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ABSTRACT

Mathematical literacy skills are an essential competency of the 21st century that demands
innovation in digital teaching materials. Based on the needs analysis in the field, the use of
interactive, self-contained web-based learning media still requires variations and has not explicitly
integrated local cultural elements in the Data Centrality Measurement material. This study aims to
produce a digital learning media prototype in the form of a flipbook e-module based on Deli Malay
ethnomathematics assisted by the Heyzine platform integrated with the Discovery Learning flow,
and to test the theoretical feasibility of the product. This type of research is a research and
development (R&D) using the 4D model. In accordance with the limitations of the initial feasibility
objectives, the development procedure is limited to the Develop stage in the theoretical validity
testing phase by experts. Data collection techniques are carried out through structured interviews
with teachers, and the distribution of Likert scale assessment questionnaire instruments to experts.
The assessment data are then analyzed quantitatively using the Aiken's V agreement index formula.
The results of the development stage research indicate that the accumulated average content
validity index of all learning device instruments is 0.92 with the criteria of Very Valid. In detail,
the validity values were obtained from the Teaching Module instrument (0.88), LKPD (0.90),
material aspects (0.91), flipbook media (0.94), cultural context (0.92), and the mathematical
literacy ability test instrument which achieved the highest coefficient of 0.96. The conclusion of the
study confirms that this ethnomathematics-based flipbook e-module product is declared valid,
theoretically feasible, and recommended as a variation of independent teaching materials to support
the achievement of 21st-century competency mathematics learning.

Keywords: e-module; heyzine flipbook; ethnomathematics; mathematical literacy; theoretical
validity

INTRODUCTION

Education in the era of globalization is a learning process that focuses not only on
mastering academic knowledge but also on developing skills that can address the
challenges that arise with changing times. Therefore, education in the era of globalization
requires students not only to master academic knowledge but also to possess 21st-century
skills that can address the challenges of the complex modern world (Sigiro et al., 2023) .
The integration of technology, information, and critical thinking skills is the main
foundation in forming a generation that can compete globally (Nasution et al., 2023) . One
of the essential competencies within this framework is mathematical literacy, namely the
individual's ability to formulate, apply, interpret, and evaluate mathematics in various real-
world contexts (Hayuning et al., 2023).

However, international assessment results show that Indonesian students'
mathematical literacy achievement remains low. PISA 2022 reported that Indonesian
students' mathematical literacy scores were far below the average of other countries, with

PRISMA 393 Copyright © 2026 PRISMA



mailto:clarineaurellia1402@gmail.com

Clarine Aurellia, Yumira Simamora, Israq Maharani, Anjeli Malika Devani Tarigan

only 18% of Indonesian students achieving Level 2 of the minimum proficiency level,
while 82% of Indonesian students were still below the standard (OECD, 2023) . This fact
indicates a significant challenge, with the majority of students still experiencing difficulties
when faced with non-routine problems that require logical reasoning and solution
evaluation (Wahyun et al., 2023). This indicates that mathematics learning in schools is
often taught abstractly and separated from the realities of life in the surrounding
environment (Widad & Hadi, 2025). This condition emphasizes the need for innovative
teaching materials that can bridge abstract concepts with the realities of students' daily
lives.

One relevant learning approach to strengthen students' mathematical literacy is
through ethnomathematics with mathematical activities rooted in the social and cultural
practices of the community. (Sartika et al., 2026). The role of ethnomathematics is crucial
in providing contextual learning because it encourages students to understand that
mathematical concepts exist in everyday activities (Widodo & Astuti, 2026) . The
integration of ethnomathematics in learning enables the transformation of informal
mathematics into meaningful academic mathematics for students (Yanti, 2025).
Ethnomathematics can be found in identified cultural communities. These activities are not
always formal symbols, but rather concrete actions (Dari & Jatmiko, 2024).

In the local context of Medan City, the socio-cultural activities of Deli Malays have
great potential to be explored as an authentic database on the Data Centralization Measure
material. In order for this cultural integration to work, the material is presented through a
Discovery Learning flow to encourage students to actively construct their own knowledge
in mathematical literacy skills (Zahra et al., 2025). Through the Discovery Learning
approach , students are encouraged to construct their understanding by examining the
interconnectedness of the material structure, which ultimately makes it easier for students
to internalize the concepts learned (Prawitasuri et al., 2025).

In line with the application of ethnomathematics, learning media are needed that
can support activities in mathematical literacy interactively and contextually (Taihuttu et
al., 2025) . One relevant innovation is the use of Heyzine format e-modules . Flipbooks . E
-modules are one solution because they can present material systematically, flexibly, and
engagingly (Noverisa et al., 2022). The use of interactive e-modules can also adapt
learning to student capacity, thus supporting independent learning (Sholeh et al., 2023).
Heyzine Media Flipbooks in learning aim to increase student engagement in understanding
the material because they are more dynamic and easily accessible (Fauzy et al., 2024). The
integration of Canva's intuitive design platform with the Heyzine Flipbook format
facilitates the transformation of visual learning materials into dynamic, interactive digital
media, thus providing a more immersive literacy experience for students (Elya & Lestari,
2025).

Several previous studies have examined the development of digital media, but there
are still research gaps. Gesty & Leonard (2025) focused on developing Betawi culture-
based ethnomathematics e-modules for flat-sided geometric shapes but did not integrate
mathematical literacy into discovery learning . Meanwhile, Widodo & Astuti ( 2026)
focused on designing interactive ethnomathematics-based e-modules for slow learners and
basic numeracy but did not examine mathematical literacy. On the other hand, Supriyadi et
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al. (2024) focused on developing Sundanese Gamelan -based ethnomathematics e-modules
for junior high school students but with different materials. Therefore, this study offers an
innovative solution by integrating Deli Malay ethnomathematics, Discovery Learning
learning flows, and Heyzine flipbook technology to support high school students'
mathematical literacy.

Unlike conventional modules, which tend to be formal and rigid, this
ethnomathematics-based flipbook e-module is designed with a more communicative
approach and is comfortable for students to read. The choice of soft colors, contextual
illustrations, and narratives based on Deli Malay culture make learning more humanistic
and enjoyable. With the interactive flipbook format, students not only learn the concept of
central velocities but also feel connected to the local culture that is close to their lives. This
approach is expected to increase learning motivation and strengthen mathematical literacy
in high school students.

The formulation of the research problem is to analyze and design an
ethnomathematics-based flipbook e-module on high school students' mathematical literacy,
as well as to test the level of validity of the product content based on expert assessment.
The purpose of this study is to describe the results of the validation of the
ethnomathematics-based flipbook e-module content, so that a prototype of digital teaching
materials is obtained that is suitable for use as an alternative for mathematics learning.

RESEARCH METHODS

This type of research is Research and Development (R&D) with a 4D model
adapted from Thiagarajan, Semmel, and Semmel. This model consists of four stages,
namely Define, Design, Develop, and Disseminate . However, in line with the research
objective to test the theoretical feasibility of the initial product, the development procedure
in this study is limited to the Develop stage , namely the validation test phase by experts,
without conducting field trials and the Disseminate stage .

This research was conducted with the involvement of a private Islamic high school
(Maidan Aliyah) in Medan. The choice of this partner location was based on geographic
accessibility, as it is close to the Malay cultural heritage site, Maimun Palace, making it
easier for researchers to explore and transform relevant local cultural objects into data
centralization measurement materials in the developed e-module.

The development procedure was carried out through three operational stages. First,
the definition stage, which included an analysis of curriculum needs and Data
Centralization Measure materials through structured discussions with partner mathematics
teachers. Second, the design stage, which focused on developing a framework and
prototype design for an integrated Discovery Learning syntax e-module using the Canva
and Heyzine Flipbook platforms. Third, the development stage, which focused on testing
the product's theoretical validity.

Data collection techniques in this study were conducted through curriculum
documentation studies, structured interviews with mathematics teachers, and distribution
of product assessment questionnaires to experts. The research instruments used were a
material validation sheet, a media validation sheet, and a cultural component validation
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sheet. These validation sheets were compiled using a Likert scale with a score range of 1 to
5 to measure the quality of the e-module's suitability, as shown in Table 1. (Gulo & Harefa,
2022).

Table 1Validation Score

Score Information
1 Very bad
2 Not good
3 Pretty good
4 Good
5 Very good

The assessment data obtained from the validators were then analyzed quantitatively
using the Aiken validity index formula to determine the level of validity of the instrument
items comprehensively. The Aiken index formula is as follows (Sukma et al., 2025).

2. S

V= nc- D]

Information:

V = Item validity index.

s = Score set by the validator minus the lowest score (r - 10).

n = Number of validators (experts).

¢ = Highest rating number (for example on a scale of 1-5, then ¢ =5).
r = Score given by the validator.

lo = Lowest score on the rating scale (e.g. 1)

Aiken index values to ensure the e-module prototype met content validity standards
before being suitable for use. Determining the eligibility criteria is presented in Table 2.
Table 2Content Validity Categories

Average Eligibility Category

0.81-1.00 Very Valid

0.61-0.80 Valid

0.41-0.60 Quite Valid

0.21-0.40 Less Valid

0.00-0.20 Invalid
RESULTS AND DISCUSSION

The results of the development of an ethnomathematics-based flipbook e-module in
high school students' mathematical literacy skills follow the stages of the 4D model (Four-
D Model) suggested by Thiagarajan, Semmel, and Semmel. The following is an
explanation of the stages presented.

Step in the initial definition stage is to identify the need for teaching material
development through a preliminary analysis. Based on the results of initial observations of
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students in the diagnostic test using contextual story problems, it shows that students'
abilities in formulating and evaluating mathematical solutions still need strengthening.
(Wulandari et al., 2025).

The use of digital-based independent interactive learning media in the field still
requires room for optimization to enrich student learning variations (Kosandi, 2026).
Based on interview results, the application of innovative model groups such as Discovery
Learning has actually been done. However, its implementation has not been specifically
integrated into contextual story problem activities that contain elements of local wisdom,
both in the structure of the main material and the Student Worksheet. Through task and
concept analysis, an in-depth study of the Data Centralization Measure material was
conducted which was then transformed into ethnomathematics content based on Deli
Malay culture. This definition stage ended by synthesizing the results of concept mapping
and tasks into the formulation of operational learning objectives oriented towards
strengthening students' mathematical literacy comprehensively.

The second step in the design stage , the media is arranged according to the needs
and then converted into a media draft. This stage produces a structured digital product
design that integrates three main components: mathematical material with mathematical
literacy indicators, Discovery Learning learning syntax and the contextual content of Deli
Malay ethnomathematics. The e-module structure is designed dynamically through the
selection of easy-to-read fonts, as well as a green and golden yellow color scheme that
represents the visual identity of Deli Malay culture. The e-module design in this study uses
the Canva application which is arranged in such a way as to include material activities,
examples, student worksheets and practice questions in an orderly and attractive manner,
so that it can support students in mastering the desired competencies. The e-module design
is presented in Figure 1.
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Figure 1. E-Module Design Based on Ethnomathematics

the bottom to accommodate the embedding of dynamic multimedia elements on the
Heyzine platform with interactive PPT presentation links. The arrangement of the learning
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activity flow in the LKPD is adjusted sequentially based on the five syntaxes of Discovery
Learning. The Stimulation and Problem Statement phases are presented through the
guiding narration of a fictional character named "Deri" who invites students to explore
cultural sites. By utilizing the Heyzine platform, this e-module design is able to display a
realistic three-dimensional page- flip effect and is responsive to online access, thus
creating a fun independent mathematics learning experience without burdening the storage
memory of students' devices.

The third step in the development stage focuses on testing the theoretical feasibility
of the initial product draft ( prototype I ) that has been designed. This feasibility testing is
carried out through a content validation test by experts (expert judgmen) consisting of
material experts, media experts, and cultural experts using a Likert scale questionnaire
instrument. The components evaluated include the entire learning device, including the
Teaching Module, LKPD, material suitability content, aspects of the usefulness of flipbook
media, relevance of cultural content, and mathematical literacy ability test instruments.
Quantitative data from the assessment results from the validators are then calculated using
the Aiken's V agreement index formula. A summary of the results of the content validity
analysis for all instruments is presented in Table 3.

Table 3Expert Validation Results

No Learning Device Instruments Average Eligibility Category
Aiken's V
Index

1 Teaching Module Device 0.88 Very Valid
2 Student Worksheet (LKPD) 0.90 Very Valid
3 Substantial Aspects of Material 0.91 Very Valid
4 Flipbook Media Aspects 0.94 Very Valid
5 Aspects of Deli Malay Cultural Context 0.92 Very Valid
6  Mathematical Literacy Test Instrument 0.96 Very Valid

Accumulative Average 0.92 Very Valid

Based on the data presented in Table 3, the average accumulated Aiken's V index
reached 0.92, categorized as Very Valid. This figure proves that the designed e-module
prototype has a solid theoretical foundation and is relevant for 21st-century mathematics
learning. The high validity value on the mathematical literacy test instrument (0.96) and
the flipbook media aspect (0.94) occurred because the integration of the Canva and
Heyzine Flipbook platforms was able to present dynamic, interactive, and non-monotonous
data visualizations. This sparked students' logical interest through the Discovery Learning
flow that guided them to construct an understanding of the Data Center Measurement
material independently. The combination of green and golden yellow, typical of Deli
Malay, also gave a humanistic impression, so that mathematics was no longer considered
an abstract and intimidating subject.

The findings of this study extend those conducted by Gesty & Leonard (2025) ,
who developed an e-module based on Betawi culture but did not integrate mathematical
literacy skills into the learning syntax. These high validation results also support the
research of Widodo & Astuti (2026). regarding the effectiveness of interactive
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ethnomathematics modules. However, the novelty of this research lies in the use of local
Deli Malay cultural heritage objects as an authentic database presented digitally without
burdening students' device storage memory through the Heyzine platform's 3D page-flip
effect and designed with a more communicative approach and comfortable for students to
read. This integration successfully bridges the gap between formal mathematical concepts
and the local cultural realities surrounding the partner school environment.

The implications of this research provide alternative new digital teaching materials
for teachers at partner madrasas in optimizing students' numeracy literacy based on
ethnomathematics. However, this research has limitations, namely the development
procedure is limited to the theoretical feasibility stage (Develop) without conducting large-
scale field trials and dissemination stages (Disseminate). Therefore, the empirical
effectiveness of the use of this flipbook e-module in improving student learning outcomes
in the classroom still requires further experimental research.

CONCLUSION

This development research successfully produced a prototype of a mathematics
learning device in the form of a flipbook- based e-module assisted by the Heyzine platform
that integrates the Discovery Learning flow and the context of Deli Malay
ethnomathematics in the Data Centralization Measure material. In line with the limitation
of the 4D model development procedure which is focused on the feasibility stage, the
results of the content validity test by experts indicate a very high level of product validity.
This is evidenced by the accumulative average of the Aiken's V index of 0.92 which is in
the very valid criteria. In detail, this theoretical validity is supported by the validity of the
teaching module device of 0.88, student worksheets of 0.90, material substance content of
0.91, flipbook media design quality of 0.94, suitability of the content to the local cultural
context of 0.92, and the student mathematical literacy ability test instrument which
achieved the highest validity coefficient of 0.96.

Based on the results of the data analysis, it can be concluded that the e-module
device The developed flipbook has met the quality standards of methodological,
conceptual, and technical feasibility to be used as an innovative medium for 21st-century
interactive digital mathematics teaching materials. The theoretical advantage of this
product lies in its ability to present formal statistical material through visual stimulation of
cultural objects close to the student's environment without burdening offline device
storage. Through this theoretical feasibility test, the e-module prototype was declared valid
and recommended for use in the next implementation or field trial stage to empirically
measure its effectiveness in improving students' mathematical literacy abilities.
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