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Abstract

This study aims to develop and evaluate the effectiveness of student worksheets (SW) centered
on mathematical literacy, enriched with elements of Maluku’s cultural wisdom through an eth-
nomathematics approach. The integration of local culture into mathematics instruction aims to
enhance students’ understanding ofmathematical conceptswhile cultivating an appreciation for
Maluku’s cultural heritage. The development of the SW followed the 4-D model, which consists
of four stages: definition, design, development, and dissemination. Subsequently, a descriptive
quantitativemethodwas employed to assess the product’s quality, involving fifth-grade students
from SD Cendekia Ambon, Indonesia. The SW was evaluated based on its validity, practicality,
effectiveness, and impact on learning outcomes. Data analysis was performed tomeasure the ef-
fectiveness and improvement in students’ learning achievements using percentage calculations.
The results indicate that ethnomathematics-based SWwas highly effective in improving student
learning outcomes, with notable improvements observed in both conceptual understanding and
mathematical literacy skills. In addition, the SW facilitatedmore contextualized andmeaningful
learning experiences. Thus, this culturally integrated worksheet shows potential as a valuable
tool to enhance the quality of mathematics education at the elementary school level.
Keywords: student worksheets; mathematical literacy; local wisdom ofMaluku culture; Ethno-

mathematics; student learning outcome.
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1 Introduction

This study is grounded in the theoretical framework of ethnomathematics (D’Ambrosio, 1985),
which emphasizes the role of culture in shaping mathematical understanding [44, 8]. The inte-
gration of local wisdom from Maluku into mathematics learning aligns with the principles of
contextual teaching and learning (CTL), where knowledge is located within the lived experiences
of students. Additionally, the development of mathematical literacy aligns with the OECD def-
inition, focusing on students’ ability to formulate, apply, and interpret mathematics in diverse
contexts.

The application of elementary school mathematics learning that is oriented towards students’
daily life problems is an essential aspect for educators to address, particularly from the initial in-
troduction to numeration. Integrating abstract knowledge into real-world objects [54], the student
learning experience [6] is also integrated with local wisdom, motivating students to learn [21].
However, this does not occur in the classroom learning process [58, 45]. The focus of problem solv-
ing in math books is analytical and difficult for students [33]. Therefore, learning that integrates
mathematical literacy with an ethnomathematical approach is crucial to be applied.

Based on the results of the 2022 Program for International Student Assessment (PISA) study
released by the Organization for Economic Cooperation and Development (OECD), one of the
contents of the math ability questions is related to mathematical literacy [50]. The results of the
survey showed that the mathematical ability of Indonesian students related to mathematical lit-
eracy with an average score of 366 from the average score of OECD of 450 was ranked 60 out of
73 countries. This indicates that Indonesian students still have a low level of mathematical liter-
acy [37, 36]. Therefore, teachers also need to improve their understanding of literacy practices to
improve teaching and learning, especially in mathematics [4]. Mathematical literacy is the ability
to solve problems in a context [34] and to understand and use fundamental mathematics in daily
life [38]. The ability to formulate, solve, and understand mathematics in various contexts is an-
other aspect of mathematical literacy [35]. Therefore, mathematical literacy is the ability of pupils
to formulate, solve, and understand mathematics in various contexts, enabling them to address
mathematical problems in everyday life.

Calculating is only one aspect of mathematical literacy; another is thinking mathematically
while also considering the environment in which mathematics is applied [50]. The teacher as-
sessment literacy instrument [20], instructional materials [14], and the creation of mathematical
literacy tools [12] are some strategies to improve mathematical literacy abilities. The creation of
Student Worksheets (SW), which incorporate mathematical literacy based on local wisdom using
an ethno-mathematical approach, is one way in which innovation is required in the creation of
instructional materials. In the context of indigenous Maluku knowledge, this is also true. The
purpose of incorporating mathematical literacy into student worksheets according to Mujahidah
and Suparman [30] is to:

1. Foster a thorough comprehension of mathematical ideas.
2. Improve students’ capacity to use mathematical ideas in practical contexts.
3. Develop their capacity for critical analysis and problem solving.

In addition to cultural elements, local wisdom includes beliefs, practices, and information that
can enhance the educational process [5]. However, the integration of local wisdom into mathe-
matics learning often faces practical obstacles. Teachers generally face the pressure of a dense cur-
riculum, limited resources, and a lack of concrete examples or teaching materials that have been
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systematically developed. In addition, not all teachers feel confident in adapting cultural content
to a mathematical context. It is anticipated that incorporating local knowledge into mathematics
instruction will result in a relevant and contextual learning environment. For instance, geometry
and trigonometry can be taught using theMalukumaritime heritage, which is rich in navigational
expertise. This research is presented as an effort to bridge this gap by providing worksheets that
are not only culturally relevant but also easy to use and proven effective in improving student
understanding. Student Worksheets (SW) that integrate mathematical literacy and are based on
local wisdom can increase the effectiveness of learning. According to Ramdiah et al. [43], utilizing
learningmodels and resources rooted inKalimantan knowledge has a positive impact on students’
learning outcomes, enhancing their cultural literacy and civic engagement [22], and facilitating
their understanding of the fundamentals of mathematics [53].

The integration of local cultural elements into mathematics education, commonly referred to
as ethnomathematics, has been shown to increase students’ interest and deepen their conceptual
understanding [55]. By connecting abstract mathematical concepts to familiar cultural contexts,
students are more likely to perceive mathematics as relevant and meaningful, rather than as a
set of isolated procedures. This enhanced relevance fosters greater engagement and motivation,
which in turn supports improved learning outcomes. In this context, the development of student
worksheets (SWs) that incorporate mathematical literacy within the cultural wisdom of Maluku
represents a pedagogically sound and contextually responsive strategy. In addition, ethnomath-
ematics in Indonesia has been researched by many people, including related to the exploration of
mathematical concepts in local cultural practices by [2, 39], ethnomathematics as an old mosque
building between myth and science [49], ethnomathematics as a learning resource in mathemat-
ics learning by [41, 56], preservation of local culture through ethnomathematical integration by
[46, 48], and the development of ethnomathematics-based learning media by [47, 40]. Further-
more, using the mathematics learning approach categorized in product development and eval-
uation of the quality of learning instruments by [5, 27], the impact of learning interventions on
academic achievement by [42, 23], development of mathematical literacy and thinking skills by
[14, 28], the use of local culture as a context for mathematics learning by [42, 28], and indirect
impact on the formation of values and attitudes by [23, 26].

Based on these ethnomathematical studies, there has not beenmuch research on the implemen-
tation of student worksheets that integrate mathematical literacy based on local wisdom through
an ethnomathematical approach in mathematics learning. More ethnomathematical research is
done separately. Therefore, this study aims to explore the relationship between the implemen-
tation of student worksheets, mathematics learning, mathematical literacy, local wisdom in the
context of Maluku, and ethnomathematics. It aims to test the effectiveness of student worksheets
that integrate mathematical literacy based on local wisdom from Maluku, using an ethnomathe-
matical approach, in improving the quality of learning.

2 Related Works

Mathematics is defined as the ability to applymathematical knowledge and skills in real-world
situations. It extends beyond routine calculations to encompass problem-solving, reasoning, and
critical thinking. Additionally, these student worksheets help bridge the gap between theoreti-
cal mathematics and practical applications, promoting a deeper understanding of mathematical
concepts. Furthermore, Local wisdom functions as a valuable cultural asset that can enrich the
educational process by providing a contextual learning experience.
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Research has shown that incorporating local cultural elements into education, such as tradi-
tional knowledge, customs, and practices, helps students connect their learning to real-life experi-
ences, thereby improving their understanding and retention of knowledge. Including cultural ele-
ments in teachingmaterials can also foster cultural preservation and appreciation among students.
Linking mathematical literacy with ethnomathematics and local wisdom is an effective strategy
to improve the quality of learning. This approach not only enhances students’ understanding
of mathematics but also instills cultural values and critical thinking skills. Thus, implementing
this approach in the curriculum can be one of the strategic steps to create relevant, inclusive, and
meaningful learning experiences.

Related research that connectsmathematical literacy, ethnomathematics, and localwisdomhas
demonstrated numerous positive impacts on improving the quality of learning. Yohanes et al. [57]
emphasized that culture-basedmathematical literacy can facilitatemore contextual learningwhen
students encounter mathematical situations closely related to their daily lives. The integration of
local culture in teaching materials has also been proven effective in building a deeper understand-
ing of students, among themwhich emphasis on the systemic development of teaching tools (les-
son plans, LKS, models) that are empirically tested to improve learning outcomes [13, 43], digital
media is used as a forum for multidimensional integration between academic content, technology,
culture, and character building, to build 21st century skills [22, 31], innovation of media formats
or question forms (story questions) to make mathematics more interesting, relevant, and easy for
students to understand [19, 1], and mathematics is used not only as a discipline, but as a medium
for cultural preservation and character formation [22, 31].

In addition, research conducted byMairing [26] shows that ethnomathematics approaches can
increase students’ interest and involvement in mathematics learning, primarily through activities
that reflect the traditions and lives of local communities. Other research conducted by Eriawandi
et al. [15] and Latif and Talib [22] indicates that ethnomathematics-based learning helps stu-
dents more easily understand the mathematical concepts being taught because they relate them
to known cultural practices.

In the context of creating student worksheets, research by Nasution and Yerizon [32] and Hi-
dayanti et al. [16] found that mathematical literacy-based student worksheets improve students’
problem-solving abilities. This research has implications for the value of practice for students,
which serves as both a learning tool and a way to connect mathematical concepts with the local
cultural context, as evidenced by the findings of studies by Dewi et al. [10, 11], which found that
a local wisdom-based approach can enhance the caliber of student comprehension and learning
outcomes.

While qualitative findings suggest increased student engagement, few offer quantitative data
on improvements in mathematical literacy. Additionally, many focus on general cultural integra-
tion rather than structured development models or measurable learning outcomes. Our study
builds on this foundation by combining:

(a) A validated 4-D development model.
(b) Empirical assessment of validity, practicality, and effectiveness.
(c) Integration of Maluku-specific cultural elements.

This combination allows us to contribute not only to pedagogical innovation but also to policy
discussions on culturally responsive curricula.
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3 Materials and Methods

3.1 Research design

This study uses a descriptive quantitative research method. The student worksheet was devel-
oped based on validated results from a 4-D model, which was validated through research. The
worksheet was implemented over four sessions (60 minutes each):

(a) Two group-based activities with teacher guidance.
(b) Two individual assessments. Students engaged in tasks such as:

• Measurement of geometric patterns in traditional Maluku textiles.
• Calculating distances based on maritime navigation symbols.

Observation revealed strong student participation and enthusiasm, especially during hands-on
cultural tasks.

3.2 Research subjects

The study subjects were fifth-grade students from Ambon’s Elementary School. The purpose
of selecting these youngsterswas to evaluate the efficacy of the studentworksheet, which combines
Maluku cultural wisdom with mathematical literacy. This study examines the potential effects of
student worksheets on mathematical comprehension and learning engagement. Teachers who
use student worksheets in the classroom are also included in the study’s subject matter because
their participation in the use and implementation of these resources is crucial to assessing the
usefulness and efficacy of the instructional materials created.

3.3 Research instruments

Student worksheets, learning outcome exams, student activity observation sheets, question-
naires to gauge students’ responses to the worksheets, and teacher-completed learning manage-
ment observation sheets are among the research tools used in this study. Learning outcome as-
sessments, student activity observation sheets, questionnaires to gauge students’ responses to stu-
dent worksheets, and teacher-completed learningmanagement observation sheets are some of the
research tools utilized in the creation of this student worksheet. The purpose of the learning out-
come test was to assess students’ comprehension of mathematical ideas incorporated intoMaluku
culture. The student activity observation sheet was used to gauge the level of participation of the
students in the worksheet. The students received a questionnaire to determine to what extent they
responded favorably to the student worksheet; at least 50% of students had to answer favorably to
70% of the assessed factors. With the criterion that instructors’ skills must fall into the high cate-
gory for student worksheets to be deemed effective, the learning management observation sheet
is used to evaluate how well teachers utilize student worksheets in the classroom.
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3.4 Data analysis

The data collected in this study were analyzed quantitatively. Quantitative analysis is con-
ducted using descriptive statistics to assess the level of proficiency and understanding among
students. The data analyzed in this study include trial results, data related to learning imple-
mentation, teachers’ ability to manage learning, student activity data, learning outcome data, and
student response data. From the data obtained, two categories of analysis were made:

1. Practicality analysis (data from observation of learning implementation).
2. Effectiveness analysis (data from observations on teachers’ capacity to supervise learning,

student activities, responses, and learning outcomes).

Furthermore, the criteria used to determine that the learning student worksheet has a good level
of implementation are that the minimum value X and Ai are in the category of being carried out
mainly. The following Table 1 are the criteria for the implementation of learning:

Table 1: Learning implementation criteria.

Criteria for the Implementation of
Learning SW

Implementation Level of SW
Learning

M > 2 Fully implemented
1.5 ≤ M ≤ 2 Mostly Implemented
0.5 ≤ M ≤ 1.5 Partially Implemented
0.0 ≤ M ≤ 0.5 Not at all

Source: Adopted from Nurdin’s dissertation (2007)[3].

M = Aito seek the feasibility of every aspect.
M = X to seek the feasibility of the entire aspect.

The analysis’s findings can serve as a foundation for updating the tested student worksheet.
The analysis’s findings can serve as a foundation for updating the tested student worksheet:

(1) Teachers’ ability to manage learning:
The following Table 2 illustrates the criteria for the teacher’s ability to manage learning.

Table 2: Criteria for teacher ability to manage learning.

Criteria for Teachers’
Ability to ML

Teacher’s Ability
Level

KG ≥ 4.5 Very high
3.5 ≤ KG ≤ 4.5 High
2.5 ≤ KG ≤ 3.5 Moderate
1.5 ≤ KG ≤ 2.5 Low

KG < 1.5 Very low
Source: Adopted from Nurdin’s dissertation (2007) [3].
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(2) Student activities:
The ideal percentage of time that should be used in student activities is depicted in Table
3.

Table 3: Ideal time percentage of student activities.

No. Student Activity Category Time (%)
Achieving
ideal

time (%)

Ideal time
tolerance
interval

1. Listen to or pay attention to the
teacher’s explanations, take notes,
and ask questions as necessary.

20 21 16–26

2. Group students and distribute stu-
dent worksheets.

10 11 6–16

3. Working on a student worksheet. 40 42 39–47
4. Discuss or ask questions among fel-

low students about the results of the
student worksheet work during the
presentation by one of the groups.

15 16 11–21

5. Take quizzes. 10 11 6–16
6. Summarizing the subject matter. 10 11 6–16
7. Doing things that are not related to

Teaching and Learning Activities.
0 0 0–5

Source: Adopted from Nurdin’s dissertation (2007) [3].

Response percentage =

(The number of positive responses to each aspect that emerged
Total number of students

)
× 100%.

(3) Learning outcome test using learning objective completeness criteria:
The following Table 4 shows the criteria for completeness of learning objectives that
must be achieved.

Table 4: Ideal time percentage of student activities.

Interval Criterion Intervention

0-40 Have not reached the goal Remedial in all parts
41-65 Not yet complete Remedial where needed
66-85 It has reached completeness No need for remedial
86-100 It has reached completeness Need more enrichment/challenges

Source: Adopted from Nurdin’s dissertation (2007) [3].
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4 Results

4.1 Test results

4.1.1 Analysis of the practicality of student worksheets in learning

Information related to the practicality of Student Worksheets in learning was obtained from
two observers. As part of the observation analysis conducted during the deployment of the learn-
ing StudentWorksheet, the instrument’s reliability is assessed to evaluate the practicality of learn-
ing. Table 5 provides a summary of the findings from the examination of the learning implemen-
tation data:

Table 5: Results of learning implementation analysis.

No.
Observation

Aspect
Percentage

of
Agreements

Category
Average

observation
results

Category

1. Syntax. 0.75 Reliable 3.71 Fully implemented
2. Social interaction 0.67 Reliable 3.30 Fully implemented
3. Reaction principle 0.75 Reliable 3.50 Fully implemented

Average 0.73 Reliable 3.50 Fully implemented

The investigation into the dependability of total learning implementation yielded a reliability
coefficient of R=73%, or 0.73, suggesting that it is dependable. Based on the average observation
findings from two observers, M = 3.50, the full implementation of learning falls into the category
of fully implemented (M > 2).

4.1.2 Analysis of the effectiveness of student worksheet in learning

The effectiveness criteria that must be met for a learning Student Worksheet to be said to be
effective include:

1. Teachers’ ability to manage learning is at a level according to the minimum teacher compe-
tency score (CS) is relatively high.

2. The student’s activity reaches a specific ideal time, provided that the group discussion and
presentation activities which are the main components of cooperative learning meet at least
six of the seven criteria.

3. The student’s favorable reaction to the student worksheet, in which over half of the students
provide a favorable response for at least 70% of the questions.

The following describes the results of the analysis of the effectiveness of the StudentWorksheet
in learning after being piloted:
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(1) Data on teachers’ ability to manage learning:

Data on teachers’ proficiency in overseeing cooperative-based learning, as assessed through
the use of the StudentWorksheet created, were gathered using the observation sheet in-
strument. Table 6 provides an overview of the findings from the examination of teach-
ers’ capacity to manage learning.

Table 6: Results of analysis of teachers’ ability to manage learning.

No. Activity Stages Percentage of
Agreements

Average
observation Category

1. Initial Activities 1.00 3.88 Tall
2. Core Activities 0.80 3.65 Tall
3. Final Activities 1.00 4.00 Tall
4. Classroom Atmosphere 1.00 3.71 Tall

Average 0.95 3.81 Tall

Table 6 show that, according to observers’ findings, all learning activity stages fall into
the high category, with an average score of 3.81.

(2) Student activity data:

Data on student activities during the trial activity, which two observers oversaw, was
gathered using the student activity observation sheet instrument. Every five minutes,
students’ activities are observed by submitting check data on specific tasks listed on
the observation sheet. Table 7 contain comprehensive information on the findings of
observations of students’ learning activities.

Table 7: Results of analysis of ideal time percentage of student activities.

Student Activity
Category

Tolerance
Interval (%)

Percentage of Time (%)

Group 1 Group 2

1 16–26 18.46 18.34
2 6–16 9.52 9.52
3 39–47 36.55 36.91
4 11–21 14.29 14.29
5 6–16 9.52 9.52
6 6–16 9.52 9.52
7 0–5 1.90 1.90

Based on the information in Table 7 above, all seven of the students’ activities were com-
pleted within the recommended time tolerance interval, which indicates the effective-
ness of the cooperative learning process. The average proportion of time students spend
on learning activities, particularly in Activities 3, 4, and 5, which constitute the basis of
cooperative learning and fall within an ideal and beable time frame, shows this infor-
mation.
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(3) Student response data:

Data on student responses to learning and the Student Worksheet were developed and
obtained after participating in cooperative-based learning, using a student response
questionnaire instrument. An overview of the findings from the analysis of the student
response questionnaire is provided in Table 8 below.

Table 8: Results of student response questionnaire analysis.

No. Students’ responses Learning activities Student worksheet

1. Positive 100 99.09
2. Negative 0 0.91

The following are the results of the analysis carried out on the student’s responses in
the table above:
i. Students responded to learning activities after the test, 100(%) answered positively,

while 0(%) gave negative answers.
ii. Students answered the studentworksheet positively or negatively, namely 99.09(%)

of students gave positive responses and 0.91(%) of students gave negative responses.

(4) Learning outcome test (LOT) data:

Following the study, information on learning outcomes was collected using a learning
outcome test instrument with 10 multiple choice questions. The prepared learning out-
come exammust be able to evaluate the student’s proficiency in the subject area follow-
ing the learning process. An overview of the findings from the analysis of the student
learning outcome data is as shown in Table 9.

Table 9: Analysis of student learning outcomes.

No. Category Frequency Presented (%)

1. Complete 22 100
2. Negative 0 0

All of the student learning outcomes are complete, according to the data above. A min-
imum score of 66 is required for the learning objectives to be considered complete.

5 Discussion

According to the findings of expert validation, the student worksheet that incorporates mathe-
matical literacy and localMalukuwisdom is appropriate for usage. This is corroborated by studies
carried out by [13, 19]. Furthermore, the studentworksheetswere tested on teachers and students.

The worksheet, which was shown to significantly improve student learning outcomes, partic-
ularly in conceptual understanding and mathematical literacy, was carried out in grade V at SD
Cendekia Ambon. The evaluation of student learning outcomes, which achieves a 100% success
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rate with a minimum value of 66% completion of learning objectives, serves as proof of this. This
aligns with the opinion [7, 25] that student worksheets can be effectively adjusted based on the
learning patterns and designs applied to each learning material.

Furthermore, more than 50% of students achieved a score above the Learning Objective Com-
pletenessCriteria (LOCC),whichdemonstrates the effectiveness of this studentworksheet in help-
ing students understand the mathematical concepts being taught. In addition, student responses
to the use of these worksheets have been overwhelmingly positive, with most students feeling
more interested and motivated to learn math. And supported by research conducted by [18].

Teachers who employ student worksheets also give them high marks for usefulness. This stu-
dent worksheet is designed to be user-friendly and beneficial for classroommanagement of learn-
ing. When using these student worksheets, teachers also remark that students are more involved
and active in the learning process. This is corroborated by studies by [52, 29]. Integrating the lo-
cal wisdom of Maluku culture into mathematics learning through student worksheets has proven
to be effective in increasing student engagement and learning outcomes. According to [19, 24],
students not only learn mathematics in a context closer to their daily lives, but also gain knowl-
edge and appreciation for their own local culture. This is in line with the theory that contextual
and relevant learning to students’ backgrounds can improve motivation and learning outcomes
[51, 17].

Furthermore, the use of student worksheets based on local culture also helps in preserving
localwisdomamong the younger generation. Through this learning, students not only understand
mathematical concepts but also learn the cultural values contained in various elements of Maluku
culture, such as traditional symbols, geometric patterns in arts and crafts, and traditional games
[9, 59].

The findings of this study support the notion that instructional materials designed with a local
cultural context in mind can enhance learning outcomes. Therefore, the creation of student work-
sheets that incorporate Maluku cultural wisdom and mathematical literacy can serve as a model
for developing instructional materials in other areas with diverse cultural backgrounds.

6 Conclusions

This studydemonstrates that studentworksheets integratingmathematical literacy andMaluku
cultural wisdom through an ethnomathematical approach are effective in improving learning out-
comes. The worksheet was validated and effectively implemented, demonstrating measurable
improvements in student performance. The results have implications for:

(a) Policy: Encouraging curriculum developers to include culturally relevant materials.
(b) Practice: Supporting teachers in creating inclusive, contextualized instruction.
(c) Future research: Exploring long-term impacts and cross-cultural adaptations.

Thiswork offers a replicablemodel for integrating localwisdom into STEMeducation in cultur-
ally diverse regions. While the study’s results demonstrate the effectiveness of LKS in enhancing
students’ mathematical understanding and it is essential to consider several limitations. First, this
research was conducted in a secondary school in the Maluku region, so the cultural context used
was specific to that region. The implementation of this LKS in other areas may require adaptation
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to local customs and traditions. Second, the trial was conducted in a limited time, underscor-
ing the need for further research on the long-term impact on students’ achievement and attitudes
towards mathematics.

The findings of this study are not only relevant to the development of teaching materials in
Maluku but also contribute to the global movement in inclusive mathematics education, such
as ethnomathematics and culturally responsive teaching. By acknowledging and utilizing cul-
tural knowledge as a learning resource, mathematics education can become more democratic and
meaningful. These results also support the Independent Curriculum policy, which encourages
the strengthening of Pancasila students’ profiles through local, context-based learning. Going
forward, cultural integration in STEM subjects requires support from teacher training, resource
provision, and policies that enable curricular flexibility, not just inMaluku but in culturally diverse
regions worldwide.
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