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ABSTRACT

Learning about Least Common Multiple (LCM) and Greatest Common Divisor (GCD) in junior
high school still faces challenges because students often struggle to understand the concepts of
multiples and factors through conventional instruction. Previous studies have developed MUSI
Board media, but its integration with a structured active learning model, such as Index Card
Match, remains limited, particularly at the junior high school level. This study aimed to develop
MUSI Board learning media integrated with the Index Card Match model for LCM and GCD
material that is valid, practical, and effective. This research used the ADDIE development model,
consisting of analysis, design, development, implementation, and evaluation. The subjects were
9 students in a limited trial and 20 students in a large-scale trial at public Junior High School
(SMPN) 17 Malang. Data were collected through expert validation sheets, student response
questionnaires, and learning outcome tests. The results showed that the MUSI Board obtained
validity scores of 96.4% from media experts, 93.75% from material experts, and 90.63% from
practitioners, all categorized as very valid. The practicality scores were 97.57% in the limited trial
and 92.18% in the large-scale trial, both categorized as very practical. The effectiveness score
reached 93.5%, indicating that the media was very effective in supporting student learning
outcomes. These findings imply that the MUSI Board integrated with Index Card Match can be
used as an alternative active learning medium for number material in junior high school.
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INTRODUCTION

Education is a fundamental aspect of life for national development(Aeni & Astuti, 2021).
Through education, humans can discover new things that can be developed and acquired to
face existing challenges in accordance with the times (Maharani et al., 2023). Furthermore,
education is a planned process to create a learning atmosphere and learning process so that
students actively develop their potential (Rahmadani et al., 2025). Education can shape the
future and will not be separated from each subject taken by each student, one of which is
mathematics. Based on this, thorough preparation is required from a student to be able to
understand mathematics (Husnindar & Hayati, 2021). Through learning Mathematics, students
are trained to think logically and analytically (Akkas et al., 2025).
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Mathematics is a crucial component of education, studied at all levels of education
{Formatting Citation}. Mathematics is a discipline that plays a crucial role in developing
logical, analytical, and systematic thinking skills (Taufik et al., 2025). Mathematics plays a
crucial role in the Indonesian curriculum because it supports the development of logical,
analytical, and systematic thinking skills (Khaalishah et al., 2025). Mathematics is a crucial
subject because students' logical and analytical thinking skills are honed through mathematics
learning (Ratnasari et al., 2025). One of the key topics in the independent curriculum for grade
VII mathematics is the LCM (Least Common Multiple) and GCD (Greatest Common Factor).
The independent learning curriculum emphasizes the importance of teachers as educators in
creating a conducive learning environment and focusing on developing student competencies
and characteristics (Pranyata, 2023).

The learning process consists of teachers as educators assisted by tools, media, and
methods for students. The learning tools used by educators to help students understand
concepts and help solve problems are learning media. The education and teaching process in
schools becomes more effective when learning media is implemented (Prayogo et al., 2025).
The teaching and learning process, especially mathematics learning, is a pattern of interaction
that occurs between students and mathematics teachers in the classroom, so it requires a
mathematics learning model with various approaches, strategies, methods, teaching materials,
and learning techniques used in the teaching process.

In the ever-evolving world of education, the application of learning methods and media
that utilize technology is very important (Pratiwi & Sulistyowati, 2024). One effort that can be
made to help students is through the use of learning media that are appropriate to their
characteristics and needs (Aisyah & Anwar, 2026). Learning materials are an important
component in the learning process because they function as a reference for educators and
students in achieving learning objectives (Ratnasari et al., 2025). One of the teaching materials
that educators can use in the learning process is learning media. Learning media is very
important to attract students' attention in the learning process (Neha, et at., 2023). Learning
media is a tool to make it easier for educators to convey material and make it easier for students
to understand the material (Wardani & Setyadi, 2020). In line with research by Hartanti et al.,
2020, learning media is a learning communication tool that can improve the quality of learning.

Media is a communication tool that serves as a source of messages to the target audience,
acting as an intermediary to convey messages or learning information, thus achieving learning
success (Qomariyah et al., 2021). Essentially, media is a specific intermediary, specifically a
communication tool, used to convey information from one source to the recipient. When
learning materials are structured in such a way using engaging media, integrated with
appropriate learning methods, it will engage students in a pleasant learning environment. This
can foster a strong desire in students to continue learning (Yonanda et al., 2021).

Based on the results of the researcher's observations while at SMP Negeri 17 Malang,
specifically class VII G, with a total of 32 students who have completed the LCM and GCD
material. There are 20 students whose scores are still below the KKM, and 12 students whose
scores are complete in solving problems in the LCM and GCD material. Based on this, many
students still do not meet the KKM (Kriteria Ketuntasan Minimal or minimum mastery
criterion) score, which is the minimum passing grade set by an educational institution to
determine student competency in a specific subject. It serves as a benchmark for academic
achievement, where students who fail to reach this threshold are typically required to undergo
remedial programs to ensure they meet the learning objectives. This is because many students
admit to not understanding the material previously at the elementary school level. In addition,
at public Junior High School (SMPN) 17 Malang, especially in class VII G, there are no
mathematics learning media that can help students in the teaching and learning process. Due to
the lack of teaching materials owned by students, it results in a lack of student understanding
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of the material presented by educators. This is supported by research by Tendri (2021) that the
environment, namely learning resources, methods, and environmental support, is one of the
things that can influence student learning outcomes. Furthermore, current mathematics learning
tends to be less flexible, less applicable, and less contextual (Utami et al., 2022). Learning
outcomes are achieved through purposeful and mutually supportive collaboration, while
teachers motivate students, ensure a conducive environment, guide discussions, recognize
efforts, and provide confirmation at the end (Sihombing & Simanjorang, 2025). However, the
mathematics learning process is expected to be effective in producing optimal results (Nur et
al., 2021).

Efforts to overcome the problems that occur at SMPN 17 Malang require learning media
that are interesting, easy to understand, fun, concise, and clear. Based on these problems, the
author wants to develop learning media that can help students during learning. The learning
media that will be developed is the MUSI Board (multifunction) learning media on the LCM
and GCD material. The MUSI Board (multifunction) learning media were developed in
accordance with the LCM and GCD material, presented in the form of learning media, and aim
to facilitate students and make them more active during learning. The MUSI Board
(Multifunction) is one of the learning media used as a medium for learning mathematics. The
function of this MUSI board (multifunction) is to help determine the factors of the greatest
common factor and find out the multiples of the smallest number (Siregar & Hasanah, 2023).

The index card match learning model is a mathematics learning model or game that
involves the use of index cards. This is in line with Andika's research, which argues that card-
based learning games are a suitable medium and can be applied in mathematics learning (Faris
et al., 2024). The appropriate method is to use index cards to create flashcards. Flashcards are
cards that usually contain brief information, such as questions and answers (Muflihah, 2021).
This is supported by the fact that learning with the help of cards can be used to teach
mathematical concepts to children in an interactive and fun way (Pratiwi & Sulistyowati, 2024).
The index card match model is also used in learning to determine student learning outcomes.

Based on previous research, many researchers have tried to develop similar teaching
materials with the aim of making it easier for students to solve problems (Ramdhania et al.,
2022). The results of Ramdhania et al's research prove that the MUSI Board (multifunctional)
learning media is proven to be efficient in making students more enthusiastic and focused in
following the learning of LCM and GCD materials, because they can group with friends in a
smaller scope than before and can absorb the material more focused. The novelty of the
researcher's research with previous research is the existence of an index card match learning
model, which, in previous research, only focused on teaching materials, and the research
subjects were elementary school children who still used the 2013 curriculum. The purpose of
the research to be carried out is to "Produce MUSI Board media (multifunctional) with an index
card match learning model on LCM and GCD materials that are valid, practical, and effective".

Various previous studies have developed MUSI Board learning media for the subject of
LCM and GCD, especially at the elementary school level, using an ADDIE-based development
approach (Ramdhania et al., 2022; Rahmadani, S, 2025; Rintana et al., 2025). However, these
studies generally focused on the effectiveness of the media as a visual aid without
systematically integrating specific cooperative learning models into the design of the media.
Furthermore, most previous studies were conducted at the elementary school level. In contrast,
the cognitive characteristics and learning needs of junior high school students differ
significantly, particularly in the demands of more abstract numerical reasoning in the LCM and
GCD material.

On the other hand, the Index Card Match learning model has been widely used to enhance
learning activities and interactions. However, no research has been found that explicitly
integrates this model into the operational design of the MUSI Board media as a systematic
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learning tool. Thus, there is still a research gap in the integration of concrete media innovations
based on number boards with structured cooperative learning models to improve learning
engagement and learning outcomes for junior high school students. The novelty of this research
lies in: Integrating the MUSI Board media design with the syntax of the Index Card Match
learning model systematically in learning scenarios; Implementation at the junior high school
level in the context of the Independent Curriculum that emphasizes learning activities and
independence; and Product evaluation that assesses not only validity and practicality, but also
effectiveness based on improved learning outcomes through pretests and posttests. Thus, this
research does not simply replicate the development of the MUSI Board media but offers a new
implementation model that combines concrete media and active learning strategies as a unified
pedagogical innovation in the LCM and GCD material at the junior high school level.

METHOD

This research is a type of development research oriented towards product development.
The resulting product is a learning media "MUSI Board (multifunction)" on the LCM and GCD
material. The development model used by the researcher is ADDIE (Analysis, Design,
Development, Implementation, and Evaluation). The development of the MUSI Board
followed the ADDIE model through five operational stages. During the Analysis phase, the
researcher conducted observations and interviews at public Junior High School (SMPN) 17
Malang, identifying that 20 out of 32 students failed to meet the minimum passing grade
(KKM) due to disengagement with LCM and GCD materials. In the Design stage, the
researcher created a blueprint for a multifunctional board using plywood and styrofoam,
featuring numbers 1-100 and integrated with the Index Card Match model. During
Development, the physical product was constructed and validated by material, media, and
learning experts. In the Implementation phase, the media were tested through limited trials in
class VIIF and extensive trials in class VIIG, where students used the board to solve problems
and provided feedback via questionnaires. Finally, the Evaluation stage confirmed the product's
success.

The product specifications to be developed are in the form of a MUSI (multifunction)
board containing the LCM and GCD material for grade VII of junior high school. The
development of the MUSI (Multifunction) board using plywood and styrofoam board attached
with colorful paper in the form of squares with numbers 1 to 100 written on them, which are
used to find solutions to LCM and GCD problems. The types of data used in this study include
qualitative and quantitative data. Qualitative data are in the form of criticism and suggestions
from three validators, namely media expert validators, material experts, and learning experts.
This data was obtained during the product validation process and used as a guideline for making
improvements or revisions to the MUSI (multifunction) Board media product on LCM and
GCD materials. Quantitative data are in the form of assessment scores from validators and
student responses. The data used as a determinant of the quality of the product developed meets
the minimum valid classification based on the table of valid, practical, and effective
categorization criteria.

The data collection method in this study was a questionnaire and test questions. The
questionnaire in this study was used to analyze the feasibility of developing the MUSI Board
(multifunctional) learning media. The assessment in the questionnaire was through a Likert
scale with four categories, namely score (4) Very Good/Strongly Agree (SB/SS), score (3)
Good/Agree (B/S), score (2) Less/Less Agree (K/KS), and score (1) Very Less/Very Less
Agree (SK/SKS). The test questions in this study aimed to measure the level of effectiveness
of using the MUSI Board (multifunctional) in learning based on the process carried out by
students in solving problems. The test questions were in the form of written tests in the form
of LCM and GCD questions. Students will be given two types of tests, namely pretest and
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posttest. The pretest aims to measure student outcomes before using the MUSI Board
(Multifunctional) media. At the same time, the posttest aims to measure student outcomes after
using the MUSI Board (multifunctional) media.

The data were analyzed using qualitative and quantitative descriptive methods aimed at
interpreting the data in depth and presenting the results in numerical form and descriptions that
illustrate the research findings, consisting of feasibility, practicality, and effectiveness analysis.
The data feasibility analysis, obtained from the assessment validation sheet from material
experts, media experts, and learning experts, used the following formula:

p= %me%

Description:

P = Percentage score

2 X = Total score obtained
N = Maximum score

To determine product validity, see Table 1 for the assessment criteria as follows.

Table 1. Product Validation Criteria

Percentage (%) Criteria
80<P <100 Very Valid
60 <P <80 Valid
40<P <60 Quite Valid
20<P <40 Less Valid
P <20 Not Valid

The analysis of the practicality of the media, obtained from the questionnaire responses
of teacher and student users, was analyzed to determine the practicality of the MUSI Board
(multifunction) learning media using the formula calculation:

p = %xloo%

To determine the practicality of the product, you can see the assessment criteria in
Table 2 as follows.

Table 2. Product Practicality Criteria

Percentage (%) Criteria
80<P <100 Very practical
60 <P <80 Practical
40<P <60 Quite practical
20<P <40 Not practical
P <20 Not practical

Analysis of media effectiveness, obtained from student learning outcome tests, was
analyzed to determine the effectiveness of the MUSI Board (multifunction) using the formula
calculation:
jumlah skor yang diperoleh

100
total skor maksimal x

nilai =
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After knowing the student's test score, students will be declared to have completed the
test if they obtain a score of > 75.

The percentage of students who completed the test is calculated using the following
formula:

lai banyak peserta didik yang tuntas dalam tes
nilai =

100
banyak peserta didik yang mengikuti tes

After obtaining the percentage of students who completed the test, to determine the
effectiveness of the product, this can be seen based on the assessment criteria in Table 3 as
follows.

Table 3. Media Effectiveness Criteria

Percentage (%) Criteria
80<P <100 Very Effective
60 <P <80 Effective
40<P<60 Moderately Effective
20<P <40 Less Effective
P<20 Ineffective

RESULT

The development of the MUSI Board (multifunctional) learning media for the LCM and
GCD materials was carried out using the ADDIE (Analysis, Design, Development,
Implementation, and Evaluation) development model according to (Slamet, 2022). The stages
of developing this learning media are described more clearly. The Analysis Stage (Analysis),
which considers two aspects: problem analysis and curriculum analysis. The problem analysis
included observations and unstructured interviews with mathematics class teachers. These
activities indicated that students had difficulty understanding the LCM and GCD materials.
This was due to the pandemic, which had made learning less effective, hindering their
understanding of the materials, and teachers' ineffectiveness in delivering the lessons. The
results of the student needs analysis indicated that students needed engaging and enjoyable
media during the learning process to facilitate their understanding of the LCM and GCD
materials. The curriculum analysis was conducted to determine the curriculum used at public
Junior High School (SMPN) 17 Malang. Based on the curriculum analysis, it was found that
SMPN 17 Malang uses the Merdeka curriculum. Furthermore, this curriculum analysis also
aimed to determine the materials that would be used as guidelines in designing learning media.
Design Stage (Design), the product design stage in the form of a MUSI Board (multifunction)
learning media on the material of LCM and GCD. The MUSI Board (multifunction) learning
media contains the back of the media containing the basic material using plywood, and the
front is made of styrofoam with colored paper attached with written numbers from 1 to 100.
Development stage, the development stage of making the MUSI Board (Multifunction)
learning media at LCM and GCD. The results of the development of the MUSI Board
(Multifunction) learning media design are as follows.
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Figure 1. Front End of Media

Implementation Stage (Implementation), The MUSI Board (multifunction)
learning media was tested in two stages, namely, limited field trials and extensive field
trials. In the field, limited to class VIIF, which was taken by 9 students, and continued
with extensive field trials in class VIIG, as many as 20 students at SMPN 17 Malang.
During the implementation of operating the MUSI Board (multifunction) learning media,
students were asked to complete 1 question for 1 student. The test questions were used to
measure the effectiveness of the learning media. After completing the test questions,
students were asked to assess the learning media by filling out a student response
questionnaire. The questionnaire was used to measure the practicality of the learning
media as follows.

Table 4. Assessment of Student Response Questionnaire in Limited Field Test
No Students Content Practicality Learning Material Average Category

Score
1. EZF 8 8 3 12 96,87%  very
practical
2. FBPP 8 7 3 12 93,75%  very
practical
3. HEN 8 7 4 12 96,87%  very
practical
4. MAS 8 8 4 12 100% very
practical
5. MAIA 8 8 4 12 100% very
practical
6. NRA 8 8 4 12 100% very
practical
7. PAPW 8 8 4 12 100% very
practical
8. RAAS 8 7 3 12 93,75%  very
practical
9. WPT 8 8 3 12 96,87%  very
practical
Average Total 7,57% very
practical
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Table 5. Recapitulation of Student Response Questionnaire in the Extensive Field Test

No Students Conte Practicality Learning Material Average Category
nt Score
1. AYAQ 8 8 3 12 96,87%  very
practical
2. ARM 8 7 3 12 93,75%  very
practical
3. ADH 8 7 4 12 96,87%  very
practical
4. AER 8 8 4 12 100% very
practical
5. DAJ 8 8 4 12 100% very
practical
6. EK 8 8 4 12 100% very
practical
7.  ENID 8 8 4 12 100% very
practical
8. FER 8 7 3 12 93,75%  very
practical
9. FP 8 8 3 12 96,87%  very
practical
10 IS 8 8 4 12 100% very
practical
11. MYPP 8 8 4 12 100% very
practical
12 MRAQ 8 8 3 12 96,87%  very
practical
13 MIR 8 6 4 12 93,75%  very
practical
14 R 8 7 4 12 96,87% very
practical
15 RF 8 7 4 12 96,87%  very
practical
16 SBQ 8 8 3 12 96,87%  very
practical
17 SSAH 8 6 3 12 90,6% very
practical
18 SCDP 8 8 4 12 100% very
practical
19 TPA 8 7 4 12 96,87%  very
practical
20 ZM 8 6 4 12 93,75%  very
practical
Average Total 92,18% very
practical
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Evaluation Stage (Evaluation), the final stage of this development stage, which aims to
evaluate the MUSI Board (multifunction) learning media on the LCM and GCD materials. The
evaluation stage is based on the results of the validation test in the form of comments,
criticisms, and suggestions, as well as the results of the user response questionnaire that have
been obtained from the implementation stage. The evaluation stage aims as a form of
improvement of the developed learning media. Based on the implementation results from 2
different classes, namely the limited trial class and the large-scale trial class, it was found that
the MUSI board (multifunction) media was "very practical" to use during the learning process.

DISCUSSION
Development and Relevance of the MUSI Board to Students’ Needs

The development of concrete instructional media such as the MUSI Board is a direct
response to students’ learning needs, especially in inherently abstract topics, such as Least
Common Multiple (LCM) and Greatest Common Factor (GCF). These mathematical concepts
often present cognitive challenges for learners because they require students to identify
numerical patterns and relationships beyond procedural memorization. Research shows that
concrete instructional media significantly enhance conceptual understanding and student
motivation in mathematics by providing tangible and interactive learning experiences, as
opposed to traditional lecture-based teaching (Rozy et al., 2025). This aligns with experiential
learning frameworks that emphasize learning by doing, where physical manipulatives help
bridge the gap between concrete and abstract cognitive representations. Concrete media serve
as effective scaffolding tools that allow students to visualize factors and multiples directly. For
example, the MUSI Board’s design — such as displaying numbers 1-100 visibly and using
manipulatives — helps students recognize patterns in factors and multiples intuitively. This
visual engagement supports deeper comprehension, thereby reducing misconceptions that arise
when learners only engage with symbolic or text—based explanations (Putri et al., 2025).

Moreover, research on educational board games indicates that board-based learning
activities in mathematics promote higher levels of student engagement and interaction,
ultimately improving mathematical reasoning and problem-solving skills (Anindita & Pratama,
2024). Similarly, studies have found that game-like learning environments and concrete
learning aids contribute to more meaningful and enjoyable mathematics learning experiences,
which can in turn lower math anxiety and increase persistence (Muqoddaroh et al., 2024).

Learning frameworks in the 21st-century curriculum emphasize student-centered
activities that foster critical thinking and active participation. These educational priorities
support the use of manipulatives and interactive media to engage learners meaningfully.
Therefore, the MUSI Board not only addresses existing gaps in students’ understanding of
LCM and GCF but also aligns with modern pedagogical demands for active, student-driven
learning environments.

Validity and Practicality of the MUSI Board in Classroom Implementation

Assessing both validity and practicality is crucial in instructional media development
to ensure that a tool accurately represents learning concepts and can be feasibly used by
teachers and students in real classroom settings. Validity reflects how well the media supports
educational goals and concept accuracy, while practicality evaluates usability during
teaching-and learning activities (Solakhudin et al., 2024).

Research on mathematics learning media frequently uses expert validation and user
responses to gauge these aspects. For instance, studies developing interactive geometry
applications reported strong validity and practicality scores, indicating that the media were
appropriate for student use and aligned with curriculum goals (Solakhudin et al., 2024).
Similarly, Cahyono et al. (2024) found that manipulative media enhanced student engagement
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and understanding of abstract concepts in mathematics, primarily because students could
interact directly with the materials, which helped bridge theory and practice.

Practicality measures often involve questionnaires for students and teachers. Nasution
(2023) reported that domino-card media were not only valid in representing multiplication
concepts but also highly practical, being easy for students to manipulate and apply in
problem-solving tasks. Another development study on ethnomathematics media using
smartphone applications found both validity and high practicality scores, supporting its use in
diverse classrooms (Ananda & Nofriyandi, 2022).

Mobile learning media developed with Smart App Creator also demonstrated strong
validity and practicality, with positive expert ratings and student/teacher usability scores,
reinforcing that technology-enhanced media can be both accurate and easy to implement
(Adiastuty et al., 2024). Furthermore, research on interactive multimedia developed with
Adobe Flash showed that rigorous validation and usability assessments are essential steps in
establishing practicality for classroom use.

Taken together, these studies support that instructional media developed with systematic
design models (like ADDIE), validated by experts, and tested with actual users can achieve
high criteria for both validity and practicality. This evidence underpins the claim that the MUSI
Board is not only pedagogically sound but also feasible to use in varied secondary school
contexts, enhancing the teaching and learning of mathematical concepts.

Effectiveness of the MUSI Board in Improving Students’ LCM and GCF Learning
Outcomes

Evaluating the effectiveness of instructional media is essential to determine whether the
media not only facilitate learning activities but also lead to measurable improvements in student
achievement. In mathematics education research, effectiveness is often gauged through
pre- and post-tests, student performance gains, and statistical analyses showing significant
learning improvements (Karim et al., 2022). This framework supports the interpretation of
findings from the MUSI Board intervention, where students demonstrated significant gains in
understanding Least Common Multiple (LCM) and Greatest Common Factor (GCF) concepts
after engaging with the media.

Numerous studies confirm that concrete manipulatives and interactive learning tools can
significantly improve student mathematics outcomes. For example, research on manipulatives
in number theory instruction showed that students who used manipulatives achieved higher
post-test scores and greater conceptual understanding compared to traditional instruction
groups (Clements & Sarama, 2021). Similarly, a quasi-experimental study by Tyas et al. (
2023) reported that students exposed to concrete learning media in factor and multiple topics
outperformed peers in both conceptual and procedural tasks, suggesting enhanced meaningful
learning.

In the present study, student learning outcomes improved significantly following the
MUSI Board intervention, indicating that the media facilitated deeper conceptual engagement.
This aligns with findings from Nurhayati et al. (2024), who reported that students taught with
media-enriched lessons demonstrated significantly higher achievement scores than the control
group. Likewise, interactive games and board-based learning media have been shown to
improve both accuracy and speed in solving mathematics problems, which reinforces the
effectiveness of engaging manipulatives (Rahmawati & Hidayat, 2023).

Furthermore, research on blended learning environments with interactive visual tools
suggests that such media not only support cognitive gains but also increase metacognitive
awareness, allowing students to self-assess understanding and correct errors (Wijaya et al.,
2022). In sum, these empirical findings support the conclusion that the MUSI Board is an
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effective instructional tool for enhancing student achievement in LCM and GCF topics, as
evidenced by substantial improvements in test scores and learning performance.

Implications, Limitations, and Future Recommendations

The results of this study carry several important implications for mathematics education
practice, theory, and future research. First, the strong validity, practicality, and effectiveness of
the MUSI Board suggest that concrete and interactive media can enhance conceptual
understanding of abstract mathematical topics, such as Least Common Multiple (LCM) and
Greatest Common Factor (GCF). This supports past findings that manipulatives and tactile
tools facilitate deeper cognitive engagement and reduce abstract misunderstanding (Suprapto
& Sulastri, 2024). Furthermore, integrating media with active learning strategies, such as the
Index Card Match technique, aligns with contemporary pedagogical emphases on
student-centered learning, collaboration, and constructivist approaches (Nurdin et al., 2023).

The positive outcomes also imply that mathematics educators should consider media
tools not merely as “visual aids” but as core components of lesson design that shape students’
learning processes and outcomes. Effective media use requires teacher facilitation, classroom
management strategies, and alignment with curriculum goals (Kusumabh et al., 2022). Teachers
who understand the affordances of manipulatives are better positioned to design tasks that
foster student discourse and reasoning.

However, this study has limitations that warrant caution in generalizing the results. The
research was conducted in a single school context with a limited number of participants, which
may restrict external validity. Other demographic factors — such as teacher experience, class
size, and student prior achievement — were not deeply analyzed and may influence media
effectiveness (Rosyidah et al., 2022). Furthermore, the study focused primarily on short-term
outcomes; long-term retention and transfer of learning were not assessed, which remains
critical in mathematics achievement research (Hidayat & Fatimah, 2023).

Future research is recommended to address these limitations by expanding
implementation across different school types, grade levels, and cultural settings. Additionally,
the development of digital or hybrid MUSI Board versions could explore the role of educational
technology in scaling access while maintaining interactivity (Wahyuni et al., 2023).
Longitudinal studies that track learning retention over time would provide richer insights into
the sustained impacts of manipulatives in mathematics education.

CONCLUSION AND SUGGESTIONS

This study concludes that the development of the MUSI Board (Multifunction) learning
media for seventh-grade students has resulted in a valid, practical, and effective learning
medium for teaching the Least Common Multiple (LCM) and Greatest Common Divisor
(GCD). The validation results indicate that the media meets the required criteria in terms of
content, instructional design, and usability. Student responses during both limited and broader
trials also demonstrate that the media is practical and easy to use in the learning process.
Furthermore, the implementation findings indicate that the MUSI Board can effectively support
students’ learning of LCM and GCD concepts. These findings suggest that the multifunctional
design of the MUSI Board can provide students with a concrete and engaging learning
experience while supporting the delivery of mathematical concepts at the junior high school
level.

For further development, future research could adapt the multifunctional design of the
MUSI Board to other mathematical topics, such as prime factorization and integer operations,
to examine its versatility across different learning contexts. Since the current media is a
physical tool, subsequent studies could also explore the development of digital or interactive
versions to complement technology-based learning environments. Further research is
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recommended to examine the sustainability of students’ learning outcomes over a longer period
and to involve students from more diverse backgrounds and educational settings. Such studies
could provide broader evidence regarding the applicability and effectiveness of the MUSI
Board as a mathematics learning medium.

REFERENCES

Adiastuty, N., Muparihah, L., & Riyadi, M. (2024). The effectiveness and validity of
differentiated mathematical learning media based on smart app creator application in
developing students’ thinking creativity. AlphaMath: Journal of Mathematics Education,
11(2), 223-238. https://doi.org/10.30595/alphamath.v11i2.28741

Aeni, K., & Astuti, T. (2021). Pelaksanaan penguatan pendidikan karakter dalam pembelajaran
daring masa pandemi covid-19[Implementation of character education reinforcement in
online learning during the COVID-19 pandemic]. Jurnal Basicedu, 5(6), 5834-5839.
https://doi.org/10.31004/basicedu.v5i6.1790

Aisyah, S., & Anwar, K. (2026). Development of math journey game media based on triple
code model for dyscalculia students. Jurnal Pendidikan Matematika (JPM), 12(1), 24—
34. https://doi.org/https://doi.org/10.33474/jpm.v12i1.24891

Akkas, R. Z., Pasinggi, Y. S., & Hakim, A. (2025). Pengaruh model pembelajaran Realistic
Mathematics Education ( RME ) terhadap hasil belajar matematika siswa kelas V SD
[The effect of the Realistic Mathematics Education (RME) learning model on fifth-grade
elementary students’ mathematics learning outcomes]. Jurnal Pendidikan dan
Pembelajaran Sekolah Dasar, 5(1), 215-225.
https://doi.org/https://ojs.unm.ac.id/jppsd/index

Ananda, W., & Nofriyandi. (2022). Development of ethnomathematics-based mathematics
learning media using InShot applications for plane figures in junior high school. Jurnal
Prinsip Pendidikan Matematika, 6(2), 204-214.
https://doi.org/10.33578/prinsip.v6i2.204

Anindita, D., & Pratama, F. W. (2024). Pengembangan media pembelajaran board game Batula
[Development of the Batula board game as a learning medium]. JIIP-Jurnal IImiah Ilmu
Pendidikan, 7(4), 3760-3765. https://doi.org/10.54371/jiip.v714.4127

Cahyono, B. T., Karoso, S., Sugito, & Baso, R. S. (2024). Implementasi media manipulatif
untuk pemahaman siswa dalam pembelajaran matematika [Implementation of
manipulative media to support students’ understanding in mathematics learning].
Indonesian Journal of Learning and Instructional Innovation, 2(01), 1-12.
https://doi.org/10.20961/ijolii.v2i01.1303

Clements, D. H., & Sarama, J. (2021). Learning and teaching early math: the learning
trajectories approach. Routledge. https://doi.org/10.4324/9781003012751

Faris, A. M., Saputro, D. W., Rubiati, D., Studi, P., & Matematika, P. (2024). Pengembangan
media pembelajaran math card ( kartu matematika ) dalam pembelajaran matematika
materi eksponen [Development of math card learning media in mathematics learning
exponential material]. Jurnal Ilmiah Matematika, Kebumian Dan Angkasa, 4, 172—189.
https://doi.org/10.62383/bilangan.v2i4.176

Hartanti, F. D., Hariyani, S., & Fayeldi, T. (2020). Pengembangan media pembelajaran
matematika sigeru buku pop-up berbasis etnomatematika materi kubus dan balok
[Development of the SIGERU ethnomathematics-based pop-up book as a mathematics
learning medium for cubes and rectangular prisms]. JP2M (Jurnal Pendidikan dan
Pembelajaran Matematika), 6(1), 22—30. https://doi.org/10.29100/jp2m.v6i11.1740

Hidayat, W., & Fatimah, Z. (2023). Effects of problem-based learning strategy on students’
mathematics achievement and retention in secondary school. European Journal of
Educational Research, 12(2), 987-1000. https://doi.org/10.12973/eu-jer.12.2.987

Jurnal Pendidikan Matematika (JPM) is licensed under a
o Creative Commons Attribution 4.0 International License


https://doi.org/10.30595/alphamath.v11i2.28741
https://doi.org/10.31004/basicedu.v5i6.1790
https://doi.org/https:/doi.org/10.33474/jpm.v12i1.24891
https://doi.org/https:/ojs.unm.ac.id/jppsd/index
https://doi.org/10.33578/prinsip.v6i2.204
https://doi.org/10.54371/jiip.v7i4.4127
https://doi.org/10.20961/ijolii.v2i01.1303
https://doi.org/10.4324/9781003012751
https://doi.org/10.62383/bilangan.v2i4.176
https://doi.org/10.29100/jp2m.v6i1.1740
https://doi.org/10.12973/eu-jer.12.2.987

130 FEka Sasmita Sari, Yuniar Ika Putri Pranyata, Trija Fayeldi, Darius Seow

Husnindar, & Hayati, R. (2021). Penerapan model pembelajaran Realistic Mathematics
Education (RME) untuk meningkatkan hasil belajar matematika siswa [Implementation
of the Realistic Mathematics Education (RME) learning model to improve students’
mathematics learning outcomes). Jurnal Pendidikan Matematika Dan Sains, 2(2), 67—
72. https://doi.org/10.51651/arj.v2i2.480

Khaalishah, N., Pratiwi, W. D., Kurniadi, E., & Susanti, E. (2025). Kemampuan pemecahan
masalah siswa menggunakan motion video pada pembelajaran matematika di SMP
[Students’ problem-solving ability using motion video in junior high school mathematics
learning]. Delta-Pi: Jurnal Matematika Dan Pendidikan Matematika, 14(1), 53—65.
https://doi.org/10.33387/dpi.v1411.9588

Kusumah, N., Sulistyowati, R., & Ratnaningsih, P. (2022). Roles of teacher mediation in
manipulative-based mathematics learning. Journal of Mathematics Teacher Education,
25(4), 124-140. https://doi.org/10.1007/s10857-022-09512-4

Maharani, 1., Putri, J. H., & Wasliyah, U. Al. (2023). Relevansi pengembangan media
pembelajaran matematika [The relevance of developing mathematics learning media].
Edusaintek:  Jurnal  Pendidikan, Sains Dan  Teknologi, 10(1), 353-361.
https://doi.org/10.47668/edusaintek.v10i1.719

Marsitin, R., EImantoro, Y., & Susilo, D. A. (2024). Analisis kesalahan siswa pada soal cerita
matematika dalam pembelajaran Missouri Mathematic Project [Analysis of students’
errors in solving mathematical word problems through Missouri Mathematics Project
learning]. RAINSTEK: Jurnal Terapan Sains dan Teknologi, 6(2), 106-114.
https://doi.org/10.21067/jtst.v6i2.10187

Muflihah, A. (2021). Meningkatkan motivasi dan hasil belajar siswa melalui model
pembelajaran index card match pada pelajaran matematika [Improving students’
motivation and learning outcomes through the index card match model in mathematics
lessons]. Jurnal Pendidikan Indonesia, 2(1), 152-160.
https://doi.org/10.36418/japendi.v2i1.86

Mugqoddaroh, F., Misriah, Z., Pangura, A. A., & Fakhriyana, D. (2024). Board game media in
mathematics learning. Journal of Mathematics Education Research, 9(1), 20-32.
https://doi.org/10.15642/jrpm.2024.9.1.20-32

Nasution, N. (2023). Pengembangan media pembelajaran berbentuk kartu domino pada
pembelajaran matematika materi perkalian siswa kelas III sekolah dasar Development of
domino-card learning media for teaching multiplication to third-grade elementary
students]. Al Yazidiy Jurnal Sosial Humaniora Dan Pendidikan, 5(1), 118-123.
https://doi.org/10.55606/ay.v511.294

Neha, La Ili, & Ashari, I. (2023). Pengembangan media pembelajaran interaktif matematika
pada materi bangun ruang [Development of interactive mathematics learning media for
three-dimensional geometry]. Jurnal llmiah Pembelajaran Sekolah Dasar, 5(1), 142—
149. https://doi.org/10.36709/jipsd.v5i2.19

Nur, R., Dinnullah, I., Kanti, S., Ika, Y., & Pranyata, P. (2021). Perbedaan hasil belajar model
pembelajaran problem posing dan question student have pada kelas IX [Differences in
learning outcomes between the problem-posing and question-student-have learning
models in ninth grade]. JP2M (Jurnal Pendidikan dan Pembelajaran Matematika), 7(2),
45-52. https://digilib.unikama.ac.id/index.php?p=show detail&id=35765

Nurdin, E., Ma’arif, S., & Sa’dijah, C. (2023). Active learning media to improve constructivist
based mathematics class. International Journal of Instruction, 16(3), 441-458.
https://doi.org/10.29333/1j1.2023.16324a

Nurhayati, 1., Harun, H. N., & Jalaluddin. (2024). Impact of manipulative learning media on
secondary students’ mathematics achievement. International Journal of Instruction,
17(1), 123-140. https://doi.org/10.29333/iji.2024.1718a

Jurnal Pendidikan Matematika (JPM) is licensed under a
[ Creative Commons Attribution 4.0 International License


https://doi.org/10.51651/arj.v2i2.480
https://doi.org/10.33387/dpi.v14i1.9588
https://doi.org/10.1007/s10857-022-09512-4
https://doi.org/10.47668/edusaintek.v10i1.719
https://doi.org/10.21067/jtst.v6i2.10187
https://doi.org/10.36418/japendi.v2i1.86
https://doi.org/10.15642/jrpm.2024.9.1.20-32
https://doi.org/10.55606/ay.v5i1.294
https://doi.org/10.36709/jipsd.v5i2.19
https://digilib.unikama.ac.id/index.php?p=show_detail&id=35765
https://doi.org/10.29333/iji.2023.16324a
https://doi.org/10.29333/iji.2024.1718a

Development of MUSI board media (multi-functional) with index card match learning model ............ 131

Pranyata, Y. . (2023). Kajian teori kontruktivitas sosial dan scaffolding dalam pembelajaran
matematika [A review of social constructivist theory and scaffolding in mathematics
learning]. Jurnal — Ilmu Pendidikan, 1(2), 280-292. https://jutepe-
joln.net/index.php/JURPERU/article/view/461

Pratiwi, P. D., & Sulistyowati, P. (2024). Peningkatan hasil belajar berbantuan media kartu
bilangan pada materi operasi bilangan cacah kelas IV SDN Ciptomulyo 2 Kota Malang
[Improving learning outcomes using number-card media in whole-number operations
among fourth-grade students at SDN Ciptomulyo 2, Malang]. Seminar Nasional dan
Prosiding PPG Unikama, 1(2), 706-712.
https://conference.unikama.ac.id/artikel/index.php/ppg/article/view/971

Prayogo, G., Kinanti, H. A., Nurmalika, K. P., & Ayu, E. (2025). Pengembangan media
pembelajaran ABBD berbasis Unity pada materi bangun datar kelas V [Development of
Unity-based ABBD learning media for plane geometry in fifth grade]. PYTHAGORAS:
Jurnal Program Studi Pendidikan Matematika, 14(2), 283-294.
https://doi.org/10.33373/pyth.v14i2.7481

Qomariyah, I., Habudin, H., & Mu’awwanah, U. (2021). Pengembangan media COGAN
(congklak bilangan) untuk meningkatkan pemahaman konsep pada materi KPK dan FPB
[Development of COGAN (number congklak) media to improve conceptual
understanding of least common multiples and greatest common factors]. Ibtida’i : Jurnal
Kependidikan Dasar, 8(2), 133—148. https://doi.org/10.32678/ibtidai.v8i2.5221

Rahmadani, S, et al. (2025). Papan MUSI : Media Edukatif Interaktif untuk Meningkatkan
Pemahaman KPK dan FPB Kelas V sekolah dasar. POLINOMIAL: Jurnal Pendidikan
Matematika, 4(3), 395-406. https://doi.org/10.56916/jp.v4i13.1934

Rahmawati, F., & Hidayat, R. (2023). Board game mathematics media and student
achievement. Educational Technology Research and Development, 71(5), 255-272.
https://doi.org/10.1007/s11423-023-10178-9

Ramdhania, S., Nisa’, S., Istigfaroh, N., & Syaria, S. (2022). Peningkatan hasil belajar dalam
pembelajaran matematika materi FPB & KPK melalui media pembelajaran papan musi
pada siswa kelas IV di SDN Damarsih Sidoarjo [Improving mathematics learning
outcomes in greatest common factors and least common multiples using MUSI board
media among fourth-grade students at SDN Damarsih, Sidoarjo]. Jurnal Ilmu Pendidikan
Sekolah Dasar, 9(3), 205. https://doi.org/10.19184/jipsd.v913.32444

Ratnasari, Y., Suastika, I. K., & Sesanti, N. R. (2025). Pengembangan E-LKPD berbasis game
edukasi Wordwall pada materi luas bangun datar siswa kelas V SD [Development of
Wordwall educational game-based electronic worksheets for teaching the area of plane
figures to fifth-grade elementary students]. PYTHAGORAS: Jurnal Program Studi
Pendidikan Matematika, 14(April), 78—89. https://doi.org/10.33373/pyth.v14i1.7471

Rintana, A. A. P., & Mulyawati, I. (2025). Pengembangan Media Interaktif Papan Musi
Menggunakan Model ADDIE terhadap Pemecahan Masalah Matematika Materi KPK
dan FPB Kelas V SD. Jurnal Pendidikan Dan Teknologi Indonesia, 5(9), 2856-2865.
https://doi.org/10.52436/1.jpti.1130

Rosyidah, A., Suyitno, S., & Yuwono, B. (2022). Analysis of learning media implementation
in enhancing mathematics performance. Journal of Educational Media & Technology,
13(1), 18-30. https://doi.org/10.14303/jemt.2022.018

Rozy, S. M., Utanto, Y., Subali, B., & Ellianawati, E. (2025). Analysis of the use of concrete
media in mathematics learning. Edunesia: Scientific Journal of Education, 6(3), 1317—
1325. https://doi.org/10.51276/edu.v613.1317

Sihombing, K. M., & Simanjorang, M. M. (2025). The effect of think pair share cooperative
learning model on students > mathematical communication ability. Jurnal Pendidikan
Matematika (JPM), 11(2), 223-237. https://doi.org/10.33474/jpm.v!1i2.24323

Jurnal Pendidikan Matematika (JPM) is licensed under a
o Creative Commons Attribution 4.0 International License


https://jutepe-joln.net/index.php/JURPERU/article/view/461
https://jutepe-joln.net/index.php/JURPERU/article/view/461
https://conference.unikama.ac.id/artikel/index.php/ppg/article/view/971
https://doi.org/10.33373/pyth.v14i2.7481
https://doi.org/10.32678/ibtidai.v8i2.5221
https://doi.org/10.56916/jp.v4i3.1934
https://doi.org/10.1007/s11423-023-10178-9
https://doi.org/10.19184/jipsd.v9i3.32444
https://doi.org/10.33373/pyth.v14i1.7471
https://doi.org/10.52436/1.jpti.1130
https://doi.org/10.14303/jemt.2022.018
file:///D:/JPM/VOL%2012%20NO%201%202026/COPYEDIT/1325.%20https:/doi.org/10.51276/edu.v6i3.1317
https://doi.org/10.33474/jpm.v!1i2.24323

132 FEka Sasmita Sari, Yuniar Ika Putri Pranyata, Trija Fayeldi, Darius Seow

Siregar, L. F., & Hasanah, H. (2023). Penerapan media pembelajaran matematika papan MUSI
untuk meningkatkan hasil belajar siswa pada materi KPK dan FPB di kelas V SD Negeri
064986 Medan Amplas [Implementation of MUSI board mathematics learning media to
improve fifth-grade students’ learning outcomes in least common multiples and greatest
common factors at SD Negeri 064986 Medan Amplas]. Jurnal Penelitian Pendidikan
Mipa, 7(2), 191-198. https://doi.org/10.32696/jp2mipa.v7i2.1909

Slamet, F. A. (2022). Model Penelitian Pengembangan ( R n D ) [Research and development
(R&D) model]. Institut Agama Islam Sunan Kalijogo Malang Press.

Solakhudin, M. Z., Tasnima, N. N., Adani, N., Anwar, C., Wulandari, E., & Himmah, W. 1.
(2024). The validity and practicality of the Dunia Geometri application as an interactive
mathematics learning medium for students. EduMatSains: Jurnal Pendidikan,
Matematika Dan Sains, 10(3), 1-12. https://doi.org/10.33541/edumatsains.v10i3.7095

Suprapto, B., & Sulastri, E. (2024). Manipulative materials in mathematics: a meta-analysis in
secondary education. Journal of Mathematics and Education, 17(1), 507-521.
https://doi.org/10.1080/19477503.2024.1875629

Taufik, A., Nurhayati, N., & Lestari, A. D. (2025). The development of web-based
differentiated mathematics learning media using the RME approach to enhance students’
s mathematical connections. Jurnal Pendidikan Matematika (JPM), 11(2), 171-190.
https://doi.org/https://doi.org/10.33474/jpm.v11i2.23481

Tendri, M. (2021). Pengaruh media pembelajaran flash card math terhadap hasil belajar
matematika materi himpunan kelas VII [The effect of math flash-card learning media on
seventh-grade students’ mathematics learning outcomes in set theory]. UNION: Jurnal
Ilmiah Pendidikan Matematika, 9(1), 13-21. http://dx.doi.org/10.30738/union.v9i1.6289

Tyas, T. R. M., Sunarti, T., & Mulyani, R. (2023). Effects of concrete mathematics media on
students’ understanding of number theory concepts. Journal of Mathematics Education,
16(4), 473—486. https://doi.org/10.1080/19477503.2023.2175826

Utami, W. B., Aulia, F., Permatasari, D., Taqiyuddin, M., & Widodo, S. A. (2022). Ketupat
Eid tradition of the north coast of Java as an alternative mathematics learning media.
Infinity: Journal of  Mathematics Education, 11(1), 177-192.
https://doi.org/10.22460/infinity.v11il.p177-192

Wahyuni, S., Puspitasari, D., & Hermawan, 1. (2023). Developing digital manipulatives for
mathematics learning: student engagement and outcomes. Education and Information
Technologies, 28(5), 5321-5343. https://doi.org/10.1007/s10639-023-11795-6

Wardani, K. W., & Setyadi, D. (2020). Pengembangan media pembelajaran matematika
berbasis Macromedia Flash materi luas dan keliling untuk meningkatkan motivasi belajar
siswa [Development of Macromedia Flash-based mathematics learning media for area
and perimeter to improve students’ learning motivation]. Scholaria: Jurnal Pendidikan
Dan Kebudayaan, 10(1), 73-84. https://doi.org/10.24246/].j5.2020.v10.11.p73-84

Wijaya, H., Putri, A. R., & Lestari, S. (2022). Interactive visual media in mathematics and
student metacognitive skills. Education and Information Technologies, 27, 8421-8443.
https://doi.org/10.1007/s10639-022-10913-8

Yonanda, D. A., Kurino, Y. D., & Rahmayanti, N. (2021). Penggunaan media papan MUSI
(multifungsi) untuk meningkatkan hasil belajar siswa dalam mata pelajaran matematika
[The use of multifunctional MUSI board media to improve students’ mathematics
learning outcomes]. Prosiding Seminar Nasional Pendidikan, 3(3), 118-122.
https://prosiding.unma.ac.id/index.php/semnasfkip/article/view/571

Jurnal Pendidikan Matematika (JPM) is licensed under a
[ Creative Commons Attribution 4.0 International License


https://doi.org/10.32696/jp2mipa.v7i2.1909
https://doi.org/10.33541/edumatsains.v10i3.7095
https://doi.org/10.1080/19477503.2024.1875629
https://doi.org/https:/doi.org/10.33474/jpm.v11i2.23481
http://dx.doi.org/10.30738/union.v9i1.6289
https://doi.org/10.1080/19477503.2023.2175826
https://doi.org/10.22460/infinity.v11i1.p177-192
https://doi.org/10.1007/s10639-023-11795-6
https://doi.org/10.24246/j.js.2020.v10.i1.p73-84
https://doi.org/10.1007/s10639-022-10913-8
https://prosiding.unma.ac.id/index.php/semnasfkip/article/view/571?utm_source=chatgpt.com


  p =    ∑  x  N x 100 %


  p =    ∑  x  N x 100 %


  n i l a i =   j u m l a h   s k o r   y a n g   d i p e r o l e h     t o t a l   s k o r   m a k s i m a l   . x 100


  n i l a i =   b a n y a k   p e s e r t a   d i d i k   y a n g   t u n t a s   d a l a m   t e s     b a n y a k   p e s e r t a   d i d i k   y a n g   m e n g i k u t i   t e s   . x 100

