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INTRODUCTION

The rapid development of technology from year to year always has a great influence on the
teaching and learning process. Reporting from the Kominfo website (2022) based on the
Indonesian Internet Profile 2022 report released by the Indonesian Internet Service Providers
Association or APJII, states that internet users in Indonesia in 2022 are reported to reach 210
million people or 77.02% of the Indonesian population. When compared to the previous
period of around 73.7% of 196.71 million people, and 2018 which only amounted to 64.8%
of 171.17 million people, internet users in Indonesia have clearly increased. According to
Rahayu et al (2022) in the 21st century, teachers and students are required to be literate in
digital technology. So digital technology needs to be applied to learning both at school and
outside school.

Learning media is a tool used in the learning process to convey complex material into simpler
material (Muslim & Ardhana, 2023). The use of learning media can improve student learning
outcomes (Aprilia & Lutfi, 2023). At the beginning of learning, students often seem not to
pay attention because they are not interested in lessons that are less favored, using visual
media can increase students' comfort in learning or reading so that they can easily remember
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and understand information conveyed by images (Sumiharsono & Hasanah, 2017).
Sumiharsono & Hasanah (2017) argue that visual media is very suitable for use in the
teaching and learning process because it can increase students' comfort in learning or reading
so that it facilitates students' information processing performance with visual media that has
images that attract students to continue to pay attention and try to understand the material in
the media.

Digital comics have a combination of visual and digital elements, so they can be used in
learning because there is a delivery of messages or problem solving accompanied by learning
material accompanied by story elements using simple language and images that make comics
more interesting so that the material conveyed is easy to understand and can be accessed
anywhere and anytime using the internet (Siregar & Siregar, 2021). Meanwhile, digital
comics according to Aggleton (2018) are comics whose publication method is digital and
consists of images composed of several (single) parts, aligned reading paths, visible frames,
symbols such as word balloons, and writing styles that communicate visual meaning. Visual
learning styles are also more attractive to students than other learning styles such as auditory
and kinesthetic learning styles (Ramadhani, Syamsurizal, & Afrida, 2022). One of the digital
comic platforms in Indonesia is LINE Webtoon. Webtoon can be created and shared by
anyone and can freely upload webtoon episodes consisting of stories and graphics on their
own blogs within the webtoon platform (Jang & Song, 2017).

Metacognition is the skill of thinking about one's thoughts or oneself (Conyers & Wilson,
2016). According to Sucipto (2017), metacognition is a knowledge or skill about higher
thinking processes involving active control or regulation in learning as seen from students'
awareness of what they really know in learning. There are three metacognitive indicators or
components used in the learning media developed in this study, namely planning, monitoring,
and evaluating (Livingston, 2003). The results of pre-research conducted at one of the State
High Schools in Magetan using the Metacognitive Awareness Inventory (MAI) (Schraw &
Dennison, 1994) questionnaire which was attended by 30 students, stated that the
metacognitive skills of students obtained 59% with sufficient criteria. Then the metacognitive
component obtained 58% in planning skills, 60% in monitoring skills, and 60% in evaluating
skills where the three components received sufficient criteria. So from the results of the pre-
research, students' metacognitive skills still have not reached good or very good criteria, so it
is necessary to hold learning media to train students' metacognitive skills.

Thermochemical material is part of chemistry material that discusses the heat changes that
accompany chemical reactions (Chang, 2010). Thermochemistry is one of the chemical
materials that has a broad subject matter with concepts and descriptions so serious
understanding is needed (Hidayah & Isma, 2018) and is one of the chemical materials that is
considered difficult for students in understanding concepts and how to connect between
thermochemical concepts (Mulatsih, 2021). In learning thermochemistry, it is necessary to
relate it to everyday life so that learning is more meaningful and easily understood by
students (Usmayati, 2010).

Based on the explanation above, the lack of metacognitive skills of students and still
difficulty in understanding the concept of thermochemical material, researchers chose to
develop learning media in the form of digital comics using thermochemical material to
develop students' metacognitive skills. The novelty of this research is to develop digital
comics that have metacognitive components. This research aims to produce valid digital
comics to train students' metacognitive skills in thermochemical material. The development
of digital comics in this study is expected to provide opportunities for students to learn using
learning media that are interesting and can be used anywhere and anytime, help teachers in
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the process of teaching chemistry lessons, and spur teachers to develop learning media
independently so that chemistry learning is more effective and efficient.

METHOD

The target of implementation in this study is grade XI students in one of the public high
schools in Magetan with the research time in the even semester of the 2022/2023 school year.
The data used in the pre-research was from 30 students of class XI from one of the state high
schools in Magetan. The research design used is ADDIE model development research. There
are five stages in the ADDIE method, namely Analyze, Design, Develop, Implement, and
Evaluate (Branch, 2009). Of the five stages, this study only took three stages, namely
analysis, design, and development. The following is the procedure for developing digital
comic media in this study.

Analyze

The analysis stage begins with a needs analysis using the Metacognitive Awareness Inventory
(MAI) questionnaire developed by Schraw (1994) for students and teacher interviews to find
out the problems and characteristics of students. The competency and instructional analysis is
in the form of analyzing Core Competency Standards and Basic Competencies as determining
indicators and learning objectives contained in learning media in the form of digital comics.

Design

The next stage is product design or design in accordance with the analysis that has been
carried out with the design stages in the form of plot preparation in comics, character design,
storyboard preparation, and preparation of review and validation instruments. At the stage of
preparing the plot in the comic, the plot or storyline in the comic is designed first to
determine the storyline presented by the characters in the comic by combining it with
thermochemical material so that it becomes a digital comic learning media that has an
interesting and structured story (Batubara, 2021). Then for making character designs in the
form of the number of characters or characters involved, physical appearance, and other
details needed. Preparation of storyboards in the form of comic designs that are arranged
based on the plot and material that has been determined. Preparation of feasibility instruments
in the form of review and validation instruments. The validation instrument is a content and
constructs validation sheet filled in by two lecturers or experts.

Develop

At this stage, the development of digital comics begins to be carried out in accordance with
the design where the making of comics uses Clip Studio Paint software, which is then
reviewed by the media to provide input and suggestions. After the digital comics are made,
the next stage is validation by the validator using the instrument that has been prepared. The
instruments used in this research are using review sheets and validation sheets. Determination
of validation using mode, which means that the decision is made on the largest number
(Lutfi, 2021).

The determination of the validity value is based on a validation questionnaire containing
content and construct validation. The validation questionnaire was analyzed using a Likert
scale score with the following criteria.
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Table 1. Validation Likert (Riduwan, 2015)

Score Statement

Invalid
Less Valid
Fairly Valid
Valid
Very Valid

OB WN P

The developed digital comic is declared valid if it has a mode score of > 4, with valid or very
valid criteria. Then if there are aspects that do not meet the validity requirements, revisions,
and validations must be made again until they reach the specified criteria (Lutfi, 2021).

RESULTS AND DISCUSSION

This study aims to develop digital comics on thermochemical material that contains
metacognitive components so that it can train students' metacognitive skills and is valid for
use. According to research from Rahayu & Kuswanto (2021) in their research, comics can be
used as an alternative in choosing learning media. The procedure for developing digital comic
media in this study uses the ADDIE model by only taking three stages as follows.

Analyze

The first stage in this research is an analysis by identifying problems and appropriate
solutions by collecting data or information as material in the learning media development
process. The needs analysis was carried out by conducting a metacognitive test using the
Metacognitive Awareness Inventory (MAI) (Schraw & Dennison, 1994) questionnaire on
students and teacher interviews to find out the problems and characteristics of students and
schools on February 8, 2023, at one of the State High Schools in Magetan. The results of the
MAI questionnaire, which was attended by 30 students, stated that the metacognitive skills of
students obtained 59% with sufficient criteria, with each component obtaining 58% in
planning skills, 60% in monitoring skills, and 60% in evaluating skills. The three components
received sufficient criteria, so students' metacognitive skills can still be improved to good or
very good criteria.

Then the results of interviews from teachers, namely digital comic media have never been
used as chemistry learning media. The use of electronic devices such as cell phones with
android type or others has been used as a medium to access phenomena or material on the
internet during chemistry learning. Therefore, students are accustomed to using the internet
and android in learning so it is suitable if media development in the form of digital comics is
used for learning chemistry. This is by the opinion of Rahayu et al (2022) in the 21st century,
teachers and students are required to be literate in digital technology.

Followed by competency and instructional analysis in the form of analyzing Core
Competency Standards and Basic Competencies as determining indicators and learning
objectives contained in digital comic media. The target school is still using the 2013
curriculum. The chemical material used is thermochemical material on KD 3.4 Explain the
concept of enthalpy change of reaction at fixed pressure in thermochemical equations. Based
on this KD, the Competency Achievement Indicators are determined including: (a) analyzing
heat and energy transfer, (b) identifying systems and environments, (c) distinguishing
exotherm and endotherm reactions. Then the learning objectives are determined including: (a)
through digital comics students can analyze heat and energy transfer correctly, (b) through
digital comics students can identify systems and environments correctly, (c) through digital
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comics students can distinguish exotherm and endotherm reactions correctly.
Thermochemistry topic was contextual meaning that the concept of matter could be found in
everyday life (Rusly Hidayah, Lutfiana, Kurniawan, & Ishma, 2021) and comics related to
the context of everyday life help make the learning experience more intense and allow
learners to make their connections to science questions. Comics can also be a basis for young
people to communicate (Lin & Lin, 2016).

Design

Next is the design or design of the product according to the analysis that has been done.
There are sub-stages at the design stage. The first stage is the preparation of a plot for digital
comics starting from the phenomenon of heat transfer then discussing the notion of
thermochemistry, the concept of heat transfer, and identifying between the system and the
environment. Followed by the phenomenon of exotherm and endotherm reactions that can be
found in the surrounding environment which then the characters in the comic discuss the
concepts of exotherm and endotherm reactions. The use of phenomena in everyday life is
because in learning thermochemistry it is necessary to relate it to everyday life so that
learning is more meaningful and easily understood by students (Usmayati, 2010).

The preparation of the plot or storyline in the comic aims to determine the storyline presented
by the characters in the comic by combining it into thermochemical material and
metacognitive components so that it becomes a digital comic learning media that has an
interesting story, simple material delivery so that it is easy to understand, and structure.
Digital comics are also easy to use anytime and anywhere, this is by the usefulness of the
media, which helps overcome the limitations of space, time, energy, and senses (Sumiharsono
& Hasanah, 2017). According to Lin (2016) using comics is better than using text media.

The second stage is making character designs in the form of the number of characters or main
characters involved, physical appearance, and other necessary details. There are four main
characters involved in the story. The four main characters are characters who often appear
and are involved in the comic story developed because the main character according to
Nurgiyantoro (2013) is the character who is most often told or appears and is interrelated
with each other in a story. The following is the main character design in the developed digital
comics.

Andi

Cyra
Kelas XI IPA 3 Kelas XI IPA 3
Gol. darah 0 Gol. darah A

Hobi Berkebun

Hobi Memasak

Beni Diva _ =

Kelas XI IPA 3 . Kelas XI IPA1 4

Gol. darah A Gol. darah B

Hobi fotografi /\/ N\ Hobi Membaca /[ [/ \
| I |

Figure 1. Character Design

The third stage is the preparation of storyboards in the form of comic designs that are
arranged based on the plot and material that has been determined. There are six episodes
made in digital comics, namely the introduction, prologue, episode 1, episode 2, episode 3,
and closing. This research was conducted with two meetings where the prologue, episode 1,
and episode 2 were at meeting one. Episode 2, episode 3, and cover at meeting two. The
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introductory episode contains comic descriptions, basic competencies, indicators of
competency achievement, objectives, instructions for use, and character introductions. In
comics, there are metacognitive components including planning skills, monitoring skills, and
evaluating skills (Livingston, 2003).

The fourth stage is the preparation of the review and validation instruments. The review
instrument was given to the reviewer whose results were in the form of suggestions and
comments as revision material. The validation sheet is a content and construct validation
sheet filled in by two chemistry lecturers and one chemistry teacher. Determination of
validation using mode, which means that the decision is made on the largest number (Lutfi,
2021).

Develop

At this stage, the development of digital comics began in accordance with the design. Comic
creation uses Clip Studio Paint software, which is then uploaded on Line Webtoon Indonesia.
The platform used to upload digital comics is Line Webtoon. Webtoon can be created and
shared by anyone and can freely upload episodes consisting of stories and graphics on their
blogs on the webtoon platform (Jang & Song, 2017). Line Webtoon can be accessed for free
and easily on various devices, such as android and laptop or Personal Computer (PC), so it
can be used anywhere and anytime. Comics are made according to the characteristics of
Webtoon, by reading vertically from top to bottom which can make readers understand the
storyline quickly (Lestari & Irwansyah, 2020). Comics published on Webtoon can be
accessed on android or ios mobile phones. The following are the results of comics that have
been uploaded on the Line Webtoon Kanvas page.

e D 6 <

Fiksi limiah | Slice of life
Thermic
(Thermochemistry in
our daily life)

Hasna Choiriyah &
Kenapa tangan kita ketika kita mencucl
baju terasa panas? Tahukah kalian.

©421 2014 %520 D

Penutup
(V¥

#6

Episode 3 : Reaksi
Q3

#5

o

Episode 2 : Deterjen
Q3

#4

Episode 1 : Bakso
N Q4

#3

Prolog : Es Kristal
(VI

#2

Pendahuluan
Vi)

#1

Figure 2. Comics Display on Android

The comic developed is titled "Thermic (Thermochemistry in our daily life)" which means
that the phenomenon of thermochemistry can be easily found in everyday life. The material
presented in the comics has a relationship with everyday life, this is to research from Affeldt
et al (2018) which states that comics related to the context of everyday life help make the
learning experience more intense and allow learners to make their connections to science
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questions. Thermic Comic can be accessed through the Line Webtoon application or the
following link: https://www.webtoons.com/id/challenge/thermic-thermochemistry-in-our-
daily-life/list?title_ no=857667

The comic developed in this study is a comic that contains metacognitive components with
thermochemical material. There are three metacognitive components used in comics, namely
planning, monitoring, and evaluating. Planning includes thinking and writing what is known
from the phenomenon shown and writing initial information to answer the phenomenon
(Livingston, 2003).

Setelah membaca episode prolog, kira-kira
apa yang menyebabkan Andi merasakan
dingin jika di dekat es?

]gev’wc/w'u}fu/ e oy ol m’&/ (”//f

STORY AND ARTBY HASNA
Coba cari jawaban dari berbagai sumber lain,

lalu simpan jawabannya sampai kalian
selesai membaca episode setelah ini!

Kalian tentu dapat berdiskusi
dengan teman- teman kalian.

Planning skills

Bacalah episode prolog ini dengan memperhatikan
fenomena dalam cerita agar lebih memahami materi
yang disampaikan dalam cerita ini. Selamat membaca! Eg

-,
3 Scan kode untuk
menjawab pertanyaan.

(=20

Figure 3. Comic Display on the Planning Component

The monitoring component includes reading the material until you can understand it and
monitoring the solution to the phenomenon presented (Livingston, 2003). The following is a
comic display of the monitoring component.

P p JIKA BAKSO ADALAH SISTEM DAN
Monitoring Skills SEKITAR BAKSO ADALAH LINGKUNGAN SISTEM TERBLIKA

Bacalah episodeiini dangan seh e MATER| BERPINDAH

kalian me;emukan jawaban yang benar dari pertanyaan
dari episode prolog!

KALOR BERPINDAH

DAPAT MENGALAMI PERPINDAHAN

] - byt

SISTEM TERTUTUP

ADUH DUH,
PANAS BANGET
TANGANKU.

;__...-_.---.: KALOR BERPINDAH
: Sistem ; adalah segala sesuatu yang
fomeeenanenan menjadi pusat perhatian.

/
_ Lingkungan § adalah hal-hal yang
[ 4§ hovmemmsmerero! i uar istem, v e

Figure 4. Comic Display on the Monitoring Component

The evaluation includes reflecting on learning strategies and identifying what works and
doesn't work by writing down the conclusions that have been obtained after using digital
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comics as learning media (Livingston, 2003). The following is a comic display of the
evaluation component.

Setelah membaca episode ini apakah jawaban
kalian untuk fenomena es batu pada episode prolog
sesuai dengan yang dibahas pada episode ini?

Evaluating skills

Coba tuliskan apa saja yang kalian dapatkan
setelah membaca episode prolog dan episode 1 ini!
Berikan satu fenomena dari perpindahan kalor
beserta penjelasannya!

Figure 5. Comic Display on the Evaluation Component

Furthermore, the media consulted with the reviewer to provide input and suggestions. After
the review and revision were completed, the next step was media validation by validators
using a validation sheet. Validators came from two chemistry lecturers and one chemistry
teacher from the target school. In this study there was content and construct validation.
Determination of validation using mode, which means that the decision is made on the largest
number (Lutfi, 2021). The following are the results of validation using mode.

Table 2. Validation Result

Component Mode Criteria
Content
Materials in digital comics 4 Valid
Indicators of metacognitive skills in 4 Valid
digital comics
Story plots in digital comics 4 Valid
Construct
Language in digital comics 4 Valid
Graphics of digital comics 4 Valid
Presentation of digital comics 4 Valid

Based on the table above, explains that the results of media validation are in mode 4 for the
content and construct components with the criteria obtained are valid. The content component
consists of material, indicators of metacognitive skills, and story plots in digital comics. The
results of content validation obtained in mode 4 with the criteria obtained were valid. The
construct component consists of language, grammar, and presentation of digital comics. The
results of construct validation obtained mode 4 with valid criteria (Lutfi, 2021).

Based on the results of digital comic validation, it can be said that digital comics are valid for
use to train students' metacognitive skills. This is also in accordance with research from
Mutammimah & Udaibah (2022) which states that the webtoon digital comics developed are
feasible in the media aspect and in the material aspect. Then research from Darmayanti et al
(2022) that digital comic media can help and facilitate the learning process and can be used as
an alternative for teachers in developing learning media for other learning materials.
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CONCLUSION

Based on the results and data analysis in this study, it can be concluded that digital comics to
train students' metacognitive skills on thermochemical material are declared valid. The results
of content validation, which is seen from the material component, metacognitive skills
indicators, and story plots get mode 4 with valid criteria, and construct validation seen from
the components of language, graphics, and presentation have mode 4 by getting valid criteria.
This research produces a product, namely digital comics that contain metacognitive skills so
that it can train students’ metacognitive skills on thermochemical material. The development
of digital comics in this study can provide opportunities for students to learn to use learning
media that are interesting and can be used anywhere and anytime, help teachers in the process
of teaching chemistry lessons, and encourage teachers to develop learning media
independently so that chemistry learning is more effective and efficient.

RECOMMENDATIONS

After the development of digital comics is complete, this research can be continued for the
trial stage to determine the effectiveness of digital comics to train students' metacognitive
skills. This research can also be a reference for other researchers to develop digital comics on
other materials or skills.
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