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The Role of Visual Metaphors in Ethnomathematics
to Strengthening Mathematical Literacy
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ABSTRACT

Introduction. The uniqueness of this study lies in the innovative approach to mathematics education that integrates
ethnomathematics with visual metaphors. Employing visual metaphors facilitates the shift from mathematical
understanding to theoretical concepts and their practical use in daily life. This study investigates the effectiveness
of ethnomathematics learning innovations utilizing visual metaphors to enhance mathematical literacy and reinforce
Pancasila values among elementary school students.

Study participants and methods. The research methodology employs an exploratory sequential mixed-method
approach. The study began with a qualitative phase aimed at exploring the role of visual metaphors in representing
the emotions, beliefs, and experiences of teachers and students within the context of ethnomathematics education.
Insights from this qualitative phase were used to design and develop innovations in ethnomathematics learning through
visual metaphors. Subsequently, a quantitative phase was conducted using an experimental method to evaluate the
effectiveness of ethnomathematics learning with visual metaphors in improving mathematical literacy and Pancasila
values. The quantitative stage involved 108 participants, consisting of 54 students in the experimental group and 54
students in the control group drawn from elementary schools in Yogyakarta. Data were analyzed using descriptive
statistics and independent samples t-test.

Results. The findings indicate that the independent-sample t-test for mathematical literacy reveals an average score
of 0.689 for the experimental class, compared to an average of 0.294 for the control class. This suggests a significant
difference, with the experimental class demonstrating a notably higher average in mathematical literacy (p = 0.000 <
0.05). The independent-sample t-test results for the Pancasila Student Profile indicated an average of 0.703 for the
treatment class and 0.431 for the control class. This suggests that the average Pancasila values of the treatment class
is significantly greater than that of the control class (p = 0.000 < 0.05). These results highlight the effectiveness of
the proposed ethnomathematics learning model integrating visual metaphors, which emphasizes contextual cultural
representation, emotional engagement, and reflective interpretation of mathematical ideas through culturally embedded
symbols and imagery. The model facilitates deeper conceptual understanding, enhances students’ mathematical
literacy, and strengthens internalization of Pancasila values through culturally meaningful and emotionally resonant
learning experiences.

Conclusion. The conclusion of the research indicated a significant enhancement in students' mathematical literacy skills
following the implementation of ethnomathematics learning utilizing visual metaphors. The increase in mathematical
literacy test scores demonstrates the ability to formulate mathematical problems from everyday situations. This
educational innovation positively influences the enhancement of Pancasila students' profiles, particularly in the areas
of critical and creative reasoning. The findings of this study suggest that the ethnomathematics learning model utilizing
visual metaphors should be widely socialized and implemented in elementary schools.
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INTRODUCTION

In alignment with international educational initiatives led by organizations such as UNESCO,
the Council of Europe, and the United Nations International Association (UIA), the development
of mathematical literacy has been recognized as a key component in achieving Education
for Sustainable Development (ESD) and promoting global citizenship education (GCED) [1].
Mathematical literacy serves as a foundational competence enabling individuals to make informed
decisions, solve real-world problems, and participate meaningfully in social and economic life. It
refers to the capacity to comprehend and utilize mathematics across diverse real-life situations [2].
Students equipped with mathematical literacy skills can grasp the connections between pertinent
mathematical concepts and subsequently apply them to address problems [3]. These skills are
essential for students, particularly given the intense competition of the 21st century. Regrettably, the
mathematical literacy skills among students in Indonesia remain quite limited. The ranking from the
Program for International Student Assessment (PISA) in 2022 highlights this low ability, as Indonesia
placed 68th with a math score of 379 [4].

Mathematics is characterized as an abstract discipline that explores the science of numbers and spatial
relationships [5]. Metaphors serve as a means to grasp abstract and intricate phenomena [6] functioning
as a cognitive instrument that facilitates the acquisition of the unfamiliar, aids in the retention of
previously learned information, and enables recall when needed [7]. The application of visual metaphors
has garnered increasing attention in recent years [8; 9]. Metaphors enhance the learning process by
incorporating storytelling, vivid imagery, and imaginative contexts linked to them [10]. The integration of
visualization and metaphor is essential for grasping the process of meaning-making and comprehension
[11]. Visual metaphors have the potential to enhance the process of teaching and learning in
mathematics. The possibility of visualizing this material may foster a new approach to teaching that
challenges the perception of math education as intimidating for students. Employing visual metaphors in
mathematics education can significantly enhance a student's learning experience [12].

The significance of metaphorical thinking facilitates the shift from mathematical understanding
to theoretical frameworks and their practical use in daily life. Numerous educators and learners in
mathematics often encounter challenges when attempting to conceptualize mathematical entities
within practical contexts [13]. These mathematical constructs may not have a physical presence
in reality, yet we can create representations using materials such as soil, metal, wood, plastic, and
others. A circle can be exemplified by a metal ring. Mathematical metaphors present in everyday life
can be effectively chosen and employed to clarify mathematical concepts with ease.

The application of metaphors in mathematics instruction fosters a connection with the concepts
involved by offering explanations that are accessible and comprehensible in a brief timeframe.
Metaphor learning involves the transformation of abstract mathematical concepts into tangible forms
through activities that link these concepts with familiar materials from everyday life [14]. Metaphors
are expressions rich in cultural significance, with the comprehension of a specific metaphor shaped by
cultural knowledge [15]. The mathematical knowledge articulated within the language code of a specific
sociocultural group is referred to as "ethnomathematics" [16]. Mathematics created by experts in the
field can also be viewed as a type of ethnomathematics, as it originates from a specific cultural group.

Ethnomathematics refers to the methods employed by individuals within a specific culture
to navigate and understand quantitative, relational, and spatial dimensions of their existence.
Mathematics emerges as a cultural artifact shaped by diverse activities, where counting,
finding, measuring, designing, playing, and explaining contribute to this cultural construct [17].
Ethnomathematics represents a culturally grounded approach to understanding mathematics [18].
The study of ethnomathematics offers extensive and profound avenues for exploration. This research
examined the ethnomathematics inherent in Javanese culture. This study examines Javanese Culture
through the lens of building architecture, cuisine, and traditional games, utilizing geometric concepts
to analyze both two-dimensional structures, referred to as flat buildings, and three-dimensional
forms, known as spatial buildings. The incorporation of cultural artifacts and tangible materials into
mathematics education facilitates the process of knowledge construction [15]. In Javanese culture,
ethnomathematics manifests through cultural and non-cultural structures, traditional cuisine, and
batik patterns that are connected to mathematical ideas, offering opportunities for integration into
educational practices [19]. Indigenous peoples employ symbolic measuring tools in their everyday
practices, highlighting the significance of ethnomathematics in their lives [20].
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In this context, [21] describe ethnomodelling as the convergence of cultural anthropology,
ethnomathematics, and mathematical modeling (Figure 1). The ethnomodelling process highlights
the connection between mathematical modeling and ethnomathematics, emphasizing the importance
of respecting and valuing the tacit knowledge gained by members of various cultural groups. This
knowledge allows us to access, translate, and evaluate the problem situations encountered daily as
we develop ethnomodels in diverse contexts.

. Ethnomodeling
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l Valuing

and

Validation

Cultural
Antropology

Respecting

Dialogue

Ethnomathematics

Figure 1 Ethnomodelling

Enhancing the application of ethnomathematics in alignment with the cultural diversity of learners
and the integration of mathematics into their everyday experiences [22]. Such an approach aims
to make mathematics more accessible, meaningful, and contextually relevant to students [22]. The
instruction of mathematics via ethnomathematics equips students to thrive in a society that values
cultural dignity, fosters critical thinking regarding social justice, and cultivates an understanding of
their roles and responsibilities in civic engagement [23; 24]. Ethnomathematics in learning activities
should serve as a means to foster solidarity and cooperation among students [25]. Javanese culture
offers noble values that serve as a foundation for universal character education [26]. This study
explores the significance of integrating cultural mathematics into educational practices, aiming to
enhance students' character development in alignment with the Pancasila Student Profile through
innovative visual metaphors.

Prior investigations indicate that the incorporation of ethnomathematical methods [27] in
Mathematics learning holds significant importance as it is thought to enhance students' comprehension
and performance in the subject [28; 29]. Students instructed through an ethnomathematical approach
demonstrate superior performance when compared to those taught using traditional methods [30].
Hautopp explored how humor and visual metaphors can foster engagement and meaning-making in
visual facilitation, emphasizing the emotional and cultural dimensions of visual expression in learning
[31]; Yildiz examined pre-service science teachers’ self-efficacy within the framework of Technological
Pedagogical Content Knowledge (TPACK), demonstrating that visual metaphors strengthen reflective
thinking and conceptual integration in teacher education [32]; Meanwhile, Aidah, Sobarningsih, and
Rahayu investigated metaphorical thinking supported by digital tools, finding that visual metaphors
enhance students’ mathematical understanding and creativity in representing abstract ideas [33].
There is a necessity to enhance innovations in ethnomathematics learning to boost mathematical
literacy and the profiles of Pancasila students [34].
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The uniqueness of this study lies in the innovative approach to mathematics education that
integrates ethnomathematics with visual metaphors. Employing visual metaphors facilitates the shift
from mathematical understanding to theoretical concepts and their practical use in daily life. Cultural-
based learning through ethnomathematics effectively connects mathematics to students' everyday
experiences. The quantitative approach predominates in both methods concerning ethnomathematics
and visual metaphors. This investigation employs an exploratory sequential mixed method to
generate a thorough evidence-based practice. Third, a gap remains in the existing literature that links
ethnomathematics with visual metaphors.

An investigative emphasis on the ways educators and learners conceptualize interactions involving
ethnomathematical resources and visual metaphors as crucial components in enhancing mathematical
literacy and Pancasila student profiles. What is the effectiveness of using visual metaphors in
ethnomathematics learning for enhancing mathematical literacy and the Pancasila values?

RESEARCH METHODS
1. Materials and Methods

The methodology employed was an exploratory sequential mixed-method approach [35]. The
study commenced with a qualitative approach aimed at examining the role of visual metaphors in
conveying the emotions, beliefs, and experiences of educators and learners within the context of
ethnomathematics education. The data collection involved conducting interviews with a group of
10 elementary school teachers in Yogyakarta Province, specifically those who teach mathematics to
Grade 5 students. During the fifth grade, an exploration of flat building materials and space building
materials was conducted, which proved to be highly relevant for ethnomathematics through the use
of visual metaphors. Subsequently, a focus group discussion was conducted with elementary school
teachers in Yogyakarta Province to validate the insights gathered from interviews with experts in
ethnomathematics.

2. Participants and data collection

The findings from qualitative studies informed the development of innovative ethnomathematics
learning approaches utilizing visual metaphors. The development of teaching modules for
ethnomathematics utilizing visual metaphors is currently underway. The teaching module will
be structured in alignment with the Independent Teaching Platform, which includes: 1) General
information (selection of unit type and educational level, phases and classes, subjects, title, general
description, module authors' identity, and cover image); 2) Module objectives (usage design, total
lesson hours allocation, learning mode determination, target student demographics, student count,
facilities and infrastructure, competency prerequisites); 3) Materials, assessments, and references.

Additionally, an experimental method was employed in quantitative research to assess the
effectiveness of ethnomathematics learning utilizing visual metaphors in enhancing mathematical
literacy and Pancasila student profiles. The experimental study employs a True Experimental Design
featuring a Pretest-Posttest Control Group Design. This design involves the random selection of two
groups, followed by a pretest to determine any differences between the experimental group and the
control group.

The subject of the study was a 5th-grade elementary school student in Yogyakarta Province. The
research involved two public schools and two private schools in Yogyakarta Province; each school was
carried out in two study groups that would be randomly selected as the experiment/control group.
The method of gathering data involves utilizing assessment tools and surveys. This tool is utilized
in both the pre-test and post-test phases. The assessment tool is designed to evaluate students'
mathematical literacy, whereas the survey aims to assess the Pancasila values.

3. Research tools

Mathematical literacy encompasses the capacity of students to represent problems, apply
mathematical knowledge to solve them, construct arguments, and interpret and convey solutions
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to real-life mathematical challenges. The assessment tool is employed to evaluate students'
mathematical literacy using the subsequent framework [36].

Table 1 Mathematics Literacy Test Grid

Indicator Question Number
Formulate a situation in a mathematical form or model using appropriate representations 1,2,34,5
Using mathematical concepts, facts, and procedures to solve everyday problems 6,7,8,9,10
Interpreting and communicating the results or solutions of mathematical problems 11,12, 13, 14,15
Make arguments based on mathematical information or Mathematical Problem Solutions 16, 17, 18, 19, 20

The Pancasila values encompass the character traits and competencies that students are
anticipated to develop, grounded in the esteemed values of Pancasila. This study emphasizes the
indicators of critical and creative reasoning within the Pancasila values framework [37].

Table 2 Pancasila Values Questionnaire Grid

Indicator Question Number
Critical reasoning 1,2,34,5
Creative 6,7,8,9,10

4. Data analysis

Prior to its application as a research tool, the test instrument underwent a series of evaluations
including validity testing, reliability testing, difficulty assessment, and differentiation analysis. The
questionnaire instrument underwent testing to confirm its validity and reliability levels. The data
collected from the experimental study was subsequently subjected to statistical analysis. The data
was collected from the pre-test conducted before the learning phase and the final test (post-test)
administered following the completion of the learning process. Once the pre-test and post-test results
are gathered from the scoring outcomes, the average improvement in student learning outcomes
will be determined through the calculation of N-Gain. Additionally, an independent sample t-test was
conducted to assess the average difference between the experimental group and the control group.
The effectiveness of ethnomathematics learning utilizing visual metaphors was assessed in terms of
its impact on enhancing mathematical literacy and Pancasila student profiles through the calculation
of the effectiveness ratio (RE).

STUDY RESULTS

This study commenced with the teaching modules and learning modules, achieved by gathering
insights from resource individuals via Focus Group Discussions (FGD). The Focus Group Discussion
comprised one expert in ethnomathematics, one lecturer in mathematics education, and 10
mathematics teachers from elementary school grade 5. This focus group discussion aims to
investigate the possibilities of utilizing traditional Javanese cuisine as a visual metaphor for teaching
geometry to fifth-grade elementary students. By visualizing familiar foods, the aim is to facilitate
students' comprehension of the abstract concept of geometry.

This focus group discussion aims to identify a range of traditional Javanese dishes that could serve
as visual metaphors for geometry concepts in fifth-grade elementary education. 2) Develop concepts
and strategies to create ethnomathematics teaching modules utilizing visual metaphors from traditional
Javanese cuisine; 3) Gather feedback and recommendations from various stakeholders to enhance the
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teaching module. Participants in the focus group discussion highlighted various traditional Javanese
culinary delights that could serve as visual metaphors for geometry concepts, including Gethuk/
wajik: which elucidates the idea of foundational components. Onde-onde/klepon: elucidates the
concept of spherical shapes. Kue lapis: elucidates the principles of block shapes and layers within the
realm of geometry. Serabi: elucidates the concept of circular shapes and their connection to radius
and diameter. Clorot: elucidates the principles of tubular and conical forms. Tumpeng: elucidates
the principles of cone and truncated cone geometries. Kue putu/lumpia: elucidates the idea of
constructing a tube space.

Participants in the focus group discussion offered various suggestions for creating teaching modules,
such as incorporating numerous engaging and vibrant images of traditional Javanese cuisine. 2)
Provide specific instances of how geometry concepts are utilized in the production and presentation
of traditional Javanese cuisine. 3) Offer students a diverse range of worksheets, including games,
simulations, and straightforward projects that involve crafting food creations using geometric shapes.
4) Employing educational videos, animations, or interactive learning tools centered around traditional
Javanese culinary themes. 5) Incorporate the 4C elements into educational activities.

Students anticipate engaging in teaching modules that are dynamic and incorporate hands-on
activities with food. Educators seek instructional modules that are straightforward to implement
in the classroom, accompanied by comprehensive guides for facilitators, and that encourage
involvement from parents. Educators highlight the significance of precise mathematical concepts,
the relevance of cultural context, and the integration of local wisdom values in instructional modules.
This focus group discussion effectively identified a range of traditional Javanese culinary dishes that
could serve as visual metaphors for geometry concepts in fifth-grade elementary education. The
suggestions provided by the FGD participants to the teaching module development team indicate a
need for additional studies on traditional Javanese culinary practices that have been identified, to
ascertain the most suitable and effective visual metaphor. Teaching modules must be crafted with
careful consideration of the insights and recommendations provided by FGD participants, while also
aligning with the relevant curriculum. It is essential to assess and analyze the teaching modules that
have been created to ascertain their efficacy and practicality before broader application.

Additionally, an experimental method was employed in quantitative research to evaluate the
effectiveness of visual metaphor-based ethnomathematics learning in enhancing mathematical
literacy and Pancasila values. A quantitative study was conducted at SD Negeri Candisari Sleman,
SD Negeri Candirejo Sleman, and SD Negeri Ngringin Sleman, focusing on grade 5 students, as
illustrated in Figure 2. In the meantime, the control class group consists of SD Negeri Jatisawit
and SD Negeri Godean 1. The experimental class group consisted of 12 students from SD Negeri
Candisari Sleman, 30 students from SD Negeri Candirejo Sleman, and 12 students from SD Negeri
Ngringin Sleman. At the same time, the control class group comprised 28 students from SD Negeri
Jatisawi and 26 students from SD Negeri Godean 1. The participants in the treatment group engaged
with the ethnomathematics learning method, which utilized visual metaphors for mathematics
instruction, whereas the control group followed a traditional lecture approach. This study employs the
Problem-Based Learning (PBL) model for ethnomathematics learning through visual metaphors.

The findings from the experimental study yielded mathematical literacy scores and Pancasila
student profiles, as illustrated in Figure 3 below. The analysis of the data revealed that the
mathematical literacy score in the experimental class was 50.83 during the pre-test, which increased
significantly to 84.17 at the post-test. Conversely, the control class exhibited a pre-test math
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literacy score of 50.18, which rose to 65.46 in the post-test. This analysis reveals a distinction in the
enhancement of mathematical literacy between the experimental group and the control group.

85,93
84,17 80,18 s
65,46 64,44
57,59
50,18 I 50,83 I I
Literacy Control Literacy Treatment  Pancasila Control  Pancasila Treatment

W Pre-test m Post-test

Figure 3 Scores in mathematics literacy and profiles of students reflecting Pancasila values

The analysis of the data revealed that the profile score of Pancasila students in the experimental
class was 57.59 during the pre-test, which then saw a significant increase to 85.93 in the post-test.
Conversely, in the control class, the profile score of Pancasila students was recorded at 64.44 during
the pre-test, which rose to 80.18 in the post-test. The findings suggest a disparity in the degree of
enhancement observed between the treatment group and the control group.

Figure 4 Visual Metaphor of Student Work

Figure 4 illustrates the outcomes of the students' work stemming from the learning of
ethnomathematics through visual metaphors. Once the pre-test and post-test results are gathered
from the scoring outcomes, the average improvement in student learning outcomes will be compared
with the N-Gain score calculations. An independent-sample t-test was conducted to analyze the
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N-Gain score from mathematical literacy and Pancasila student profiles. Table 1 below presents the
summary of the analysis conducted using the independent-sample t-test comparing the treatment
group to the control group.

Table 3 Findings from an independent-sample t-test comparing the treatment group
to the control group

Variable Group Average N-Gain t statistic P-value
) ) Experimental Classes 0.689
Mathematical literacy 10.869 0.000
Control Classes 0.294
) Experimental Classes 0.703
Pancasila value 6.296 0.000
Control Classes 0.431

The findings presented in Table 3 indicate that the independent-sample t-test for mathematical
literacy reveals an average score of 0.689 for the experimental class, compared to an average
of 0.294 for the control class. This suggests a significant difference, with the experimental
class demonstrating a notably higher average in mathematical literacy (p = 0.000 < 0.05). The
independent-sample t-test results for the Pancasila Student Profile indicated an average of 0.703 for
the treatment class and 0.431 for the control class. This suggests that the average Pancasila values
of the treatment class is significantly greater than that of the control class (p = 0.000 < 0.05).

DISCUSSION

The incorporation of cultural context into mathematics education through ethnomathematical
learning greatly enhances mathematical literacy. Integrating mathematics within the context of local
culture enhances its relevance and engagement for students [38]. This study aligns with the findings
of [39] which demonstrate that ethnomathematics enhances the accessibility of mathematical
concepts by connecting them to everyday cultural practices. Ethnomathematics learning employs
tangible, real-world examples to enhance the relatability and practicality of mathematics [40].

The implementation of Problem-Based Learning (PBL) within an ethnomathematical framework
enables students to tackle real-world challenges through the use of mathematical concepts. This
approach has demonstrated an enhancement in students' engagement and comprehension of
mathematics [41]. Students will enhance their problem-solving abilities by engaging with culturally
relevant examples and practices [42]. Ethnomathematics enhances cognitive abilities through
context-rich problems that demand logical reasoning and effective problem-solving skills. This study
demonstrates that students exposed to ethnomathematics-based learning materials exhibit a greater
level of mathematical understanding than those instructed through conventional methods, aligning
with the findings of the research [43].

Educators who integrate ethnomathematics into their teaching practices can foster a more just
and culturally attuned educational atmosphere. This method not only alleviates math anxiety but
also cultivates an environment of success and enhanced math literacy [44]. Ethnomathematics
enhances mathematical literacy by connecting mathematics to cultural contexts, making it engaging
and relevant to real-world issues, which in turn boosts student involvement [45]. The approach
of integrating ethnomathematics in education fosters an inclusive atmosphere that honors and
incorporates various cultural backgrounds, potentially resulting in improved educational results [46].

This study has achieved the development of educational resources that integrate
ethnomathematics within problem-based learning contexts. This innovation has demonstrated an
increase in student involvement and achievement in mathematics, aligning with the findings of the
study [47]. Integrating traditional forms of food into geometry lessons through ethnomathematics
fosters innovation. This method proves to be successful in instructing geometry, enhancing
the subject's relatability and engagement for students [48]. The use of visual metaphors in
ethnomathematics within this study enhances mathematical literacy by leveraging cultural context
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and visual representations, thereby making abstract concepts more accessible and engaging
for students. Visual metaphors serve to clarify intricate mathematical concepts by employing
recognizable images and symbols, including conventional food items. This approach enhances
comprehension and memory of mathematical concepts by connecting them to students' prior
knowledge and experiences [49].

The application of visual metaphors aligns with cognitive learning theories like constructivism,
which highlights the significance of context and active engagement in comprehending new
information [40]. Visual metaphors enhance cognitive processing by transforming abstract
concepts into more tangible and visually understandable forms [50]. Visual metaphors facilitate the
visualization and comprehension of abstract concepts, which holds particular significance for students
making the shift from concrete to abstract mathematical thinking [51].

Visual metaphors enhance communication in the classroom by establishing a shared visual
language that educators and learners can utilize to engage in discussions about mathematical
concepts. This common visual language serves to elucidate and strengthen mathematical concepts
[52]. Projects that incorporate trigonometry with elements of local culture, like traditional foods,
have demonstrated effectiveness in enhancing students' understanding of abstract mathematical
concepts [53]. The integration of visual metaphors and cultural elements in mathematics education
enhances student engagement and motivation. This method enhances the learning experience and
maintains student engagement in mathematics. Ethnomathematics and visual metaphors promote
the exploration of various problem-solving strategies, fostering the development of more adaptable
mathematical approaches among students. This approach fosters the enhancement of analytical skills
and the capacity to utilize mathematical principles across diverse situations.

This study demonstrates that ethnomathematics learning, which incorporates local cultural values
into mathematics instruction, significantly enhances students' understanding and appreciation of
Pancasila values. Ethnomathematics education enhances students' understanding of local culture,
which is crucial for developing a sense of national identity and pride. Studying traditional houses
enhances understanding of mathematical concepts while fostering cultural appreciation [54].
Incorporating local wisdom and cultural examples into the curriculum fosters a stronger connection
to national identity among students, aligning with the values of Pancasila. This method has
demonstrated effectiveness in educational institutions that have adopted local wisdom-based learning
processes. [55]. The integration of cultural elements into mathematics enhances student engagement
and acceptance of the subject. Enhanced engagement may result in a more profound comprehension
and assimilation of Pancasila values [54].

Ethnomathematics aligns with character education, a fundamental aspect of Pancasila. Integrating
Pancasila values into the curriculum fosters enhanced nationalism and ethical conduct among
students. This method has demonstrated effectiveness in various disciplines, where Pancasila values
are incorporated to promote national unity and integrity [56]. Employing real-life applications
to impart Pancasila values through ethnomathematics offers significant experiential learning
opportunities for students. Engaging with and applying these values within a community context can
enhance comprehension and dedication to Pancasila [57].

Ethnomathematics entails the comprehension and application of mathematical concepts within
cultural contexts, presenting complexities and challenges in implementation [58]. This complexity
necessitates that educators modify their teaching methods to align with cultural characteristics, a
task that may present challenges. Creating suitable teaching materials that incorporate Pancasila
values and ethnomathematics is crucial. This involves the development of textbooks and lesson
plans that accurately represent the diversity and richness of Indonesian culture [59]. To effectively
integrate ethnomathematics with Pancasila values, it is essential to address challenges including
complexity, curriculum integration, educator preparedness, the balance between modern and
traditional values, and the development of resources for successful implementation.

CONCLUSION

The implementation of ethnomathematics learning utilizing visual metaphors leads to a notable
enhancement in students' mathematical literacy skills. The increase in mathematical literacy test
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scores demonstrates the ability to formulate mathematical problems from everyday situations,
utilize mathematical concepts, facts, procedures, and reasoning to solve problems and interpret and
communicate problem-solving results in an easily understandable manner.

The enhancement of Pancasila values contributes positively to the development of Pancasila
students' profiles, particularly in the areas of critical and creative reasoning. Students are instructed
in critical reasoning to analyze and solve mathematical problems within the framework of local
culture. Students are encouraged to cultivate their creativity in designing solutions and producing
works influenced by local culture.

The application of culturally relevant visual metaphors facilitates students' comprehension of
abstract mathematical concepts. A student-centered learning approach that prioritizes hands-on
activities enhances student motivation and engagement in the educational process. Integrating
local cultural values in mathematics education enhances patriotism and reinforces students'
character development.

The findings of this study suggest that the ethnomathematics learning model utilizing visual
metaphors should be widely socialized and implemented in elementary schools. Educators
must possess the knowledge and skills necessary for the development and implementation of
ethnomathematics learning utilizing visual metaphors. Additional research is required to investigate
the potential of ethnomathematics in mathematics education across different educational levels.

ACKNOWLEDGEMENT

The authors express their gratitude to the Directorate of Research, Technology, and Community
Service (DRTPM), Ministry of Education, Culture, Research, and Technology of the Republic of
Indonesia for providing financial support for this research in 2024 under the Penelitian Fundamental
Reguler (PFR) scheme. The allocated contract numbers for the support are 107/E5/PG.02.00.
PL/2024; 0609.2/LL5-INT/AL.04/2024; 001/DRTPM.PFR/UST/LP2M/K/ VI/2024.

REFERENCES

1. OECD. (2023). Education at a Glance 2023: OECD Indicators - Estados Unidos. OECDiLibrary.

Indriati, M., Turmudi, T., & Dahlan, J. A. (2022). Effectiveness of ethnomathematics-based visual thinking
approach in increasing mathematics literacy and cultural motivation. International Journal of Trends in
Mathematics Education Research, 5(4), 394-402. https://doi.org/10.33122/ijtmer.v5i4.145

3. Samosir, E. (2022). Kemampuan Literasi Matematika: Kaitannya dengan Kemampuan Pemecahan Masalah.

Jurnal Riset Pendidikan Matematika Jakarta, 4(1). https://doi.org/10.21009/jrpmj.v4i1.23026

Kemdikbud. (2023). Pisa 2022 dan Pemulihan Pembelajaran Di Indonesia. Jakarta.

5. Sengul, S., & Katranci, Y. (2012). Metaphors that Prospective Primary School Teachers Possess on the
Concept of ‘Mathematics”.” Procedia - Social and Behavioral Sciences, 46, 1470-1475. https://doi.
org/10.1016/j.sbspro.2012.05.323

6. Birello, M., & Pujola, J. T. (2023). Visual metaphors and metonymies in pre-service teachers’ reflections:
Beliefs and experiences in the learning and teaching of writing. Teaching and Teacher Education, 122.
https://doi.org/10.1016/j.tate.2022.103971

7. Afacan, O. (2011). The Case of metaphors related with ‘science’ and ‘science and technology’ among student
science teachers. e-Journal of New World Sciences Academy, 6(1).

8. Gadirgan, D., Karaduman, G. B., & Sonmez, D. (2021). Visual Analysis Of The Classroom Teacher Candidates
Metaphorical Perceptions Related To The Mathematics Course. European Journal of Education Studies, 8(4),
76-99.

9. Kowalski, G. (2022). Kognitywne modele metafory wizualnej: teoria, metodologia, analizy. LingVaria,
17(1(33)). https://doi.org/10.12797/LV.17.2022.33.05

10. Camps, N. (2020). Exploring the Use of Visual Metaphors in Teaching Business and Management
Subjects. International Journal of Management and Applied Research, 7(3), 340-348. https://doi.
org/10.18646/2056.73.20-024

11. Osgerby, J., Marriott, P., & Gee, M. (2018). Accounting students perceptions of using visual metaphor as
part of personal development planning: an exploratory case study. Accounting Education, 27(6), 570-589.
https://doi.org/10.1080/09639284.2018.1523735

»

’

390



12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Alyahya, D. (2018). When an Instructional Designer Hold the Strings of Puppets: A Qualitative Study of Using
Visual Metaphor in E-Learning Environment. Turkish Online Journal of Educational Technology - TOJET, 17(3).
Hendriana, H., & Rohaeti, E. E. (2017). The Importance of Metaphorical Thinking in the Teaching of
Mathematics. Current Science, 113(11), 2160. https://doi.org/10.18520/cs/v113/i11/2160-2164

Usmadi, Ningsih, N. F., & Ergusni. (2023). Peranan Pembelajaran Dengan Metafora Dalam Meningkatkan
Prestasi Belajar Matematika Siswa. Differential: Journal on Mathematics Education, 1(1), 47-56.

Pradhan, J. B. (2019). Conceptual Metaphor for Teaching and Learning of Prime and Composite Numbers at
Primary Grades. The Eurasia Proceedings of Educational & Social Sciences, 14(1), 78-88.

D’Ambrosio, U. (1985). Ethnomathematics and Its Place in the History and Pedagogy of Mathematics. For the
Learning of Mathematics, 5(February 1985).

D’Ambrosio, U., & Domite, M. D. C. S. (2007). The potentialities of (Ethno) mathematics education: An
interview with Ubiratan d’ambrosio. In Internationalisation and Globalisation in Mathematics and Science
Education. https://doi.org/10.1007/978-1-4020-5908-7_11

Prahmana, R. C. I., & D’Ambrosio, U. (2020). Learning geometry and values from patterns:
Ethnomathematics on the batik patterns of yogyakarta, indonesia. Journal on Mathematics Education, 11(3),
439-456. https://doi.org/10.22342/jme.11.3.12949.439-456

Zaenuri, & Dwidayati, N. (2018). Exploring ethnomathematics in Central Java. Journal of Physics: Conference
Series, 983, 012108. https://doi.org/10.1088/1742-6596/983/1/012108

Umbara, Wahyudin, & Prabawanto, S. (2021). Symbolic measuring: an exploration of ethnomathematics
based on people’s daily communication. Journal of Physics: Conference Series, 1806(1), 012075. https://doi.
org/10.1088/1742-6596/1806/1/012075

Rosa, & Orey, D. C. (2010). Ethnomodeling as a Pedagogical Tool for the Ethnomathematics Program.
Revista Latinoamericana de Etnomatematica, 3(2).

Mairing, J. P., & Nini. (2023). Ethnomathematics Learning Model Based on Motifs of Dayak Ngaju Central
Kalimantan. Mathematics Teaching Research Journal, 15(5), 30-48.

Mania, S., & Alam, S. (2021). Teachers’ Perception toward the Use of Ethnomathematics Approach in
Teaching Math. International Journal of Education in Mathematics, Science and Technology, 9(2), 282-298.
https://doi.org/10.46328/ijemst.1551

Cervantes-Barraza, J. A., & Araujo, A. A. (2023). Design of interactive mathematical tasks that make up the
reasoning and the Ethnomathematics program. Journal on Mathematics Education, 14(3), 469-482. https://
doi.org/10.22342/jme.v14i3.pp469-482

Mairing, J. P., Pancarita, & Aritonang, H. (2024). Ethnomathematical Aspects Of Learning Geometry And
Values Related To The Motifs Used By The Dayak Ngaju Tribe In Central Kalimantan. Malaysian Journal of
Learning and Instruction, 21(1), 103-128. https://doi.org/10.32890/mjli2024.21.1.4

Budiyono, & Feriandi, Y. A. (2017). Menggali Nilai Nilai Kearifan Lokal Budaya Jawa Sebagai Sumber
Pendidikan Karakter. Prosiding Seminar Nasional Bimbingan dan Konseling, 1(1).

Kyeremeh, P., Awuah, F. K., & Dorwu, E. (2023). Integration of Ethnomathematics in Teaching Geometry: A
Systematic Review and Bibliometric Report. Journal of Urban Mathematics Education, 16(2), 68-89.
Sunzuma, G., & Maharaj, A. (2022). Teachers’ views on learner-related variables impeding the integration of
ethnomathematics approaches into the teaching and learning of geometry. International Journal of Inclusive
Education, 26(11). https://doi.org/10.1080/13603116.2020.1808717

Kadirbayeva, R., Pardala, A., Alimkulova, B., Adylbekova, E., Zhetpisbayeva, G., & Jamankarayeva, M.
(2022). Methodology of application of blended learning technology in mathematics education. Cypriot Journal
of Educational Sciences, 17(4), 1385-1397. https://doi.org/10.18844/cjes.v17i4.7159

Kaleli Yilmaz, G., & S6nmez, D. (2022). Determining the Perceptions of Pre-Service Mathematics Teachers
towards Mathematics Education through Visual Metaphors in the Covid-19 Process. Shanlax International
Journal of Education, 10(2), 18-28. https://doi.org/10.34293/education.v10i2.4754

Hautopp, H. (2022). The Lazy Netflix B: An Ethnographic Study on the Use of Humour and Visual Metaphors
in Teaching Graphic Facilitation. Designs for Learning, 14(1), 72-84. https://doi.org/10.16993/dfl.184
Yildiz, Z. (2022). Science Teaching Self-Efficacy Beliefs Of Pre-Service Teachers: Context of Technological
Pedagogical Content Knowledge and Visual Methaphors. Journal of Baltic Science Education, 21(6), 989-
1003. https://doi.org/10.33225/jbse/22.21.989

Aidah, D. H., Sobarningsih, N., & Rahayu, Y. N. (2020). Pemahaman matematis melalui metaphorical
thinking berbantuan aplikasi powtoon. Jurnal Analisa, 6(1), 91-99.

Nuryadi, Fitiradhy, A., Marhaeni, N. H., Nafida Hetty, Purwoko, R. Y., & Rumasoreng, M. I. (2023). The Effects
of Puppet Ethnomathematics Applications as Mathematics Teaching Materials for Character Education-Based.
Pegem Journal of Education and Instruction, 13(2), 153-160.

Creswell, 1., & Creswell, D. (2023). Research Design, Qualitative, Quantitative and Mixed Mthod Approaches.
SAGE Publications, Inc. (Sixth.).

Vitantri, C. A., & Syafrudin, T. (2022). Kemampuan Literasi Matematika Siswa Sekolah Dasar Pada
Pemecahan Masalah Soal Cerita. AKSIOMA: Jurnal Program Studi Pendidikan Matematika, 11(3), 2108-
2120. https://doi.org/10.24127/ajpm.v11i3.5091

Kemdikbudristek. (2022). Dimensi, Elemen, dan Subelemen Profil Pelajar Pancasila Pada Kurikulum Merdeka.
Jakarta.

391



38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

Rizki, N. A., Muhtadin, A., & Fendiyanto, P. (2024). Analysis of mathematics teacher’s comprehension on
ethnomathematics in the context of the Kutai tribe in terms of ethnicity and gender. In AIP Conference
Proceedings (Vol. 3024). https://doi.org/10.1063/5.0204418

Umbara, Prabawanto, S., & Jatisunda, M. G. (2023). Combination of mathematical literacy with
ethnomathematics: how to perspective Sundanese culture. Infinity Journal, 12(2), 393-414. https://doi.
org/10.22460/infinity.v12i2.p393-414

Harding, J. L. (2022). Ethnomathematics affirmed through cognitive mathematics and academic
achievement: Quality mathematics teaching and learning benefits. In Handbook of Cognitive Mathematics
(Vol. 1-2, pp. 221-249). https://doi.org/10.1007/978-3-031-03945-4_5

Nuraini, N., Saragih, S., Ramadhani, R., Batubara, I. H., Idris, K., Azmi, N., ... Rahmadani, E. (2022). Problem
Based Learning in Ethnomathematics Context Toward Students’ Mathematics Literacy on Transformation
Geometry Materials. In AIP Conference Proceedings (Vol. 2659). https://doi.org/10.1063/5.0113414

Rosa, M., & Orey, D. C. (2021). An ethnomathematical perspective of stem education in a glocalized world.
Bolema - Mathematics Education Bulletin, 35(70), 840-876. https://doi.org/10.1590/1980-4415v35n70a14
Widada, W., Herawaty, D., & Lubis, A. N. M. T. (2018). Realistic mathematics learning based on the
ethnomathematics in Bengkulu to improve students’ cognitive level. In Journal of Physics: Conference Series
(Vol. 1088). https://doi.org/10.1088/1742-6596/1088/1/012028

Wildfeuer, S. (2022). Ethnomathematics and cultural identity to promote culturally responsive pedagogical
choices for teachers in early childhood and elementary education. In Handbook of Cognitive Mathematics
(Vol. 1-2, pp. 115-128). https://doi.org/10.1007/978-3-031-03945-4_1

Astuti, E. P, Wijaya, A., & Hanum, F. (2024). Characteristics of junior high school teachers’ beliefs in
developing students’ numeracy skills through ethnomathematics-based numeracy learning. Journal of
Pedagogical Research, 8(1), 244-268. https://doi.org/10.33902/]JPR.202423405

Wulandari, I. G. A. P. A., Payadnya, I. P. A. A., Puspadewi, K. R., & Saelee, S. (2024). The Role of
Ethnomathematics in South-East Asian Learning: A Perspective of Indonesian and Thailand Educators.
Mathematics Teaching-Research Journal, 16(3), 101-119. Retrieved from https://www.scopus.com/inward/
record.uri?eid=2-s2.0-85201211556&partnerID=40&md5=030a69a0c87a7e660313a1a0c80c28b4
Suryawan, I. P. P. (2018). Integrating ethnomathematics into open-ended problem based teaching materials.
In Journal of Physics: Conference Series (Vol. 1040). https://doi.org/10.1088/1742-6596/1040/1/012033
Sunzuma, G., & Maharaj, A. (2020). Exploring Zimbabwean Mathematics Teachers’ Integration of
Ethnomathematics Approaches into the Teaching and Learning of Geometry. Australian Journal of Teacher
Education, 45(7), 77-93. Retrieved from https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85095406620&partnerID=40&md5=8397a043dd9586bc57774be58b6ab0ab

Carter, J. (2020). The Effectiveness of Representations in Mathematics. Croatian Journal of Philosophy,
20(58), 7-18. Retrieved from https://www.scopus.com/inward/record.uri?eid=2-s2.0-85093954903&partner
ID=40&md5=74c4ed50079ec06a6411a84bd67f7200

Chulkina, N. L., & Makashova, V. V. (2024). Visual Metaphors in Pedagogical Discourse. RUDN Journal of
Language Studies, Semiotics and Semantics, 15(1), 211-231. https://doi.org/10.22363/2313-2299-2024-
15-1-211-231

Widada, W., Nugroho, K. U. Z., Sari, W. P., & Pambudi, G. A. (2019). The ability of mathematical
representation through realistic mathematics learning based on ethnomathematics. In Journal of Physics:
Conference Series (Vol. 1318). https://doi.org/10.1088/1742-6596/1318/1/012073

Sterenberg, G. (2008). Investigating teachers’ images of mathematics. Journal of Mathematics Teacher
Education, 11(2), 89-105. https://doi.org/10.1007/s10857-007-9062-8

Husna, N., & Abidin, Z. (2021). Development of student worksheets on ethnomathematics-based
trigonometry through Project-Based Learning models. In Journal of Physics: Conference Series (Vol. 1882).
https://doi.org/10.1088/1742-6596/1882/1/012071

Hidayat, I. S. (2024). Implementation of mathematics learning in the context of the Joglo traditional house
with the help of Geogebra. In AIP Conference Proceedings (Vol. 2622). https://doi.org/10.1063/5.0133811
Fauziah, F. N., Saddhono, K., & Suryanto, E. (2023). Implementation of Local Wisdom-Based Indonesian
Learning to Strengthen Pancasila Student Profiles (P5): Case Studies in Vocational High Schools. Journal of
Curriculum and Teaching, 12(6), 283-297. https://doi.org/10.5430/jct.v12n6p283

Faaza, M., & Rofik. (2022). Integration of Pancasila Values in Islamic Cultural History Subjects: A Content
Analysis. Jurnal Pendidikan Agama Islam, 19(2). https://doi.org/10.14421/jpai.2022.192-07

Kusdarini, E., Sunarso, S., & Arpannudin, I. (2020). The implementation of pancasila education through field
work learning model. Cakrawala Pendidikan, 39(2). https://doi.org/10.21831/cp.v39i2.31412

Payadnya, I. P. A. A., Suwija, I. K., & Wibawa, K. A. (2021). Analysis of Students’ Abilities in Solving
Realistic Mathematics Problems Using “what-If”"-Ethnomathematics Instruments. Mathematics Teaching-
Research Journal, 13(4), 131-149. Retrieved from https://www.scopus.com/inward/record.uri?eid=2-s2.0-
85127194191&partnerID=40&md5=5e638e68e0cfb8c960fa44f04df7aldd

Abdulkarim, A., Komalasari, K., Saripudin, D., Ratmaningsih, N., & Anggraini, D. N. (2020). Development of
a unity in diversity-based pancasila education text book for Indonesian universities. International Journal of
Instruction, 13(1), 371-386. https://doi.org/10.29333/iji.2020.13125a

392



Authors

Pardimin
(Indonesia, Yogyakarta)

Doctor of Philosophy, Chairman, Professor
Universitas Sarjanawiyata Tamansiswa
E-mail pardimin@ustjogja.ac.id
ORCID ID: 0000-0001-9722-0584
Scopus Author ID: 57201428074

Didi Supriadi
(Indonesia, Yogyakarta)
Doctor, Postgraduate, Lecturer
Universitas Sarjanawiyata Tamansiswa
E-mail: didi.supriadi@ustjogja.ac.id
ORCID ID: 0000-0003-4363-2692
Scopus Author ID: 57210840911

Ana Fitrotun Nisa
(Indonesia, Yogyakarta)
Doctor, Postgraduate, Lecturer
Universitas Sarjanawiyata Tamansiswa
E-mail ana.fitrotun@ustjogja.ac.id
ORCID ID: 0000-0002-3912-4962
Scopus Author ID: 57259495100

Authors contribution

Pardimin: Conceptualization, Methodology, Supervision,
Funding acquisition
Didi Supriadi: Software, Validation, Formal analysis,
Investigation, Resources, Data Curation,
Writing - Original Draft
Ana Fitrotun Nisa: Writing - Review & Editing, Visualization,
Project administration

© Pardimin, Didi Supriadi, Ana Fitrotun Nisa, 2026
The authors declared no conflicts of interest

393



