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This study aims to improve students' mathematical communication skills. One way to
improve students' mathematical communication skills is to develop Islamic-themed
Android-based e-comic learning media. E-comics are designed to summarise material
and present it in an interesting way. Therefore, this study was conducted by developing
an interactive e-comic product that can improve students' mathematical communication
skills. This study is a research and development study aimed at describing the validity,
practicality, and effectiveness of the Islamic-themed e-comic product. The development
model used is ADDIE, which consists of the following stages: analyse, design,
development, implementation, and evaluation. The research subjects were 32 students
in class VIII of SMPN 1 Rambipuji, along with 2 learning media experts and 2 subject
matter experts as validators. The object of this study is the Pythagoras learning media
using Islamic-themed e-comics. Questionnaires and surveys were used as tools to collect
data. The validation score for the interactive e-comics had an average of 93%, falling
into the highly valid category. The practicality of the interactive e-comics had an average
of 92.5%, falling into the highly practical category. The effectiveness of the interactive
e-comic had a fairly large N-gain score of 0.60, falling into the moderate category. Based
on the research results obtained, it was concluded that the Islamic-themed e-comic was
highly wvalid, highly practical, and effective in improving students' mathematical
abilities.
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INTRODUCTION

Indonesia once again participated in the Trends in International Mathematics and Science Study
(TIMSS) with 50 participating countries as members. Indonesia ranked 45th with a score of 397
points. Based on the results of the 2015 TIMSS survey, Indonesia's percentage of mathematical
communication skills is still below international standards. According to the TIMSS research
results, students' mathematical communication skills are still low, which is reinforced by the
reality in schools (Darmawan & Ramlah, 2021). This is in line with the results of research
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conducted by Rezi that the average KKM of students is below the qualification in
communicating mathematical ideas, including in the very low category (Rezi Ariawan, 2017).
The results of research conducted by Hakim show that students' mathematical communication
skills scored 66.32% of the ideal score, placing them in the low category (Hakim et al., 2024).
Data obtained by the researcher from observations at one public junior high school indicate that
the lowest mathematical score was 12.5, the highest was 92, and the average was 59.04. The
results of a questionnaire from 32 students about difficulties in learning communication
mathematics showed that two students were unable to explain mathematical ideas, situations,
and relationships verbally and in writing using real objects, pictures, graphs, and algebra; five
students were unable to express everyday events in mathematical language or symbols; five
students were unable to listen, discuss, and write about mathematics, seven students were
unable to read and understand a written mathematical presentation, five students were unable
to make conjectures, construct arguments, formulate definitions and generalisations, and eight
students were unable to explain and ask questions about the mathematics they had learned.
Based on the results of direct interviews with 32 students, 26 students said that no media was
used, resulting in students having difficulty understanding the material and being less
communicative in the learning process.

Based on the above data, these issues contradict the objectives of mathematics education. One
of the objectives of mathematics education is to help students develop the ability to
communicate ideas using symbols, tables, diagrams, or other media to clarify situations or
problems, as well as to present a situation in mathematical symbols or models (mathematical
communication and representation). The objectives of mathematics learning include developing
mathematical communication, using mathematics as a tool for communication, the ability to
make connections between mathematical ideas, between mathematical ideas and other
intellectual activities, and the ability to make connections between mathematical ideas and other
intellectual activities (Qohar & Sumarmo, 2013). Mathematical communication is the ability
to express mathematical ideas clearly to peers, teachers, and others through spoken and written
language (Annisa et al., 2025). mathematical communication are an important component in
learning mathematics because they are a tool for exchanging ideas and clarifying mathematical
understanding (Veni Aprilia Dwi Astuti & Yuliani, 2024).

Given the importance of mathematics, particularly in the process of mathematical
communication in life, educators must possess good social interaction skills. According to
NCTM, mathematical communication skills include students' ability to: 1) Connect real objects,
images, and diagrams to mathematical ideas; 2) Explain mathematical ideas, situations, and
relationships orally and in writing using real objects, images, graphs, and algebra; 3) Expressing
everyday events in mathematical language or symbols; 4) Listening, discussing, and writing
about mathematics; 5) Reading with understanding a written mathematical presentation; 6)
Making conjectures, constructing arguments, formulating definitions and generalisations; 7)
Explaining and asking questions about the mathematics being studied (National Council of
Teachers of Mathematics, 2000). According to Baroody in Lim there are at least two important
reasons why communication in mathematics learning needs to be a focus of attention, namely
(1) mathematics as language; mathematics is not only a tool to aid thinking, a tool for finding
patterns, or solving problems, but mathematics is also ‘an invaluable tool for communicating a
variety of ideas clearly, precisely, and succinctly,” and (2) mathematics learning as a social
activity; as a social activity, in mathematics learning, interactions among students, as well as
teacher-student communication, are important components for nurturing children’s
mathematical potential (Lim & Chew, 2007). Communication is considered the means by which
teachers and students can share the process of learning, understanding, and doing mathematics
(Danny et al., 2024). Therefore, innovative and interactive learning media are needed to
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facilitate the learning process, particularly in enhancing students’ mathematical communication
skills (Vale & Barbosa, 2017).

With the rapid development of technology in various parts of the world, the use of smartphones
is increasing every day. Life cannot be separated from smartphones, from social, economic,
legal, health, to education. The massive use of Android in everyday life can be utilised by
teachers to develop smartphone-supported or Android-based learning (Hendikawati et al.,
2019). Development is needed by leveraging these technological advancements to facilitate
learning, one of which is by creating learning media with the concept of m-learning (Mobile
learning) using smartphones as the development device. According to Irmaya students today
also require learning materials beyond textbooks that not only present content but are also
accompanied by relevant examples aligned with the lesson material, enabling students to enjoy
and understand the material effectively (Irmaya et al., 2024). It has been proven that research
conducted by Novita showed the effectiveness of e-comics based on an effectiveness
questionnaire of 81.91%, which falls under the ‘very effective’ category (Amalia Novita, Nizlel
Huda, 2022). The effectiveness of the effectiveness test yielded a percentage of 91.43%
(Argadinata & Maharani, 2025).

The advancement of technology in the 21st century has both positive and negative impacts. The
positive aspect is the development of technological knowledge, while the negative aspect is the
erosion of Islamic values. The absence of efforts to reduce the erosion of Islamic values is
feared to make the younger generation increasingly forget the Islamic values that serve as their
life guidelines, thus requiring an understanding of these Islamic values (Lisnani et al., 2023).
Integrating Islamic values and mathematics in education is expected to motivate students and
facilitate their understanding of learning concepts, particularly in mathematics, while enabling
them to apply Islamic values in their daily lives.

The above issues gave rise to the idea of creating learning media for comparison material by
utilising Android smartphone-based technology in mathematics learning at junior high schools
by linking it to Islamic values, which was implemented in a study entitled ‘Development of
Islamic-themed Android-based Mathematical E-Comics for Comparison Material to Improve
Students’ Mathematical Communication Skills’. The expectation from the development of
Android-based mathematical e-comic learning media with Islamic values is that it will be valid,
practical, and effective, making it suitable for use in improving mathematical communication
skills.

METHOD

The learning media developed is interactive learning media, because E-Comic combines audio,
text, images, videos, and explanatory text to provide clear information. This research follows a
research and development (R&D) approach, specifically using the ADDIE model, which
includes the stages of analysis, design, development, implementation, and evaluation. However,
this study focuses on the analysis, design, development, and implementation stages.

In the analysis stage, researchers identify learning problems in schools and seek solutions. The
design stage involves organizing learning materials, creating storyboards, and selecting
software to create E-Comics. The development stage includes the actual creation of the media,
followed by validation and further revisions. Finally, during the implementation stage, the
learning media undergoes a trial period with students to assess their responses.

This study involved 32 junior high school students and 2 validators who acted as experts in
media and 2 subject matters. The purpose of this study was to develop interactive learning
media for the Pythagorean construction e-comic with the help of the Medibang Paint
application.
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Student response questionnaires and validation sheets were used to gather data. The media and
the content were evaluated for soundness using the validation sheets (Sugiyono, 2010). The
validity criteria were then compared with the validation findings, which were expressed as
percentages outlined Table 1.

Table 1. Validation Result Assessment Criteria

Validity Score Validity Category
85,01% < x < 100,00% Very valid

70,01% < x < 85,00% Valid

50,01% < x < 70,00% Invalid

25,01% < x < 50,00% Very invalid

Students' opinions of the e-comic medium utilized were gathered through the use of a student
response questionnaire. The acquired data is first qualitative before being transformed into
quantitative form. Following their participation in the e-comic media learning process, students
were handed the questionnaire. The criteria listed in Table 2 were then used to convert the
answer percentages into data.

Table 2. Practicality Assessment Criteria

Practicality Score Category
85,01% < x < 100,00% Very practical
70,01% < x < 85,00% practical
50,01% < x < 70,00% Impractical

25,01% < x = 50,00%

Very im practical

N-Gain is used to measure the effectiveness of the learning process using e-comics.
Specifically, N-Gain calculates the relative change between pretest and posttest scores using e-
comics by normalizing the increase against the maximum score. Thus, N-Gain provides a
quantitative measure of how much students' mathematical communication skills have improved
after the learning process. Additionally, N-Gain values can be categorized (high, moderate,
low) to indicate the level of learning success. The percentages are listed in Table 3.

Table 3. N-gain Criteria

N-gain Category
g =070 High
0,30 < g < 0,70 Middle
g =030 Low
RESULTS AND DISCUSSION
Results

This research produces a teaching material product in the form of e-comics with Islamic
nuances which is prepared to improve students' mathematical communication in learning
mathematics on environmental pollution material. The development of Islamic nuanced
ecomics uses the ADDIE development model which consists of five stages, namely analyze,
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design, development, implementation, and evaluation. The following is a description of the
results of the research obtained from each of these stages.

1. Analyze

This stage is carried out an analysis in the form of observations and interviews to obtain
information and data in the field. The results obtained are that the implementation of
learning takes place the teacher does not involve students actively so that they feel bored
more quickly and the use of media that is not Islamic nuances or commonly used media
in the form of power points, LKPD, and learning videos sourced from YouTube and has
never used e-comics with Islamic nuances in learning.

2. Design

This stage is the preparation or manufacture of e-comic products with Islamic nuances
of environmental pollution material that is valid, practical, and effective and easy to
understand and includes indicators of mathematical communication. In making the
comic itself is organized into five stages, namely: formulation of story ideas, pouring
story ideas, inking, coloring, and giving text. Formulating story ideas, the initial design
of e-comics is to formulate story ideas and character creation. The story idea is made in
the form of a summary which contains the outline of the story. Pouring story ideas, is
the stage of channeling story ideas into an image field called sketching. Sketching is
done using simple equipment such as paper, pencils, and erasers. Inking is the stage of
inking the sketch. Inking is done using ink or markers. However, because comics are
packaged in electronic form, the inking stage is carried out using an application,
Medibang Paint, where the sketch is transferred to the application first. Coloring, is the
coloring stage of the comic. Coloring still uses the Medibang Paint application. Coloring
in the application is easier because it contains many colors that can be easily applied
directly to comics. Giving text is the stage of filling in the text on the comic.

Figure 1. Inking using Medibang Paint

3. Development

This stage is carried out validation of e-comics with Islamic nuances by three validators
with the development results and validation results as follows.
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Tabel 4. Validation score

Assessed aspect  Observer 1  Observer 2 Observer 3 Average
Content aspect 75% 100% 100% 92%

Material ~ aspect 81% 100% 100% 94%

Serving aspect 94% 94% 88% 92%

Graphic aspect 88% 100% 94% 94%
Average Percentage 93%

Criteria Very valid

The results of the three validators get an average of 93% which is included in the very
valid category. At this stage, e-comics with Islamic nuances have been said to be very
valid, but e-comics still get notes by validators that need to be revised because there are
still typing errors and the editorial must be replaced with sentences that are easier to
understand.

. Implementation

This trial stage has the aim of measuring practicality in learning. The subjects of this
development test were students of class VII D SMP Negeri 1 Rambipuji as many as 32
students. Learning is carried out for two meetings. When learning using e-comics with
Islamic nuances, students showed high enthusiasm in discussing, filling in the blanks in
the comics and in question and answer sessions and the classroom atmosphere became
more fun. E-comics with Islamic nuances are also very easily accessed by students, but
some students experience problems because they do not have cellphones. This can be
overcome by students who bring cellphones sharing with friends to access Islamic e-
comics. Implementation data was obtained through three observers during the teaching
and learning activities. The results of the implementation of learning are as follows.

Table 5. Practicality Score

Meeting Observer 1 Observer 2  Observer 3 Average
Meeting 1 86% 95% 97% 93%

Meeting 2 85% 97% 93% 92%

Average Practically 92,5%
Criteria Very practical

The average practicality score of the two observers was 92.5% and included in the very
practical category.
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5. Evaluation

This evaluation stage is divided into two, namely formative evaluation and summative
evaluation. Formative evaluation is carried out at each stage of development and
summative evaluation is carried out at the end of the implementation of e-comic
products with Islamic nuances to determine the effectiveness of the development
product. The effectiveness of e-comics with Islamic nuances is measured through
student test results in the form of pre-test and post-test which aims to improve students'
mathematical communication. In the analysis of the results of the pretest and post-test
of mathematical communication, there is a difference in the average value of students
as can be seen from Table 6 below.

Table 6. Pre-test and Post-test Results

Class VIII
Data
Pre-test Post-test

Numbers of student 32 32
Highest score 88 100
Lowest score 25 63
Average score 63,6 83,4

N-gain 0,64

Criteria Midle

Based on the data in Table 6 above, it shows that before the use of e-comics with Islamic
nuances in learning, the average student pre-test score was 63.6. But after using e-
comics with Islamic nuances in the learning process shows the average student post-test
score to be 84.3. This shows an increase, the effectiveness of math communication can
be known by using the N-gain formula. The results of the N-gain calculation are 0.64
which is included in the medium criteria and there is an increase in learning. Based on
the results of this development research, it can be stated that e-comics with Islamic
nuances can be applied in learning mathematics because mathematics material,
especially pythagoras, is closely related to the phenomena around students so that it
requires interesting media to convey it with Islamic nuanced media. Through the
application of e-comics, students become active because in the e-comics with Islamic
nuances there are parts that need to be filled in by students and there are links to images
and videos related to the material, so that students get an activity in learning. During the
use of e-comics, students become interested and have high enthusiasm because this
Islamic e-comic media is the first time it has been applied. In addition, the interaction
between teachers and students during the learning process in the classroom becomes
active and learning is not only teacher-centered. However, even though students are
enthusiastic and interested, it does not mean that they do not encounter obstacles in the
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learning process, especially in operating smartphones and focusing too much on images,
resulting in a lot of time being wasted on observing images. This is what causes the N-
gain value to be 0.64 or medium criteria.

Discussions

The Islamic-Nuanced mathematical e-comics developed meet the requirements to be highly
effective, useful, and valid. Their validity percentage reaches 93% (highly valid) based on
expert validation data. These results are comparable to previous research findings, with a
validity percentage of 80% or falling into the highly valid category according to (Fitriani et al.,
2025). Similarly, research by Isma and Yusuf showed a very high level of validity, with a
percentage of 81.7% (Isma & Yusuf, 2025). The student response survey produced findings for
the practicality test, which was classified as practical with a percentage of 92.5%. In line with
the practicality test results of 87.5%, which falls into the highly practical category (Rahayu et
al., 2022). the same results with a percentage of 82.5 (very practical) were obtained by (Siregar
et al., 2019). Based on the results of the Pythagorean theorem test, the effectiveness of the
Islamic-themed math e-comic was evaluated in addition to its validity and usefulness. An
average percentage of 64% was achieved based on student test scores, placing them in the
effective category. This study differs from previous studies, which only measured validity and
practicality (Mayani, 2022). Basir et al. did the same, with their study only reaching the
practicality phase (Mochamad Abdul Basir et al., 2020). This learning module can be used as
intended by using these three criteria as a guide. Students also understand that some
mathematical concepts, especially the Pythagorean concept, can be combined with Islam.

The Pythagorean theorem, which includes the front, slant, and front sides, is taught in Islamic-
themed digital comics. In addition to being a learning resource, this medium has unique
characteristics that connect the content with Islamic aspects or the subject matter being studied.
Researchers selected a field of study widely used in society. Through this method,
understanding the Pythagorean concept becomes more than just memorising formulas and
solutions; it becomes a discovery that can be used as added value in the future. In addition to
understanding Pythagoras' content, students can gain an understanding of ethnomathematics,
its relationship to the subject being studied, and the benefits of knowing this thanks to this
research. This is a new idea or breakthrough that will inspire students and make the learning
process more interesting. It also eliminates students' negative perceptions of Pythagoras as a
difficult concept to understand.

Islamic Nuenced mathematical e-comics are the result of research in the development of
educational media. It is hoped that students will find it easier to understand the concepts
presented in these Islamic-themed electronic mathematical comics. Students are required to
complete a number of practice questions that require the use of diagrams in the learning module.
Essentially, teaching the Pythagorean Theorem using this learning module is engaging and may
spark new ideas.

CONCLUSION

This research is included in development research. The product developed is an e-comic with
Islamic nuances with the content of mathematics subject matter on environmental pollution.
The development model in this research is ADDIE which has five stages namely analyze,
design, development, implementation, evaluation. This study aims to test the validity,
practicality, and effectiveness of e-comics with Islamic nuances. Based on the results of the
study, it can be said that e-comics with Islamic nuances get very valid, very practical, and quite
effective results so it is feasible to be applied in mathematics learning in order to improve
students' scientific literacy. The results of this study can be used for reference in carrying out
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similar research but using different variables, materials, or research subjects. E-comics with
Islamic nuances in the process of learning mathematics can be used as an alternative learning
media because e-comics with Islamic nuances can be accessed anytime anywhere with
electronic media such as smartphones, laptops, and other electronic devices. Researchers also
hope that Islamic e-comics media can be tested in a wider test involving more students.
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