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Learning media is anything that is capable of conveying a message,

Revised : 25 Nov 2023 influencing the minds, emotions, and motivations of learners, thereby
Accepted : 30 Nov 2023 fostering the creation of the learning process within them. The results of

interviews conducted with Natural Sciences (IPA) teachers at one of the
Kata kunci: MTs in Jember can be summarized as follows: the use of learning media is
Digital comic media still not optimal, while the structure and function of the human respiratory
Human respiration system remain abstract and related to everyday life. This research aims to
STEM determine the validity of a STEM-based digital comic media with the

subject of the structure and function of the human respiratory system. This
study utilizes a research and development method with the Plomp
development model, which consists of three stages: initial research,
prototype development, and evaluation. The results of this development
research obtained a score of 83.11%, categorized as highly valid for media
validation, and 86.66%, categorized as highly valid for material validation.
Based on the research results at the MTs, it can be concluded that the
STEM-based digital comic media on the topic of the structure and function
of the human respiratory system is valid for use.
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INTRODUCTION

In the 21st century, there have been many changes, especially in the fields of education
and technology. One notable change is the demand for educators to master technology in order
to enhance learning through the use of instructional media (Sasmitha et al., 2023). Instructional
media plays a significant role in supporting the teaching and learning process. Teachers use
instructional media as a medium to deliver learning materials to students. The use of
instructional media in the teaching and learning process can influence students' motivation and
interest in learning, and even have psychological effects on learning (Wulandari et al., 2023).

Instructional media serves as a tool to facilitate the delivery of messages and enhance
students' understanding of learning materials (Ndraha & Harefa, 2023).Instructional media can
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boost students' enthusiasm for learning and stimulate their curiosity about the subject matter.
Without interest and motivation for learning, the learning process will not be successful.

The success of student learning also comes from teachers who are educators (Syafi’i et
al., 2018). Based on the results of interviews conducted by researchers with science teachers on
October 19, 2022, at one of the MTs located in Jember. it was concluded that the utilization of
learning media was still not optimal, even though the school already had media tools such as
computer laboratories, LCDs, projectors, and loudspeakers. Teachers only use LKS books and
lectures that are assisted by drawing on the blackboard during science learning, but this has not
been able to optimize students' thinking skills. Media is defined as a tool to capture, process
and convey visual information (Narestuti et al., 2021).

Comics serve as a tool capable of educating students visually (Hanum, 2022).
Furthermore, comics can inspire students to read and serve as a source of imagination(Aulia et
al., 2020). Meanwhile, technological advancements cannot be avoided, as they align with the
development of science (Hulwani et al., 2021). One example of current technological
advancement is the smartphone, which supports the development of science through
educational media. The benefits of media supported by smartphones can enhance student
learning outcomes, as well as simplify and expedite the learning process (Hasbiyati, 2020).

In accordance with current developments, all technology-based media, one of which is
digital comic media. Digital comics are easier to access and easy to make (Pinatih, 2021). Some
researchers use digital comics as learning media. This opinion is reinforced by findings from
other studies in class VIII B MTs Ma‘arif Ambulu. The results of the study concluded that the
utilization of learning media in the form of digital comics can result in an increase in student
learning achievement (Narestuti et al., 2021). But not only digital comics, the application of
ordinary comics in learning can also optimize student learning outcomes (Kamil et al., 2022).

In addition, digital comics do not make it difficult for students to gain an understanding
of learning material (Fardiana et al., 2022). Digital comics can foster students' interest in
reading (Nuriza et al., 2022). Digital comics are media that are said to be valid and practical to
use in learning (Khadar et al., 2022). Digital comics can also help students think critically in
learning (Jannah & Atmojo, 2022).

Improving student learning achievement is not only dependent on learning media, but
also greatly influenced by effective approaches. Science, Technology, Engineering, and
Mathematics (STEM) is one approach that is very supportive in learning (Sumaya et al., 2021).
STEM not only provides support for the development of logical, analytical, critical, and creative
thinking skills, but also has the potential to motivate teachers in teaching (Sukmagati et al.,
2020). STEM-based learning has an impact on the learning atmosphere to be more active so
that it can improve student learning outcomes for the better (Wahyuni, 2021).

The STEM approach is also used to overcome the problem of student disinterest in
learning Science subjects with conventional teaching and learning methods (Fern et al., 2020).
Implementing the STEM approach in the national curriculum structure has great potential to
produce more optimal learning outcomes and have a positive impact on implementation and
learning outcomes, especially in science subjects with a focus on biological material (Lestari et
al., 2018). Biology is the study of the physical structure and function of the human body and
surrounding creatures. One of the biology materials is the structure and function of human
respiration.

The material that discusses the structure and function of human breathing helps students
understand the various respiratory organs and their respective roles, the mechanism of human
breathing, and aspects of respiratory frequency and volume. This material is abstract so the
application of this material in the form of digital comics with a STEM approach is very relevant.
This approach will motivate students to actively participate in designing, developing, applying,
and utilizing knowledge and technology through digital comic platforms (Handayani, 2021).
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Material that discusses the structure and function of human respiration can be difficult to
understand if only taught by studying and memorizing. This is because this material is abstract
and involves understanding the various organs associated with the respiratory system and their
functions (Wicaksono & Widiyaningrum, 2020).

The solution to this problem is that the researcher conducted a test entitled "The validity
of STEM-based Digital Comic Media on the Material of Human Respiratory Structure and
Function™, the aim is to produce interesting and useful development products so as to increase
students' enthusiasm for learning and not make it difficult for students to understand the
material. It is hoped that with STEM students can feel more involved in the learning process
and gain learning experience.

METHOD
Type of Research

Research and Development with Plomp's development model is the method used in this
study. Plomp's development involves 3 main steps, namely the initial research stage, the
prototype stage and the evaluation stage (Plomp, 2010).

Needs analysis

\/
\Z N2
The students are related to the The subject teacher is related to the
instructional media needs instructional media needs developed
developed from research results from research results
I ]
V

The teacher solely relies on workbooks (LKS) and lectures supplemented with illustrations on
the whiteboard during science lessons. However, this approach has not been able to optimize the
students' thinking abilities. The media used are not engaging enough for the students, resulting
in a lack of enthusiasm for learning and low comprehension levels. As a consequence, 50% of
the 34 students scored below the minimum passing grade

V
STEM-based digital comic
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Figure 1. Research Stages of Digital Comic Media Development Adapted from Plomp Model
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Time and Location of the Study
In the even semester of the 2023/2024 academic year, researchers conducted a trial of
digital comic media in one of the MTs in Jember district.

Population and Sample
Students of class VIII (A & B) are the population in this study. In this population using
purposive sampling, 6 students were taken.

Research Procedure

The description of the stages of research on the validity of digital comic media, adapted
from the Plomp model, is described as follows:
Analysis stage
The purpose of analysis can find out a problem that occurs in the classroom so that a
learning device development is needed. Researchers conducted interviews to identify problems
in classroom learning. The interview was conducted directly with the science teacher.
Design and Development Stage
In this stage, researchers began to design and develop digital comic media. The
following steps were taken:
Design Stage
The design stage steps that need to be taken are conceptualization, material
compilation, media selection, format design, and tool design.
Design and Development Stage
At this stage, the goal is to develop the design into STEM-based digital comic media
in consultation with the supervisor. Suggestions and revisions from the supervisor will then
be used to improve the design and completeness of the material, providing a basis for design
improvement.
Evaluation stage
The purpose of this stage is to determine validity and practicality. There must be an
instrument sheet to know the validity of a medium and material. After that, in order to find
out the practicality of the media in general, a practicality test was carried out with the
responses of science teachers and 8th grade students. Researchers collected data by
distributing questionnaires and determining the results of the analysis, which became the
basis for knowing whether the media was suitable for use.
The assessment to determine the analysis results of the questionnaire has several
aspects. In media validation, there are three aspects that must be met: media appearance (4
indicators), media content (10 indicators), and media functionality (6 indicators).
Meanwhile, in material validation, there are two aspects: media content (15 indicators) and
language (5 indicators) (Kiftia & Rukmi, 2022). Additionally, the evaluation of practicality
testing is obtained from teacher and student responses. The assessment instruments for
teacher responses consist of three aspects: appearance (4 indicators), media content (10
indicators), and practicality (6 indicators), while for student responses there are 20
indicators (Kiftia & Rukmi, 2022).
Data, Instruments, and Data Collection Techniques
The technique for obtaining information is through the distribution of evaluation
questionnaires to media validators and material validators, as well as evaluation questionnaires
to teachers and students for these digital comics. Data from the validation results as a reference
in evaluating and determining the feasibility of the media in learning.
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Data analysis technique
The technique of obtaining information in this study uses direct observation methods,

interviews, distribution of questionnaires accompanied by documentary evidence. The
questionnaire is in the form of media and material assessment instruments for validation testing.
Likert scale is used for media and material validation. Below is the formula for calculating the
results of the Likert scale:

Yx
P==—x100%
XX
Description:
P = Average percentage
Y x = Number of data collected

Y. x; = Total number of values
Source (Ridwan, 2013:15)

Based on this formula, the validation of digital comic media can be determined based on the
following criteria:
Table 1. Likert Scale Criteria

Percentage Category
81,25% - 100,00% Very valid, no revision
62,05% - 81,25% Valid, needs minor revision
43,75% - 62,05% Not very valid, needs major revision
25% - 43,75% Invalid, must not be used
00,00% - 25% Highly invalid, do not use

Source : Adapted from(Akbar, 2013)

RESULTS AND DISCUSSION

Based on interviews with science teachers at MTs, it is concluded that the use of learning
media is still not optimal, while the material on the structure and function of human respiration
is abstract and directly related to life. The way to overcome this problem is by developing
STEM-based digital comic media. Digital comic media can enhance students' learning
motivation and not complicate students' understanding of the material. It is hoped that with the
presence of STEM, students can feel more engaged in the learning process and gain learning
experiences.

After the research was conducted from May 23, 2023, to May 25, 2023, a percentage of
83.11% was obtained in the highly valid category, and the material validity test yielded a
percentage of 86.66% in the highly valid category. Therefore, it can be concluded that STEM-
based digital comic media on the topic of the structure and function of human respiration is
highly valid for use.

Analysis Stage
In the analysis stage, the researchers conducted interviews to identify problems in

classroom learning. The interview was conducted directly with the science teacher. Based on
the results of the interview, it was found that the use of media in the school was not optimal,
learning was done in a conventional form supported by LKS books and drawing on the
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blackboard, which made learning less interesting. Because of these problems, there is a need
for learning media that can encourage students to learn. Researchers developed STEM-based
digital comic media based on the material of the structure and function of human respiration.
This STEM-based digital comic media encourages students to develop skills such as logical
thinking, analytical, critical, creative, innovative, problem solving and decision making, as well
as discussion and cooperation with each other, so that they can effectively communicate their
solutions to real problems
Design and Development Stage

This stage is to carry out activities to design and develop digital comic media. The design
stage consists of 5 stages, namely:

Concept Development
Researchers developed STEM-based digital comic media for class VIII SMP / MTs even

semester. STEM-based digital comic media was developed as a teaching and learning support
to facilitate and accelerate the learning process and make learning more interesting and integrate
the material of human respiratory structure and function so that the developed media will
contain each component of the STEM aspect.

The STEM components will be presented in the comic in an engaging and compelling
manner, using an intriguing combination of visualization and challenging narratives to
stimulate students' interest and enthusiasm for learning. By showcasing the practical application
of STEM concepts in everyday life, it is hoped that this comic will inspire students to deepen
their understanding of science, technology, engineering, and mathematics. The details
regarding the STEM concepts to be explained can be outlined as follows:

Science:
a) Elaborating deeply on topics relevant to science, such as the structure and function of

the human respiratory system.

b) Utilizing captivating illustrations and narratives to assist in understanding complex

scientific concepts.
Technology:

a) Introducing relevant technological tools, such as respiratory volume measuring devices
or the latest medical equipment related to respiration.

b) Demonstrating how technology is used to understand and address issues related to the
topic.

Engineering:

a) Presenting engaging engineering projects or experiments that can be understood by
students, such as creating a simple respiratory volume measuring device or designing
an artificial respiratory system.

b) Highlighting how engineering is utilized to design practical solutions to challenges
associated with respiration.

Mathematics:
a) Integrating relevant mathematical calculations related to the topic, such as calculating

respiratory volume based on measured data or conducting statistical analysis related to
respiratory issues.

b) Demonstrating how mathematics is used as a tool to analyze and understand data in a
scientific context.
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Table 2. STEM Concept

STEM
Concept

STEM aspect

Science

All knowledge contained in digital comics, including: understanding of
human respiration, structure and function of human respiration, human

respiratory organs, human respiratory mechanisms, human respiratory
frequency, and human respiratory volume.

Seboga: generasi p= 510, Kita wajib bersyuk
Yang Maha E 1 an tanah don ada
, sehingga bamyak tumbuh-t yang dapat hidup
menyediakon oksigen (O2) bogi kita dan menyerap karbon diojs
&as aksigen (02} dan gas karbon dioksida (CO2) merupakan gos u
yang terlibat dalom proses pernapasan

prases dimane oksigen
mesuk ke dalam tubuh

Technology

Introducing a simple technology for measuring human

respiratory
volume
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STEM STEM aspect
Concept

APA ITU
SPIROMETER..??

Enggenerring | Designing and constructing a simple measuring device to measure
human respiratory volume.

Mathematich | The mathematics involved in this research is calculating the volume
entering the bottle during the laboratory experiment to measure human
respiratory volume.
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STEM STEM aspect
Concept

ekspirasi + volume cadangan inspirasi. Total volume
hasilnya pada tabel, (VT « VCE + VCI = KP)

18. Jumichkan wvolume kopasitas wital paru-paru «
volume residu woleme i disebut kapasitas total
paru-paru (KP « VR = KT). Isikan hasilmya pada tabel,

Volume Perrnapasan Berdasarkan Hasil Percobaan

Volume Pernapasan Volume (mi)
Volume tidal
Volume cadangan ekspirasi
Volume cadangan inspirasi
Kapasitas vital paru-pary
Kapasitas total paru-paru %
- B

olalwini~l§

Preparation of Material
The STEM-based digital comic media developed discusses material related to respiratory

structure and function. This material includes: 1) definition of human respiration; 2) respiratory
organ system; 3) human respiratory process; 4) human respiratory frequency; 5) human tidal
volume.

Media Selection
The learning media developed are digital comic media. This media selection is adapted

to the problem and needs analysis stage. The use of digital comics can be used by students
individually and at any time.

Format Design
Once the material has been compiled, the next step is to create a digital comic format.

Digital comics are designed using the Canva application and also using the Ibispaint X
application. The steps for creating digital comics are as follows: 1) Draw characters that will be
used as player characters in comics on books or blank sheets; 2) Redraw the characters in the
IbisPaint application; 3) Researchers create the right atmosphere and also a fresh environment;
4) Then combine the character with the environment through the Canva application; 5)
Researchers refine the combination so that it becomes digital comic media; 6) When finished,
researchers save in the form of PDF Standard because it is easy to use.

Instrument Design
The stages of instrument design include media validation instruments and content

validation instruments. In media validation, there are three types: the display of digital comic
media containing 4 indicators, the content of digital comic media containing 10 indicators, and
the function of digital comic media containing 6 indicators. Meanwhile, in content validation,
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there are 2 aspects: the content of digital comic media with 15 indicators and the language with
5 indicators.

Evaluation phase
Before conducting the research, the digital comic is validated by validators. The

validation is done by the lecturers of Biology Education from Universitas Islam Jember.
Results of Media Validation
The results of media validation are shown in the following table:
Table 3. Results of Media Validation Test

No. Evaluation Aspects Score (%) Category

1.  Presentation of Digital Comics 80% Valid

2.  Content of Digital Comic Media 86% Very valid

3. Function of Digital Comics 83,33% Very valid
Average score 83,11% Very valid

Source: Personal document, 2023

Based on the table above, we can see that the average score for each aspect is 83.11%,
broken down as follows: for the display aspect of the digital comic, it's 80%; for the content
aspect of the digital comic, it's 86%; and for the function aspect of the digital comic, it's 83.33%.
These results indicate that the digital comic is highly valid for use. The results of the media
validation are also shown graphically in the following figure:

90%
%
85% 86%

80% -~ 8333%
80%

75%

Presentation of Content of Digital ~ Function of
Digital Comics  Comic Media  Digital Comics

Figure 1. Media Validation Results Graph
Content Validation Results
The results of the content validation test are shown in the following table:
Table 4. Content Validity Test Results

No. Evaluation Aspects Score (%) Category
1.  Content of digital comics 85,33 Very valid
2. Language 88 Very valid

Average score 86,66% Very valid

Source: Personal document, 2023

Based on the table above, the content validation results obtained an average score of
86.66%, broken down as follows: for the content aspect of the digital comic, it's 85.33%, and
for the language aspect, it's 88%. These results show that the digital comic is highly valid and
does not need to be revised. The results of the content validation are also shown graphically in
the following figure:
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90.00%
88.00%
86.00% 88%
84.00% 85.33%
82.00%
Content of digital Language
comics

Figure 2. Content validation results graph

CONCLUSION AND SUGGESTION
Conclusion

Based on the research conducted in one of the MTs in Jember, the media validity test
obtained a percentage of 83.11% in the highly valid category, and the content validity test
obtained a percentage of 86.66% in the highly valid category. Therefore, it can be concluded
that the STEM-based digital comic media on the structure and function of human respiration is
highly valid for use.

Suggestion

This study was limited to product testing only. It is hoped that other researchers can
continue and develop more engaging learning media so that students can be more enthusiastic
in their learning.
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