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Introduction

Mathematics education plays an important role in developing students’ logical, critical,
creative, and analytical thinking skills. Numeracy literacy is one of the key competencies
students must possess, encompassing not only the ability to perform calculations but also the
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ability to use numbers, data, and mathematical symbols to solve real-world problems (Reflina
& Rahma P, 2023). However, the numeracy literacy skills of Indonesian students remain
relatively low. International assessments such as the Programme for International Student
Assessment (PISA) and the Trends in International Mathematics and Science Study (TIMSS)
emphasize the need to improve students’ numeracy literacy (Patriana et al., 2021).

The low level of numeracy literacy is partly caused by mathematics learning that remains
abstract, formula-oriented, and insufficiently connected to everyday life. As a result, students
struggle to understand mathematical concepts and often perceive mathematics as a difficult
subject (Rahmawati et al., 2023). This issue is also evident in many schools, particularly in
geometry topics such as two-dimensional shapes, which require visualization and real-life
contexts to be better understood. Preliminary findings at SMP Negeri 3 Belitang Mulya and
MTs Al Thsan Kalirejo showed that 75.61% of students scored below the Minimum Mastery
Criteria in the topic of two-dimensional geometry linked to the Limas traditional house of
Palembang. Interviews with mathematics teachers confirmed that, although schools have
attempted to relate learning to local culture, ethnomathematics has not yet been implemented
in depth. This condition highlights the need for innovative teaching materials that offer
contextual and meaningful learning experiences.

The issue of low numeracy literacy caused by abstract learning suggests that students
need a more contextual approach that relates closely to their daily lives. Such an approach is
expected to help students understand mathematical concepts more concretely and increase their
learning motivation. One approach that meets this need is ethnomathematics. D’ Ambrosio
describes ethnomathematics as an approach that connects mathematical concepts with local
culture, making learning more meaningful and relevant to students’ lives. Previous studies
support this, as shown by the issue of low numeracy literacy caused by abstract learning
suggests that students need a more contextual approach that relates closely to their daily lives.
Such an approach is expected to help students understand mathematical concepts more
concretely and increase their learning motivation. One approach that meets this need is
ethnomathematics. D’Ambrosio describes ethnomathematics as an approach that connects
mathematical concepts with local culture, making learning more meaningful and relevant to
students’ lives. Previous studies support this, as shown by (Nurdyansyah, 2018) who found that
the application of ethnomathematics can improve students’ understanding of geometric
concepts, and by Lisnani et al. (2022). This study demonstrates that ethnomathematics based
on local culture can increase motivation to learn mathematics. The Limas traditional house in
Palembang, rich in geometric elements such as triangles, squares, and trapezoids, serves as an
effective contextual medium for integrating mathematics with students' local culture.

However, although ethnomathematics holds significant potential to improve student
understanding, its effectiveness greatly depends on the use of instructional models that can
optimally facilitate the learning process. One such model is the Auditory, Intellectually,
Repetition (AIR) learning model. The AIR model emphasizes learning activities through
listening (auditory), critical thinking (intellectually), and repetition (repetition) (Hidayati &
Darmuki, 2021). Research by Manurung (2016) Research findings also indicate that the AIR
model can significantly improve students' mathematics learning outcomes. Similarly
Luthfiana & Wahyuni (2019) demonstrated that this model can increase student motivation and
engagement. However, previous studies remain isolated: some focus on ethnomathematics
without integrating innovative learning models, or conversely, emphasize the AIR model
without cultural relevance.

The novelty of this research lies in the integration of ethnomathematics and the AIR
learning model into an e-module. The e-module allows students to access learning materials
independently, interactively, and visually, making the content easier to understand (Laili et al.,
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2019). Research by Pratama & Yelken (2024) further affirmed that ethnomathematics-based e-
modules are effective in improving students’ conceptual understanding while supporting
technology-based learning. Therefore, this research focuses on developing a mathematics e-
module based on ethnomathematics and the AIR learning model to improve numeracy literacy
among junior high school students on the topic of two-dimensional geometry. This study also
evaluates the feasibility of the e-module through expert validation, student responses to the
product, and its effectiveness in enhancing numeracy literacy.

Method
Research Type

This research is a research and development (R&D) using the ADDIE model consisting
of five stages, namely, analysis, design, development, implementation, and evaluation. The
analysis stage is carried out to identify the needs of students, teachers, and schools. The design
stage is carried out by preparing an ethnomathematics-based e-module design using the context
of the Limas Palembang traditional house combined with the steps of the AIR model. The
development stage includes content preparation, presentation of materials in digital form, and
validation by material experts and media experts. The implementation stage is carried out with
limited trials at SMP Negeri 3 Belitang Mulya and MTs Al Thsan Kalirejo, both on a small and
large scale. The evaluation stage is carried out by analyzing the validation results, student
responses, and effectiveness through pretests and posttests.

Subjects

The research subjects were seventh-grade students from SMP Negeri 3 Belitang Mulya
and MTs Al Thsan Kalirejo, with a total of 40 students. SMP Negeri 3 Belitang Mulya
contributed 24 students, while MTs Al Ihsan Kalirejo contributed 16 students. The sample
selection was carried out using purposive sampling because these schools possessed
characteristics aligned with the needs of the study, namely the absence of ethnomathematics-
based teaching materials integrated with the AIR model.

Instruments

Data collection instruments are tools used by researchers to collect data during the
research process. The research instruments used in this study consisted of three types. First,
validation questionnaires were administered to material experts and media experts. The
assessment employed a four-point Likert scale, consisting of the categories: very good, good,
fair, and poor. The validation process involved two material experts with a background in
mathematics education and two media experts with expertise in educational technology.
Second, a student response questionnaire was used to determine the level of attractiveness and
ease of use of the e-module. This questionnaire consisted of statements related to the visual
appearance, language, presentation of the material, and the usefulness of the e-module in
supporting students’ understanding. The student response questionnaire also used a four-point
Likert scale.

Third, a numeracy literacy test consisting of pretest and posttest items was administered.
This test included short constructed-response questions developed based on the numeracy
literacy indicators issued by the Ministry of Education and Culture, covering the ability to
understand information, apply concepts of two-dimensional geometry within the context of
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local culture, and reason to solve problems. The test blueprint was designed to align with the
Core Competencies of the junior high school curriculum for two-dimensional geometry.

Data Collection

To evaluate the feasibility and effectiveness of the ethnomathematics-based mathematics
e-module using the Auditory, Intellectually, Repetition (AIR) model, this study was conducted
through three main stages: the validation stage, the practicality testing stage, and the
effectiveness testing stage. The first stage, validation, was carried out by material experts and
media experts using questionnaire instruments. This validation process aimed to assess the
feasibility of the product in terms of content, language, presentation, and design, as well as to
identify its level of practicality, effectiveness, and any potential difficulties that may arise
during its use. The second stage, the practicality test, was conducted through student response
questionnaires administered during small-group and large-group trials in two schools, namely
SMP Negeri 3 Belitang Mulya and MTs Al Ikhsan Kelirejo. At SMP Negeri 3 Belitang Mulya,
the small-group trial involved 12 students, while the large-group trial involved 24 students.
Meanwhile, at MTs Al Ikhsan Kelirejo, the small-group trial involved 8 students and the large-
group trial involved 16 students. The third stage involved students completing a numeracy test
in the form of a post-test. This test aimed to measure the extent to which the use of the e-module
improved students’ numeracy literacy skills after the learning process had taken place.

Data Analysis

Data analysis in this study was conducted using a descriptive quantitative approach in
accordance with the research objectives (Widodo et al., 2023). The data obtained from expert
validation were analyzed by calculating the average score of each assessment aspect using a
four-point Likert scale, namely very good, good, poor, and very poor. These average scores
were then interpreted into feasibility criteria to determine the validity level of the developed e-
module (Luthfiana & Wahyuni, 2019).

Table 1. Expert Validation Assessment Scores
Score Feasibility Assessment Category

4 Very good
3 Good
2 Poor
1 Very Poor

The validators who assessed the validity and feasibility aspects of the product consisted
of subject-matter experts and media or design experts. The scores provided by the validators
were averaged and then converted according to the feasibility criteria. The detailed feasibility
criteria based on the results of the average score calculation are presented in the following Table
2

Table 2. Validation Criteria
Quality Score Feasibilty Criteria Description

3,26 < ¥ <4,00 Very Valid No Revision Required

2,52< x <326 Valid Partial Revision
1,76 < ¥ <252 Less Valid Content Review Required
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1,00< X <1,76 Not Valid Total Revision

Data obtained from the student response questionnaire was analyzed using the same
procedure, namely by calculating the average score for each statement (Supriadi et al., 2020).
The results were then categorized into very interesting, interesting, quite interesting, and less
interesting. These categories were used to determine the extent to which the developed e-
module was accepted and liked by students. The procedure for converting scores into
assessment categories is presented in the following Table 3

Table 3. Student Response Criteria
Quality Score Quality Statement

326< ¥ <400  Very Interesting
2,52 < ¥ <3,26 Interesting

1,76 < x <252 Quite Interesting
1,00 < ¥ < 1,76  Less Interesting

The pretest and posttest data were analyzed to determine the effectiveness of the e-
module. The improvement in students’ numeracy literacy was calculated using effect size.
Furthermore, to determine the level of effectiveness of the e-module, the effect size value was
calculated using Cohen’s (1988) formula. The criteria for interpreting the effect size are
classified as low (0 <d < 0.2), medium (0.2 < d < 0.8), and high (d > 0.8) (Info, 2020). This
analysis aimed to measure the extent to which the use of an ethnomathematics-based e-module
employing the AIR model had a significant impact on improving students’ numeracy literacy.
The criteria for categorizing the magnitude of the effect size are as follows

Table 4. Effect Size categories
R value Interpretation

02<Es <05 low
0,5<Es <0,8 medium
0,8<Es <2  high

Research Findings

The development research conducted aimed to improve students' numeracy literacy skills
in the topic of plane figures. This resulted in an ethnomathematics-based mathematics e-
module, which focuses on plane figures and is linked to the Limas house using the AIR
approach. The development process for this e-module utilized the ADDIE development model
(Sulistiyowati, 2017). Each stage of the model plays an important role in producing effective
learning products that are aligned with students’ needs. A further explanation of the stages in
the ADDIE model is presented as follows:

Analysis

The analysis stage is the initial step aimed at identifying students’ needs, problems, and
characteristics prior to the development of the learning product. In the analysis stage,
researchers collected data as the basis for designing ethnomathematics- based mathematics e-
module teaching materials on the geometry of flat shapes related to the Limas House context
using the AIR approach. This analysis encompasses three main aspects: needs analysis,
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curriculum analysis, and student characteristics analysis. In addition, at this stage, researchers
also began to determine the appropriate learning model, namely Auditory Intellectually
Repetition (AIR), to support a more enjoyable, meaningful, and student-centered learning
process.

Design

The planning stage of an ethnomathematics-based e-module integrated with the
Palembang Limas Traditional House in plane geometry involves preparing a learning material
framework consisting of an opening section (cover, foreword, and table of contents), a core
module section containing learning materials and content standard information (core
competencies, basic competencies, and indicators), and a closing section consisting of
references and author biography. In addition, the planning of material presentation is aligned
with learning objectives and relevant sources. Research instrument planning includes the
development of a product feasibility questionnaire for subject matter experts and media experts,
a student response questionnaire to assess the appeal of the e-module, and essay-type pretest
and posttest instruments to determine product effectiveness.

Development

In the development stage, the researcher began compiling and producing the e-module
based on the design established in the previous stage. At this development stage, the process
was adjusted to the design results, which included creating a module consisting of an
introduction, module content, and a conclusion. The introduction included a cover, foreword,
and table of contents, all developed using the Canva application. The module content was also
developed using Canva and included a concept map, introduction, and learning activities
containing material descriptions and links to learning videos. Meanwhile, the conclusion
included a bibliography and author profiles to complement the e- module.

o)
£ = MODUL MATEMATIKA PENDAHULUAN = PRORL PENVLIS

Berbasis Etnomatematika Rumah Limas | Deskripsi

Palembang Sumatera Selatan T mcdul ini scrupsban bahan sisr matematiby berbusis cinomstomatibs
Dengan Model Auditory, Intellectually, Repetition (AIR) yang dirsacang secara hbasus wntak siowa SMP/MTs bekas VIL. Modul ini
memaiiksn pembelajaran konscp gromen bangua datar drngan pendekatia

Materi Geometri Bangun Datar

pombelsjraa. Melabui pengaitsn astars bestuk bentuk buagen dsar seperti
scgtiga, prigi panipng, dan trapesium dengan clomen anitbtor Rumah
limas,

sccara abtrah, (capi jugs meiha bopaimans hoescp encbut diteraplan

Figure 1. E-Modul Design

After the product was fully developed, the next stage was product validation conducted
by media experts and subject matter experts. The validation process generates assessments,
critiques, suggestions, and input that are used to improve the e-module, improving the resulting
product and declaring it suitable for use in learning. The following are the validation results
obtained by the experts
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Table S. Expert Validation Results

Validator Aspects Assessed Average Score  Criteria

material experts Content suitability, conceptual 3,64 Very Valid
accuracy, ethnomathematics
integration

media experts Display, navigation, interactivity, and 3,84 Very Valid
design appeal

Based on the validation results, the e-module obtained an average score of 3.64 from
subject- material experts and 3.84 from media experts, both categorized as Very Valid. These
results indicate that the content is aligned with the basic competencies, conceptually accurate,
and able to effectively integrate ethnomathematical contexts. In terms of media aspects, the e-
module was considered to have an attractive appearance, be user-friendly, and interactive,
making it feasible for implementation in the learning process. The teaching materials can be
accessed via the following link:
https://drive.google.com/file/d/1 VPY1PnUCZ5SSAmBXjhC2LFI2 alJM4w/view?us

p=drivesdk or can be accessed by scanning the available QR code:
[=] 3N [m]

Figure 2. QR of Design Materials

Implementation

After undergoing the validation and revision processes, the developed e-module was
declared ready for implementation (Riset & Pendidikan, 2025a). The implementation stage is
the process of implementing learning using the developed teaching materials, namely an
ethnomathematics-based mathematics e-module on the geometry of plane figures linked to the
context of the Limas house in Palembang using the Auditory Intellectually Repetition (AIR)
approach. At this stage, the e-module was directly used in classroom learning activities to
evaluate its effectiveness, readability, and functionality in supporting students’ understanding
of the material. The implementation was carried out after the e-module had passed the
validation process by subject matter experts and media experts and had been revised according
to the validators’ feedback.

The e-module trial was conducted in two schools, namely SMP Negeri 3 Bandar
Lampung and MTs Al-Ikhsan Kelirejo. These schools were selected as the implementation sites
to determine the extent to which the developed e-module could be effectively applied in the
teaching and learning process. Teachers used the e-module as the primary learning resource
during instruction, allowing all stages of the AIR learning model to be directly observed. The
use of the e-module also aimed to examine students’ initial responses to instructional materials
that integrate elements of local culture.

The implementation of the AIR learning model in the e-module is carried out through
three stages. In the auditory stage, students listen to the teacher's explanation and read the
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material contained in the e-module to gain an initial understanding of the concept of plane
figures. Next, the intellectual stage encourages students to think critically through activities
such as analyzing geometric shapes in the traditional Limas Palembang house, discussing, and
solving contextual problems. In the repetition stage, students are given repeated practice
through various types of problems to strengthen conceptual understanding and improve
problem-solving skills. These three stages are implemented in a structured manner to make
learning more meaningful and in accordance with student characteristics.

After the learning activities were conducted, an attractiveness test of the e-module was
carried out through small-group and large-group trials. The small-group trial was conducted to
obtain an initial overview of students’ interest, while the large-group trial was used to examine
the attractiveness of the e-module on a broader scale. The results of the trials conducted in both
schools are presented in the following Table 6

Table 6. Trial Results

School / Trial Average Score Category
SMP Negeri 3 Belitang Mulya (small group) 3,45 very attractive
MTs Al Thsan Kalirejo (small group) 3,55 very attractive
SMP Negeri 3 Belitang Mulya (large group) 3,49 very attractive
MTs Al Thsan Kalirejo (large group) 3,51 very attractive

The trial results indicate that students in both schools provided positive responses, with
an average score above 3.45, which falls into the very attractive category. Students perceived
the e-module as different from previous instructional materials because it integrates elements
of local culture, namely the Limas traditional house of Palembang, with geometric concepts.
The visualizations, interactive design, and systematic presentation of the material increased
students’ motivation to learn mathematics.

In addition, the effectiveness of the e-module was analyzed using effect size calculations
based on pretest and posttest results. The analysis showed that the e-module had a high effect
at SMP Negeri 3 Belitang Mulya and a moderate effect at MTs Al-Ikhsan Kelirejo. Therefore,
this ethnomathematics-based e-module is considered effective in improving students’ learning
outcomes and numeracy literacy skills, as presented in the following results Table 7

Table 7. Effect Size Result

School Effect Size Value Effectiveness Category
SMP Negeri 3 Belitang Mulya 0,81 High
MTs Al Thsan Kalirejo 0,78 Medium

Based on the pretest and posttest results, an effect size of 0.81 was obtained at SMP
Negeri 3 Belitang Mulya (high category) and 0.78 at MTs Al Thsan Kalirejo (medium category).
These findings indicate that the ethnomathematics-based e-module with the AIR model is
effective in improving students' numeracy literacy. The higher improvement at SMP Negeri 3
Belitang Mulya was influenced by student readiness and teacher support in using the e-module
during learning.

Evaluation

In the evaluation stage, assessments are carried out continuously at each development
step to ensure that the resulting product meets the criteria of validity, practicality, and
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effectiveness (Riset & Pendidikan, 2025b). The evaluation stage in the ADDIE development
model is carried out at each stage with the aim of ensuring the quality of the product being
developed. The evaluation is stopped if the assessment results indicate that the product has met
the criteria of validity or feasibility, attractiveness, and effectiveness so that it can be used in

Discussion

The results of this study confirm that the improvement in students’ numeracy literacy is
primarily influenced by the successful implementation of the Auditory, Intellectually,
Repetition (AIR) learning model within the ethnomathematics-based e-module. The AIR model
functions effectively because it provides a learning sequence that facilitates gradual conceptual
understanding: students initially receive information through verbal explanations (auditory),
then process concepts through critical thinking activities and problem solving (intellectually),
and finally reinforce their understanding through repeated practice (repetition).

These findings align with research by Syahid et al. (2021) which shows that the gradual
structure of the AIR model can strengthen the internalization of mathematical concepts through
long-term memory activation. Furthermore, Luthfiana & Wahyuni (2019) found that structured
repetition in the AIR model increases students' cognitive persistence, thus directly impacting
numeracy skills. The effectiveness of the AIR learning model in this study was further
strengthened by its integration with an ethnomathematics approach, which makes geometric
concepts easier to understand through the local cultural context of the Limas traditional house
in Palembang. This supports the findings of Lisnani et al. (2022) which stated that integrating
local culture can increase the relevance of the material and deepen understanding of abstract
concepts.

The e-module's feasibility also strengthens learning effectiveness. Validation by material
experts, who obtained a score of 3.64 (very valid criteria), and media experts, who obtained a
score of 3.84 (very valid criteria), indicates that the e-module has met the standards for good
content and display, thus optimally facilitating the learning flow of the AIR model. This
assessment is in line with Herawati & Muhtadi (2020) which emphasizes that e-modules play
a crucial role in providing interactive and flexible digital scaffolding. Therefore, the
effectiveness of numeracy literacy improvement in this study is primarily driven by the synergy
of three main components: the systematic structure of the AIR learning model, the use of an
ethnomathematics context that facilitates conceptual understanding, and the feasibility of the e-
module as a medium that supports interactive learning processes. This synergy makes this e-
module not only valid and engaging but also capable of providing a significant pedagogical
impact on students' numeracy literacy abilities.

Conclusion

Based on the results of this study, the ethnomathematics-based electronic module using
the Auditory, Intellectual, and Repetition (AIR) model was proven to be highly valid according
to field experts and media experts, received very positive student responses, and was proven
effective in improving students' numeracy literacy. Therefore, this module is suitable for use as
an innovative teaching material that integrates mathematics learning with local cultural
contexts. However, this study has several limitations, including a limited sample size, reliance
on the availability of digital devices, and limited coverage of the material within a specific
cultural context. Consequently, further research is recommended to involve a more diverse
sample, expand the cultural context and learning materials, and develop additional interactive
features to optimize the use of the electronic module. These findings demonstrate the
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importance of developing contextual, innovative, and culturally based digital teaching materials
to improve numeracy literacy while supporting more meaningful mathematics learning.
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