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Article info Abstract

Keywords Ulos, as one of the traditional fabrics of Batak Toba, can be used as a learning
ADDIE, desmos, resource, especially for geometry. Every motif and colour on ulos has particular
ethnomatematics, meanings and messages related to beliefs, myths, history, and Batak cultural
geometry, values. Need help from Desmos to visualise the geometric concepts found in

mathematics literacy ~ ulos. This research aims to develop a learning media using the Desmos
application integrated with Ethnomathematics-Ulos to enhance mathematical
literacy. The research method used is Research and Development with the ADDIE
model. The research instrument uses a rating scale and an essay test. The results
of developing material and language on geometry obtained a percentage of
93,69% with a very valid feasibility category. The results of product validation by
practitioners as media experts got a very valid category with a rate of eligibility of
91,91%. Moreover, the teacher evaluation results got an efficient category with a
percentage of 92,88%. The N-Gain value is 0,80 > 0,7, in the “High” category,
meaning that the learning media effectively improve students' mathematical
literacy skills.
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1. Introduction

Nowadays, education in Indonesia needs to prepare students to be independent
immediately, face challenges, overcome obstacles, and even become agents of change that
benefit society, science and technology (Rafiqoh, 2020). The young generation of Indonesia
needs to be educated to be resilient and have high resilience in facing challenges and
overcoming conflicts, adaptive, and have a growth mindset (Johnson et. al, 2020). This can be
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done in the learning process. Educators aid learners in acquiring knowledge, mastering skills
and behaviour, and developing attitudes and beliefs.

One of the subjects that is important to learn in the learning process is mathematics.
Mathematics is a universal science that underlies the development of modern technology
today, and mathematics has an important role in solving life problems (Yeo, 2017).
Mathematical literacy is understanding and applying mathematical concepts in solving real-
world problems. Mathematical literacy certainly has a vital role for students. Mathematical
literacy plays a crucial role in understanding the application of mathematics in everyday life,
where its use can contribute to solving everyday problems related to mathematics (Gabriel et.
al, 2020).

However, Indonesian students' mathematical literacy skills are still low. Education in
Indonesia still has to solve several quality-related problems, including the low reading literacy
and numeracy (mathematical literacy) scores of Indonesian students as reflected in the results
of the TIMSS (Trends in International Mathematics and Science Study). TIMSS data show that
the literacy and numeracy of Indonesian students are still below the average of international
students (Math: 472, Science: 485, Reading: 476). Indonesian students rank 72nd out of 79
countries with an average score of 379 from a maximum score of 500 (Maysarah et al, 2023).

In addition, students' mathematics learning outcomes are lower than those of other
subjects, as shown in Figure 1 below.
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Figure 1. Elementary school students' achievement

Figure 1 shows that the average geometry score of elementary school students is lower
than that of other subjects. Not all material in math is easy to understand, for example,
geometry. Geometry is considered difficult to understand, especially if it is only taught
traditionally or without media that helps with visuals. In addition to the difficulty of student
understanding, technology is also a factor in the math learning process (Polly, 2016). With the
development of technology, teachers must be able to adapt by continuing to develop their
knowledge. In addition to teaching math, teachers need technical knowledge to use it
effectively to learn math (Kristanto, 2020). This means that teachers must be able to use
technology to facilitate students' mathematics learning (Belnap, et al., 2020).
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One application that can help with math, especially geometry, is Desmos. The Desmos
application can be accessed offline or online through the Desmos website. (Husna et al., 2020;
Mungan, 2021). Desmos is a math application that can be used as a learning media tool for
solving mathematics-related problems (Fatahillah et al., 2018; Husna et al., 2020). The math
tools presented by Desmos are graphs, a scientific calculator, a four-function calculator, a
matrix calculator, and other geometry tools. Desmos has a large selection of digital
mathematical activities that can be searched, utilised, edited, and arranged as desired by the
teacher through its website (Kristanto, 2021). By using Desmos, students will be helped in
solving abstract problems and more easily understand math, especially geometry.

In addition to utilising the Desmos application, it is also necessary to adopt the richness of
Indonesian culture into mathematics learning. Remembering Indonesia has a diversity of
cultures and languages, local wisdom, natural resources, and abundant human resources,
which are valuable capital to create more contextual and meaningful learning (Astuti, 2019).
One way that can bridge the gap between culture and mathematics education is
ethnomathematics. Ethnomathematics is an educational method that considers the
relationship of mathematics with cultural and social aspects. Ethnomathematics research on
geometry concepts in several cultures (Wikaningtyas et al, 2022). In addition, some researchers
have researched ethnomathematics and its implementation in cultural relics such as temples.
When associated with education, ethnomathematics is a research field that examines the
history and concepts of mathematics, with implications for teaching (D'Ambrosio, 2007).

One of the tribes in Indonesia is the Batak Toba. The Batak Toba is a dispersed Batak ethnic
group that is traditionally living in North Sumatra. Almost all traditional ceremonies found in the
Batak Tribe must use ulos. Ulos is a customary tool in dalihan na tolu that binds kinship
relationships (Jawa, et.al, 2024). The shape of the ulos variety can be related to geometry
mathematics, so mathematics can be learned ethnomathematically by integrating the
introduction and cultivation of culture in the mathematical concepts taught (Mailani, et.al,
2024). Therefore, cultural integration in the mathematics learning process can provide
significant meaning for students and serve as a solution to preserve cultural heritage.

This study investigates mathematical principles in ulos that contain elements of geometry
as a source of learning mathematics. The mathematical concepts explored in ulos are then
visualised using Desmos as learning media. This can also help students enhance their
mathematical literacy and better understand how ethnomathematics is used in their culture. As
aresult, the research outcomes can be used as a learning resource that enhances mathematics
learning while exposing local culture connected to ethnomathematics.

2. Literature Review

Education and culture are two elements that support and complement each other in
everyday life. Education plays an essential role in cultural inheritance, so cultural values must
be applied in learning (Simorangkir, 2023). The research findings indicate the successful
development of a learning media using the Desmos application integrated with
Ethnomathematics-Ulos to enhance mathematical literacy. In general, the exploration of
cultural products showed significant potential for integration in the mathematics learning
process. Ethnomathematics is an approach that connects mathematics with mathematical
concepts that exist in local culture (Ninggar et. al, 2024). Ethnomathematics provides space for
integrating cultural elements in mathematics learning, allowing students to learn mathematics
through contexts that are closer to students' experiences (Zayyadi et. al, 2025).
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The traditional ulos cloth of the Batak tribe in North Sumatra has deep philosophical
meanings and mathematical concepts, and it is also a beautiful work of art. The form of the
Batak ulos variety can be associated with geometric mathematics, so mathematics can be
studied culturally in ethnomathematics studies by integrating the introduction and instillation of
culture in the mathematical concepts taught (Jawa et. al, 2024). Batak ulos has mathematical
features such as rectangular and circular symmetry, and other geometric patterns. Rectangular
symmetry is considered valuable and respected because it contains cultural and spiritual
values passed down from generation to generation, such as symbols of beauty, accuracy, fixity,
balance, unity, and spirituality that reflect the identical (Mailani et. al, 2024). Ulos is traditionally
made using complex and time-consuming hand-weaving techniques. Every motif and colour on
ulos has particular meanings and messages related to beliefs, myths, history, and Batak cultural
values. Therefore, the study of ethnomathematics can be observed in the ulos weaving activity
(Azizetal, 2012).

There are many learning platforms available, one of which is Desmos. Desmos is a web-
based platform or service that offers a variety of mathematical tools, digital math activities, and
curricula to facilitate high-level learning for students in an enjoyable way through the web or
application. The mathematical tools provided by Desmos include a graphing calculator, a
scientific calculator, a four-function calculator, a matrix calculator, and geometry tools.
Desmos provides calculators and offers many digital math activities that teachers can search
for, use, or edit through its website. In addition, teachers can develop their own interactive
Desmos learning activities through the website and easily share them with other teachers or
their students (Kristanto, 2021).

In Indonesia, the use of Desmos as a medium for mathematics learning has not been
widely adopted. As a result, the researchers decided to create an online interactive learning
media based on Desmos for geometry material. Previous research conducted by Hwang et.al
(2015) found that a contextual approach through computer games enables learners to
experience meaningful learning and helps connect the concepts they study with real-world
scenarios. Desmos has been developed as an online interactive learning medium. However, the
Desmos used was only its graphing calculator, not the Desmos Activity Builder, and the material
covered was not Geometry. By utilising the advantages of Desmos, which has many features for
activities that can help students discover mathematical concepts, the ethnomathematics-
based Ulos geometry material contextualised with students' lives is integrated. This is what
constitutes the novelty in this research.

3. Method

The research method used is development research (Research & Development) with the
ADDIE development model. Development research is an effort to produce a product that can be
used in learning. A qualitative descriptive analytic approach was used to handle data from
language and material expert evaluations, media experts, student trials, and subject teacher
trials. The ADDIE model uses a systems approach. The essence of the systems approach is to
divide the planning process into steps, organise the steps into a logical sequence, and then use
the outputs of each step as inputs to the next step.

This research was conducted to develop a Desmos application design integrated with
Ethnomathematics-Ulos to enhance mathematical literacy. The construction of this application
design includes audio-visual material with geometry-based questions to help students improve
their literacy skills. The material used is geometry at the elementary school level, which affects
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mathematical literacy skills. This research was conducted at Grade IV UPT SDN 101826
Tuntungan, Deli Serdang Regency. Small group trials with the number of subjects nine students,
and large group trials with the number of subjects 36 students. The Ethnomathematics-Ulos
integrated Desmos application provides the material to enhance mathematical literacy skills.

The ADDIE development model consists of Analysis, Design, Development,
Implementation and Evaluation (Allen, 2006; Salas-Rueda et al., 2020). The following is a
picture of the development media using the ADDIE model:

Analyze \

————

Implement _———- _ Evaluate —___ _-_" Design

Develop
..\ . - /'

Figure 2. Stages of development with the ADDIE model

Based on Figure 2, the stages in ADDIE can be explained as follows:

1) The analysis stage involves analysing problems and the needs of students at UPT SDN
101826 Tuntungan. Observations were conducted at UPT SDN 101826 Tuntungan to
identify problems and analyse needs to determine students' learning needs related to
learning media development.

2) The design stage involves drafting a media development plan according to the needs
analysis results. This stage also includes collecting materials or sources to be used as a
reference when making media. At this stage, researchers design ethnomathematics-based
application media based on geometry material.

3) The development stage begins with compiling learning media products according to the
design from the previous stage. Material collection and the learning media development
process are carried out at this stage. During the development stage, the media is
conceptualised and transformed into a product, specifically a Desmos application.

4) The implementation stage begins with testing the draft learning media on teachers and
students. Students' comments and suggestions become a reference for improving the
media, which is then produced as draft learning media. Furthermore, the draft learning
media is tested on large groups of students.

5) The last stage is evaluation. Comments and suggestions obtained from expert validators,
teachers, and students become supporting factors used by researchers in improving the
media so that it can be improved by researchers in improving the media to produce the final
draft learning media (final draft). At the evaluation stage, participants who have used the
media are given a response questionnaire to determine the practicality of the media and
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given a mathematical literacy ability test to determine the effectiveness of increasing their
ability and the effectiveness of the use of the media that has been given. Each phase is
evaluated and revised from the stages, so the resulting product becomes valid.

In addition, the effectiveness of the media was evaluated through pre-test and post-test
questions done by students. The test type used is an essay with as many as four questions. N-
Gain is used to assess the improvement of students' mathematical literacy after using learning
media.

__ Sposttest—Spretest

Smax—Spretest

The results of the N-Gain score calculation are analysed using Hake criteria adapted from
(York, 2016; Ayuni, et. al, 2020), as shown in Table 1.

Table 1. N-gain index criteria

Score Category Description
g20,7 High Very effective
0,3=g<0,7 Medium Effective
g<0,3 Low Not effective

»

Based on Table 1, the learning media is effective if the N-Gain score is at least “medium”.

4. Results and Discussion
4.1 Experts' validation of learning materials and language
The validation outcomes of materials and language experts are presented in Table 2.

Table 2. Results of validation by material and language experts

Aspect Assessed Percentage (%) Category
1. Learning media content 93,45 Convenient
2. Supporting material presentation 94,33 Convenient
3. Contextual Approach 93,29 Convenient
Average 93,69 Convenient

The validation data from Table 2 indicates that the learning media achieved an average
feasibility score of 93.69%, falling into the "Convenient" category. This high rating suggests the
Desmos application, enhanced with the proposed features, is well-suited for student use. The
consistent scores above 90% across all assessed areas demonstrate the significant potential of
this Desmos-integrated ethnomathematics application to improve geometry education for
fourth-grade students (Zahara et al., 2023). The thorough validation process ensures the
instructional materials are both conceptually robust and culturally relevant, thereby facilitating
a deeper grasp of geometric principles through an ethnomathematical framework (Jehurung et
al.,, 2025). Furthermore, the uniform "Convenient" classification reinforces the media's
readiness for deployment, pending minor adjustments (Zahara et al., 2023). This rigorous
validation process underscores the methodological soundness of incorporating
ethnomathematics within a digital learning environment like Desmos, indicating its potential to
significantly enhance pedagogical approaches to geometry.
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The results of practitioner validation can evaluate the Desmos application's practicality as
a learning medium. The validation data obtained from practitioners is a basis for assessing the
media's practicality before its implementation in the field. The results of validation by
Practitioners are presented in Table 3.

Table 3. Results of validation by practitioners

Aspect Assessed Percentage (%) Percentage (%) Average Category
Practitioner 1 Practitioner 2
1. Appropriateness of using 90,25 92,33 91,29 Convenient
learning media
2. Presentation Technique 93,36 91,45 92,41 Convenient
3. Software Engineering 91,49 92,57 92,03 Convenient
Average 91,91 Convenient

The practitioner validation results, detailed in Table 3, indicate that the developed Desmos
application has an overall feasibility percentage of 91.91%, falling within the 'Convenient'
category. This assessment strongly suggests that the Desmos application serves as an effective
tool for educational endeavors, a finding consistent with research highlighting the importance
of high-quality, practical learning resources for impactful instruction (Agustin & Wintarti, 2021).
The uniformly positive feedback from both material/language experts and practitioners
validates the integrated Desmos application as a dependable, pedagogically sound tool with
substantial potential for broader implementation in elementary geometry education (Pratiwi et
al., 2020; Umairoh & Amaliyah, 2022). This thorough validation process establishes a firm
groundwork for subsequent development and deployment phases, ensuring the tool's efficacy
across varied classroom environments (Hidayati et al., 2020). Furthermore, the consistently
high scores across all validation metrics underscore the ethnomathematics-integrated Desmos
application's dual strengths in theoretical soundness and practical viability for enhancing
students' geometric understanding and engagement (Zahara et al., 2023).

4.2 Practicality based on teacher evaluation result
The following data is presented in the teacher evaluation results.

Table 4. Teacher evaluation results

Aspect Assessed Percentage (%) Category

1. Learning media content 92,35 Efficient
2. Supporting material presentation 94,25 Efficient
3. Contextual Approach 93,49 Efficient
4. Linguistics 90,55 Efficient
5. Appropriateness of using learning media 92,37 Efficient
6. Presentation technique 93,58 Efficient
7. Software engineering 93,63 Efficient
Average 92,88 Efficient

Based on the data in Table 4, which details teacher evaluations of the developed learning
media, it can be described that the learning media generally obtained an average feasibility
score of 92.88%, categorized as 'Efficient. The teacher evaluation activity yielded no
suggestions or comments on the tested products, indicating the learning media is ready for
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small-group student testing. This iterative refinement process, moving from expert and
practitioner validation to teacher evaluations and finally to small-group student testing, ensures
that the Desmos application is not only theoretically sound but also highly practical and
effective for its intended users (Kurniawati et al., 2021; Yensasnidar, 2020). This comprehensive
validation approach further supports the assertion that the developed resource is a robust and
valuable addition to pedagogical tools for geometry education, aligning with similar findings
regarding the utility of validated educational software (Cahyani et al., 2025; Surya et al., 2020).
The consistent positive feedback across multiple validation stages reinforces the media's
potential to significantly enhance students' mathematical understanding and engagement, as
observed in similar effective educational interventions (Risnawati et al., 2018).

4.3 Practicality based on student trial results

The implementation stage is carried out in two stages: small group trials (small scale) and
large group trials (large scale). The following data is presented as the results of the small group
student trials as follows. Based on the data in Table 5 above related to the results of small group
student trials on the learning media developed, it can be described that, in general, the learning
media developed can be used as a learning tool. Learning media developed can be described in
general, the learning media obtain a feasibility percentage of 93,13% with an efficient
interpretation. This high percentage indicates strong student acceptance and usability,
confirming the media's readiness for larger-scale implementation (Zahara et al., 2023). The
consistency in positive evaluations from practitioners, teachers, and small groups of students
underscores the robust design and user-friendliness of the Desmos-integrated
ethnomathematics application (Uzmi et al., 2023). Such results align with previous research
demonstrating that well-validated educational technologies are highly effective in fostering
student engagement and learning outcomes.

Table 5. Small group student trial results

Aspect Assessed Percentage (%) Category

1. Learning media content 93,53 Efficient
2. Supporting material presentation 93,15 Efficient
3. Presentation technique 93,39 Efficient
4. Use of learning media 92,45 Efficient
Average 93,13 Efficient

Based on the small group trial results, it can be concluded that Desmos-based online
interactive learning media is effective. The learning media developed receive a convenient
category or interpretation, and the learning media can be tested on large groups of students
after improvement. The following data on the results of the large group student trials are as
follows:

Table 6. Large group student trial results

Aspect Assessed Percentage (%) Category

1. Learning media content 92,53 Efficient
2. Supporting material presentation 93,35 Efficient
3. Presentation technique 93,59 Efficient
4. Use of learning media 92,15 Efficient
Average 92,90 Efficient
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Based on the data in Table 6 above related to the results of the large group student trials on
the learning media developed, the learning media achieve a feasibility percentage of 92,90%
with an efficient interpretation. In the large group student trial activities, there are no
suggestions or comments regarding the products tested. It can be concluded that the Desmos
application is developed with an efficient category or interpretation, and the learning media
reach the final product.

The last stage in this research and development is evaluation. The following presents the
data on the results of the media evaluation at each stage:

Table 7. Media evaluation results at each stage

Aspect Assessed Percentage (%) Category
1. Validation by Material and Language Experts 93,69 Convenient
2. Validation by Practitioners 91,91 Convenient
3. Teacher Evaluation Results 92,88 Efficient
4. Small Group Student Trial Results 93,13 Efficient
5. Large Group Student Trial Results 92,90 Efficient
Average 92,90 Efficient

Based on the data in Table 7 above, at the product validation stage by material and
language experts, this learning media gets a very valid feasibility category with a percentage of
eligibility of 93,69%. The results of product validation by Practitioners as media experts get a
convenient category with a percentage of eligibility of 91,91%. Then, the teacher evaluation
results are in an efficient category with a percentage of 92,88%. The results of small group
student trials obtain an efficient category with a percentage of 93,13% and a large group trial
obtains a practical category with 92,90%. Then the average feasibility obtained from all
assessments is 92,90%; if interpreted, this learning media gets an efficient category.

4.4 Exploring ethnomathematical values in ulos motifs

The purposes of digital learning activities developed using Desmos on geometry material
are (1) understanding flat shapes, (2) understanding shapes, elements, and properties of flat
shapes, and (3) understanding the relationship between flat shapes. Several activities use
Desmos in geometry, as follows:

@ Student Screen Preview 3 < 2025 | Next >

Figure 3 shows the Ragi Hotang. In the
Toba Batak tribe, Ragi Hotang is often
used in traditional Toba Batak

What Will We Do?

1 Batak Toba, Ulos Ragi

weddings, but can also be used in
other important events. Ragi Hotang
motifs are generally dominated by red,

yellow and black, with a touch of

i@ -0

white which symbolizes purity.

Figure 3. Ragi Hotang

In Figure 3, students explore until they understand the basic geometric concepts of the
Ulos Ragi Hotang, such as points, lines, line segments, rays, rectangles and rhombuses.
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What Will We Do?

Ulos Ragi Hidup adalah kain tenun Batak Toba yang digunakan

dalam upacara adat, seperti kelahiran, pernika

kematian. Ul

i memiliki makna simbolis yang mendalam,

dan keharmonisan.

Figure 4 shows the Ragi Hidup. Ragi
Hidup
ceremonies, such as birth, marriage

used in traditional

and death. This ulos has a deep

symbolic meaning, related to life,
fertility, and harmony. Ulos Ragi

Hidup is a type of nabalga ulos,

which is a high-class ulos. Ulos Ragi

Enjoy the activity!

A/ BRI - X

Hidup consists of three parts, with
the two sides woven together, while
the center is woven separately.

Figure 4. Ragi Hidup

In Figure 4, students explore until they can understand the basic geometric concepts in the
Ulos Ragi Hotang, such as points, lines, line segments, rays, rectangles and squares. The
research and development of Desmos-based learning media with ethnomathematics-ulos on
geometry material were conducted regarding the ADDIE development model. Based on the
research conducted from the analysis stage to the evaluation stage, comments and suggestions
were obtained from expert validators, teachers, and students. The comments, suggestions, and
guidance became supporting factors used by the researcher in the media revision process,
resulting in a good and effective mathematics learning media used to improve the mathematical
literacy skills of grade IV elementary school students.

4.5 Effectiveness of the learning evaluation tool

Pre-test and post-test results of mathematical literacy ability can be seen based on the
results of the N-Gain test. It can be concluded that seven students (19%) were classified in the
category “Medium” and 29 students (81%) were classified in the “High” category with an average
N-Gain score of 0,80. Because the N-Gain value was 0,80 > 0,7, itis in the “High” category. The
paired t-test (t-test Pair) using SPSS 26 produced a t-value of 11.565, greater than the t-table
value (2.030). This result shows a significant difference between the pre-test and post-test
scores, meaning that the learning media effectively improve students' mathematical literacy
skills. Thus, it can be concluded that developing a learning media using the Desmos application
integrated with Ethnomathematics-Ulos proved valid, practical, and effective in enhancing
students' mathematical literacy skills.

5. Conclusion and Implications

Based on the research results, Desmos, integrated with Ethnomathematics-Ulos, which the
researcher developed, is convenient and practical for geometry as a learning medium to
enhance mathematical literacy. The learning media already contain content and context close
to students, especially those related to ulos in Batak culture. It can make students actively
argue and provide ideas according to their creativity, understanding and learning experience.
Using technology in learning media can facilitate students' learning with a good visual
representation of geometry based on the animation provided.
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Geometry concepts in ulos can be integrated into mathematics learning. This shows that
ethnomathematics can help students understand mathematical concepts better because of its
relevance to contextual life and develop students' mathematical literacy skills. However, in
implementing the integration of ulos in mathematics learning, an active role of the teacher is
needed to link the patterns in ulos with formal mathematical concepts.

The research implication shows that, to support the development of mathematical literacy,
especially in geometry, it is imperative to develop learning media by incorporating elements of
local culture, technology, and visualisation, all of which lead to the process of reasoning and
literacy. In the motifs of Batak Ulos, mathematical concepts in the form of repeating patterns
and geometry are found, allowing for the application of mathematical concepts (ideas) present
in Ulos. Ulos is an element of Batak culture that can be used as a medium for teaching
mathematics in schools; thus, mathematics education can begin by introducing local culture,
such as Ulos. This improves students' mathematical literacy in geometry and prepares them for
more complex mathematical literacy.

As such, the ethnomathematics ulos-based Desmos not only preserves local culture but
also effectively develops students' mathematical literacy skills. This study has limitations,
namely, the scope of the ethnic mathematics of the Toba Batak Ulos woven fabric patterns
explored is still small. From the aspect of ethnomathematics studies, it is still limited to
examining the geometric shapes in the motifs seen on Ulos. Many other aspects can still be
researched, including the production process and the weaving patterns that form images with
specific colours. Therefore, further research is needed on the more complex ethnic
mathematics of Ulos Batak Toba woven fabric patterns to improve students' mathematical
literacy skills and instil a love of culture in the young generation. The abundance of Batak
cultural products should be used as a specific recommendation for teaching mathematics in
schools to preserve the cultural heritage.
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