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1. Introduction

The rapid development of artificial intelligence technology presents both significant challenges and opportunities for
mathematics learning ™. On the one hand, artificial intelligence offers adaptive learning systems, intelligent tutors, and
automated learning analytics that can enrich students' learning experiences > °1. However, on the other hand, reliance on this
technology risks undermining critical thinking skills if students simply accept results without understanding the mathematical
thought processes behind them. Therefore, innovative learning models are needed that can instill reflective awareness so that
students can use technolog critically and responsibly. One potential strategy is to develop a local culture-based learning model
that utilizes a deep learning framework to foster critical thinking skills. This approach enables students to see the connections
between mathematics, everyday life, and their culture, making learning more meaningful and contextual * %1

Given the relevance and effectiveness of contextual, locally based learning, also known as Ethno-RME, a thorough needs
analysis is crucial before developing a learning model that integrates cultural wisdom and deep learning strategies ® 7. This
needs analysis helps identify gaps between the formal curriculum and students' cultural realities, as well as uncover potential
conceptual barriers when students encounter abstract mathematical ideas without the support of cultural context. Previous
research has shown that ethnomathematics-based learning can enhance students' engagement and conceptual understanding by
bridging everyday experiences with formal mathematical ideas [,%. Furthermore, a Realistic Mathematics Education (RME)
approach adapted to a local cultural context can strengthen students' critical thinking and mathematical problem-solving skills,

especially when combined with deep learning principles such as reflection, inter-concept connections, and meaning construction
[10-12]
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Therefore, before widespread implementation, a needs
analysis is essential to ensure that the local culture-based
learning model supported by in-depth learning truly suits the
students' characteristics and socio-cultural context, so that it
can shape a generation that thinks critically and wisely in
utilizing Al in mathematics learning. Previous studies have
shown that integrating local culture into mathematics
learning, such as through the Ethnomathematics or Ethno-
Realistic Mathematics Education (Ethno-RME) approach,
consistently improves students' conceptual understanding,
mathematical connections, and critical thinking skills [3-251,
Ethnomathematics not only enriches the learning experience
but also encourages in-depth reflection on the meaning of
mathematics within a cultural context, which serves as the
foundation for deep learning. The RME approach adapted to
the local Indonesian cultural context significantly develops
reflective thinking and mathematical problem-solving skills.
Furthermore, deep learning strategies within the RME
context enhance students' critical thinking skills through the
exploration, elaboration, and evaluation of mathematical
concepts 16 71 OQverall, these findings indicate that
developing a local culture-based mathematics learning model
combined with the principles of deep learning is an effective
strategy for forming a generation of students who are critical,
reflective, and adaptive to changing times.

Although various previous studies have demonstrated the
effectiveness of integrating local culture into mathematics
learning and the relevance of the Realistic Mathematics
Education approach to improving critical thinking skills,
significant gaps remain that need to be addressed in the
context of actual implementation. Most previous studies have
focused on the application of the RME or ethnomathematics
model in isolation without integrating the principles of deep
learning pedagogy, which emphasizes reflection, exploration,
and continuous construction of meaning 18, Furthermore,
these studies generally have not explicitly examined how
culture-based learning can serve as a bridge to developing
students' critical thinking skills. Another limitation is the lack
of a systematic need’s analysis of teachers, students, and the
local cultural context to ensure the suitability of the learning
model to be developed. Thus, this research is important to be
conducted to fill this gap through a comprehensive needs
analysis as a basis for developing a local culture-based
mathematics learning model with in-depth learning support
to strengthen students' critical thinking skills in the digital
era.

The novelty of this research lies in the integration of three
main dimensions that have not been explored simultaneously
in previous studies: [ local cultural context, [
implementation of deep learning principles, and [l
orientation towards strengthening students' critical thinking
skills. Unlike previous studies that emphasized the
effectiveness of ethnomathematics or RME separately, this
research focuses on the need’s analysis stage as a conceptual
basis for designing a learning model that is contextual,
reflective, and adaptive to technological developments. By
combining local NTT culture as a learning context, deep
learning as a pedagogical strategy, and critical thinking skills
as an expected outcome, this research presents a new
conceptual model that is not only relevant to local realities
but also aligned with the direction of transformation of 21st-
century mathematics education.
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2. Method

2.1. Research Design

This study employed a qualitative descriptive design, deemed
appropriate for gaining a deep understanding of the needs of
teachers and students in developing a locally based
mathematics learning model using an immersive learning
approach to enhance students' critical thinking skills. This
design was chosen because it allowed researchers to explore
and describe phenomena naturally as they occur in the school
context, resulting in rich and contextual data about ongoing
learning practices, challenges faced, and expectations for
mathematics learning integrated with local culture.

2.2. Data Collection

The research procedure involved several stages. First, a
preliminary study was conducted through a review of
relevant literature to identify key concepts related to Realistic
Mathematics Education, local culture, in-depth learning, and
critical thinking. Second, field observations and interviews
were conducted to explore the actual conditions of
mathematics learning in schools and the extent to which local
culture has been integrated into classroom learning practices.
Third, a needs analysis was conducted by collecting data
from teachers and students to identify important components
and strategies that need to be included in the development of
future learning models.

The population of this study consisted of mathematics
teachers and school students in Kupang City, East Nusa
Tenggara. The sample was selected purposively, involving 10
schools to capture a diversity of cultural and educational
contexts. Participants included mathematics teachers with at
least three years of teaching experience and students in grades
7 through 9.

The research instruments consisted of observation sheets,
interview guides, and questionnaires. The observation sheets
were used to record mathematics learning practices and
interactions in the classroom. The interview guides were used
to obtain in-depth information from teachers and students
regarding their experiences, challenges, and perceptions of
culture-based mathematics learning. Meanwhile, the
questionnaires were used to collect data on the needs,
expectations, and readiness of teachers and students for the
development of the proposed learning model.

2.3. Data Analysis

Data were collected through classroom observations, semi-
structured interviews, and questionnaires, with data
triangulation applied to enhance the validity of the findings.
The collected data were then analyzed using Miles and
Huberman's interactive model, which includes three stages:
data reduction, data presentation, and conclusion drawing or
verification. Through this process, key patterns and themes
were identified to determine the essential elements needed to
develop a mathematics learning model that integrates local
culture and in-depth learning to foster students' critical
thinking skills.

3. Results and Discussion

3.1. Results

3.1.1. Class observation results

This section presents the results of classroom observations
conducted as part of the needs analysis for developing a
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culturally based mathematics learning model integrated with
a deep learning approach. The observation aimed to identify

the extent to which current instructional practices have
supported the development of students’ critical thinking

the actual conditions of teaching and learning processes,
student engagement, the use of local cultural contexts, and

skills.

Table 1: Class observation results

No| Observed Aspects Indicators

Field Notes

Planning and
implementing learning

[EEN

lives.

learning.

- Students clearly understand the learning objectives.
- The material is linked to the context of students' daily | Students understand the learning objectives in general,

- The approach used encourages active and meaningful

the material is still abstract, teacher-centered learning
approach

Local cultural
integration (ethno-rme)

local cultural activities.

- Examples or problems stemming from local culture
(traditional measuring instruments, market activities,
2 customs, etc.) are included.

- Discussions foster a sense of pride in local culture.
- Students can relate mathematical concepts to their

The problems used are in the context of students' lives
but do not originate from local culture.

mathematical concepts.
3 | Deep learning activities

- Students actively ask questions and further explore

- Students actively engage in learning reflection.
- Learning activities require collaboration, analysis, and
open-ended problem-solving.

Students are guided to actively ask questions, but the
response from students is still minimal.

information accurately.
Students’ critical

- Students are able to identify problems and interpret

- Students provide logical reasons or arguments to

Students can identify problems but cannot provide

and student motivation . :
inclusive.

4 thinking abilities support their answers. logical reasons to support their answers.
- Students are able to evaluate and draw conclusions
based on evidence.
- Communication is two-way and everyone's opinion is
5 Teac_her and_student - Students demonstratgezgﬁgitggﬁce in expressing their Communication is mostly one-way; most students have
interaction ideas. not shown self-confidence
- Students receive constructive feedback.
- Students appeared enthusiastic and focused during the
Learning environment _ ) lesson. _ School facilities are still Iimited, with limited media and
6 - The learning environment was conducive and contextual teaching materials. Students are less focused

- Learning activities fostered students' curiosity.

on learning activities.

3.1.2. Teacher and students’s interview results

This section presents the results of in-depth interviews
conducted with teachers and students who participated in the
study. The interviews aimed to obtain a more comprehensive
understanding of the needs and challenges in mathematics
learning, particularly regarding the integration of local
cultural contexts and the development of students’ critical
thinking skills through a deep learning approach. Teachers
were asked to share their experiences in designing and
implementing lessons, as well as their perspectives on
incorporating local cultural elements into mathematics

instruction. Meanwhile, students were interviewed to explore
their perceptions of classroom learning, the difficulties they
encountered, and their expectations for more meaningful and
contextually relevant learning experiences.

The findings from these interviews serve as an essential
qualitative data source that complements classroom
observations. They provide a deeper insight into the reality of
mathematics learning in schools and form the basis for
designing a culturally based mathematics learning model
integrated with deep learning principles to enhance students’
critical thinking skills.

Table 2: Results of interviews with teachers and students

Main Theme Findings from teachers

Findings from students

Teachers have limited knowledge of
RME; understanding RME is limited to
contextual learning.

Understanding of
RME

Students rarely experience learning that uses the real context of their area.

Local culture-based [Teachers consider local culture difficult to
learning integrate into mathematics materials

Students are enthusiastic if learning involves students actively and is linked
to activities that students often encounter, such as cultural activities of buying
and selling at the market, making traditional cakes, and making woven cloth.

Teachers realize that students have
difficulty analyzing and evaluating
mathematical solutions.

Students’ critical
thinking abilities

Students admit that they memorize formulas more often than they understand

concepts.

Teachers hope that there will be models
that are easy to implement and relevant to
the local cultural context.

Expectation for
learning

Students want learning that is more interesting and not just filled with

formulas.
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3.1.3. Teacher Questionnaire results

This section presents the results of questionnaires completed
by mathematics teachers who participated as respondents in
the study. The questionnaire was designed to identify
teachers’ needs, perceptions, and readiness in implementing
a culturally based mathematics learning model integrated
with a deep learning approach. Through this instrument, data
were obtained on teachers’ understanding of critical thinking
concepts, the extent to which they have incorporated local
cultural values into their teaching practices, and the
challenges they face in fostering meaningful and reflective
learning experiences.

www.allmultidisciplinaryjournal.com

The data from the teacher questionnaire provide a
quantitative overview that complements the findings from
classroom observations and interviews. This combination
allows for a more objective mapping of the needs related to
developing a learning model suited to the context of schools
and student characteristics in East Nusa Tenggara (NTT)
especially Kota Kupang. The results also form the foundation
for designing a more adaptive learning intervention aimed at
enhancing students’ critical thinking skills through the

Teacher Questionnaire Results
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Fig 1: Teacher Questionnaire Results

3.2. Discussion

The results of this study indicate that mathematics instruction
in several schools in Kupang remains conventional and has
not fully developed students' critical thinking skills. This
condition directly addresses the research objective, which
aimed to analyze the need to develop a local culture-based
mathematics instructional model using in-depth learning.
Scientifically, this finding can be interpreted as reflecting a
gap between the 21st-century learning paradigm, which
emphasizes critical thinking skills, and learning practices in
the field, which still focus on procedural outcomes. This is in
line with findings showing that mathematics teachers in
Indonesia still experience difficulties in implementing
learning that fosters critical thinking due to limited
understanding of cultural contexts and reflective learning
strategies [(20-22

Furthermore, interview and questionnaire results show that
teachers and students exhibit high enthusiasm for learning
linked to local -culture. This fact reinforces the
ethnomathematics theory that mathematics should be
understood as a product of culture and social practices
inherent in community life. Thus, a local culture-based
learning model approach combined with deep learning has
strong relevance in the educational context of NTT. Previous
research, such as that integrating local culture and RME, has
demonstrated effectiveness in improving conceptual
understanding but this study offers novelty by incorporating

aspects of deep learning pedagogy as a bridge to hone student
reflection, collaboration, and critical analysis, something less
discussed in previous literature.

From a theoretical perspective, the results of this study
broaden the understanding that the local cultural context is
not only a means to facilitate mathematics learning but can
also be a forum for internalizing values, understanding
concepts, and developing critical thinking patterns. This
supports the social constructivism perspective, which
emphasizes the role of the social and cultural environment in
shaping individual thought processes @1, However, the
results of this study also show a difference from several
findings that state that local cultural integration has not had a
significant effect on critical thinking skills, because in the
context of this study, the local culture of NTT has proven to
be very potential and contextually relevant to basic
mathematical concepts.

The practical implications of this research are the need to
develop a local culture-based learning model with in-depth
learning equipped with contextual teaching tools, teacher
training, and student reflection guides to improve the quality
of critical thinking processes. Furthermore, these results open
up broader future research directions, such as the
development of a prototype learning model in the form of a
module, limited trials to determine its effectiveness on
student learning outcomes and attitudes, and cross-cultural
research in other regions in Indonesia.
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4. Conclusion

Based on observations, in-depth interviews, and
questionnaires, this study concludes that mathematics
learning in several schools in Kupang, East Nusa Tenggara,
Indonesia is still dominated by conventional approaches that
emphasize procedural solutions and do not fully encourage
students' critical thinking skills. Teachers and students
demonstrate a strong need for learning models that are
contextual, relevant to local culture, and capable of activating
deep cognitive engagement. This needs analysis confirms
that developing a local culture-based mathematics learning
model with a deep learning approach is crucial to address the
challenges of mathematics education. The proposed model,
Ethno-Realistic Mathematics Education (Ethno-RME) based
on deep learning, is expected to bridge students' conceptual
understanding through local cultural exploration, as well as
foster critical, reflective, and creative thinking skills.
Practically, these findings provide an important basis for the
development stage of learning models in subsequent research
(the Design phase in the 4D model), including the
development of local culture-based teaching materials and
teacher training in implementing deep learning strategies.
The implications of this study also open opportunities for
further research evaluating the effectiveness of the developed
model in improving students' critical thinking skills,
conceptual understanding, and character in different cultural
contexts in Indonesia.

6. Thank-You Note

The researcher would like to express heartfelt gratitude to
Universitas Muhammadiyah Kupang for the support,
facilities, and opportunities provided throughout the
implementation of this study. Sincere appreciation is also
extended to Universitas Muhammadiyah Malang, especially
to the academic supervisors and colleagues, for their
invaluable guidance, scholarly input, and constructive
feedback during the preparation and completion of this
research

Reference

1. Awang LA, Yusop FD, Danaee M. Current practices and
future direction of artificial intelligence in mathematics
education: a systematic review. Int Electron J Math
Educ. 2025;202:em0823. doi:10.29333/iejme/16006

2. Lin CC, Huang AYQ, Lu OHT. Artificial intelligence in
intelligent  tutoring systems toward sustainable
education: a systematic review. Smart Learn Environ.
2023;10:41. doi:10.1186/s40561-023-00260-y

3. Akavova A, Temirkhanova Z, Lorsanova Z. Adaptive
learning and artificial intelligence in the educational

space. E3S Web Conf. 2023;451:06011.
doi:10.1051/e3sconf/202345106011
4, Fatmawati A, Baiduri B, Utomo DP. Analisis

pembelajaran berbasis budaya lokal dalam menjawab
problematika pendidikan matematika. JP2M (Jurnal
Pendidikan dan Pembelajaran Matematika).
2026;12M1:105-16. doi:10.29100/jp2m.v12i1.8460

5. Nur AS, Waluya SB, Kartono K, Rochmad R.
Ethnomathematics perspective and challenge as a tool of
mathematical contextual learning for indigenous people.
Int J Emerg Math Educ. 2021;5M:1,
doi:10.12928/ijeme.v5i1.17072

6. Shahidayanti T, Prahmana RCI, Fran FA. Integrating
ethno-realistic mathematics education in developing

10.

11.

12.

13.

14.

15.

16.

17.

www.allmultidisciplinaryjournal.com

three-dimensional instructional module. J Honai Math.
2024;71:379-400. doi:10.30862/jhm.v7i3.698

Baria JL, Fatmawati A, Rukman NK. Development of
PMRI module in NTT local cultural context to improve

numeracy literacy. INOMATIKA. 2025;7!1:29-38.
doi:10.35438/inomatika.v7il.476
Asare B. Influence of ethnomathematics-based

instruction on students’ attitudes, participation, and
cultural connections in mathematics learning in Ghana.
Cogent Educ. 2026;13M,
doi:10.1080/2331186X.2025.2612395

Putri LI, Afifah R, Istijabah K, Ain AN, Umami UN,
Fatmawati F, et al. The contribution of ethno-realistic
mathematics education (E-RME) approach to enhancing
elementary students’ critical thinking skills. Profesi
Pendidik Dasar. 2025;98-112.
d0i:10.23917/ppd.v12i2.10034

Palupi ELW, Ekawati R, Kohar AW, Mubarkah RE,
Kartikawati W, Purbaningrum M. Peningkatan
kompetensi profesional guru SD melalui pelatihan
pengembangan iceberg matematika realistik berbasis
budaya lokal. ABSYARA J Pengabdi Masy.
2023;4[21:225-34. d0i:10.29408/ab.v4i2.24685

Badi’atu Sholihah, Sari MN, Izzah NA, Sunarko W,
Dewi RM, Sumitro NK. Penerapan realistic mathematics
education di situs Patirtaan Ngawonggo: studi kasus
peningkatan kemampuan statistika. Prismatika J
Pendidik Riset Mat. 2025;8M11:87-101.
doi:10.33503/prismatika.v8i1.1708

Embin Nasution, Ahmad Nizar Rangkuti, Mariam
Nasution. Developing learning materials oriented to a
realistic mathematics education approach integrated with
ethnomathematics to enhance students’ mathematical
problem-solving skills. Multidiscip Indones Cent J.
2025;2*:5261-8. doi:10.62567/micjo.v2i4.1478

Putri LI, Afifah R, Istijabah K, Ain AN, Umami UN,
Fatmawati F, et al. The contribution of ethno-realistic
mathematics education (E-RME) approach to enhancing
elementary students’ critical thinking skills. Profesi
Pendidik Dasar. 2025;98-112.
d0i:10.23917/ppd.v12i2.10034

Zainovi PS, Mariana N, Istiq’faroh N, Wiryanto W,
Muhimmah HA. Integrating ethnomathematics in
geometry learning to enhance primary students’
numeracy skills: a systematic literature review. J Innov
Res Prim Educ. 2025;4[31:1044-53.
d0i:10.56916/jirpe.v4i3.1467

Prasetyawan E, Masitoh LF. A meta-analytic review of
the impact of ethnomathematics-based instruction on
students’ conceptual understanding in mathematics.
Alifmatika J Pendidik Pembelajaran Mat. 2025;7[%:260—-
74. doi:10.35316/alifmatika.2025.v7i2.260-274
Sangkot Idris Ritonga, Raden Sri Ayu Ramadhana,
Abdul Hakim Dalimunthe, Nur Latifah, Meisyah Rahma
Dani Siregar, Rangkuti RK, et al. The effectiveness of
realistic mathematics learning based on Mandailing
culture with a deep learning approach in improving
logical thinking skills. Riemann Res Math Math Educ.
2025;7[21:111-20. doi:10.38114/reimann.v7i2.105
Siswantari, Sabon SS, Listiawati N, Wirda Y, Zulkardi,
Riyanto B. Bridging mathematics and communication:
implementing realistic mathematics education principles
for skill development. J Math Educ. 2025;16[2:729-52,
doi:10.22342/jme.v16i2.pp729-752

1191|Page



International Journal of Multidisciplinary Research and Growth Evaluation www.allmultidisciplinaryjournal.com

18. Agusdianita N, Kurniawan A, Zoraya I, Yusnia Y, lzania
RDSM, Lorenza S, et al. Pendampingan penerapan
model pembelajaran RME berbasis etnomatematika bagi
guru di SDN 06 Desa Tapak Gedung. DEDIKASI
Community Serv Rep. 2025;7121:95,
d0i:10.20961/dedikasi.v7i2.98059

19. Setianingsih R, Prayogo MRAY, Putri AMY. Multiple
mathematical representations in ethnomathematics-
based realistic mathematics education; a systematic
literature review. Int J Rev Math Educ. 2026.
doi:10.23917/ijrime.16307

20. Cahyani VF, Setyaningsih R. The implementation of
problem-based learning to enhance critical thinking
skills in solving contextual mathematics problems.
DIDAKTIKA J Penelit Tindakan Kelas. 2024;2[%:51-6.
doi:10.63757/jptk.v2i2.29

21. Santosa YT, Setyaningsih N, Kholid MN.
Reconstructing mathematical identity through critical
reflection: a phenomenological study of scaffolding for
prospective mathematics teachers. Reflective Pract.
2026:1-28. d0i:10.1080/14623943.2026.2631423

22. Gradini E, Firmansyah B, Noviani J, Ulya K. Fostering
higher-order thinking skills in mathematics education:
strategies, challenges, and classroom practices. Prisma
Sains J Pengkajian llmu Pembelajaran Mat IPA.
2025;13[:135. doi:10.33394/j-ps.v13i2.15099

23. Phillips MJ. Towards a social constructionist, criticalist,
Foucauldian-informed qualitative research approach:
opportunities and challenges. SN Soc Sci. 2023;3:175.
d0i:10.1007/s43545-023-00774-9

How to Cite This Article

Fatmawati A, Utomo DP, Purwanti E, Baiduri. Uncovering
ethnomathematical potentials in local culture for the
development of a mathematics learning model that promotes
critical thinking. International Journal of Multidisciplinary
Research and Growth Evaluation. 2026;7(3):1187-1192.
d0i:10.54660/IJIMRGE.2026.7.3.1187-1192.

Creative Commons (CC) License

This is an open access journal, and articles are distributed
under the terms of the Creative Commons Attribution-
NonCommercial-ShareAlike 4.0 International (CC BY-NC-
SA 4.9 License, which allows others to remix, tweak, and
build upon the work non-commercially, as long as
appropriate credit is given and the new creations are licensed
under the identical terms.

1192|Page



