018) regarding the integration of quantitative and
qualitative methodologies in educational research. The study was conducted within the
Mathematics Education Study Program at UIN KHAS Jember during the 2023/2024 academic
year.

The development of the VR-based learning media followed the ADDIE model, which
includes the phases of Analysis, Design, Development, Implementation, and Evaluation. This
model is widely accepted in instructional design for its systematic and iterative structure
(Molenda, 2003). During the Analysis phase, the researchers identified students' learning
difficulties in Analytical Geometry and the potential role of VR in addressing these challenges.
4h the Design phase, learning objectives and instructional strategies were formulated to integrate
ethnomathematical content and critical thinking components. The Development phase involved
the creation of the VR media, incorporating interactive elements aligned with cultural contexts
and mathematical abstractions. Expert validation was conducted to ensure the appropriateness
and feasibility of the product. Three content experts, three media experts, and three instructional
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design experts reviewed the learning media for accuracy, technical quality, and instructional
design integrity. The Implementation phase included one-on-one trials with five students and
small-group trials with thirteen students to identify usability issues and collect formative
feedback. The Evaluation phase focused on assessing the effectiveness of the developed media
through experimental research.

Following the development phase, the study employed a quasi-experimental design using a
pretest-posttest control group format. This design is appropriate when random assignment is not
feasible, yet control over internal validity must be maintained (Fraenkel et al., 2012). The
experimental group, consisting of 37 students, received instruction using the developed VR-
based media, while the control group of 34 students followed conventional teaching methods.
This setup allowed for a comparative analysis of learning outcomes between the two groups.

The participants in both the development and experimental phases were undergraduate
students enrolled in the Mathematics Education Study Program at State Islamic University Kiai
Haji Achmad Siddiq Jember. Participation was voluntary, and ethical procedures were followed,
including informed consent and data anonymization. A total of 89 students participated in the
study, with five involved in one-on-one trials, thirteen in small-group trials, and the remainder
in the experimental or control groups.

Multiple instruments were used to collect comprehensive data. Validation sheets were
employed during the expert review process to assess content, media, and instructional quality.
Pretest and posttest instruments measured students' mathematical critical thinking skills,
focusing on interpretation, analysis, evaluation, inference, and explanation, as adapted from
Facione (1990). Student perceptions and experiences were gathered using structured
questionnaires and open-ended items. Additionally, observation sheets were utilized during
trials to document student interactions with the VR media and note any technical or instructional
issues. These diverse data sources allowed for triangulation and strengthened the credibility of
the findings.

Quantitative data analysis was carried out using IBM SPSS Statistics 25. The analysis
included normality testing via the Shapiro-Wilk test to determine the appropriate statistical tests
for hypothesis testing. Depending on the results of the normality tests, the Paired Sample t-test
or Wilcoxon Signed Rank Test was used to examine differences between pretest and posttest
scores within groups. To measure the effectiveness of the intervention, N-Gain scores were
calculated to assess learning improvements from pretest to posttest. The gain scores were
interpreted based on Hake's (1999) classification, which categorized scores as high (g > 0.7),

medium (0.3 < g <0.7), and low (g <0.3). Table 1 below illustrates the N-Gain classification:
Table 1 N-Gain score categorized.

Percentage categories

g=07 Tinggi
0,3<g<0,7 Sedang

9<03 Rendah

Qualitative data derived from observations and open-ended questionnaire responses were
#nalyzed thematically. This approach involved coding the data to identify recurring themes
related to usability, engagement, cultural relevance, and instructional impact. Themes were
compared and refined through iterative analysis, enhancing the validity of interpretations (Braun
& Clarke, 2006).
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Ethical procedures were rigorously followed throughout the research process. Participation
was voluntary, and all respondents provided informed consent before data collection. To ensure
confidentiality, data were anonymized, and identifying information was removed. Ethical
clearance for the study was obtained from the institutional review board of UIN KHAS Jember,
confirming adherence to research ethics standards in human-subjects research.

3. RESULTS AND DISCUSSION

The results of this study demonstrate the successful development and implementation of
Virtual Reality (VR)-based learning media designed to enhance students' mathematical critical
thinking skills in the field of Analytical Geometry. This section presents findings from each
phase of the ADDIE model, including analysis, design, development, implementation, and
evaluation. These findings are supported by empirical data and are aligned with relevant
literature.

3.1 Analysis Stage
Students experience a considerable level of difficulty in understanding Analytical Geometry

material, with an average score of 4.16. These difficulties are mainly related to grasping basic
concepts, visualizing three-dimensional shapes, and mastering topics such as the distance from a
point to a plane and equations of lines in three-dimensional space. Furthermore, the
conventional teaching methods used so far, such as lectures, are considered insufficient in
helping students deeply understand the material.

In response to these challenges, students express a strong need for more interactive and
visual learning methods, with an average score of 4.42. They highly anticipate the use of Virtual
Reality (VR) technology as a learning medium that can provide a more immersive learning
experience and facilitate the understanding of abstract and complex concepts. This need is
supported by students’ high interest in VR-based learning media and their expectation that such
media can increase learning motivation.

Regarding the features of VR-based learning media, students desire several key
functionalities with an average score of 4.35. The most expected features include clear three-
dimensional visualization, interactive simulations, easy navigation, curriculum-aligned content,
interactive exercises, clear voice guidance, multi-device accessibility, and automatic feedback
during the learning process. Collectively, these expectations emphasize that the designed VR-
based learning media must effectively meet learning needs and support comprehensive
exploration of Analytical Geometry material.

Table 1. Average Scores of VR Learning Media Needs

Aspect Average Score (1-5)
Difficulty in Understanding Material 4.16
Need for Interactive & Visual Methods 4.42
Desired Features of VR Learning Media 4.35

3.2 Design Stage
In the design phase, the research team selected specific software tools suitable for developing

4R content, including Assembler, Canva, and GeoGebra. Each software application was chosen
based on its compatibility with 3D content creation, mathematical modeling, and visual
presentation. The use of GeoGebra, in particular, supported accurate rendering of geometric
figures, enabling learners to manipulate and observe complex structures interactively. In
addition to software selection, the mathematical content incorporated into the media focused on
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key topics of analytical geometry such as plane equations, lines in three-dimensional space, and
distance relationships. Furthermore, ethnomathematical elements were identified by analyzing
cultural patterns and spatial structures from local traditions, and these cultural representations
were integrated into the 3D VR environment to support culturally meaningful understanding of
geometric concepts. This selection process follows recommendations from Su, Cheng, and Lai
(2022), who emphasized the importance of using reliable technological tools to facilitate

meaningful learning experiences in VR environments.
= GeoGebra Calculator Suite 4 3D Calculator ~ < m SIGNIN
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Figure 1. Geogebra Application

3.3 Development Stage
3.3.1. Product Development

The development phase produced a comprehensive VR-based learning application that
included several components: a welcome interface, instructional guidelines, content navigation
features, and modules covering four primary analytical geometry topics: plane equations in
normal form, equations of lines in R3, the distance from a point to a plane, and the distance
between two points in R3. The product design prioritized user-centered interaction and
contextual relevance through immersive visualization and integration of ethnomathematical
elements. These design choices are in line with the pedagogical principles proposed by Rosa
and Orey (2011) regarding culturally responsive mathematics instruction.

Table 2. Product Development

No Parts Picture

1 Cover

46
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2 Introduction and
purpose

PENDAHULUAN

TUJUAN

Produk digitalisasi ini dikembangkan untuk
membaniy mahasiswa program shudi fadris
matematika UIN Kiai Hoji Achmod Siddiq
Jember dolam memahami geometii dengan
pendekatan etnomatematika menggunakan
teknologi Virtual Reality (VR). Etnomatematika
adalah cara mengaitkan konsep matematika
dengan budaya, sehingga mahasiswa bisa
[ el il
melalui hathal yang mereka kenali dalom
kehidupan seharthari.

Tujuan utoma aplikesi ini adaloh untuk
meningkatkan  kemampuan _ berpikir kiitis
mohasiswa  dalom memecahkan masalal
masalah matematika, khususnya di bidang
dengan cara yang menarik dan

geometri,
interakif.

3 - Specification
and installation
- Navigation and
learning content

Produk digital ini dopat berjalan baik di perangkat VR
(seperti Oculus) maupun perangkat biasa (tanpa VR) seperti
laptop atau smartphone. Anda juga akan menemukan
panduan tentang cara menggunakan produk digital ini
tanpa  menginstal  aplikasi apapun,  langkah-angkah
mengatur perangkat agar sesuai dengan spesifikasi yang
dibutuhkan, dan bagaimana cara memastikan perangkat
Anda siap digunakan untuk belajar dengan produk ini.

DAN KONTEN PEMBELAJARAN

Setiap modul di dalam produk digital
ini dirancang agar mudah dipahami
dan menarik untuk dipelajari. Konten
pembelajaran  yang  disediakan
mencakup pengenalan konsep dasar
geometri serta contoh-<ontoh
penerapan efnomatematika. Misalnya,
ada modul yang menjelaskan
bagaimana bentuk-bentuk  geometris
diterapkan dalam arsitektur tradisional

atou seni budaya lokal. @

4  Interaction and —
. INTERAKSI DAN
learning PENGALAMAN BELAJAR

. Barcode dibowah ini menjelaskan fentang gambor rumah
experience wadisional yang oda di indonesia, Rumah Joglo adaloh rumah

tradisional dari Jawa, rumah ini memiliki atap berbentuk limasan
dengan puncak yang tinggi di bogian tengah. Struktur rumah ini
melombangkon hierarki sosial di masyarakat Jowa, di mana
rumch dengon atap Joglo biasanya dimiliki oleh bangsawan
alau orangorang terpandang. Rumah Tongkonan berasal dari
Tana Torajo, Atap rumah ini berbentuk melengkung sepert
perahu terbalik, yang sering dihiasi ukiran khas Toraja. Rumah
Tongkonan memiliki peran penting dolom budaya Toraja,
digunakan tidak hanya sebagai tempat tinggal tetopi juga untuk
upacara adat. Honai merupakan rumah tradisional suku-suky
yang mendiomi dataran finggi Papua, Rumah Honai memiliki
bentuk yang sangat khas, yaitu bundar dengan atap berbentuk
kerucut yang terbuat dari jerami atau rumput ilalang. Dindingnya
terbuat dari kayu dengan ukuran yang relafif kecil dan sempit,
dimoksudkan untuk menjaga kehangatan di tengah suhu dingin
pegunungan Papua.

47
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5 Analytic
geometry (plane GEOMETRI ANALITIK
equations in
Normal Form)

Persamaan Bidang
dalam Bentuk Normal

Persamaan  Bidang Normal  disebut  juga
Persamaan normal Hess (Hess Normal Form)
adaloh bentuk umum dari persamaan bidang
dalam geometri tiga dimensi yang mendefinisikan
sebuah bidang berdasarkan jarak tegak lurus
dari tifik asal (0, O, O) ke bidang fersebut dan
arah normal bidang

Bentuk Umum Persamaan Normal Hess:

6 Analytic
geometry GEOMETRIANALITIK
(equation of a A
line in the plane [=l [=]
R3)

Persamaan garis
pada bidang R3

Pada bidang dimensi figa (3D), persamaan garis menjadi
lebih kompleks karena garis fidak hanya terbentang pada
dua sumbu (x dan y), tetapi juga pada sumbu z. Di dalam
ruang figa dimensi, persamaan garis dinyatakan dengan
cara yang berbeda dari dalam dua dimensi, dan saloh
satu bentuk umum yang digunakan adalah parameterisasi

garis

7 Analytic
geometry GEOMETRI ANALITIK
(distance of a [m] %= [a]
point to a plane in
R3)

Jarak titik ke bidang
dalam R3

Untuk mencari jarak dari suatu ftik ke sebuah bidang
dalem ruang tiga dimensi (3D), kita menggunakan
rumus yang didasorkan pada persamaan  bidang
dan koordinat Bk yang diberikan

48
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8 Analytic
ge()metry GEOMETRI ANALITIK
(distance of two ’
points in R3)

Jarak dua titik dalam
R3

Untuk mencari jarak antara dua fitk dalam ruang
liga dimensi [3D), kita menggunakan rumus. jarak
Euclidean

9 Researcher
Identity

Fikri Apriyono

Dosen Tadris Matematika
Fakultas Tarbiyah dan limu Keguruan
UIN Kiai Haji Achmad Siddiq Jember

2024

3.3.2. Validation Results

The Virtual Reality (VR)-based digital learning media for Analytical Geometry underwent
expert validation involving three specialists who assessed test instruments—including nine
essay questions targeting mathematical critical thinking—and non-test tools such as interviews,
questionnaires, and checklists for media and instructional design evaluation. Using a 5-point
Likert scale, results were converted into Respondent Achievement Level (TCR) percentages to
gauge quality, with content experts rating alignment with learning objectives, clarity, and
critical thinking development at an overall TCR of 85.93%, digital media experts evaluating
usability, visual appropriateness, structure, and user comfort at 85.10%, and learning design
experts reporting high interactivity, delivery effectiveness, and curriculum alignment scores
totaling 88.89%. Additionally, Content Validity Ratio (CVR) and Content Validity Index (CVI)
analyses confirmed good to excellent validity for most test items, with an overall CVI above
0.70. Collectively, these findings demonstrate that the VR-based learning media and its
supporting instruments meet rigorous quality standards, effectively facilitating the learning
process in Analytical Geometry. These findings corroborate the importance of iterative expert
eview in technology-enhanced instructional design, as outlined by Elamrani and Moughit
(2024).
Table 3. Summary of Content Validity Ratio (CVR) and Content Validity Index (CVI) for Test

Items
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tem Content Validity Category Content Validity Category
Number Ratio (CVR) Index (CVI)

1 1.00 Highly Appropriate

2 1.00 Highly Appropriate

3 1.00 Highly Appropriate

4 0.33 Appropriate .

5 1.00 Highly Appropriate  0.776667 N Highly t
6 0.33 Appropriate ppropriate
7 1.00 Highly Appropriate

8 1.00 Highly Appropriate

9 0.33 Appropriate

Student trials further confirmed the media's effectiveness. One-on-one trials with five
students and small-group trials with thirteen students revealed high usability and engagement.
The average student response score across key dimensions (navigation ease, technical readiness,
and operability) was 4.22, highlighting the product's practicality and appeal in real classroom
settings.

3.4 Stages of Implementation
3.4.1. One-on-One Test

Results from the one-on-one tests showed positive reception among users. The average score
for ease of navigation and product operations was 4.15, while overall usability scored 4.12 and
technical readiness 4.05. All aspects fell within the "good" category. These findings suggest that
students found the application intuitive and functional. However, there is still room for
refinement, particularly in optimizing technical performance and enhancing user interaction
feedback.

Table 4. Summary of Student Responses on Product Usability Survey

No Aspect Average Score Category

1 Ease of Navigation 4.15 Good

2 Technical Readiness 4.05 Good

3 Product Operation 4.15 Good
Overall 4.12 Good

3.4.2. Group Test

In the group trial with thirteen students, the VR-based learning product achieved an overall
average score of 4.22, falling under the "very good" category. This confirmed the product's
robustness across multiple users and different learning contexts. Despite its generally high
ratings, further development is needed to address minor operational issues, such as response lag
or device compatibility.

In terms of learning gains, the pretest score averaged 5.30, which increased to 7.11 post-
intervention. The corresponding N-Gain score was 0.39, categorized as "medium." This
suggests a significant but moderate improvement in students' understanding of analytical
geometry following exposure to the VR-based instruction. These results are consistent with
prior research (Hsu, 2002; Ibafez et al., 2020) highlighting the impact of immersive
technologies on conceptual comprehension and motivation.

%.4.3. Field Test

The field test involved a quasi-experimental design comparing outcomes between an
experimental group (n = 37) using the VR media and a control group (n = 34) using traditional
methods. In the experimental group, the average pretest score was 5.16 and the posttest average
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was 8.43, yielding a learning gain of 3.27 points. The calculated N-Gain was 0.68, classified as
"medium-high."

In contrast, the control group's average pretest score was 5.26 and the posttest average was
8.17, resulting in a 2.91-point gain and an N-Gain of 0.61 (also "medium"). While both groups
improved, the experimental group exhibited a higher increase, reinforcing the positive influence
of VR-based learning media. This finding supports Vashisht (2024) and Marin-Rodriguez et al.
(2023), who advocate for immersive technologies in enhancing mathematical reasoning and
critical thinking.

3.5 Evaluation Stage
Evaluation of learning outcomes indicated that the VR-based media effectively enhanced

students' mathematical critical thinking skills. The experimental group's N-Gain of 0.68
outperformed the control group and approached the high category. Students responded
favorably to the product's navigational simplicity, visual clarity, and interactive features, which
facilitated the visualization of complex geometric ideas and motivated engagement. These
features reflect constructivist learning principles (Piaget, 1952) emphasizing the value of hands-
on, experiential learning.

Moreover, the incorporation of ethnomathematics principles allowed students to
contextualize geometry concepts within their cultural frameworks. This approach not only
increased motivation but also made learning more meaningful and connected to real-world
applications, as supported by Harding (2022) and Susanti et al. (2025). For example, the VR
media used culturally familiar geometric patterns and spatial relationships to illustrate abstract
mathematical ideas.

Nevertheless, the study acknowledges several limitations. The observed learning gains, while
significant, remained within the medium range, indicating potential for further improvement in
content design and feedback mechanisms. Technical limitations, such as the requirement for
specific VR hardware, could hinder broader adoption. To address this, future iterations of the
media should be optimized for mobile platforms and include diverse practice modules with
automated feedback to accommodate varied learning preferences.

Overall, the findings underscore the practical and pedagogical value of integrating VR
technology with ethnomathematics in mathematics education. This combination provides a
powerful tool for improving critical thinking and making abstract concepts more accessible. The
study contributes to the growing body of evidence supporting immersive learning technologies
and culturally responsive pedagogy, pointing the way toward more inclusive and effective
STEM instruction.

Discussion

The present study investigated the impact of Virtual Reality (VR) and ethnomathematics
integration on improving students' mathematical critical thinking skills, specifically within the
context of analytical geometry. By employing a mixed-methods approach, this research has
contributed valuable insights into the effectiveness of immersive technologies in enhancing
geometry education. The following discussion reflects on the main findings, their implications,
and how they align with or challenge existing literature, as well as suggests possible avenues for
future research.

The Impact of VR on Students’ Mathematical Critical Thinking Skills

The results of this study indicate that VR-based learning significantly enhances students'
mathematical critical thinking, especially in analytical geometry. The improvement in the
experimental group's posttest scores, with a higher N-Gain score (0.68) compared to the control

| http://ejournal.uin-malang.ac.id/index.php/ijtlm



International Journal on Teaching and Learning Mathematics
2020, Vol. 8, No. 2, pp. 41-56
P-ISSN: 2621-2188, E-ISSN: 2621-2196

group (0.61), suggests that immersive learning technologies such as VR can play a crucial role
in improving spatial reasoning and critical thinking in mathematics. These findings are
consistent with the work of previous researchers who have highlighted the potential of VR and
AR to improve student motivation, engagement, and learning outcomes in mathematics
(Kononov et al., 2025; Vashisht, 2024). The ability of VR to provide an interactive and visually
engaging experience is a key factor in this success. By presenting abstract mathematical
concepts in a three-dimensional environment, VR offers students the opportunity to engage with
complex ideas in a tangible and intuitive manner (Elamrani & Moughit, 2024). This approach
allows for a deeper understanding of spatial relationships in geometry, which can be particularly
difficult to grasp through traditional teaching methods (Iwano et al., 2021). The immersive
nature of VR also helps to bridge the gap between theoretical knowledge and real-world
application, thus fostering a more comprehensive and critical approach to problem-solving.
Furthermore, the positive student feedback regarding the ease of navigation and technical
readiness of the VR product (with an average score of 4.22) supports the idea that the
technological tools were not only effective but also practical and accessible. This is crucial, as
the success of educational technologies in real-world settings often hinges on their usability and
stability (Su et al., 2022).
The Role of Ethnomathematics in Enhancing Student Engagement

Incorporating ethnomathematics into VR-based learning has shown to be an effective
strategy for enhancing student motivation and engagement. By connecting geometry concepts to
local culture, students are able to see the relevance of abstract mathematical concepts to their
own lives. This culturally relevant approach helps students to view mathematics not as a foreign
or irrelevant subject, but as a tool that is deeply connected to their own communities and
experiences (Harding, 2022; Susanti et al., 2025). This cultural contextualization supports the
development of positive learning experiences by helping students recognize that mathematics is
embedded within their own traditions and environment. Incorporating local knowledge systems
into geometry instruction also promotes a more holistic understanding of concepts, as
highlighted by Rosa and Orey (2011), who found that bridging culture and mathematics deepens
conceptual comprehension. In this study, the inclusion of ethnomathematical elements in the
VR-based media aimed to make learning more meaningful and relevant to students’ cultural and
social backgrounds, thereby supporting stronger engagement with analytical geometry content.
The Significance of the Validation and Testing Phases

The validation process, which involved multiple experts in content, media, and instructional
design, provided evidence that the VR-based learning product met the necessary quality
standards. The high validation scores (85.93% for material experts, 85.10% for media experts,
and 88.89% for learning design experts) reinforce the credibility of the product, suggesting that
it was both pedagogically sound and technically effective. These results are aligned with studies
that emphasize the importance of expert validation in the development of educational
technologies, which ensures that the learning tools are both effective and appropriate for the
intended educational contexts (Mumpuni, 2022; Korenova et al., 2024). The product's success
was further demonstrated in the one-on-one and group testing phases, where students gave
Positive feedback regarding the product's ease of navigation, technical stability, and overall
usability. The group test results, showing a significant increase in students' test scores (with a
posttest average of 7.11 compared to a pretest average of 5.30), further validate the
effectiveness of the VR-based learning environment. However, it is worth noting that while the
increase in student performance was positive, the N-Gain score of 0.39 in the group test
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categorized as "medium" suggests that there is still room for improvement in the design and
delivery of the VR learning experience. As such, future iterations of the product could focus on
optimizing content delivery and increasing interactivity to further enhance student engagement
and learning outcomes.
Implications for Educational Practices

The findings of this study suggest that VR-based learning products can be effective tools for
improving students' mathematical critical thinking skills. This is especially significant in
subjects like geometry, where spatial reasoning and visualization are crucial. By integrating VR
with ethnomathematics, this research also demonstrates the importance of considering the
cultural and contextual relevance of the content. This dual approach—Ieveraging advanced
technology and cultural contextualization—can provide a more inclusive and engaging learning
experience, which can be particularly beneficial for students from diverse cultural backgrounds.
The study contributes to the growing body of research advocating for the use of immersive
technologies in education, particularly in the field of mathematics. As the demand for
innovative teaching methods continues to rise, educators and policymakers should consider
adopting VR-based pedagogical tools that integrate cultural relevance to address both cognitive
and affective challenges in mathematics education. However, as noted in the results, there are
limitations, particularly in terms of accessibility and technical requirements. The reliance on VR
devices with high system requirements may limit the widespread implementation of such
learning tools, particularly in under-resourced schools. Future research could explore the
development of more accessible VR platforms, perhaps leveraging mobile devices, to make
these technologies more widely available.
Limitations and Future Research Directions

Despite the promising results, this study has several limitations that should be addressed in
future research. One limitation is the sample size, which, while sufficient for the purposes of
this study, may not fully capture the diversity of student learning experiences. Future studies
could involve larger and more diverse student populations to assess the generalizability of the
findings. Additionally, while the study focused on secondary school students in a specific
geographic region, it would be valuable to examine the effectiveness of VR-based
ethnomathematics learning in different educational contexts, such as in primary education or in
schools with varying levels of technological access. Another area for future research is the
exploration of different pedagogical models that integrate VR and ethnomathematics. While this
study emphasized critical thinking in geometry, similar approaches could be applied to other
areas of mathematics or even other subjects altogether. Furthermore, researchers could
investigate the long-term effects of VR-based learning on students' mathematical skills and
attitudes toward the subject. Finally, exploring the scalability of VR-based learning tools,
especially in resource-limited environments, will be crucial to making these technologies
accessible to a broader audience.

4. CONCLUSION

53 This study concludes that Virtual Reality (VR)-based ethnomathematics learning media
significantly enhance students' critical thinking skills in analytical geometry. The empirical
findings demonstrate that the experimental group, which used VR media, achieved higher post-
test scores and greater learning gains compared to the control group using conventional
instruction. The medium-level N-Gain value of 0.68 in the experimental class, compared to 0.61
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in the control group, confirms the added value of immersive learning environments in
understanding abstract mathematical concepts. Student responses also indicate high levels of
engagement, satisfaction, and ease of use, underscoring the potential of VR tools to improve
both cognitive and affective learning outcomes.

The integration of ethnomathematical content into the VR environment contributed to
contextualizing mathematical concepts, making them more relevant and meaningful to learners.
This aligns with constructivist learning theories that emphasize experiential and culturally
situated learning. Despite its effectiveness, the study also identifies limitations, particularly in
terms of technical accessibility and the moderate improvement level, suggesting the need for
further refinement and broader implementation studies. Future research should explore device-
independent VR solutions, extend testing to diverse educational contexts, and investigate long-
term impacts on learning retention and cultural engagement.

Overall, this study contributes to the growing body of knowledge supporting the integration
of immersive technology and culturally responsive pedagogy in STEM education. It offers a
replicable framework for educators and researchers aiming to enhance mathematics learning
through innovative, engaging, and inclusive strategies.
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