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Abstract

Technological developments present a variety of forms of interactive media in physics learning. Comics
and artificial intelligence (Al) are two innovative media genres that are popularly used to enhance
learning. However, a general review of the learning effects of various previous researchers on the effects
of comics and Al on physics learning is still limited. This literature review aims to identify the impacts
and challenges of implementing comics and Al in physics learning. This literature review goes through
five stages, including determining the research question, literature search, article selection, outlining the
information from the articles, and literature writing. Articles are sourced from open-access databases,
Scorpus, ProQuest, ERIC and Google Scholar. Articles published between 2020 and 2024 are found
through searches using keywords in the abstract and title. The search results in as many as 23 articles
worth reviewing. Based on the review, comics and Al have proven effectiveness in enhancing physics
learning by increasing interest, motivation, and student involvement in learning and understanding
concepts in physics. These media have great potential to support interactive and communicative learning.
Both media have impacts, advantages, weaknesses, and challenges in their application. Al can give lead
to plagiarism in learning, and uncontrolled comics affect students' focus on learning. The implementation
of these two learning media has a positive effect on improving learning outcomes. This medium can
teach complex subjects in an accessible and fun way. Comics provide interactive and communicative
learning that supports independent learning for students. In conclusion, comics and Al positively impact
students' physics learning. This literature review provides information about research objects, issues, and
conclusions for other researchers regarding the development of comics and Al in physics learning.

Keywords: Comics, artificial intelligence, Physics, teaching aids, teaching and learning

INTRODUCTION

Physics learning is a part of science that discusses natural phenomena and events
related to daily life. Physics learning materials can be categorized as abstract or
concrete. The presentation of abstract physics material is related to phenomena that are
difficult to observe directly, such as atoms and quantum phenomena. Meanwhile, the
study of concrete phenomena related to motion. In order to understand physics more
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thoroughly, analytical skills are needed. The inability to understand physics learning
well can result in misconceptions and low understanding. When students have solid
physics knowledge, it will be simpler for them to use it in everyday situations.

The actual conditions show that the science ability of students in Malaysia,
including in the field of physics, is still low. This is evidenced by the results of the
science literacy exam, which is in the low category (PISA, 2023). This situation is due
to traditional teaching practices that are still dominant, such as memorization and
lectures, which also contribute to students' low interest and understanding of physics
(Glickman, 1991). These mistakes and misunderstandings can eventually lead to failure.
Consequently, innovative approaches to physics teaching are urgently needed to
address these challenges and stimulate students' interest and motivation in science.

Digital technology supports learning by presenting a variety of media types.
Technology provides support in explaining physics material. Utilizing technology
encourages exciting and effective learning. One of the learning approaches that has
become popular in physics learning is the implementation of comics and Al. Comics
present learning in the form of stories that support exciting and not dull explanations
(Toh et al., 2016). This is because comics are presented as images representing the
phenomenon studied (Haloi, 2022). Meanwhile, Al technology provides support for
communicative and repetitive material explanations. The presence of comics and Al in
learning presents an innovative and creative way of learning to explain physics material.

One of the best Teaching and Learning methods is through storytelling. Comics, as
a form of storytelling, can stimulate students' critical and creative thinking (Sagri, Sofos,
& Mouzaki, 2018). Beyond their engaging nature, comics facilitate two-way learning.
Al, a simulation of human cognitive processes, has changed the educational paradigm
(Matthew et al., 2021). Language models such as ChatGPT (Generative Pre-trained
Transformer) (Lee et al., 2024) show significant potential in supporting various aspects
of learning, from academic writing (Zhai, 2022) to automated assessment (Warschauer
& Ware, 2006). In addition, Al can also be used to create a more personalized and
interactive learning experience, as explained by Diantama (2024). Al enables
interactively personalized learning according to user needs (M., A., Junus, Nurul,
Fitriyah, Sulaeman, 2023). In general, comics and Al hold the potential to significantly
support physics learning

Previous studies on comics and Al in physics learning have yielded varying results.
A comprehensive conclusion regarding the effects of their implementation remains
elusive. Furthermore, there is a lack of in-depth research on the specific impacts of
comics and Al on physics learning. A thorough review of the challenges and
opportunities associated with integrating comics and Al into physics education is
necessary. This includes investigating the positive, negative, and challenging aspects
of their implementation. The aim of this study is to review existing research to analyze
the overall effects of comics and Al on physics learning. Therefore, this study seeks to
provide clear guidance for the effective integration of learning through comics,
especially in physics.

RESEARCH OBJECTIVE

1. Identify the effectiveness of comics and Al in improving student engagement in
physics education
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2. Identify students' understanding when taught or learning to use comics and Al
in physics education based on previous research.

3. Identifying the strengths, weaknesses, and challenges in implementing comics
and Al in Physics Education

RESEARCH QUESTION

This research aims to answer the following research questions:

1. What is the effectiveness of comics and Al in improving student engagement in
physics learning?

2. How do comics and Al help students understand physics material?

3. What are the advantages, disadvantages, and challenges of implementing
comics and Al in Physics education?

METHODS

The purpose of writing this literature review is to assess the effectiveness of
learning using comics and Al. The data sources in this writing have been selected from
various online sources, including books and journal articles. The search used keywords
such as comic-based learning, Al, artificial intelligence, and physics for this writing.
The steps in the systematic review analysis are adapted from Basu (2017) and Jamal et
al. (2019). The steps of the literature review are shown in Figure 1.

Step 1
Determine the research question

Step 2:
Literature Search

Step 3

Article selection

Outline the information from the
article.

Step 5
Literature Writing

Figure 1 Step in Systematic Review Analysis
Figure 1 shows the five steps in a systematic review analysis. The first step is to

define the research question using the PICO (Population, Intervention, Comparison,
Outcomes) framework. Population refers to elementary and secondary school students.
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The interventions in this review are related to improving students' understanding of
concepts, motivation, and critical thinking skills. Comparisons were made to assess the
effectiveness of the intervention compared to other methods. Results refer to the impact
obtained from the findings in the literature review. Based on the PICO framework, the
research questions aim to determine the impact of learning using comics in improving
concept understanding, student motivation, and helping to think critically.

The second step is to search for literature through databases such as Scopus,
ProQuest, and ERIC and open-access journals such as Google Scholar, Scribd, and
Academia.edu, with a search time span between 2015 and 2024. The third step involves
selecting studies based on reading the title and abstract, where the articles are selected
according to the theme and research question. In the fourth step, the information is
extracted according to the goals set. Finally, the fifth step is to write literature based on
research questions to determine the impact of learning using comics in improving
concept understanding, student motivation, and helping to think critically. Based on the
search and systematic review analysis results, 23 articles have been identified as worthy
of review.

RESULT

Based on the literature review process, as many as 23 articles have been found that
discuss the use of comics and Al in physics learning. These articles were obtained from
databases such as Scopus, ProQuest, ERIC, Google Scholar, and open-access journals,
with a period from 2020 to 2024. The information in each article is categorized based
on sources, objects of study, issues, and conclusions. This grouping facilitates the
analysis and synthesis of information from various studies. The results of the literature
review are presented in Table 1.

Table 1. Results of a Literature Review on Comics and Al in Physics

Source Research Issue Finding
Objective
(Khoiri, Improving High school's lack of | Using interactive and
Lilyani, & | students' interactive and | creative learning media can
Wijayanto, | understanding creative learning | increase students'
2024) of Newton's | media requires more | understanding of Newton's
Law innovative solutions. | Laws concepts.
(Kaat, Improving Low literacy skills in | Improving students'
Uloli, & | students' heat and heat transfer | science literacy skills can
Odja, literacy skills materials in secondary | be achieved through more
2024) schools require an interactive and innovative
effective approach. methods.
(Hapsari, Developing The lack of learning | Comics can  increase
Risdianto, | comic media for | media that can support | students' motivation to
& Medriati, | motion students' motivation in | learn motion kinematics
2024) kinematics learning requires more | material.
materials. creative solutions.
(Purwanto | Investigating Lack of in-depth | The use of comics can
& Widodo, | the effects of | conceptual improve students'
2022) comics in | understanding among | understanding of concepts
improving learners requires a
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Source Research Issue Finding
Objective
concept more practical | in a more interesting and
understanding approach easy-to-understand way

(A E | Investigating Lack of high critical | The use of comics can

Damayanti | the effects of | thinking skills among | improve students' critical

& comics in | students requires a | thinking skills in a more

Kuswanto, | improving more effective | interesting and interactive

2020) critical thinking | approach way
skills

(Novelita, | Developing Students lack a deep | The use of Android-based

Yeni, & | Android-based | understanding of | comics can effectively

Hakim, comics to | concepts, which | improve students'

2024) improve requires  innovative | conceptual understanding.
understanding solutions.
of concepts in
physics in high
school

(Widyawat | Investigate the | Lack of high | E-comics can increase

1, impact of e- | motivation, attitude, | students' attitudes,

Kuswanto, | comics on | and critical thinking | interests, and motivation in

& improving abilities among | learning and  improve

Prodjosant | students' students requires a | critical thinking skills.

0s0, 2024) | attitudes and | more effective
critical thinking | approach.
skills.

(Badeo & | Investigating Low student interest, | The use of comics as a

Koc, 2021) | the impact of | motivation, and | learning  module  can
using comics as | conceptual significantly increase
a learning | understanding require | students' motivation and
module a more effective | understanding of concepts

approach

(Almira Investigate the | Students' lack of high | Comics containing

Eka effects of | critical thinking skills | learning games can

Damayanti | comics requires a  more | effectively improve

& containing innovative approach. | students' critical thinking

Kuswanto, | learning games skills.

2021) to support
students' critical
thinking
abilities.

(Jho, 2020) | Investigating Students lack the | E-comics can significantly
the influence of | motivation to study, | increase students'
e-comics in | which requires a more | motivation to learn.
increasing effective approach.
students'
motivation  to
learn

(Pathoni, Investigating The lack of high | Comics with a discovery

Alrizal, & | the influence of | science literacy among | approach can significantly
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Source Research Issue Finding
Objective
Febriyanti, | comics with a | students requires a | improve students' science
2020) discovery more effective | literacy in physics learning.
approach to | approach.
improve
students' science
literacy
(Wheeler Analyze the | ChatGPT's popularity | ChatGPT has the potential
& Scherr, | performance of | among students raises | to provide accurate
2023) ChatGPT on the | concerns about | information but can also
Force Concept | plagiarism and | reinforce common
Inventory (FCI) | misinformation. misconceptions, making it
to understand its important for students to
impact on understand the limitations
students' of this Al in the learning
understanding process.
of physics
concepts.
(Kiicheman | The wuse of | A comparison of | Textbooks are superior in
n et al., | ChatGPT 3.5 by | ChatGPT 3.5's | terms of clarity and
2023) prospective effectiveness with | context, while ChatGPT is
physics teachers | Dalfam's textbook | rated to be easier to use but
for the | resulted in clear and | suffers from problems in
development of | contextual tasks | output quality.
kinematics showing no difference
assignments in | in question accuracy.
grade 10
(Coban & | The use of | ChatGPT offers | With proper use, ChatGPT
Coban, ChatGPT in | benefits  such  as | can be very beneficial in
2023) physics assisting in teaching | physics education, as long
education, and providing lesson | as attention is paid to
specifically on | plans, but there are | detailed calculations and
the topic of | limitations in | explanations.
projectile mathematical
motion, from a | calculations and
student's potential
perspective misconceptions.
(Lieb & | Development of | NewtBot was tested | ChatGPT boosts
Goel, NewtBot, a | with three | confidence in  helping
2024) GPT-3.5-based | configurations—a physics work.
physics basic model, a specific
education tutor, and problem
chatbot that | feedback—and  the
aims to support | result was that the
the learning of | tutor model provided
high school | the best user
students experience.
(Aguilar- Assessing  the | Low concept | Chatbots positively impact
Mejia, impact of | understanding learning, with consistent
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Source Research Issue Finding
Objective
Tejeda, physics chatbots results across all student
Ramirez- in active groups.
Lopez, & | learning
Garay- sequences  for
Rondero, first-year
2022) college students
(Riabko, The wuse of | Low student problem- | No significant differences
Vakaliuk, | chatbots to teach | solving ability in problem-solving skills
Zaika, physics were  found  between
Kukharchu | problem- students who used chatbots
k, & | solving with and those who sought
Kontsedail | educational, direct explanations.
0,2023) entertainment,
motivational,
and  reminder
functions
(Kusuma, | The Low learning | The use of chatbots drives
Mabharani, | effectiveness of | outcomes improved student learning
Wibowo, self-learning outcomes
Nasbey, & | with chatbots
Costu,
2024)
(Polverini | Introducing how | Lack of information | Understanding LLMs and
& LLMs (Large | about how ChatGPT | using prompt-engineering
Gregorcic, | Language works in a structured | techniques  can  help
2024) Models) work | way leverage  ChatGPT in
and prompt- physics  teaching and
engineering improve learning
techniques  to outcomes.
improve
ChatGPT's
performance in
conceptual
physics tasks
(Lopez- Evaluating how | Mistakes in the use of | Optimize ChatGPT's
Sim6 & |the type of | ChatGPT answer results and
Rezende, physics maximize the use of Al in
2024) questions physics education with
affects the correct commands.
accuracy  and
variation of
ChatGPT's
answers
(Ding, Li, | Students' ChatGPT is often | Trust in ChatGPT has an
Jiang, & | perception  of | inaccurate, but | impact on student
Gapud, using ChatGPT | students generally | perceptions, and there
2023) as a tool in | believe it needs to be improvements

physics classes

in Al literacy teaching to

140




Learning Using Comics and Artificial Intelligence in Physics Subjects : A Review

Source Research Issue Finding
Objective

shows that overcome these

ChatGPT is misconceptions

often inaccurate,

but students

generally

believe it.
(Bruneau, | ChatGPT's The use of ChatGPT in | ChatGPT can improve
Wang, Potential to | the context of physics | physics education in Viet
Cao, & | Improve education in  Viet | Nam by applying
Truong, Physics Nam, as well as its | technology and a student-
2023) Education  in | integration with | centered approach

Viet Nam High | information

Schools technology and a

student-focused
pedagogical approach

(Domenich | Design Al | Low motivation and | AI  increases  student
ini, education understanding of | motivation and
Bucchiaron | systems to | concepts engagement and aids in
e, improve physics understanding physics
Chiarello, | learning  with concepts through a
Schiavo, & | adaptation, personalized approach.
Fantoni, gamification,
2024) and

personalization

Table 1 details the object of study, issues, and conclusions from the literature
results. In general, this literature review shows deficiencies in conceptual
comprehension, science literacy, and critical thinking skills among students, as well as
a lack of motivation and engagement in learning. This indicates that a more innovative
approach to teaching is desperately needed. The absence of interactive and creative
learning media in secondary schools also exacerbates this situation, requiring solutions
that interest students and improve their understanding of concepts in depth. In this
context, comics and Al are emerging as potential alternatives to address these
challenges. Despite the fact that ChatGPT and similar technologies are widely used by
students, its use highlights issues with plagiarism, misinterpretation of data, and the
inability to solve complicated mathematical equations.

DISCUSSION

What is the effectiveness of comics and Al in improving student engagement in
physics learning?

Comics and Al both proven effective in improving students' understanding of
physics. When studying abstract and complicated physics materials, these media helps
students understand concepts better. Students nowadays are more interested, driven,
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and self-assured than they were with traditional learning materials like printed books.
This is due to the fact that students actively engage in their learning by presenting
through the media’s commands and instructions. Previous research corroborates these
findings, highlighting the effectiveness of comic-based learning, which combines
stories and images presented in various formats tailored to specific content. In physics
education, comics can be adapted to different learning materials, such as Newton's Law
(Danial & Zulkifli, 2024). Another variation of initial media enriches the learning
experience and makes it easier to understand through its colorful graphics, simple
themes, and easy-to-understand language (Mamat et al., 2019). The visual elements and
storytelling in comics enhance students' motivation to understand the material more
deeply (Abdul Murad Abd Hamid, 2013). Comics are considered light reading that is
easy to understand and helps students remember and repeat lessons better (Usman et
al., 2023; Dewi & Isroah, 2016). Furthemore, by actively engaging students in learning
through stroytelling, comics like Pixton also stimulate students' creativity and critical
thinking (Danial & Zulkifli, 2024).

Al greatly contributes to better learning outcomes in Pyhsics education. This
technology has the potential to increase interest in its application in the education sector
(Chen, Xie, & Hwang, 2020). ChatGPT, Synthesis, Jenni Al, Tome, Murf, and DALL-
E-2 are popular technologies that apply physics learning. The flexibility presented
supports creative and innovative learning. This technology allows students to learn
anytime and anywhere (Azlan Muharram, 2023). With commands according to the
user's wishes, the data can be analyzed immediately upon installation and explained in
detail. Personalities faced with this technology provide efficiency and effectiveness in
physics learning. ChatGPT, as a chatbot technology, helps students develop critical and
creative thinking skills that are important in the 21st century (Luckin & Holmes, 2016).
The presence of this technology in the world contributes to the formation of a
generation that is better prepared to face the challenges of the digital era. However, the
use of Al in education requires a good balance, especially in addressing challenges such
as potential plagiarism and ethical issues. Consequently, the application of Al is
relevant to technological developments and a strategic step to prepare students to
compete in an increasingly digital world.

In conclusion, comics and Al offer valuable contributions to education. Comics,
with their engaging visuals and storytelling, enhance student engagement and
understanding. Meanwhile, AI, with its versatility and personalized approach,
empowers students to learn effectively and develop essential skills.Hence, this
technology has a positive impact on supporting students' effectiveness in studying
physics.

How do comics and Al help students understand physics material?

Students' conceptual understanding of physics is improved when comics and Al
are used in the classroom. Through their storylines, comics encourage students to study
creatively and effectively by using expressive language. Students are encouraged to
explore more questions when studying with Al because of the responsive material
explanations. Students can use this technology to respond to a variety of learning
questions (Riwanto & Wulandari, 2019). According to Fitri et al. (2021), this situation
boosts students' confidence in their ability to study and enhances their comprehension
of subjects. When it comes to delivering content for physics education, comics and Al
facilitate interactive and communicative learning (Friesen et al., 2018).
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Previous research aligns with these findings, highlighting how comics enhance
students' interest, motivation, and conceptual mastery. The combined use of comics and
Al affects students' cognitive abilities and positive outcomes. Al, in particular, provides
real-time answers to students that support their understanding of the concept more
quickly, precisely, and accurately. In Newton's law, studies have shown that students
taught with comics achieve better learning outcomes than those taught through
traditional lectures (Damayanti & Kuswanto, 2021). Moreover, these media can be
accessed through various channels including the web, e-modules and applications in
physics learning (McDermott et al., 2018). Comics, in particular, can be accessed
electronically, which provides efficiency to students in accessing them (Ozdemir, 2017).
Meanwhile, Al can be presented in the form of a chatbot. One of the most commonly
used forms of chatbots is ChatGPT, which supports the responsive presentation of
information.

Comics present learning materials in a strorytelling format, encouraging students
to engage in a more casual and unburdened learning experience. By following the
stroylines, students can learn and grow their imagination (Megawati Ridwan Fitri et al.,
2021; M. A. Junus et al., 2023). This approach positively affects the development of
students' cognitive abilities in learning. Studies have shown that integrating comics into
physics learning significantly improves student performance on learning tests
(Ronsumbre et al., 2023). Both comics and Al support the presentation of easy-to-
understand learning materials, ultimately enhancing students' conceptual understanding
of physics.

What are the advantages, disadvantages, and challenges of implementing comics
and Al in Physics education?

Both comics and Al help to make learning more interesting for students. Comics
provide learning presentations through illustrated and processed stories, encouraging
students' interest in learning. Al gives students confidence in learning by helping them
to answer various questions. These media have advantages in supporting concept
understanding, motivation, and student involvement in learning. One challenge of these
media is providing explanations that make abstract and complex learning more
engaging (Danial & Zulkifli, 2024; Megawati Ridwan Fitri et al., 2021). Al however,
has the advantage of presenting creative learning that adapts to students' abilities. This
is possible due to Al's ability to be personalized and governed according to individual
needs (Chen, Xie, & Hwang, 2020; Azlan Muharram, 2023). Al can provide practical
and concise learning, and it can streamline students' time spent searching for
information (Riwanto & Wulandari, 2019; Usman et al., 2023). Moreover, this
technology can analyze, explain, and draw conclusions from the data it has processed.
Meanwhile, learning with comics supports students not to get too fixated on concepts
but to obtain information through storylines that encourage students' imagination to be
active in learning.

Comics and Al have negative effects on learning as well. Previous researchers have
reported that using comics in learning encourages students to focus more on stories than
learning (Luckin & Holmes, 2016; McDermott et al., 2018). In addition, teaching with
these media creates dependence on students to answer various questions. Management
controls are an essential part of their use. Al can cause other learning problems such as
plagiarism and a tendency to make students lazy when looking for information. A
popular form of Al in learning is the responsive use of ChatGPT in answering various
questions (Ding, Li, Jiang, & Gapud, 2023).
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The reliability of comics and Al in supporting learning has its own challenges for
teachers and students when implementing them in physics learning. Effective
management controls are important to ensure that learning aligns with established goals.
Implementing Al in learning becomes crucial if it is not applied appropriately (Lopez-
Simo6 & Rezende, 2024). This is because this media is able to present convenience that
encourages both positive and negative traits for students and teachers in learning.
Nevertheless, this media has significant potential to be applied in learning. To support
physics learning, comics and Al must be presented in a proper and controlled manner.
Therefore, these media are recommended for teachers seeking to facilitate practical,
efficient, and effective learning and improve student outcomes.

CONCLUSION

Comics and Al have had a positive impact on physics learning. This
implementation of these media has been effectively used to encourage student
participation in learning physics. Compared to lecture learning, students have better
interest, motivation, and confidence. Comics are presented in the form of storylines
along with images to support the explanation of physics material. Meanwhile, Al can
can provide immediate and relevant answers to students' questions. Learning by
utilizing Al gives users access to personalized learning based on each student's ability
level. Interactive, pictorial, and responsive learning presentations encourage the
improvement of students' cognitive abilities. Learning using comics and Al is able to
support students in understanding abstract physics material to be easier to understand.
If this this media is not properly structured, it may negatively affect learning. By using
Al, students might participate in plagiarism and media reliance. Additionally, if comics
are not arranged according to learning objectives, students may find it difficult to focus
when using them to teach lessons. These are challenges with using comics and Al in
their application to physics learning. Organized, systematic, and purpose-focused
learning is one of the ways teachers deal with the various uncontrollable impacts of the
implementation of the media. In general, this media has had a significant positive
impact in supporting the improvement of students' cognitive abilities in physics
learning. Thus, comics and Al are the recommended media for teachers and students to
use in presenting engaging, interactive, and communicative learning.

REFERENCES

Abdul Murad Abd Hamid. (2013). Pembangunan Dan Penilaian Komik Penceritaan Digital Dalam
Persekitaran Pembelajaran Berasaskan Teori Konstruktivisme Bagi Pembelajaran Bahasa Melayu
Pelajar Pendidikan Khas. Ijazah Sarjana Pendidikan. Fakulti Pendidikan. Universiti Teknologi
Malaysia

Adnan, Z., & Husnin, H. (2024). Cabaran guru mengaplikasikan pembelajaran digital melalui
pelantar digital Educational Learning Initiative Malaysia (DELIMa) dalam pengajaran dan
pemudahcaraan (PDPC): [The challenges of teachers in implementing digital learning through the

144



Learning Using Comics and Artificial Intelligence in Physics Subjects : A Review

digital learning initiative Malaysia (DELIMa) platform in teaching and facilitation]. International
Journal of Contemporary Education, Religious Studies and Humanities, 4(1), 27-41.

Affeldt, F., Meinhart, D., & Eilks, I. (2018). The Use of Comics in Experimental Instructions in a Non
-Formal Chemistry Learning Context. International Journal of Education in Mathematics, Science
and Technology, 6(1), 93-104.

Afifah, N., Aini, K., & Isnaini, M. (2018). Hubungan media pembelajaran komik dengan motivasi
belajar siswa kelas vii pada materi sistem organisasi kehidupan.Bioilmi: Jurnal Pendidikan, 4(1),
9-13. https://doi.org/10.19109/bioilmi.v4il.1728

Aguilar-Mejia, J. R., Tejeda, S., Ramirez-Lopez, C. V., & Garay-Rondero, C. L. (2022). Design and use

of a chatbot for learning selected topics of physics. In Technology-Enabled Innovations in
Education: Select Proceedings of CIIE 2020 (pp. 175-188). Springer. Retrieved from
https://doi.org/10.1007/978-981-19-3383-7 13

Badeo, J. M. O., & Koc, B. C. U. O. K. (2021). Use of Comic-based Learning Module in Physics in
Enhancing Students’ Achievement and Motivation. Science Education International, 32(2),
131-136. https://doi.org/10.33828/sei.v32.i2.6

Bruneau, P., Wang, J., Cao, L., & Truong, H. (2023). The Potential of ChatGPT to Enhance Physics

Education in Vietnamese High Schools.

Budiarti, W. N., & Haryanto, H. (2016). Pengembangan media komik untuk meningkatkan motivasi
belajar dan keterampilan membaca pemahaman siswa kelas IV. Jurnal Prima Edukasia, 4(2),
233-242. https://journal.uny.ac.id/index.php/jpe/article/view/6295/pdf

Chen, X., Xie, H., Zou, D., & Hwang, G.-J. (2020b). Application and theory gaps during the rise of
Artificial Intelligence in Education. Computers and Education: Artificial Intelligence, 1, 100002.
https://doi.org/10.1016/j.caeai.2020.100002

Chitra Devi Raja Krishnan, Radin Siti Aishah Radin A. Rahman, Norasmah Othman. (2022).
Keberkesanan modul komik mata pelajaran Perniagaan Tingkatan 4. Akademika 92 (Isu
Khas):163-178

Coban, A., & Coban, N. (2023). Use of ChatGPT in Physics Education. Academic Press.

Damayanti, A. E., & Kuswanto, H. (2021). the Effect of the Use of Indigenous Knowledge-Based
Physics Comics of Android-Based Marbles Games on Verba Representation and Critical Thinking
Abilities in Physics Teaching. Journal of Technology and Science Education, 11(2), 581-593.
https://doi.org/10.3926/jotse.1142

Danial, A. S., & Zulkifli, H. (2024). Pembelajaran berasaskan komik untuk topik bulan penyucian jiwa
menggunakan perisian Pixton [Comics-baesd learning using Pixton software]. International
Journal of Contemporary Education, Religious Studies and Humanities, 4(1), 42-54.

Darmawan, Hikmat. (2012). How To Make Comics. Menurut Para Master Komik Dunia. Bintang
Pustaka. Jakarta.

Damayanti, A E, & Kuswanto, H. (2020). The use of android-assisted comics to enhance students’ critical

thinking skill. In Journal of Physics: Conference Series (Vol. 1440, p. 12039). IOP Publishing.
Retrieved from https://doi.org/10.1088/1742-6596/1440/1/012039

Damayanti, Almira Eka, & Kuswanto, H. (2021). 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. Journal of Technology and Science Education, 11(2), 581-593.

Diantama, S. (2024).  Pemanfaatan  Artificial  Intelegent (AI) Dalam  Dunia

Pendidikan. DEWANTECH Jurnal Teknologi Pendidikan, 2(1), 11-17.

Ding, L., Li, T., Jiang, S., & Gapud, A. (2023). Students’ perceptions of using ChatGPT in a physics
class as a virtual tutor. International Journal of Educational Technology in Higher Education,
20(1), 63.

Domenichini, D., Bucchiarone, A., Chiarello, F., Schiavo, G., & Fantoni, G. (2024). An Al-Driven
Approach for Enhancing Engagement and Conceptual Understanding in Physics Education. In
2024 IEEE Global Engineering Education Conference (EDUCON) (pp. 1-3). IEEE. Retrieved
from https://doi.org/10.1109/educon60312.2024.10578670

Fitri, M. R., Latifah, S., Saregar, A., Anugrah, A., & Susilowati, N. E. (2021). Character

education-based digital physics comic on newton’s law: Students and teachers’ perceptions. IOP
Conference Series: Earth and Environmental Science, 1796(1), 1-8 https://doi.org/10.
1088/1742-6596/1796/1/012007

Friesen J, Van STan JT II,Elleuche S. (2018). Communicating Science through Comics : A method.

Publication 6 (3) : 38. Https:// doi.org/10.3390/publications6030038
Hadi Akhbar Dahlan. (2020). Kepentingan Penghasilan Komik Pendidikan dalam Acuan Tempatan.
Forum Komunikasi. Vol. 15, No.2, 71-86, 2020.

145



Learning Using Comics and Artificial Intelligence in Physics Subjects : A Review

Hapsari, A. N., Risdianto, E., & Medriati, R. (2024). Development of Canva Based Digital Comics on
Straight Motion Kinematics Materials For Student’s Learning Motivation Orientation. Kasuari:
Physics Education Journal (KPEJ), 7(1), 66-77. Retrieved from
https://doi.org/10.37891/kpej.v7il.375

Haerul Pathoni, Alrizal Alrizal & Syasmita Febriyanti. (2020). s-based comic to increase Students’
motivation in physics learning. Journal for the Education of Gifted Young Scientist, 10.
17478/jegys. 770665

Jho, H. (2020). Discussion for how to apply artificial intelligence to physics education. New Physics:
Sae Mulli, 70(11), 974-984. Retrieved from https://doi.org/10.3938/npsm.70.974 Kaat, P. P., Uloli,
R., & Odja, A. H. (2024). The influence of discovery learning model assisted with comics media
on students’ scientific literacy in heat matter and its transfer. ORBITA: Jurnal Pendidikan Dan
1lmu Fisika, 10(1), 86-95. Retrieved from https://doi.org/10.21070/ups.3308

Khoiri, N., Lilyani, F. S. T., & Wijayanto, W. (2024). E-comic as a media to build an understanding of
newtons concepts. Momentum: Physics Education Journal, 8(1), 154—165. Retrieved from
https://doi.org/10.21067/mpej.v8il.8478

Kiichemann, S., Steinert, S., Revenga, N., Schweinberger, M., Dinc, Y., Avila, K. E., & Kuhn, J. (2023).
Physics task development of prospective physics teachers using ChatGPT. ArXiv Preprint
ArXiv:2304.10014. Retrieved from https://doi.org/10.21067/mpej.v8il.8478

Kusuma, A. A. K., Maharani, W. A. D., Wibowo, F. C., Nasbey, H., & Costu, B. (2024). Effectiveness
of Artificial Intelligent Independent Learning (AIIL) with physics chatbot of global warming
concept. Momentum:  Physics Education Journal, 8(1), 42-54. Retrieved from
https://doi.org/10.21067/mpe;j.v8il.8942

Lee, U., Jeong, Y., Koh, J., Byun, G., Lee, Y., Hwang, Y., Kim H., & Lim, C. (2024). Can ChatGPT be
a debate partner? Developing ChatGPT-based application “DEBO” for debate education, findings
and limitations. Educational Technology & Society, 27(2), 321-346. https://doi.org/10.30191/
ETS.202404 27(2).TP03

Lieb, A., & Goel, T. (2024). Student Interaction with NewtBot: An LLM-as-tutor Chatbot for Secondary
Physics Education. In Extended Abstracts of the CHI Conference on Human Factors in Computing
Systems (pp. 1-8). Retrieved from https://doi.org/10.21067/mpej.v8il.8942

Lopez-Simo, V., & Rezende, M. F. (2024). Challenging ChatGPT with Different Types of Physics
Education Questions. The Physics Teacher, 62(4), 290-294.

M., A., Junus., Nurul, Fitriyah, Sulaeman. (2023). Learning physics through comics media: an
enhancement of newton law topics on online learning. ScienceEdu : Jurnal Pendidikan IPA, doi:
10.19184/se.v5i2.30900.

Mamat, R., Rahim, N.A., Affendi, N.R., & Rashid, R.A. (2019). Perkembangan Komik dan Animasi:
Satu Kajian Perbandingan antara Melayu dan Jepun (Comic and Animation Development:
Comparative Study between Malay and Japanese). Jurnal Komunikasi: Malaysian Journal of
Communication. https:// ejournal.ukm.my/mjc/article/view/27219

Matthew, N., O., Sadiku., Tolulope, J., Ashaolu., Abayomi, Ajayi-Majebi., Sarhan, M., Musa.
(2021). Artificial Intelligence in Education. 2(1) doi: 10.51542/IJSCIA.V2I1.2

McDermott, J. E., Partridge, M., & Bromberg, Y. (2018). Ten simple rules for drawing scientific
comics. PLOS Computational Biology, 14(1), €1005845. https://doi.org/10.1371/journal.pcbi.100
5845

Megawati Ridwan Fitri et al. (2021). Character education-based digital physics comic on
Newton’s Law : Students and teachers’ perceptions. Journal of Physics : Conference Series 1796
012007

Novelita, W., Yeni, F., & Hakim, R. (2024). Development of Android-based Comic Learning Media for
Grade VII Science Subject in Junior High School. Jurnal Penelitian Pendidikan IPA, 10(6), 3334—
3341. Retrieved from https://doi.org/10.29303/jppipa.v10i6.6686

Nurul Hidayah. (2017). Pengembangan Media Pembelajaran Berbasis Komik Pada Mata Pelajaran IPS
Kelas IV MI Nurul Hidayah Roworwjo Negerikaton Pesawaran, Jurnal Pendidikan dan
Pembelajaran Dasar, 4(1)

Ozdemir, E. (2017). Humor in elementary science: Development and evaluation of comic strips about
sound. International Electronic Journal of Elementary Education, 9, 837-850.
https://iejee.com/index.php/IEJEE/article/view/288

Pathoni, H., Alrizal, A., & Febriyanti, S. (2020). The folklore-based comic to increase Students’
motivation in physics learning. Journal for the Education of Gifted Young Scientists, 8(4), 1471—

1482. Retrieved from https://doi.org/10.17478/jegys.770665

PISA, O. (2023). PISA 2022: Assessment and Analytical Framework. Paris: PISA, OECD Publishing

Paris.

146



Learning Using Comics and Artificial Intelligence in Physics Subjects : A Review

Polverini, G., & Gregorcic, B. (2024). How understanding large language models can inform the use of
ChatGPT in physics education. European Journal of Physics, 45(2), 25701. Retrieved from
https://doi.org/10.1088/1361-6404/ad1420

Purwanto, A., & Widodo, W. (2022). Analisis Keefektifan Komik Edukasi Terhadap Peningkatan
Pemahaman Konsep Siswa. Pensa: E-Jurnal Pendidikan Sains, 10(2), 208-213.

Riabko, A. V, Vakaliuk, T. A., Zaika, O. V, Kukharchuk, R. P., & Kontsedailo, V. V. (2023). Chatbot
algorithm for solving physics problems. In DigiTransfEd@ ICTERI (pp. 75-92).

Riwanto, M. A., & Wulandari, M. P. (2019). Efektivitas penggunaan media komik digital (cartoon
story maker) dalam pembelajaran tema selalu berhemat energi. Jurnal Pancar. (Pendidik Anak
Cerdas Dan Pintar), 2(1). https://ejournal.unugha.ac.id/index.php/pancar/article/view/195

Ronsumbre, S., Rukmawati, T., Sumarsono, A., & Waremra, R. S. (2023). Pembelajaran Digital
Dengan Kecerdasan Buatan (AI): Korelasi Al Terhadap Motivasi Belajar Siswa. Jurnal Educatio
FKIP UNMA, 9(3), 1464-1474.

Roslina Mamat, Normaliza Abd Rahim, Nik Rafidah Nik Muhamad Affendi & Rosmawati Abdul
Rashid. (2019). Perkembangan komik dan animasi: Satukajian perbandingan antara Melayu dan
Jepun. Jurnal Komunikasi,35(2):260-276

Sagri, M., Sofos, F., & Mouzaki, D. (2018). Digital Storytelling, comics and new technologies in
education: review, research and perspectives. International Education Journal: Comparative
Perspectives, 17(4), 97-112.

Saiful Afzan, Lazim Abdullah, and Azwadi Ali,& Hafiz Yusoff. (2014). Pemodelan penerimaan pelajar
terhadap persekitaran pembelajaran maya (VLE)."Journal of Business and Social Development,
2,36-47.

Tan, S. W., & Ruhizan, M. Y. (2018). Pembelajaran berasaskan komik: Satu kajian sistematik
review dan meta analisis. Jurnal Pendidikan Sains Malaysia, 18(2), 1-22.

Toh, T.L., Cheng, L.P., Jiang, H. & Lim, K.M., (2016). Use of comics and storytelling in teaching
mathematics. In Developing 21st century competencies in the Mathematics classroom, pp.
241-259, World Scientific, Singapore.

Usman, N.F., Mustagimah, N., Dama, L., Akbar. M. N. (2023). Uji validitas pengembangan komik
digital untuk meningkatkan minat belajar siswa di SMAN 1 Mananggu. Jurnal Pembelajaran
Biologi:  Kajian  Biologi dan  pembelajarannya.Vol. 10 (2. pp. 71-76.
http://.doi.org/10.36706/fpbio.v10i2.22623

Valery Vodovozov & Zoja Raud. (2015). "Concept Maps for Teaching, Learning, and Assessment in
Electronics", Education Research International, vol. 2015, Article ID 849678, 9 pages, 2015.
https://doi.org/10.1155/2015/849678

Wheeler, S., & Scherr, R. E. (2023). ChatGPT reflects student misconceptions in physics. In Proceedings
of the Physics Education Research Conference (PERC) (pp. 386—390).

Widyawati, A., Kuswanto, H., & Prodjosantoso, A. K. (2024). E-Comic Based on SETS: A Digital
Learning Media to Improve Student’s Character and Critical Thinking Skills. International Journal
of Religion, 5(2), 47-56.

147



