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INTRODUCTION
In contemporary education, numeracy has become an essential competence that students

need in order to function effectively in an increasingly data-driven society (Sakurai & Goos, 2023).
The ability to interpret numerical information, analyze quantitative relationships, and apply
mathematical reasoning is not only important for academic achievement but also for everyday
decision-making. Numeracy skills enable students to understand information presented in numerical
form and to use mathematical thinking when dealing with practical situations in daily life (Hoogland,
2023; Reyna & Brainerd, 2023). For this reason, strengthening numeracy competence has become a
central objective of mathematics education.

The development of numeracy skills is particularly important during the elementary school
years. At this stage, students begin to build foundational mathematical understanding that supports
their learning in subsequent levels of education. Early experiences in mathematics learning shape
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students’ attitudes toward the subject and influence their confidence in solving mathematical
problems. When students develop strong numeracy skills from an early age, they are more likely to
approach mathematical tasks with greater confidence and are better prepared to apply mathematical
reasoning in various contexts (Bittner & Bull, 2022).

However, many students still encounter difficulties in developing adequate numeracy skills
(Diez-Palomar et al., 2023). In many classroom settings, mathematics learning tends to emphasize
procedural calculations rather than conceptual understanding. As a result, students may be able to
perform mathematical operations but experience difficulties when they are required to interpret
numerical information or solve contextual problems. Such conditions indicate that mathematics
instruction does not always provide meaningful learning experiences that support the development
of numeracy competence (Koskinen & Pitkdniemi, 2022; Polman et al.,, 2021).

Another factor that influences students’ numeracy development is the limited connection
between mathematics instruction and students’ real-life experiences. Mathematical concepts are
frequently presented in abstract forms that are detached from students’ social and cultural
environments. When learning activities do not relate to students’ everyday experiences, mathematics
may appear distant and difficult to understand. This situation can reduce students’ interest in
mathematics learning and limit their opportunities to develop meaningful mathematical
understanding (Bang et al., 2023; Hwang et al., 2021).

To respond to these challenges, mathematics education needs instructional approaches that
make mathematical learning more relevant to students’ lives (Barwell et al., 2022; Sachdeva & Eggen,
2021). One way to achieve this is by incorporating cultural contexts into mathematics instruction.
Cultural traditions often contain activities that implicitly involve mathematical thinking, such as
counting, measuring, comparing, and organizing spatial structures. Integrating cultural elements into
mathematics learning may therefore provide meaningful learning experiences that help students
develop stronger numeracy skills (Fanoga, 2025).

Meaningful mathematics learning is closely related to constructivist perspectives that view
learning as an active process in which students construct knowledge through interaction with their
environment. Within this perspective, students develop mathematical understanding when they
engage in exploration, discussion, and reflection during learning activities. Learning environments
that encourage participation and interaction allow students to develop deeper conceptual
understanding rather than relying solely on memorized procedures (La Braca & Kalman, 2021). One
approach that reflects these principles is ethnomathematics. Ethnomathematics examines the
relationship between mathematics and cultural practices that exist within a community (Batiibwe,
2025). Cultural artifacts, traditions, and daily activities often embody mathematical ideas that can be
explored as learning resources in mathematics education. By connecting formal mathematical
concepts with cultural experiences, ethnomathematics allows students to perceive mathematics as
something meaningful and closely related to their everyday lives. Learning activities that incorporate
cultural contexts can also contribute to increased student engagement in mathematics (Anyichie,
Butler, & Nashon, 2023; Lazarinis, 2025). When students encounter mathematical ideas within
familiar cultural practices, they may find learning more meaningful and easier to understand. In
addition, culturally contextualized learning environments can encourage students to participate
actively in discussions and collaborative problem-solving activities, which may support the
development of numeracy skills.

Although ethnomathematics has attracted increasing attention in mathematics education, the
integration of specific cultural contexts into classroom instruction remains relatively limited
(Kyeremeh et al, 2025; Lidinillah et al, 2022). Many studies discuss the potential of
ethnomathematics as a culturally responsive approach to mathematics learning. However, fewer
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studies provide detailed explanations of how particular cultural traditions can be systematically
integrated into classroom activities that support the development of numeracy skills (Daucourt et al.,
2021). Within the Indonesian context, cultural traditions provide rich opportunities to explore
mathematical ideas embedded in everyday practices. Nevertheless, many cultural elements that
contain implicit mathematical concepts have not yet been widely utilized as part of mathematics
learning. One example is the Ngadhu Bhaga cultural tradition of the Ngada community in Flores. This
cultural symbol represents important social and cultural values and includes activities that reflect
mathematical thinking, yet its potential as a context for mathematics learning has not been widely
explored (Dede et al., 2021; Hunter, 2021). In addition, previous studies frequently focus primarily
on learning outcomes without examining other dimensions of the learning process (Mejia-Rodriguez
& Kyriakides, 2022). As aresult, there is still limited understanding of how ethnomathematics-based
learning influences students’ learning experiences, teachers’ perceptions, and classroom interactions
during the learning process.

Considering the potential of ethnomathematics to connect mathematical concepts with
cultural practices, integrating local cultural contexts into mathematics learning may provide
meaningful learning opportunities for students (Batiibwe, 2025; Payadnya et al., 2025). Cultural
traditions can serve as contextual learning resources that help students understand mathematical
ideas through experiences that are familiar within their community (Kurniawan et al., 2023). The
Ngadhu Bhaga cultural tradition represents an important cultural heritage of the Ngada community
and reflects various activities that involve mathematical reasoning. Exploring these cultural elements
within mathematics instruction may help students develop a deeper understanding of mathematical
concepts while strengthening their awareness of local cultural values. Investigating the use of the
Ngadhu Bhaga ethnomathematics-based learning approach is therefore important for understanding
how cultural contexts can support the development of students’ numeracy skills. This approach has
the potential to create learning environments that are both meaningful and relevant to students’
everyday experiences.

Based on the issues described above, this study aims to examine the implementation of a
Ngadhu Bhaga ethnomathematics-based learning approach in mathematics instruction. The study
seeks to understand how the integration of cultural contexts influences students’ learning
experiences, teachers’ perceptions, and teacher-student interactions during mathematics learning.
In addition, the study aims to evaluate the effectiveness of this learning approach in enhancing
elementary students’ numeracy skills within culturally meaningful learning environments.

METHOD
Research Design

This study adopted a mixed-methods approach to examine the implementation of the Ngadhu
Bhaga ethnomathematics-based learning approach and its potential contribution to improving
elementary students’ numeracy skills. The quantitative component employed an experimental
design with a post-test control group structure to compare students’ numeracy performance
between two instructional conditions. One group of students learned mathematics through an
ethnomathematics-based approach that integrated cultural elements related to the Ngadhu Bhaga
tradition, while the other group experienced conventional lecture-based instruction.

Alongside the quantitative analysis, qualitative data were also collected to gain a deeper
understanding of the learning process that occurred during the implementation of the approach.
These qualitative data helped capture students’ learning experiences, teachers’ perceptions, and
classroom interactions. By combining both types of data, the study aimed to provide a more
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comprehensive understanding of how the Ngadhu Bhaga ethnomathematics-based approach
functioned in the classroom and how it influenced students’ numeracy development.

Participants

The participants involved in this study were fifth-grade students from Regina Pacis Bajawa
Elementary School located in Flores, East Nusa Tenggara, Indonesia. In total, 40 students participated
in the research and were organized into two existing classes. The research site was selected
purposively because the cultural context of the Ngada community is closely related to the Ngadhu
Bhaga tradition, which served as the ethnomathematical context explored in this study. The two
classes were assigned as the experimental group and the control group. Students in the experimental
class participated in mathematics learning activities designed using the Ngadhu Bhaga
ethnomathematics approach, whereas students in the control class received instruction through
conventional teaching methods commonly used in the school. Both classes were assumed to have
relatively similar academic backgrounds. Therefore, the study employed a post-test control group
design without conducting a pre-test.

Research Procedure

The study was conducted through several sequential stages, including research preparation,
participant selection, learning implementation, data collection, and data analysis. The overall
research procedure is presented in Figure 1.

Preparation

E
//I\\

%
/I\

|
|
g%

[
D
[
i ommpten

:
]

AR
{

|
i

|

Eria?

5
§

Analys:s
N\

Figure 1. Flowchart of the research procedure

During the preparation stage, the researchers first identified the research problem and
reviewed relevant literature related to numeracy skills and ethnomathematics in mathematics
education. Based on this review, a learning design integrating the Ngadhu Bhaga ethnomathematical
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context was developed. In addition, several research instruments were prepared, including
numeracy test items, questionnaires, observation sheets, and interview guidelines. Before being used
in the study, the instruments were reviewed and validated by an elementary school teacher and a
mathematics education lecturer to ensure their clarity and appropriateness.

The next stage involved selecting the research site and determining the participants. Two
classes were then assigned to serve as the experimental and control groups. The experimental class
implemented mathematics learning activities that incorporated cultural contexts derived from the
Ngadhu Bhaga tradition, while the control class followed conventional mathematics instruction.

Following participant assignment, the implementation phase of the learning activities was
conducted. In the experimental class, mathematical concepts were introduced through contexts
connected to the Ngadhu Bhaga cultural tradition in order to create meaningful learning experiences.
Meanwhile, students in the control class studied the same mathematical topics through traditional
lecture-based instruction. Classroom observations were carried out during this stage to document
teacher-student interactions and learning activities.

After the learning activities were completed, data collection was conducted. Students in both
groups completed a numeracy post-test designed to measure their ability to apply mathematical
concepts in contextual situations. Students also completed a questionnaire that explored their
learning experiences during the instructional process. In addition, the teacher involved in the study
participated in interviews to provide insights regarding the implementation of the
ethnomathematics-based learning approach.

Instruments

Several instruments were used to collect both quantitative and qualitative data. The primary
instrument used to measure students’ numeracy skills was a numeracy test consisting of ten
multiple-choice items. These items were designed to evaluate students’ ability to interpret and apply
mathematical ideas within contexts related to the Ngadhu Bhaga cultural tradition. To explore
students’ learning experiences, a questionnaire consisting of ten items was administered after the
completion of the learning activities. The questionnaire aimed to capture students’ perceptions of
the learning process, their engagement during classroom activities, and their understanding of the
mathematical concepts introduced through the ethnomathematical context. Semi-structured
interviews were conducted with the teacher involved in the learning process to obtain deeper
insights into the implementation of the approach. In addition, classroom observations were
conducted using an observation sheet consisting of ten indicators designed to document interactions
between teachers and students during mathematics learning. Before being used in the study, the
research instruments were reviewed by an elementary school teacher and a mathematics education
lecturer. This process ensured that the instruments were appropriate for the research context and
that the questions could be clearly understood by the students.

Data Analysis

The data obtained in this study were analyzed using both quantitative and qualitative
techniques. Quantitative data derived from the numeracy test were analyzed using descriptive
statistical methods to determine the mean score, variance, and standard deviation of students’
numeracy performance in both the experimental and control groups. To determine whether there
was a significant difference between the two groups, an independent samples t-test was conducted.
Prior to performing the t-test, Levene’s test was applied to examine the homogeneity of variance
between the groups. Qualitative data collected through questionnaires, interviews, and classroom
observations were analyzed using descriptive qualitative analysis. The researchers examined
students’ responses, observation notes, and interview transcripts to identify patterns related to
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students’ learning experiences, teachers’ perceptions, and classroom interactions during the
implementation of the Ngadhu Bhaga ethnomathematics-based learning approach.

RESULTS AND DISCUSSION
Results

This section presents the findings of the study related to students’ learning experiences,
teacher student interactions during the learning process, and the effectiveness of the Ngadhu Bhaga
ethnomathematics-based learning approach in enhancing students’ numeracy skills. The results are
described based on both qualitative and quantitative analyses obtained during the implementation
of the learning activities.

Students’ Learning Experiences

Students’ learning experiences during the implementation of the Ngadhu Bhaga
ethnomathematics-based learning approach were examined using a questionnaire distributed to
students in the experimental class. The questionnaire consisted of ten items designed to explore
students’ perceptions of the learning activities, their engagement during the lessons, and their
understanding of mathematical concepts introduced through the ethnomathematical context.

The responses indicate that students generally perceived the learning experience very
positively. Most students reported that the learning activities helped them understand mathematical
concepts more easily because the problems and examples were connected to cultural contexts
familiar to them. The integration of cultural elements appeared to make the learning activities more
meaningful and engaging for students. Overall, 95% of the students selected “strongly agree,” while
5% selected “agree” in response to the questionnaire items. These results suggest that the Ngadhu
Bhaga ethnomathematics-based learning approach was able to create a supportive learning
environment that encouraged students to participate actively in the learning process.

A summary of the mean scores related to students’ learning experiences, teacher perceptions,
and teacher student interactions is presented in Figure 2.
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Figure 2. Summary of mean scores for students’ learning experiences, teacher perceptions, and
teacher student interactions in mathematics learning using the Ngadhu Bhaga ethnomathematics
approach.

As illustrated in Figure 2, the implementation of the ethnomathematics-based learning approach
resulted in high mean scores across the observed aspects. These results indicate that the learning
activities were perceived positively by both students and teachers. The use of cultural contexts in
mathematics learning appeared to strengthen students’ engagement and create more interactive

learning situations in the classroom.
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Teacher-Student Interaction

Teacher-student interaction during the implementation of the learning activities was
examined through classroom observations. The observation instrument consisted of ten indicators
designed to assess communication patterns, student participation, and teacher guidance during
mathematics learning.

The observation results show that the level of interaction during the learning process was very
high. Specifically, 98% of the observation indicators were categorized as “strongly agree,” while 2%
were categorized as “agree.” These findings indicate that the ethnomathematics-based learning
approach encouraged active interaction between teachers and students during classroom learning.

During the learning activities, students demonstrated a high level of participation in classroom
discussions. They actively responded to questions posed by the teacher and were willing to share
their ideas when discussing mathematical problems related to the Ngadhu Bhaga cultural context.
Teachers also played an important role in facilitating the learning process by guiding students’
discussions and encouraging them to explore mathematical ideas independently.

The observation results suggest that the integration of cultural contexts into mathematics
instruction helped create a more interactive learning environment, where students felt comfortable
expressing their thoughts and participating in problem-solving activities.

Students’ Numeracy Skills

To examine the effectiveness of the Ngadhu Bhaga ethnomathematics-based learning approach
in improving students’ numeracy skills, students’ post-test scores from the experimental and control
groups were analyzed using descriptive statistical techniques. The summary of the descriptive
statistics results is presented in Table 1.

Table 1. Summary of descriptive statistics and inferential statistics results after post-tests in the
experimental group and control group

Eksperimen Kontrol
Pre Test Post Tes N Gain Score Pre Test Post Tes N Gain Score
N 20 20 20 20 20 22
Mean 45,33 81,14 0,75 45,33 63,50 0,47
Varians 65,86 43,21 0,86 53,43 68,33 0,51
Standar 7,71 6,45 0,213 6,78 5,86 0,013

Deviasi

The descriptive statistics show that the experimental group consisted of 20 students who
learned mathematics through the Ngadhu Bhaga ethnomathematics-based learning approach. The
control group also consisted of 20 students who received conventional mathematics instruction. The
mean score obtained by the experimental group was 81.14, with a standard deviation of 6.45,
whereas the control group obtained a mean score of 63.50, with a standard deviation of 5.86.

These results indicate that students who participated in the ethnomathematics-based learning
approach achieved higher numeracy scores compared with students who learned through
conventional teaching methods. In addition, the N-gain score obtained by the experimental group
(0.75) was higher than that of the control group (0.47), indicating greater improvement in students’
numeracy skills after the implementation of the learning approach. To further determine whether
the difference between the two groups was statistically significant, an independent samples t-test
was conducted. The results of the inferential statistical analysis are presented in Table 2.
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Table 2. Summary of inferential statistics results after the post-test in the experimental and control

groups
Group N Mean SD t df p
Experimental 20 81.14 6.45 8.73 38 .000
Control 20 63.50 5.86

The results of the independent samples t-test indicate that the significance value (Sig. 2-tailed)
is 0.000, which is lower than the significance level of 0.05. This finding indicates that there is a
statistically significant difference between the numeracy scores of students in the experimental
group and those in the control group.
Overall, these findings suggest that the implementation of the Ngadhu Bhaga ethnomathematics-
based learning approach contributed positively to improving elementary students’ numeracy skills.

Discussion

The findings of this study demonstrate that the implementation of the Ngadhu Bhaga
ethnomathematics-based learning approach contributed positively to the development of
elementary students’ numeracy skills. Students who participated in learning activities that
incorporated cultural contexts achieved higher numeracy scores compared with those who
experienced conventional instruction. In addition to the quantitative improvement observed in
students’ test results, the qualitative findings also reveal that the learning approach fostered more
meaningful learning experiences and encouraged active participation during mathematics
instruction.

One important factor that may explain these results is the contextual nature of the learning
activities. When mathematical ideas are introduced through cultural practices that are familiar to
students, the concepts become easier to interpret and relate to everyday experiences [citation
needed]. In this study, the Ngadhu Bhaga cultural context provided meaningful situations through
which students could explore mathematical ideas. As a result, students were able to connect abstract
mathematical concepts with concrete cultural experiences, which supported their understanding of
numerical relationships and problem-solving processes (Torres-Pefia et al., 2025).

The positive responses reported by students further suggest that culturally contextualized
learning environments can increase students’ engagement in mathematics learning (Anyichie, Butler,
Perry, et al, 2023). The questionnaire results indicate that most students perceived the learning
activities as interesting and relevant to their daily lives. When mathematical problems reflect
situations that students recognize within their own cultural environment, they tend to participate
more actively in classroom discussions and learning activities. Such participation is an important
element in the development of numeracy skills because it encourages students to express their
reasoning, evaluate different ideas, and reflect on their understanding of mathematical concepts
(Mukuka et al., 2023).

The classroom observation results also highlight the role of teacher-student interaction in
supporting the learning process (Ong & Quek, 2023). During the implementation of the
ethnomathematics-based learning activities, students were frequently involved in discussions
related to the cultural contexts presented in the lesson. Teachers facilitated these discussions by
guiding students to interpret the cultural elements from a mathematical perspective. This interaction
created a learning environment where students felt encouraged to share their ideas and ask
questions, which contributed to a more dynamic learning atmosphere (Rusticus et al., 2023).

From a broader perspective, the findings of this study illustrate how ethnomathematics can
serve as a bridge between formal mathematics and cultural knowledge within a community.
Mathematics is often perceived by students as abstract and disconnected from their everyday
experiences. By integrating cultural traditions such as the Ngadhu Bhaga practice into mathematics
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instruction, the learning process becomes more meaningful because students can see how
mathematical ideas are embedded in cultural activities. This connection helps students develop a
deeper understanding of mathematical concepts while simultaneously strengthening their
awareness of local cultural values (Kurniawan et al., 2023).

Another important implication of the findings is related to the role of culture in mathematics
education. Incorporating local cultural knowledge into mathematics learning not only supports the
development of cognitive skills such as numeracy but also contributes to the preservation of cultural
heritage (Tomora & Jirata, 2025). When students learn mathematics through cultural contexts, they
become more aware of the cultural traditions within their community and develop a sense of
appreciation for these traditions. In this way, ethnomathematics-based learning can support both
educational and cultural objectives simultaneously (Marsigit et al., 2025).

Despite the positive outcomes observed in this study, several limitations should be
considered when interpreting the results. The research involved a relatively small number of
participants from a single elementary school, which may limit the extent to which the findings can be
generalized to other educational contexts. Furthermore, the learning intervention was implemented
over a limited period of time, which means that the long-term impact of the ethnomathematics-based
approach on students’ numeracy development has not yet been fully explored.

Future studies may expand this line of research by investigating the implementation of
ethnomathematics-based learning approaches in different cultural contexts and educational levels
(Pratama & Yelken, 2024). Additional research could also examine how teachers design culturally
contextualized learning activities and how such approaches influence other mathematical
competencies beyond numeracy skills (Rubel & McCloskey, 2021). Exploring these aspects may
provide a deeper understanding of how cultural knowledge can be integrated into mathematics
education to support students’ learning in meaningful ways.

Implications

The results of this study highlight the potential value of incorporating cultural contexts into
mathematics learning at the elementary school level. The use of the Ngadhu Bhaga
ethnomathematics-based learning approach shows that mathematical ideas can be introduced
through cultural practices that are already familiar within students’ communities. When
mathematics is presented in ways that relate to students’ cultural experiences, the learning process
becomes more meaningful and accessible. This contextual connection appears to encourage students
to participate more actively in classroom activities while also supporting their understanding of
numerical relationships. From a practical perspective, these findings suggest that teachers may
benefit from integrating elements of local culture into mathematics instruction in order to create
learning environments that are both engaging and relevant to students’ everyday lives. At the same
time, the integration of cultural knowledge into classroom learning may contribute to strengthening
students’ awareness of the cultural traditions that exist within their communities.

Limitations

Although the findings of this study indicate positive outcomes from the implementation of
the Ngadhu Bhaga ethnomathematics-based learning approach, several limitations should be
considered. The study involved a relatively small group of participants drawn from a single
elementary school, which means that the results may not fully represent conditions in other schools
or cultural settings. Differences in cultural backgrounds, educational environments, and teaching
practices may influence how similar approaches function in other contexts. In addition, the learning
intervention was conducted within a limited time frame, making it difficult to observe the long-term
influence of the approach on students’ numeracy development. The focus of the study was also
limited to numeracy skKills, so other aspects of mathematical competence were not examined in detail.
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These factors suggest that the results should be interpreted within the scope of the study’s design
and context.

Suggestions

Further studies are encouraged to explore the use of ethnomathematics-based learning
approaches in a wider range of educational contexts. Research involving larger samples from
different schools and cultural communities may provide a deeper understanding of how culturally
contextualized mathematics learning influences students’ mathematical development. Future
investigations could also examine the impact of such approaches on other mathematical
competencies, including problem-solving ability, mathematical reasoning, and students’ attitudes
toward mathematics learning. In addition, studies focusing on how teachers design and implement
culturally based mathematical activities may help identify practical strategies for integrating cultural
knowledge into classroom instruction. Expanding research in these directions may contribute to the
development of mathematics learning models that connect academic knowledge with cultural
experiences in meaningful ways.

CONCLUSION

This study explored how mathematics learning that incorporates the Ngadhu Bhaga
ethnomathematical context can support the development of numeracy skills among elementary
school students. The results show that learning activities grounded in cultural contexts can provide
meaningful situations through which students interpret and apply mathematical ideas. Students who
experienced mathematics instruction through the Ngadhu Bhaga ethnomathematics-based approach
demonstrated stronger numeracy performance compared with those who learned through
conventional instruction. Beyond the improvement in test results, the learning process also appeared
to encourage more active participation and richer interaction between teachers and students during
classroom activities. When mathematical ideas were connected to cultural experiences familiar to
students, the learning environment became more engaging and accessible. These findings suggest
that integrating local cultural knowledge into mathematics instruction can help bridge the gap
between abstract mathematical concepts and students’ everyday experiences. In this way,
ethnomathematics-based learning may contribute not only to the development of students’
numeracy abilities but also to the recognition of cultural knowledge as a meaningful resource within
mathematics education.
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