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Abstract. Rapid technological advances have made it easier for students
to study flexibly. E-comic has been proven as an effective learning me-
dium at various levels of education. The purpose of this research is to
produce appropriate learning media for momentum and impulse material.
In addition, this study also measures the effectiveness of using e-comics
in physics learning, and analyzes students' abilities in mathematical rep-
resentation and critical thinking. This development research uses the
ADDIE model with five stages. The research instruments included prod-
uct feasibility assessments by the validator, student response question-
naires on the use of e-comics using the flipped classroom method, as well
as tests of mathematical representation abilities and critical thinking. The
research design involved a pretest-posttest control group with three com-
parison classes using teaching media. The research was conducted in X
class Senior High School. The research subjects included X class stu-
dents who were randomly selected using the cluster sampling technique.
Data analysis begins by examining the feasibility of media, lesson plans,
and test and non-test instruments such as questionnaires, observation
sheets, and interviews. Instrument validation was carried out with V Ai-
ken and quest software. The media hypothesis and effectiveness were
analyzed using SPSS, while the student's ability profile was analyzed us-
ing the output quest. The results of the study show that the physics e-
comic developed is feasible for use in learning momentum and impulse.
The Manova test shows that the use of e-comics significantly improves
students' mathematical representation abilities and critical thinking, with
an effectiveness of 84%. Student ability profiles ranged between moder-
ate and low on the topic of momentum and impulse.
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1 Introduction

The 21st century is a period of time where all aspects of life must adapt to technological
advances that are so sophisticated. One of these aspects is the field of education. The
current educational curriculum helps students and educators to carry out learning pro-
cesses that utilize technology in learning activities such as smartphones [1]. Learning
activities that utilize technology can be carried out flexibly and are not fixated on teach-
ing that is teacher-oriented, but learning can be carried out individually by students [2].
One of the advantages of using technology in learning is that teachers and students can
have various teaching materials such as e-book, e-module, e-LKPD, e-comic, and so
on.

Physics is one of the subjects that uses technology a lot in its learning activities, to
help understand and master concepts. Physics material for high school students consists
of various KD and KI, one of which is the KD material on momentum and impulse.
The results of research on understanding the concept of momentum and impulse mate-
rials are still not optimal [3]. Students still lack conceptual understanding due to mis-
conceptions about the law of conservation of momentum in students when learning [4].
Problems understanding students' concepts lead to a lack of student interest in learning
about momentum and impulses, of course this has an impact on solving students' prob-
lems.

The low ability of students' mathematical representation and critical thinking can be
seen through the learning outcomes and student behavior when participating in the
learning process in class. Students' interest is still minimal in calculating mathematical
operations and students' way of reasoning or thinking is still less than optimal regarding
physics concepts. Responses from teachers and students were obtained to create alter-
native learning media to improve mathematical representation and critical thinking
skills. Comic media can be said to be a learning medium that is simple, clear, easy to
understand, and more personal so that it can be used as informative and educative teach-
ing material. Student responses show that comics are an attractive medium because they
are easy to understand. Comic plots are more interesting to prevent student boredom
[5]. It is hoped that comics can foster students' curiosity to deepen their understanding
of the material they are studying [6]. This makes comics an attractive choice for stu-
dents to improve their mathematical representation and critical thinking.

Physics learning contains various abilities that students need in order to be able to
solve problems that exist in the concept of physics. The ability of mathematical repre-
sentation is an example of a basic ability that must be occupied by students [7]. Math-
ematical representation abilities are still lacking in students, there are problems such as
students still having difficulty placing positive and negative number symbols resulting
in wrong calculations [8]. Another error is when using arithmetic symbols in solving
problems, and determining variables to make equations [6]. Students are more likely to
memorize formulas in the learning process, without understanding complete and clear
stages of completion [9], [10]. The concept of momentum and impulse also emphasizes
its nature or application, but students pay more attention to the formula [11]. Some
students are also fixated on formulas without knowing the proof or origins of how these
formulas can be used in physics concepts [12]. The results of studies regarding students'
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mathematical representation abilities indicate the need for learning that can help stu-
dents improve their mathematical representation abilities.

Student learning activities cannot be separated from thinking skills such as logical
thinking, analysis, critical, systematic, critical, and the ability to collaborate. Physics
learning also primarily requires students to have critical thinking skills because critical
thinking is considered an important component in activities to solve physics problems
[13], [14]. The results of previous studies showed that students were not well trained
with HOTS questions, resulting in low critical thinking skills [15]. The results of the
research through assignment reports as many as 23.53% of students still have weak
critical thinking skills [16]. The low level of critical thinking is also influenced by stu-
dents' habit of memorizing material and formulas rather than analyzing concepts [17].
In addition, monotonous and boring learning activities can hinder the process of trans-
ferring knowledge from teachers to students [18]. Therefore, follow-up research is
needed to improve the critical thinking skills of high school students.

Momentum and impulse is one of the materials taught in X class at senior high school
in even semester. In studying this material, students also often make mistakes in work-
ing on questions related to the material [19]. The most common error that also occurs
in students is looking for a solution strategy such as errors in symbolic use or mathe-
matical calculations that often occur [20]. Therefore, students' mathematical represen-
tation and critical thinking abilities need to be improved in order to achieve the learning
objectives of momentum and impulse that are successful and good for students.

The impact of technological developments and even the use of computers
smartphone very rapidly for the world of Education. In this regard, one of the interesting
teaching materials is comics [21]. Until now, comics have a high interest for readers to
read because they feature humor, narrative and visual imagery [22], [23]. The use of
words and conversations in comics can be made into simpler sentences so that students
can more easily understand in studying science [24]. Usually comics are made on paper,
but nowadays comics can also be made using digital technology [23], [25], [26]. Com-
ics can be displayed using a smartphone so that the current trend of learning styles can
make learning more real, efficient and easy to do [27]-[29]. Comic media can be said
to be a learning medium that is simple, clear, easy to understand, and more personal in
nature so that it is informative and educative.

The learning method is one of the major impacts of the success of students in the
teaching and learning process. Flipped classroom is a method where students learn ma-
terial outside the classroom and practice in the classroom with the guidance of the
teacher [30]. This method provides opportunities for students to learn material at their
own pace and time in class is used to solve problems in their learning [31]. Learning
activities before entering class focus on students' LOTS abilities, so that in class stu-
dents can focus on HOTS abilities.

The description above explains that the ability to represent mathematically and think
critically as well as the development of physics comics is very good to continue in the
learning process to create a sense of independent learning for students. This research
aims to develop e-comic physics products on momentum and impulse material that are
appropriate for use to improve their mathematical representations and critical thinking,
as well as to determine the effectiveness of using e-comic products and to determine
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the profile of students' abilities on momentum and impulse material, especially in the
ability of mathematical representation and critical thinking.

2 Method

This study uses the ADDIE model with five stages consisting of analysis, design, de-
velopment, implementation, and evaluation [32]. Figure 1 shows the stages at each
stage of development,

» collect
information
A na Iyze related to
research
. * designing
DES|gn development
products
. = validating
) ‘ Develop “joice

Implementation *  Product trial

Evaluation | - Evaluation

— product

Fig. 1. ADDIE Model Research

The research design in this study is a research design pretest-posttest control group
desain. Pretest-posttest control group design This design consists of an experimental
group and a control group which have the same characteristics, because they were taken
randomly from a homogeneous population [33]. Table 1 shows the design of this study

Table 1. Research Design

Treatment
Class Test Media  Moethod Test
Experiment 1 E-comic

Experiment2  Pre Test LKS Flipped Post Test
Control PPT
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This research uses three classes or groups, namely experimental class 1, experi-
mental class 2, and control class. The three classes were given a pretest, then continued
with the administration treatment teaching materials used. The teaching material for the
experimental class 1 was physics e-comics, for the experimental class 2 was worksheets
and the control class used conventional, namely teacher PPT. The learning method for
the three classes is the same, namely the method flipped classroom

The population in this study were all students of class X at senior high school. The
subjects of this study were students in class X, X, and X3 in the academic year
2022/2023 totaling 108 students who were randomly selected using thecluster sam-
pling. The data collection instruments in this study are arranged as Table 2,

Table 2. Data Collection Instruments

Data Collec-
tion Tech- Instrument Type Instrument Data
niques
Pretest and posi- Test the ability of mathemati-
Test test P cal representation and critical Student
thinking
Observation .
: Analyze the concepts, assign-
Interview . .
ments and learning activities of
Photo documen- students Students
Non test tation and teach-
Student Re- ers

Knowing the response to the

sponse Ques- .
p Q use of e-comics

tionnaire
Product feasibility assessment is carried out by calculating the score on the as-
sessment sheet. Each item of the assessment sheet statement uses a score of 1 to 4 [34].
The score calculation goes through several stages: first, transforming the ordinal scale
into intervals. Second, calculating the average product rating [35],

v=2

n
third, categorizing product feasibility based on criteria.

This development research wanted to use the SPSS-assisted MANOVA test in pro-
cessing data. The data that is processed must first go through prerequisite test analysis
(Stevens, 2002) such as the normality test and homogeneity test. If the significance
value is less than 0.05, the data is normally distributed and homogeneous. The value of
effectiveness can be known through GLM analysis (General Linear Model) with mul-
tivariate analysis and categorized the value of its effectiveness.

The results of students' mathematical representation and critical thinking ability pro-
files on momentum and impulse material were analyzed with the help of QUEST soft-
ware on the output .ca. The .ca output will display the output value T (Z), then analyzed
using the formula,

T =10(Z)+50 (0
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Equation 2 will be processed so that the T output value becomes positive so that it
can be categorized as students' mathematical representation abilities and critical think-
ing in the high, medium, and low categories.

3 Result and Discussion

This development research refers to the ADDIE model which starts from analysis, de-
sign, development, implementation, and evaluation to produce e-comic physics teach-
ing material products on momentum and impulse material for high school students in
improving their mathematical representation skills and critical thinking.

3.1 Analyze Stage

This first stage was carried out with the aim of collecting and obtaining information
related to physics learning activities in X class at senior high school. The results of the
study found that the school still uses the 2013 curriculum with the material being dis-
cussed in accordance with Permendiknas no 69 of 2013. The physics learning process
still uses books provided by the school. The most frequently used learning methods are
discussions and questions and answers. Learning activities are emphasized on affective,
cognitive, and psychomotor aspects. But in fact the curiosity and desire of students in
learning has increased and decreased as in previous years, especially in cognitive as-
pects such as how to count and how students reason in such as mathematical represen-
tation and critical thinking.

3.2 Design Stage

This second stage is divided into several stages, namely: analyzing the physical aspects
contained in the physics e-comics of the momentum and impulse material, designing a
physics e-comic product and creating a validation sheet to be validated by experts. The
media design stage is carried out by making the characters in the e-comic, then proceed
with making a storyline (including determining the conversation, text balloons, and the
background behind the conversation in the story).storyboard e-comic development de-
sign, then combining all of these design stages to become a comic through the Canva
application. The storyline is made in advance using the help of software Microsoft word
to determine the parts of each character's conversation. The images include the charac-
ters and background specified and do the sorting on the sub menu element on Canva.
The final stage of the design was to incorporate comic physics into the mix feeds insta-
gram account. Students and readers will access comics through smartphone each
through the Instagram application with the search username for the Instagram account
@physicscomic.

The e-comic development format includes content opening, developer identity, e-
comic reading guide, concept map, introductory story, character introduction, and
comic content (episode 1, sample question video 1, practice questions, episode 2, video
sample questions 2, practice questions, episode 3, video sample questions 3, practice
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questions, and episode 4, video sample questions 4, practice questions). Moment and
impulse physics e-comic media is equipped with additional photos to complement the
material. The photo contains interesting facts about the application of momentum and
impulse in everyday life. The final product form of e-comics before being uploaded to
Instagram is .JPG and all of these photos will be posted on Instagram using a laptop in
the final stage. Moment and impulse physics e-comics can be accessed using computers
or smartphone with various brands such as Android or 10S.

The following are some examples of material physics e-comic media display of mo-
mentum and impulse using the method flipped classroom learning can be seen in Figure
2 for the overall view, and Figure 3 Comic cover,

physicscomic_

LATIHAN
SOAL
PART 3 _.g

LATIHAN
SOAL
PART 4 0

4

Fig. 2. Display of Momentum and Impulse Physics E-comics on Smartphone
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. Kerela Api Malabar dengan rute Malang -
Yogyakarta melaju dengan kecepatan 72 km/fjam
dengan massa kereta adalah 1 ton, maka
besarnya momentumn kereta Malabar sebesar

1b. Marcus Gideon memukul kop badminton
dengan gaya 50 N saat kejuaraan Thomas Cup
2022, Jika saat memukul rakel bersentuhan
dengan bola selarma 0,025 sekon. Besarnya
irmpuls yang terjadi adalah ...

1c. Sebuah kotak barmassa 0,040 g dijatuhkan
tanpa memiliki kecepatan awal dari ketinggian
G250 cm, Jika percepatan gravitasi bumi g= 9,8
m/s*2 ketika menumbuk permukaan tanah,
momentum benda bernilai ..
*merganal Momaniurm dan [mpes
MAGISTER PENDIDIKAM FISIKA UNY-2023

Fig. 3. Samples of Physics E-Comic Design

3.3 Development stage

The development stage is carried out by validating research products and instruments
to experts. The development media that have been developed are validated by expert
lecturers (media and material), 2 physics teachers, 3 peer reviewer. The task of these
validators is to provide an assessment of product development based on the feasibility
of the material and media presentation.

The development stage is divided into two parts, namely, the validation stage and
the limited test, where the limited test consists of two stages, namely the empirical test
and the small-scale test or what is known as the initial field test.

Fig. 4. Empirical Test

Product feasibility assessment is divided into two parts, namely media feasibility and
material feasibility. Means that have been categorized in the assessment of media and
material products of e-comic physics material momentum and impulse with the method
flipped classroom learning have categories that are eligible to be used as learning me-
dia.



98 A. G. A. G. Sukmadewi and M. Mundilarto

Item analysis was done using software Quest. Empirical tests were conducted to de-
termine the reliability of the items to be used in large-scale experiments.

DATA REPRESENTASI MATEMATIS
Ttem Fit 13f &/23 16:47
all on all (M = 144 L = & Probability Level= .58)

Item Fit 22/ 4/23 12:28
all on all (N = 144 L = 6 Probability Level= .58)
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Fig. 5. The results of the analysis of the mathematical representation and critical thinking of fit
items

Figure 5 shows the item item ability of mathematical representation is in a state of
fit or feasible to use. Infit value meansquare are in the range of values from 0.83 to 1.20
for the ability of mathematical representation items. While value the mean square is
fitted critical thinking is in the range of 0.84 to 1.22. So it can be concluded that the
items of mathematical representation ability and critical thinking are included in the
good category. Testing the reliability of questions on the ability to test mathematical
representation and critical thinking summary of case estimates each ability is 0.72 and
0.80. Both values are included in the reliable category. Reliable means that the items in
the items are good for use as a research test instrument to measure the ability of math-
ematical representation and critical thinking.

Profile measurement of students' mathematical representation and critical
thinking abilities on momentum and impulse material. The category of students' abili-
ties in this mathematical representation item can be seen in two categories, namely me-
dium and low. Students' Z scores still show below average but there are still high scores,
this is because the research subjects for empirical tests were conducted on grade 11
students who had studied momentum and impulses in grade 10.
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Small-scale tests or initial field trials were carried out for small class. The assessment
was carried out by students using a questionnaire in response to the use of e-comic
media physics material on momentum and impulse with learning methods flipped class-
room which has been validated by expert lecturers. The results obtained in the small-
scale test are feasible products with a percentage of 100% for use in the learning process
of momentum and impulse material.

3.4 Implementation Stage

The implementation phase was carried out with the aim of knowing the effectiveness
of using e-comics in improving the ability of mathematical representation and critical
thinking of high school students in the subject of momentum and impulse by using the
method flipped classroom learning. The process of implementation stages produces re-
sults of field trial data consisting of several things, namely: implementation of lesson
plans and student response questionnaires to the use of momentum and impulse physics
e-comic media. The result of the implementation of the lesson plan is the reliability of
the results of observations of the implementation of learning included in the reliable
category, which means that overall all stages of the lesson plan are carried out in the
learning activities in class.

Experimental class students who use e-comic media physics material on momentum
and impulse by applying the method flipped classroom gives 100% decent results,
which means students agree in using the e-comic media physics of momentum and im-
pulse material by applying the method flipped classroom learning in learning.

Fig. 6. Use of Momentum and Impulse Physics E-comic in Class

3.5 Evaluation Stage

The evaluation stage wants to see the effectiveness of using e-comics in classroom
learning. Testing the effectiveness starts from the prerequisite test for normality and
homogeneity. Normality testing data on the test Kolmogorov-Smirnov because the test
subjects are more than 100 (> 100). Table 3 shows earned value them selve.more than
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0.05 for score pretest and posttest ability mathematical representation of the experi-
mental class 1, experimental class 2, and control class. So that it can be stated that it is
accepted, because according to statistical theory the data can be said to be normal if the
value them selves greater than 0.05. This also proves that the data for the three classes,
both experimental class 1, experimental class 2, and class contrast, are normally dis-
tributed.

Table 3. Normality Test

Test Class Sig Decision
Pre Test Math Representation Experiment 1 ~ .200  Normal
Experiment2  .179  Normal
Control .055  Normal
Post Test Math Representation ~ Experiment 1 .090  Normal
Experiment2  .200  Normal

Control .200  Normal
Pre Test Critical Thinking Experiment1  .078  Normal
Experiment2  .200  Normal
Control .200  Normal
Post Test Critical Thinking Experiment1  .090  Normal
Experiment2  .200  Normal
Control .157  Normal

Table 4. Homgenity Test

Box’M F Sig  Decision
5.534 0.519 .878 Homogen

Based on the homogeneity test, the significance value of the Box's Test is 0.593,
which means more than the significance level used (0.05), then it is accepted. This
means that the sample is homogeneous and comes from a normally distributed popula-
tion. So by using the significance level it can be concluded that both the experimental
class 1, the experimental class 2, and the contrast class have the same matrix of variance
covariance of the dependent variable.

The increase in the ability of mathematical representation and critical thinking is
seen through the hypotheses in the MANOVA test using SPSS 24 software.

Table 5. MANOVA test

Effect Sig. Result
Hotteling’s Trace 0,000 H  rejected

Table 5 show the results of the analysis obtained with a significance value of 0.000
<0.05 were rejected. In conclusion, there are differences in the ability of mathematical
representation and critical thinking of students who use physics e-comic media with
learning using worksheets provided by schools, and also PPT provided by teachers us-
ing the flipped classroom during learning.
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Table 6. Test of Within-Subject Contrass

Source Measure  df F Sig

Measure 1 2 11.358 .000
Measure 2 2 9.013 .000

Table 6 show the significance value of the time*class section shows a result of 0.000
<0.05, this indicates that there is a significantly different interaction between pretest
and posttest for mathematical representation abilities and critical thinking in each class.

Time*kelas

Table 7. Pairwise comparison

Variabel Class Sig

Math Representation  Experiment 1~ .000
Experiment2  .000

Control .000

Experiment 1 .000

Experiment2  .000

Control .000
Critical Thinking Experiment 1 .000
Experiment2  .000
Control .000

Experiment 1 .000
Experiment2  .000
Control .000

Table 7 show the significance value of the variables of mathematical representation
and critical thinking shows a result of 0.000. This indicates that there is an increase
from the pretest score to the posttest score in each class because the sig value <0.05.

The results of the effectiveness contribution were analyzed based on the SPSS output
in the multivariate table. The different effectiveness between classes means that there
are differences in effectiveness, as follows, fisrt; The effective contribution of the ex-
perimental class 1, experimental class 2, and control class to increasing the ability of
mathematical representation and critical thinking were 84%, 74%, and 80%, respec-
tively. Second; The effective contribution of the experimental class 1, experimental
class 2, and control class to increasing the ability of mathematical representation is
17.8%. Third; The effective contribution of the experimental class 1, experimental class
2, and control class to critical thinking skills was 14.7%.

Summary of student responses on the use of momentum and impulse physics e-com-
ics during learning takes place including: first; Learning using physics e-comics mate-
rial on momentum and impulse contains fun stories so that there are new experiences
in learning physics. Second; E-comic physics of momentum and impulse material is
very interesting to use in learning because it contains easy-to-understand explanations.
Third; Strengthening the concept of physics in physics e-comic material is also inter-
esting because it uses the application of physics concepts in everyday life so that it
makes it easier for students to learn. Fourth; Stories in physics e-comics display the
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estimated errors in solving physics problems. This really helps students in learning so
as to minimize the inaccuracy of students.Method flipped classroom It is also interest-
ing because students are required to read the material first so that learning becomes
more meaningful. Fifth; Overall, the material for physics e-comics, which includes ex-
amples of questions in the form of videos, e-comic storylines, and practice questions,
are all good and interesting.

4 Conclusion

The research that has been going on has three conclusions according to the research
objectives, namely, firstly, a physics e-comic product has been produced that is feasible
for use in high school physics learning activities on momentum and impulse material
using the flipped classroom learning method. Second, the effectiveness value of using
e-comic physics teaching materials on momentum and impulse material using the
flipped classroom method is 84% which is in the high category. Third, the profiles of
students' mathematical representation abilities and critical thinking on momentum and
impulse material fall into the high, medium and low categories.

There are three limitations to this research, namely, first; the second meeting was
hampered by the presence of PPG students who taught over time, resulting in reduced
research time. Second, the implementation of the pretest was not optimal for some stu-
dents because they attended seminars held at school. Third, there were only 144 em-
pircal test subjects using quest due to limited research time with the eid holiday.

Suggestions for utilizing media that has been developed as, first; development of
physics e-comic media on momentum and impulse material using the flipped classroom
method which can be created for physics material and other learning methods. Second;
media capacity must be considered, this is intended for all students can access well the
product using PC or smartphone. Third; use of e-comic in the class need control from
the teacher so that students can’t open other smartphone applications causes students
can lose focus in learning.

5 Authors’ Contributions

Angela designed and conceptualized the research to be carried out, such as drafting
concepts and drafting learning product designs, designing learning activities, analyzing
the data obtained, finding and selecting schools for research, and taking care of all re-
search administration and saving funds. Mundilarto oversees product development to
research to research supervision, validates media products, and review draft articles.
All authors have read and agreed to the published version of the manuscript.

6 Acknowledgments

We respectfully express our gratitude to the honorable the headmaster and all physics
teacher of the senior high school for the opportunity and support to carry out this study.



Development of Physics E-Comic Momentum And Impulse Material 103

References

1.

10.

11.

12.

13.

14.

15.

H. D. Kurniawan and H. Kuswanto, “Improving Students’ Mathematical Representation and
Critical Thinking Abilities Using the CAKA Media Based on Local Wisdom,” International
Journal of Interactive Mobile Technologies, vol. 15, no. 2, pp. 72-87, Sep. 2021, doi:
10.3991/ijim.v15i02.11355.

D. Longman and S. Younie, “A Critical Review of Emerging Pedagogical Perspectives on
Mobile Learning,” in Handbook for Online Learning Contexts: Digital, Mobile and Open,
2021.

D. Prihartanti, L. Yuliati, and H. Wisodo, “Studentrs Problem-Solving Skill on Momentum
Conservation Law,” 2018. doi: 10.2991/icomse-17.2018.10.

G. C. Rosa, C. Cari, N. S. Aminah, and J. Handhika, “Students’ understanding level and
scientific literacy competencies related to momentum and impulse,” in Journal of Physics:
Conference Series, 2018. doi: 10.1088/1742-6596/1097/1/012019.

P. D. Widyastuti, M. Mardiyana, and D. R. S. Saputro, “An Instructional Media using Com-
ics on the Systems of Linear Equation,” in Journal of Physics: Conference Series,2017. doi:
10.1088/1742-6596/895/1/012039.

R. Sari, F. P., Nikmah, S., Kuswanto, H., & Wardani, “Developing Physics Comic Media a
Local Wisdom: Sulamanda (Engklek) Traditional Game Chapter of Impulse and Momen-
tum,” J Phys Conf Ser, vol. 1397, no. (1), 2019, doi: https://doi.org/10.1088/1742-
6596/1397/1/012013.

Jennifer L. Docktor and José P. Mestre, “Synthesis of discipline-based education research
in physics. Physical Review Special Topics-Physics Education Research,” Phys Rev Phys
Educ Res, vol. 10, Sep. 2014.

A. K. Jitendra, G. Nelson, S. M. Pulles, A. J. Kiss, and J. Houseworth, “Is mathematical
representation of problems an evidence-based strategy for students with mathematics diffi-
culties?,” Except Child, vol. 83, no. 1, 2016, doi: 10.1177/0014402915625062.

S. B. Faradila A, I K Mahardika, “Analisis Kemampuan Representasi Matematis dan Gam-
bar Siswa SMAN 1 Jember Pada Materi Suhu dan Kalor,” Jurnal Phi: Jurnal Pendidikan
Fisika dan Fisika Terapan, vol. 3, no. 4, 2022, doi: 10.22373.

R. Sari, D. P., Darhim, & Rosjanuardi, “Errors of students learning with react strategy in
solving the problems of mathematical representation ability,” Journal on Mathematics Ed-
ucation, vol. 9, no. 1, 2018, doi: https://doi.org/10.22342/jme.9.1.4378.121-128.

A. H. Anggraini Z, I K Mahardika, “Identifikasi Miskonsepsi Siswa SMAN Jember Kelas
X Pada Materi Momentum dan Impuls Melalui Pendekatan Multirepresentasi Terintegrasi
CRI,” Seminar Nasional Pendidikan Fisika, vol. 3, no. 2, 2018, [Online]. Available:
https://jurnal.unej.ac.id/index.php/fkip-epro/article/view/9353

L. Y. Kurniasari and W. Wasis, “Analisis Kemampuan Multi Representasi dan Kaitannya
dengan Pemahaman Konsep Fisika,” Jurnal Pijar Mipa, vol. 16, no. 2, pp. 142—-150, Mar.
2021, doi: 10.29303/jpm.v16i2.2404.

L. Viennot and N. Décamp, “Activation of a critical attitude in prospective teachers: From
research investigations to guidelines for teacher education,” Phys Rev Phys Educ Res, vol.
14, no. 1, 2018, doi: 10.1103/PhysRevPhysEducRes.14.010133.

Wahyudi, N. N. S. P. Verawati, S. Ayub, and S. Prayogi, “The effect of scientific creativity
in inquiry learning to promote critical thinking ability of prospective teachers,” International
Journal of Emerging Technologies in Learning, vol. 14, no. 14, 2019, doi:
10.3991/ijet.v14i14.9532.

A. H. Ngurahrai, S. D. Farmaryanti, and N. Nurhidayati, “Media Pembelajaran Materi Mo-
mentum dan Impuls Berbasis Mobile learning untuk Meningkatkan Kemampuan Berpikir



104

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

A. G. A. G. Sukmadewi and M. Mundilarto

Kritis Siswa,” Berkala Ilmiah Pendidikan Fisika, vol. 7, no. 1, p. 62, Feb. 2019, doi:
10.20527/bipf.v7i1.5440.

. D. 1. Saputri, W. Sunarno, and A. Supriyanto, “Measurement of critical thinking in physics:

The identification of students’ critical thinking skill through the work report on momentum
conservation?,” in Journal of Physics: Conference Series, 2020. doi: 10.1088/1742-
6596/1567/3/032073.

S. Astutik, I. K. Mahardika, Indrawati, Sudarti, and Supeno, “HOTS student worksheet to
identification of scientific creativity skill, critical thinking skill and creative thinking skill in
physics learning,” in Journal of Physics: Conference Series, 2020. doi: 10.1088/1742-
6596/1465/1/012075.

R. G. Alandia, Jumadi, I. Wilujeng, and H. Kuswanto, “The Effects of Web-Assisted Prob-
lem Based Learning Model of Physics Learning on High School Students’ Critical Thinking
Skills,” in Journal of Physics: Conference Series, 2019. doi: 10.1088/1742-
6596/1233/1/012048.

Dina Prihartanti, Lia Yuliati, and Hari Wisodo, “Kemampuan Pemecahan Masalah Siswa
Pada Konsep Impuls, Momentum dan Teorema Impuls Momentum,” Jurnal Pendidikan:
Teori, Penelitian, & Pengembangan, vol. 2, pp. 1149-1159, Aug. 2017.

F. P. Sari, H. Prasetyo, and H. Kuswanto, “Physics comics learning media based on Engklek
traditional games on parabolic motion topics to improve creativity,” Journal of Gifted Edu-
cation and Creativity, vol. 7, no. August, 2020.

D. R. S. Widyastuti, P. D., Mardiyana, M., & Saputro, “An Instructional Media using Com-
ics on the Systems of Linear Equation,” J Phys Conf Ser, no. 895, 2017, doi:
https://doi.org/10.1088/1742-6596/895/1/012039.

A. E. Damayanti and H. Kuswanto, “THE EFFECT OF THE USE OF INDIGENOUS
KNOWLEDGE-BASED PHYSICS COMICS OF ANDROID-BASED MARBLES
GAMES ON VERBAL REPRESENTATION AND CRITICAL THINKING ABILITIES
IN PHYSICS TEACHING,” J Technol Sci Educ, vol. 11, no. 2, 2021, doi:
10.3926/jotse.1142.

Fitriani, M. B. Harahap, and N. Bukit, “Integrated Science Learning Development of Model
Inquiry Training Based on Comics,” in Journal of Physics: Conference Series, 2020. doi:
10.1088/1742-6596/1428/1/012045.

H. C. Lin and G. J. Hwang, “Research trends of flipped classroom studies for medical
courses: a review of journal publications from 2008 to 2017 based on the technology-en-
hanced learning model,” Interactive Learning Environments, vol. 27, no. 8. 2019. doi:
10.1080/10494820.2018.1467462.

B. Cahyono, A., Isnandar, & Usodo, “Implementation of mathematical comic on exponent
and logarithms with 21 st century skills - oriented,” J Phys Conf Ser, no. 1211, pp. 1-7,
2019, doi: Implementation of mathematical comic on exponent and logarithms with 21 st
century skills - oriented.

S. Nikmah, F. Haroky, Jumadi, I. Wilujeng, and H. Kuswanto, “Development of Android
Comic Media for the Chapter of Newton’s Gravity to Map Learning Motivation of Stu-
dents,” in Journal of Physics: Conference Series, 2019. doi: 10.1088/1742-
6596/1233/1/012051.

S. C. Moon and S. Hong, “Effect of using a smartphone sensor in a physics class on moti-
vation for science learning,” New Physics: Sae Mulli, vol. 65, no. 1, 2015, doi:
10.3938/NPSM.65.66.

J. Nealbert, V. Calimag, A. G. Miguel, R. S. Conde, and L. B. Aquino, “Ubiquitous Learning
Environment Using Android Mobile Application,” IntJ Res Eng Technol, vol. 2,no. 2,2014.



29.

30.

31.

32.
33.

34.
35.

Development of Physics E-Comic Momentum And Impulse Material 105

M. S. I. Rahayu and H. Kuswanto, “The effectiveness of the use of the android-based carom
games comic integrated to discovery learning in improving critical thinking and mathemat-
ical representation abilities,” J Technol Sci Educ, vol. 11, no. 2, 2021, doi:
10.3926/JOTSE.1151.

A. Herala, E. Vanhala, A. Knutas, and J. Ikonen, “Teaching programming with flipped class-
room method: A study from two programming courses,” in ACM International Conference
Proceeding Series, 2015. doi: 10.1145/2828959.2828983.

S. H. Koes, F. S. Putri, E. Purwaningsih, and A. Y. Salim, “The influence of flipped class-
room in inquiry learning to student’s critical thinking skills in impulse and momentum,” in
AIP Conference Proceedings, 2020. doi: 10.1063/5.0000503.

B. A. Pribadi, Model Desain Sistem Pembelajaran. Jakarta: PT Dian Rakyat, 2009.
Sugiyono, Metode Penelitian Kuantitatif, Kualitatif, dan R&D. Bandung: ALFABETA,
2019.

E. P. Widoyoko, Teknik penyusunan instrumen penelitian. Jakarta: Pustaka Belajar, 2011.
I. Ernawati and T. Sukardiyono, “UJI KELAYAKAN MEDIA PEMBELAJARAN
INTERAKTIF PADA MATA PELAJARAN ADMINISTRASI SERVER.”

Open Access This chapter is licensed under the terms of the Creative Commons Attribution-
NonCommercial 4.0 International License (http://creativecommons.org/licenses/by-nc/4.0/),
which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.

The images or other third party material in this chapter are included in the chapter's

Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.


http://creativecommons.org/licenses/by-nc/4.0/

	Development of Physics E-Comic Momentum And Impulse Material Using Flipped Classroom Learning Method to Improve Student’s Mathematical Representation and Critical Thinking

