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ABSTRACT
Article history: This study aims to develop a flip-based e-comic as a learning
. medium and analyze its impact on the HOTS (Higher-Order
Submitted: July 17, 2024 Thinking Skills) of fourth-grade students in mathematics,
Accepted: November 2, specifically on the topic of calculating the area of plane figures.
2024 The study employs the Research and Development method using
Published: November 30, the Borg and Gall model. Data analysis techniques include media
2024 feasibility tests, t-tests, and N-Gain tests. The results indicate that
the e-comic is highly feasible for use, as evidenced by feasibility
Keywords: ratings from media experts (90%), content experts (89.2%), and
) language experts (87.5%). Based on the t-test, the e-comic was
elementary mathematics proven effective in learning, with a sig. (2-tailed) value of 0.000 <
learning, flip-based e-comic, 0.05, indicating that Ho is rejected and Ha is accepted.
higher order thinking skills, Furthermore, the N-Gain test results show an improvement in
innovative learning media, students' abilities, with scores of 0.7164 for the small scale and
mathematics education 0.8307 for the large scale, both categorized as high. Thus, the e-

comic positively impacts students' ability to solve HOTS questions.
This study implies the provision of an alternative learning medium
that supports the development of students' higher-order thinking
skills while facilitating educators' integration of technology into
modern learning practices.

Media e-komik berbasis flip: Meningkatkan HOTS dalam pembelajaran
matematika di sekolah dasar

ABSTRACT

Keywords: Penelitian  ini  bertujuan untuk mengembangkan media
pembelajaran berupa e-komik berbasis flip dan menganalisis
pengaruhnya terhadap kemampuan HOTS (Higher Order Thinking
Skills) siswa kelas IV pada mata pelajaran matematika materi luas
bangun datar. Penelitian ini menggunakan metode Research and
Development dengan model Borg and Gall. Teknik analisis data
yang digunakan meliputi uji kelayakan media, uji t, dan uji N-
Gain. Hasil penelitian menunjukkan bahwa media e-komik sangat
layak digunakan, dengan tingkat kelayakan yang diperoleh dari
ahli media sebesar 90%, ahli materi sebesar 89,2%, dan ahli
bahasa sebesar 87,5%. Berdasarkan uji t, media e-komik terbukti
efektif digunakan dalam pembelajaran, dengan nilai sig. (2-tailed)
sebesar 0,000 < 0,05 yang menunjukkan Ho ditolak dan Ha
diterima. Selain itu, hasil uji N-Gain menunjukkan peningkatan
kemampuan siswa pada skala kecil sebesar 0,7164 dan skala besar
sebesar 0,8307, yang termasuk kategori tinggi. Dengan demikian,
e-komik memberikan dampak positif terhadap kemampuan
mengerjakan soal HOTS siswa. Penelitian ini berimplikasi dalam
menyediakan alternatif media pembelajaran yang mendukung
pengembangan  berpikir  tingkat tinggi siswa  sekaligus

pembelajaran matematika
sekolah dasar, e-komik berbasis
flip, kemampuan berpikir
tingkat tinggi, media
pembelajaran inovatif,
pendidikan matematika
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Contribution to the literature

This research contributes to:

e Providing flip-based e-comics as an alternative digital learning medium that is
engaging and relevant to support mathematics education at the elementary level.

¢ Integrating technology into learning to enhance student engagement and address
boredom often associated with conventional teaching methods.

e Supporting educational practices that align with the learning needs of the digital
era.

1. INTRODUCTION

One of the Indonesian nation's national goals is to make the nation's life more
intelligent [1]. To realize this goal, an initial step can be taken, namely by improving the
existing education system. Education is a conscious and planned effort to create a
learning atmosphere and learning process so that students actively develop their potential
to have spiritual and religious strength, self-control, personality, intelligence, noble
morals, and the skills needed by themselves, society, nation, and state [2].

The learning process regulated by law in Indonesia in each primary and secondary
education unit must be interactive, inspiring, challenging, and fun, motivating students to
participate actively in developing creativity and independence according to the student's
talents, interests, physical development, and psychology, one of the laws in question is
Minister of Education and Culture Regulation Number 22 of 2016 concerning Process
Standards in Primary and Secondary Education Units [3]. Based on these regulations, it
can be concluded that developments in the learning tools used by teachers are very
important because they will greatly influence the process of students' understanding of
learning material [4].

In the current era, technology has become our daily food in carrying out all
activities [5]. Technology can be like a product or process; apart from that, technology
can also act as a tool or media that can broaden our horizons, which we can reach without
the limitations of space and time [6]. In the realm of education, the learning process must
also be adapted to the rate of development of existing technology. Therefore, a teacher
must be able to follow the flow of existing technological developments, which, of course,
must also be adapted to the conditions and characteristics of their students [7].

Learning is a process of interaction between students and students with learning
resources. Interaction can be done face-to-face or remotely [8]. The existence of
insufficient sources of learning information can hinder the achievement of the objectives
of the learning process itself [9]. Therefore, strategies are needed in the learning process,
including utilizing technology-based learning media as a tool for conveying information.

Students' learning success can also be seen from their ability to solve problems
given by the teacher through various questions. However, in reality, the ability to work
on questions, especially hot questions for students in Indonesia, is still relatively low.
Researchers also discovered this problem based on observations at SDN 2 Ngabean (one
of the elementary schools in Yogyakarta Province, Indonesia). This happens because of
the lack of technological developments in the use of learning media, which makes the
media used less interesting and very boring for students. This happens because the media
used only relies on reading books in which there are only explanations and pictures that
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are less interesting. Until now, Public attention to developing critical thinking skills is
still relatively low, and therefore, development innovation is needed to explore critical
thinking skills [10]. Facing global competition also requires improvements in the human
development sector [11]. This can be done by developing students' ability to work on hot
guestions as the next generation of the Indonesian nation so that they are trained to find
alternative solutions to problems.

Mathematics is the science that underlies the technological developments that we
are targeting today. Apart from that, mathematics also plays an important role in various
scientific disciplines which aim to advance the human mind [12]. This quote shows how
important mathematics subjects are for survival. Mathematics subjects are given to all
children from elementary school, which is useful for equipping them to have critical,
logical, analytical, and creative thinking skills from an early age for the future [13].
However, in reality, many of them still think mathematics is scary and boring; this can
happen because the learning process does not attract their interest in learning [14].

There are efforts that teachers can make to arouse students' interest in learning,
including (1) the need for a warm and cooperative attitude, (2) trying to start impressive
learning activities, (3) contextual, (4) varying learning methods, (5) use learning media,
(6) ice-breaking when bored, and (7) giving rewards [15]. In this regard, it can be
concluded that the use of learning media plays an important role in attracting students'
interest in learning mathematics. It is not just the learning media that is used, but it must
still be relevant to 21st-century learning, which suggests that teachers use technology as
an innovation in making learning media [16]. The meaning of digital-based learning
media is media used to create audio-visual media [17]. Digital-based learning media also
has many types in electronic form, such as ebook, web, e-module, flash, interactive
multimedia CD, and so on [18].

Researchers at SDN 2 Ngabean also discovered problems regarding interest in
studying mathematics subjects. Through an interview with the homeroom teacher of the
fourth-grade students at SDN 2 Ngabean, students were only enthusiastic in the first
minutes of learning. Still, when learning had progressed for a long time, the students
were bored and busy themselves or talking with their friends and no longer paying
attention to the material being presented by the teacher. This problem occurs due to the
lack of use of interesting and interactive learning media. Apart from that, the use of
inappropriate learning methods is also one of the factors causing this problem. Based on
observation data at SDN 2 Ngabean, several students have not passed the minimum
competency criteria. At SDN 2 Ngabean, 60% of students have passed the minimum
competency criteria, so it can be concluded that 9 out of 23 students have not passed the
minimum competency criteria. Students who have not passed the minimum competency
criteria have the same problem, namely a low ability to work on hot questions, so their
ability to understand story questions and hot questions is still relatively low.

Based on these problems, the researcher chose a high class, namely the fourth-
grade students at SDN 2 Ngabean, because it has a range of problems that are appropriate
to what will be researched and will be useful for carrying out feasibility and effectiveness
tests in it. Researchers focus on overcoming the problems that occur by using
development strategies for technology-based learning media that will be used in the form
of flip-based e-comics. This can also help teachers optimize the learning process and
improve students' ability to work on hot questions in mathematics subjects.

Previous studies have been conducted on the development of digital learning media
using various approaches, including the development of Android-based mathematics
learning media for elementary school students [19], interactive problem-solving-based
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learning media using Lectora Inspire [20], the development of digital learning media
[21], and the development of e-comics using the ADDIE model to increase students'
learning interest [22]. However, these studies mostly focused on the development of
media without deeply exploring their effectiveness in improving students' abilities in
HOTS-related tasks.

This study aims to develop a flip-based e-comic as a learning medium that is not
only visually appealing and relevant but has also proven effective in enhancing students'
ability to solve HOTS problems in mathematics. The findings of this study make a
significant contribution to supporting technology-based learning that is not only
innovative but also measurable in its effectiveness while also opening opportunities for
broader applications in 21st-century education.

2. METHOD

The type of research used by researchers is Research and Development. This
research focuses on developing a product or improving a product as well as testing a
product, the product in question being hardware or software. Hardware can be in the
form of books, learning aids, and modules, while products in the form of software can be
in the form of programming designed using applications, for example, learning games
that are accessed online, library, or laboratory data processing computer programs. There
are various kinds of research models in development research, namely, among others, the
Borg and Gall development model, the 4D development model, and the ADDIE
development model [23].

In this research, product needs analysis was carried out by direct observation of
research subjects and interviews, as well as based on literature studies used by
researchers as reference sources. After receiving ethics approval, the research was
conducted. The research procedure used in this research is that there are 5 stages: (1)
Analysis of product needs, this stage is carried out using interviews and giving
questionnaires to research subjects directly related to learning media; (2) Developing the
initial product, at this stage the researcher begins develop products that will be used
based on known needs using various assistance from design applications on the internet;
(3) Expert validation and revision, after the initial product development stage, the
product before being tested on the subject must pass expert validation, this aims to
provide input and evaluate the learning media developed; (4) Small scale trials and
revisions, at this stage the product that has received validity from experts is feasible and
can be tested on small scale subjects and carry out a second revision from the subjects to
see whether it is appropriate with the needs of students or not, In this small scale test,
data samples were taken using a method of selecting 9 students who had different
academic levels ranging from low, medium and high with the help of the teacher; and (5)
Large-scale trials and final production, at this stage, the revised product can be produced
and is ready to be tested on subjects on a large scale, in this large-scale test, data is taken
from all students. Researchers use this development stage because it has a series of
measurable and clear system workflows. The following is a picture of the flow of the
stages of media development by Borg and Gall [24] used by researchers.

Potential and Product Design
Problem Design Revision E-comic
O O O O O O O
Data Design Trial Use
Collection Validation

Figure 1. Research Steps
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In this research, the students who were the subjects of data acquisition were fourth-
grade students at SDN 2 Ngabean. After receiving consent from parents and students, the
research was conducted. As many as 23 children were obtained for the large-scale test,
while for the small-scale test, the data obtained was taken using a sampling technique,
where only 6 to 9 were taken. Students from the total number of students in the class are
selected based on recommendations from the class teacher and student report card data.
Apart from that, teachers and expert validators are also among the subjects in this
research. The data collection techniques used in this research are test techniques in the
form of pretest and posttest questions, which will be carried out by fourth-grade students
at SDN 2 Ngabean on a small and large scale, non-test techniques in the form of
interviews by the homeroom teacher and questionnaires on product needs and product
implementation.

The validation sheet regarding product development uses the Likert Scale, which
contains four criteria that are translated in numbers from 1 to 4 representing: (1) not
good, (2) quite good, (3) good, and (4) very good [25]. The calculation of the score for
the media feasibility test in this study uses a percentage formula, namely the comparison
of the score obtained with the maximum score. The assessment of the converted
validation results is presented in the following table [26].

Table 1. Eligibility Criteria Percentage

Presentations Criterion
76% - 100% Very Worth IT
51% - 75% Proper

26%-50% Pretty Decent
0% - 25% Less Decent

3. RESULTS AND DISCUSSION

The results of this research are more focused on the development of learning media
in the form of flip-based e-comics in the mathematics subject area of plane figures for
fourth-grade students, which aims to improve students' abilities in working on HOTS
questions.

3.1 Potential and Problems

Based on data from interviews with the fourth-grade teacher at SDN 2 Ngabean, it
is known that students tend to get bored easily when carrying out learning activities in
class, especially in mathematics; this is because the media used is less interesting, so
their interest in learning is still relatively low. As a result of these problems, their ability
to work on HOTS questions is still relatively low. Therefore, researchers want to provide
a solution to overcome this problem by developing more interesting learning media that
can increase students' interest in learning, especially in mathematics, which, of course,
has also been adapted to current technological developments.

Learning media is a tool that aims to convey messages from teachers to students so
that students are stimulated in their thoughts, feelings, and willingness to participate in
learning [27]. There are four classifications of learning media, namely visual media,
audio media, audio-visual media, and multimedia [28]. In terms of digital-based learning
media, there are still many teaching staff who do not understand this [29]. It is not just
the learning media that is used, but it must still be relevant to 21st-century learning,
which suggests that teachers use technology as an innovation in making learning media
[16]. E-comics comes from the word comic, which Is a combination of art in the form of
images arranged in such a way as to form a storyline. E-comics in question are visual
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media packaged in electronic form and operated using electronic media [22]. Based on
this, the researcher developed learning media in the form of flip-based e-comics in
mathematics subjects, material in the area of plane figures, which aims to overcome
problems that occur and adapt to existing technological developments.

3.2 Data Collection

In this research, the development of learning media begins with analyzing teacher
needs and fourth-grade students at SDN 2 Ngabean, which was carried out using a needs
questionnaire. The results of the needs questionnaire show that fourth-grade students at
SDN 2 Ngabean feel that the learning that has been taking place so far has not gone well
because they feel that the learning media used has not attracted their interest enough in
learning. After all, the learning media used is still too monotonous. So, they really agree
with the development of digital-based learning media, which includes material and
practice questions covered with attractive pictures. The same results were also seen in the
questionnaire regarding the needs of class teachers who felt that students easily get bored
when participating in classroom learning activities, especially in mathematics subjects.
So, the class teacher really agrees and needs help to innovate existing learning media into
learning media that suits what students want and is, of course, adapted to current
technological developments.

3.3 Product Design

The process of developing learning media carried out by researchers is digital-
based learning media designed using Canva and Flip software.

This learning media is designed in the form of an e-comic, which contains
extensive fourth-grade material wrapped in a storyline and pictures that are interesting to
look at and are adapted to the PBL syntax. Apart from that, this learning media is also
equipped with example questions and practice questions, which are included in the
HOTS question criteria to measure and train students' understanding which can be
accessed anywhere and at any time using electronic devices in the form of cellphones,
laptops or computers [30]. Figure 2 displays the results of the development of learning
media in the form of flip-based e-comics in the mathematics subject area of plane figures
for fourth-grade students.

Orientagi Peserta Didik Terhadap Magalah
Suatu hari, Bu Guru akan menga jarkan mapel matematia kepada siswa kelas §. Sebelum

memuiai pembela jaran Bu Guru bertanya kepada Doni dan Nina yang merupakan siewa dari
kelas §

Doni dan Nina, Ibu ingin bertanya kepada kalian.
Apakah menurut kalian di kela ini terdapat benda-
benda dengan berbagai macam bentuk ?, jika iya coba
kalian sebutkan benda-benda yang ada di kelas ini
serta sebutkan pula benda tersebut berbentuk apa

Tentu 3 ja ada nak, bangun datar terbagi men jadi 4
yaitu, bangun segiempat, bangun segitiga. bangun
segibanyak dan lingkaran. masing-masing dari ke tiga
macam bangun tersebut didalamnya juga masih
terbagi menjadi beberapa bangun lagi
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Untuk mengakeeenya kalian biea langeung saja
‘maguk kedalam link di bawah ini yang sudah bapak
@ A sedakan. Jangan lupa untuk menuliskan nama
kalian ya

Orientasi Peserta Didik Terhadap Magalah

Doni, Rio, Rica, dan Nina adalah ciewa kela 4, mereka mendapatkan tugae dari Pak Guru untuk
menger jakan coal berikut ini. Bantulah mereka ber 4 dalam menyelesaikan permasalahan yang ada di
dalam goal tersebut |
1. Bu Acih memifiki segulung kain yang akan dia buat menjadi 4 taplak meja untuk ke 4 pelangganya.
Namun pelanggan Bu Asih memilii bentuk meja yang berbeda-beda dengan ukuran yang berbeda pula.
Agar taplak meja tersebut secuai dengan bentuk dan ukuran meja, Bu Acih harue mengetahui luae
permukaan dari masing-masing me ja teriebih dahulu. Bantulah Bu Aih mengukur semua me ja pelanggan
dan bantulah dia untuk menemukan harga jual taplak apabila permeternya eeharga Rp200.000.00 !
Berikut adalah bentuk dan ukuran dari me ja milik ke 4 pelanggan Bu Acih

Meja ke- Bentuk Meja Ukuran Meja Link kuig :
KERJAKAN KUY

Persegi Pan jang sisi berturut-turut 450 cm Selamat mengerjakan

Beberapa menit
kemudian

Persegi panjang Panjang 130 cm dan lebar 50 cm

Lingkaran Berdiameter 90 cm

Segitiga sama sisi Pan jang sisi 100 cm dan tinggi 70 cm

(d)
Figure 2. (a) Problem Orientation, (b) Material Discussion, (c) Example Questions, and (d) Practice
Questions

3.4 Design Validation

The results of media development that have been made according to the needs of
teachers and students are then tested for suitability first before being used for research in
accordance with the development flow of Borg and Gall. The matters whose suitability is
tested are related to the material presented in the learning media by material experts, the
media display design by media experts, and the language used in the media by linguist
experts. From the results of product feasibility tests by experts, a percentage of product
feasibility assessments is obtained, which is expressed in Table 2.

Table 2. Expert Assessment Results

Validator Validation Device Percentage Criteria
Material Validator Material Validation 89.2% Very Worth It
Media Validator Media Validation 90% Very Worth It
Language Validator Language Validation 87.5% Very Worth It

The results of the percentage of product feasibility provided by expert experts in
Table 2 state that the results of the assessment by material experts were 89.2% with very
feasible criteria because the material contained therein was complete and appropriate.
The assessment results by media experts were 90% with very feasible criteria because the
product display design was very proportional and attractive. The results of the
assessment by language experts were 87.5%, which was based on very appropriate
criteria because the use of language in the product is in accordance with linguistic rules
and is easy to understand. So, it can be concluded that product development that is
tailored to the needs of teachers and students is very suitable for use in the teaching and
learning process in the classroom.

3.5 Design Revision

After the media developed has been tested for suitability by media, material, and
language experts, the next step is to carry out revisions provided by these experts.
Because, of course, in the assessment questionnaire given, there are criticisms and
suggestions given by experts to researchers with the aim of making the media developed
better and more suitable for use. These revisions are crucial to ensure that the final
product meets the desired quality standards and effectively supports the intended learning
outcomes.
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3.6 Trial Use

After the product has been tested for suitability by expert experts, the next stage is
to test its effectiveness, whether it can improve students' abilities in working on HOTS
questions, by carrying out two tests, namely a small-scale test and a large-scale test using
pretest and posttest questions that have been accredited to the HOTS questions. Table 3
shows the results of the pretest and posttest of the small-scale test.

Table 3. Pretest Posttest Results of the Small Scale Test

No Pretest Completeness Posttest Completeness
1 50 Not Completed 85 Complete

2 55 Not Completed 80 Complete

3 65 Not Completed 90 Complete

4 63 Not Completed 90 Complete

5 70 Complete 100 Complete

6 50 Not Completed 85 Complete

7 65 Not Completed 90 Complete

8 60 Not Completed 80 Complete

9 70 Complete 95 Complete

Based on data from Table 3, which contains the results of the pretest and posttest of
the small-scale test of fourth-grade students at SDN 2 Ngabean, it can be concluded that
there has been an increase in their learning outcomes, which is characterized by the
completeness obtained after using the product. The increase in learning outcomes, which
is marked by the mastery achieved by students after using the product, can also be seen
in Table 4, which contains the pretest-posttest of the large-scale test for fourth-grade
students at SDN 2 Ngabean. This indicates that the product is effective in improving
students' understanding and mastery of the material. Further research could explore its
application in different educational contexts to validate its broader impact.

Table 4. Pretest Posttest Results of the Large-Scale Test

No Pretest Completeness Posttest Completeness
1 50 Not Completed 85 Complete
2 50 Not Completed 87 Complete
3 55 Not Completed 80 Complete
4 70 Complete 100 Complete
5 65 Not Completed 90 Complete
6 45 Not Completed 96 Complete
7 63 Not Completed 90 Complete
8 50 Not Completed 95 Complete
9 70 Complete 100 Complete
10 66 Not Completed 100 Complete
11 50 Not Completed 85 Complete
12 45 Not Completed 89 Complete
13 65 Not Completed 90 Complete
14 46 Not Completed 89 Complete
15 60 Not Completed 80 Complete
16 54 Not Completed 97 Complete
17 70 Complete 95 Complete
18 64 Not Completed 95 Complete
19 55 Not Completed 98 Complete
20 50 Not Completed 100 Complete
21 40 Not Completed 91 Complete
22 53 Not Completed 95 Complete
23 60 Not Completed 100 Complete
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After the results of the pretest posttest, small—and large-scale tests are obtained.
The next step is to carry out the results of the pretest posttest with a normality test, which
aims to determine whether the data is normally distributed or not. Table 5 is a table of
small-scale and large-scale normality tests.

Table 5. Small Scale Normality Test

No Test Significance Criteria
1 Pretest 0.252 Normal
2 Posttest 0.545 Normal

In the normality test with the Shapiro-Wilk test, the data will be normally
distributed if the calculated value is > 0.05, then (Ho is accepted), but if the calculated
value is < 0.05, then the data is not normally distributed and (Ho is rejected) [31]. Based
on Table 5, it can be seen that the small-scale pretest-posttest significance values are
0.252 and 0.545, so both data have normal distribution criteria.

Table 6. Large Scale Normality Test

No Test Significance Criteria
1 Pretest 0.180 Normal
2 Posttest 0.058 Normal

In Table 6, it can be seen that the pretest and posttest significance values on a large
scale are 0.180 and 0.058; both data are normally distributed because both are > 0.05.
Based on the data above, it can be concluded that the pretest and post-test data on small
and large-scale tests are both normally distributed. So, it can be continued with the next
stage, namely the t-test using SPSS, which aims to determine the influence of using the
product that has been developed. Table 7 is a small-scale and large-scale t-test.

Table 7. Small Scale and Large Scale T Test

No Test Type Mean Sig (2-tailed) Information
1 Small Scale -27.44444 0,000 Ha accepted
2 Large Scale -36.34783 0,000 Ha accepted

Decision-making in the paired sample t-test is if the sig value. (2-tailed) < 0.05, then Ho
is rejected, and Ha is accepted, but if the value is sig. (2-tailed) > 0.05, then Ho is
accepted, and Ha is rejected [32]. Based on Table 7, the results of sig. (2-tailed) the
small- and large-scale tests both show a value of 0.000 < 0.05, meaning that Ho is
rejected and Ha is accepted. So, from the results of these calculations, it can be
interpreted that the flip-based e-comic learning media in the mathematics subject area of
plane figures for fourth-grade students influences increasing students' abilities in working
on HOTS questions.

After the t-test, the next step is to carry out the N-Gain test, which aims to
determine the effectiveness of using flip-based e-comic learning media in the
mathematics subject area of plane figures for fourth-grade students. Table 8 presents data
on the small-scale and large-scale N-Gain tests. The N-Gain test results provide insight
into the improvement in students' understanding and learning outcomes after using the e-
comic learning media.

Table 8. N-Gain Test of the Trials

No Test Type Mean Information
1 Small Scale 0.7164 Tall
2 Large Scale 0.8307 Tall
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The criteria taken for the N-Gain test are if the mean > 0.7, then the product
effectiveness has high criteria; if 0.3 < mean < 0.7, then the product effectiveness has
medium criteria; and if the mean < 0.3, then the product effectiveness has low criteria
[33]. In Table 8, it can be seen that the mean values in the small-scale test and the large-
scale test are both > 0.7, namely 0.7164 and 0.8307, so it can be concluded that the use of
flip-based e-comic learning media in mathematics subjects on the area of plane figures
for fourth-grade students is very effective to improve students' abilities in working on
HOTS questions. When viewed as a whole through various tests that have been carried
out by researchers, starting from the normality test, T-test, and N-Gain test, it can be
concluded that the learning media developed is in the form of flip-based e-comics in the
mathematics subject area of plane figures for fourth-grade students was successfully used
to improve the ability to work on HOTS questions for fourth-grade students at SDN 2
Ngabean. This is also in line with previous research conducted by Dini et al. [19] and
Hasbullah, which validated that the development of digital-based learning media is very
influential in improving student learning outcomes and student interest in learning. This
e-comic will also, of course, be very helpful for the world of education, especially for
teachers and students in the learning process, because it has various benefits, one of
which is improving students' abilities in working on HOTS questions in mathematics.

This study aligns with the findings of Irwansyah et al. [34], which demonstrate that
the development of technology-based learning media, such as Augmented Reality (AR),
is effective in enhancing students' understanding of abstract concepts through interactive
and engaging visualization. This supports the findings of this study, where flip-based e-
comic media facilitated not only the delivery of content but also improved student
engagement and thinking skills, as shown in the enhancement of students' HOTS in
mathematics. However, this study has several limitations. First, its scope is limited to a
single class in one elementary school, making the results less generalizable. The flip-
based e-comic media developed was also focused solely on the topic of calculating the
area of plane figures, leaving its effectiveness for other topics or subjects untested.
Additionally, the study has not evaluated the long-term impact of the media on students'
critical thinking skills. It requires electronic devices, which could pose challenges for
schools with limited access to technology.

Future research is recommended to expand the scope to include multiple schools
and classes at various educational levels to improve generalizability. Developing similar
media for other topics or subjects is also important to test its flexibility. Furthermore,
conducting long-term studies to measure the sustained impact of this media and creating
more interactive or adaptive versions for schools with technological limitations could
enhance its broader effectiveness.

4. CONCLUSION

In this research, the development of learning media that has been carried out in the
form of flip-based e-comics in the mathematics subject area of plane figures for the
fourth-grade students at SDN 2 Ngabean has proven to be able to improve students'
abilities in working on HOTS questions. This can be proven by the final results given by
students who experienced an increase before and after using flip-based e-comic learning
media. Apart from that, flip-based e-comic learning media has also been proven to be
very effective based on the N-Gain test that has been carried out. Based on the T-test also
shows that there is an influence on the use of learning media. Data from the pretest and
post-test also shows that the data is normally distributed in both small-scale and large-
scale trials. Based on the results provided by teachers and students through response
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questionnaires, they also showed satisfaction with the use of flip-based e-comic media
because 95% of students said that flip-based e-comic media was very interesting and
could attract their interest in learning about subjects. Mathematics and the material,
example questions, and practice questions can also help them understand, which really
helps them improve their ability to work on HOTS questions. This research has
implications in providing alternative innovative learning media that can increase learning
interest, student engagement, and critical thinking skills in mathematics subjects while
supporting educators in integrating technology into 21st-century learning.
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