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Abstract 

 

This study aimed to measure the eligibility of problem-based electronic comics that have 

been developed. The method used is research and development, with the 4-D model 

development by Thiagarajan (1974). The process consisted of three stages: define, design, 

and develop, concluding with the limited testing stage. The dissemination stage, however, 

is not covered in this paper. Product eligibility was evaluated using a validation 

questionnaire, assessed by 12 experts with a minimum educational background of a 

doctoral degree and more than 3 years of teaching experience at a university. The 

development of teaching materials in problem-based electronic comics was conducted in 

two trials: a small group trial of 12 students, which scored 95.7%, and a large group trial 

of 34 students, which scored 96.6%. These two results showed that the trial is highly 

eligible. Therefore, the problem-based electronic comics developed can be utilized as a 

learning resource on environmental pollution and can proceed to field tests or experiments. 

The urgency of this teaching material development was due to the limited resource of 

teaching materials in the form of electronic comics with the syntax of the Problem-Based 

Learning (PBL) model. This study revealed that problem-based electronic comics on 

environmental pollution subjects in this study are highly eligible to proceed to the 

dissemination stage. 
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INTRODUCTION 

Junior High School is currently 

dominated by the alpha generation, who 

are primarily interested in technology-

based media as they grew up with 

information technology as a significant 

part of their lifestyle (Rasyid, et.al., 2019; 

Boileau, et.al., 2022; Japar et al., 2023). 

The educational model that suits the 

interests of the alpha generation is digital 

technology-based education (Pratiwi, 

et.al., 2019; Karlimah et al., 2021). 

Digital technology can be 

integrated into learning media that 

accommodates students to understand 

subjects more easily (Baga et al., 2021; 

Erol, 2021; Pal, et.al., 2022; Karimova et 

al., 2023). In addition, technology-based 

media is easily accessible anytime and 

anywhere (Gutiérrez-Martín, et.al., 2022; 

Ahmadi et al., 2023). Digital technology 

for learning has a positive effect on 

increasing students’ learning motivation 

(Jang et al., 2021). 

Currently, many digital 

technology-based learning media have 

been developed, such as e-modules, 

interactive media, interactive games, and 

electronic comics (Purwanto, et al., 2020; 

Irma, et al., 2021; Tuma, 2021; 

Prasetyaning, et.al., 2022; Kudubes, 

et.al., 2023). 

These media have proven their 

validity, and various variables have been 

improved. However, combining learning 

media with model syntax that can be 

applied in junior high school must be 

further developed (Ichsan, et al., 2020; 

Laksmi & Suniasih, 2021; Ramdani, et 

al., 2021). 

Junior high school students, 

typically aged 12 to 16, are transitioning 

toward the formal operational stage, the 

final phase in cognitive development 

(Santrock, 2008; Babakr, et.al., 2019). 

However, as their abstract thinking skills 

are not yet fully developed, they benefit 

significantly from using visual media to 

support their learning process. Students 

of this age can use symbols related to 

abstract concepts, such as science. 

This is in accordance with the or 

Learning Outcomes in Independent 

Curriculum Phase D in science class, 

which consists of 2 LO elements: science 

understanding and processing skills ( 

Ministry of Education, Culture, 

Research, and Technology, 2022). The 

hope is that teachers will be able to 

develop both elements so that students 

can apply these abilities to solve daily life 

problems (Hasanah et al., 2023; Hodijah 

et al., 2023). 

However, in reality, teachers still 

need to be able to help students develop 

science understanding and processing 

skills. The needs analysis involved 31 

respondents from two schools taken 

randomly in West Jakarta. It was found 

that teachers tend to focus on memorizing 
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concepts or procedures taught in a lecture 

setting. The media displayed are still in 

the form of ppt, or youtube has not 

optimized digital technology in forming 

learning media.  

The limited combination of media 

and learning models that attract attention 

to developing these two elements is still 

an obstacle. One of the media that can 

attract students’ attention with interesting 

pictures and dialog is comics. (Robbani 

& Khoirotunnisa, 2021; Udayani, et.al., 

2021; Topkaya, et al., 2023). 

However, comics cannot be used 

efficiently both in terms of access and 

related to time and space if not in 

electronic form or mobile/android-based 

(Hussein, 2020; Rina, et al., 2020; 

Priyadi & Kuswanto, 2023). In addition, 

electronic comics are only limited to 

teaching materials if not combined with a 

relevant learning model for now  

(Nasrulloh, et.al., 2020; Dewi, et.al., 

2022). Appropriate means that it can 

accommodate students’ ability to solve 

science problems in everyday life. 

This is also in accordance with the 

result of research (Radeswandri, et al., 

2021), which states that junior high 

school students are still fond of reading, 

which attracts attention to support the 

process of integrating the information 

they have with abstract concepts. 

Moreover, integrating concepts requires 

a learning model syntax that demands 

students to solve daily life problems (Koh 

et al., 2019; Liu, 2021; Hertlein et al., 

2023). 

In the D Phase of science, as 

outlined in the learning outcomes of the 

Merdeka Curriculum, students explore 

material on environmental pollution and 

climate change. The learning outcomes 

aim to enable students to identify 

interactions between living things and 

their environment and to design 

strategies for preventing and addressing 

environmental pollution ( Ministry of 

Education, Culture, Research, and 

Technology, 2022). Efforts to teach 

science, specifically on environmental 

pollution material, to students who are 

Problem-Based Learning (PBL) oriented 

need to be carried out in an integrated and 

simultaneous manner that involves 

educators from various levels (Amin, et 

al., 2020; Fita, et.al., 2021; Sajidan, et al., 

2022; Suciati, et al., 2023). 

PBL (Problem-Based Learning) 

should not be viewed solely as a teaching 

method or model but as a comprehensive 

approach to organizing student learning 

around real-world problems (Bancong & 

Song, 2020; Khoiri, et.al., 2020; Yani, et 

al., 2021; Hodijah, et al., 2023). 

Combining comic electronic media and 

PBL can help students form new 

knowledge and experiences through 

problem-solving (Wajdi, et al., 2022; 

Indriyani, et.al., 2024). The ability to 
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solve problems will allow students to 

develop themselves and continue 

learning. 

DKI Jakarta is Indonesia's capital 

and an autonomous region at the 

provincial level. DKI Jakarta is essential 

in various aspects of national life, 

including economy, politics, culture, and 

society. Nevertheless, DKI Jakarta still 

has shortcomings in terms of 

environmental aspects. 

Based on the Environmental 

Indifference Behavior Index, DKI 

Jakarta citizens are still categorized as 

indifferent toward the environment (BPS, 

2019). In addition, according to the 

National and Provincial Environmental 

Quality Index in 2020, DKI Jakarta is 

nationally classified as very poor based 

on the assessment. These two data 

illustrate that DKI Jakarta, which has a 

vital role in various aspects of life, has an 

emergency on how to view the 

environment. 

Environmental education learning 

in science subjects, especially on 

environmental pollution material, can be 

strengthened. Thus, it is cognitively 

developed and has an attitude toward 

protecting the environment. The topic of 

environmental pollution is closely related 

to environmental issues. Although these 

issues are sometimes relevant to the 

students' immediate surroundings, 

studying directly in a polluted 

environment may pose safety risks for 

them (Marnita et al., 2020; Ichsan, et.al., 

2021; Sezgin, 2022). Using electronic 

comics as a Project-Based Learning 

(PBL) medium can minimize these risks. 

Polluted environmental conditions can be 

depicted in the electronic comics, and 

problem-solving strategies for pollution 

can be guided through the PBL 

framework. 

These things led to research on the 

development of problem-based 

electronic comics on environmental 

pollution for class VII Junior High 

School. 

METHOD 

This study used Research and 

Development (R & D), which produces a 

problem-based electronic comic product 

design by validating the product's 

eligibility (Sugiyono, 2017; Cohen & 

Morrison, 2018; Putrawan, 2022). The 

development model used in this research 

is the 4D development model 

Thiagarajan, et.al (1974), which includes 

four stages: define, design, develop, and 

disseminate. This research only reached 

the development stage in small and large 

trials. This research was conducted in 2 

public junior high schools in West 

Jakarta, which have relatively similar 

characteristics related to the condition of 

the school environment and the ability to 

provide mobile phones as a suggestion in 
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implementing the developed learning 

media. 

The first stage is collecting 

information through initial needs 

analysis, learner analysis, concept 

analysis, and specification of learning 

objectives. Data is obtained through 

interviews, observations, and data 

analysis through Google Forms, which 

are given to schools and used as research 

objects. 

The second stage is design, which 

develops problem-based electronic 

comics, starting with making comics 

through format selection and preparing 

the initial draft. After that, the comics are 

designed according to the defined stage's 

needs. In addition, product validation 

instruments were prepared at this stage 

(Thiagarajan, et.al., 1974; Ramdani et al., 

2021). 

The third stage is development, 

which is the electronic testing of 

problem-based comics by twelve experts: 

three material experts, three media 

experts, three language experts, and three 

learning experts. The requirements to 

become an expert in this study are an 

educational background of at least a 

doctorate and a minimum of 3 years of 

experience teaching at a university or 5 

years of experience working in a 

professional field. After obtaining the 

assessment results from the experts, the 

expert validation data was analyzed using 

the following formula: 

 

Description: 

P  = Percentage of eligibility 

X = Validator score answer (real 

value) 

Xi = Maximum score 

The results obtained are continued 

into the categories according to Table 1 

(Gall, et.al., 2003; Riduwan, 2013; 

Cohen & Morrison, 2018): 

Table 1. Qualification of Expert 

Eligibility Level 

 

If the results of the grouping 

according to Table 1 are classified as 

eligible, then proceed to the small group 

trial (12 students) and large group trial 

(34 students) to determine the readability 

and ease of problem-based comic 

electronic products on environmental 

pollution material. The response to the 

product includes the material eligibility 

category, presentation, language, 

application presentation category, comic 

display, usefulness, and ease of use of the 

application. The results obtained are 

continued into the category according to 

Table 2 (Riduwan, 2013): 

Level of 

Attainment 
Qualification 

91-100% Very Good 

81-90% Good 

60-79% Enough 

40-59 % Not Good 

0-39 % Bad 
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Table 2. Qualification of Students’ 

Respons 

 

This study uses two data, namely 

qualitative and quantitative data. 

Qualitative data is input from experts and 

students to validate problem-based comic 

electronics. At the same time, 

quantitative data is in the form of data on 

the results of expert and student 

assessments from questionnaires given 

regarding aspects/indicators of product 

validation. The instrument used for 

quantitative data collection is a checklist 

questionnaire with a Likert scale to 

experts (experts validation) and students 

(small and large trials). 

RESULTS AND DISCUSSION 

Learning media as a means of 

conveying messages in the form of lesson 

information from teachers to students  

(Rusydiyah, et.al., 2020; Sudjana & 

Rivai, 2020; Zein et al., 2023; Gürses & 

Girne, 2024). This research aims to 

develop electronic comic products based 

on materials about environmental 

pollution. The development process is 

described at each stage of development 

according to (Thiagarajan, et.al., 1974), 

namely Define, Design, and 

Development. The three stages of 4D are 

explained as follows: 

1. Define  

This is the initial stage of 

determining and finding problems or 

obstacles in integrated science courses. 

The define stage includes five main steps, 

namely: 

a. Front-end analysis (Needs) 

Front-end analysis identifies 

problems experienced in schools in the 

learning process (Yuntiaji, et.al., 2020; 

Prasetyaning, et.al., 2022; Suparman, 

et.al., 2022). These problems become the 

basis for the development of specific 

products. This analysis is the first step in 

4D after the school is generally obtained 

as the research target. This stage seeks 

facts and alternative solutions 

(Thiagarajan, et.al., 1974). These facts 

and solutions are then processed to 

formulate appropriate and directed initial 

steps in the development. 

This stage is carried out using two 

data collection methods: Focus Group 

Discussion (FGD) and direct observation 

in the classroom. Both types of data 

collection support each other. The FGD 

stage was conducted in 2 target schools 

in the West Jakarta area. Four teachers 

were interviewed. Meanwhile, one 

teacher in 1 meeting conducted the 

classroom observation stage. Indicators 

explored in FGDs are how teachers carry 

Level of 

Attainment 

Qualifica-

tion 
Explanation 

91-100% 
Very 

Good 

Highly 

Eligible for 

Trial 

81-90% Good 
Eligible for 

Trial 

60-79% Enough 
Eligible with 

Consideration 

40-59 % Not Good Not Eligible 

0-39 % Bad Not Eligible 
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out classroom learning on environmental 

pollution material, teacher expectations 

related to attitudes/competencies 

expected to emerge in environmental 

learning, and strategies that want to be 

developed but have not been 

implemented or achieved to develop the 

expected attitude and competencies. 

Based on the FGD with the science 

teacher, several models were applied to 

environmental pollution in 2021/2022, 

namely discovery learning and jigsaw. 

However, the lecture method is also 

dominantly applied in class on this topic. 

Based on the interview, it was also found 

that one teacher had tried to implement 

PBL but had difficulties related to PBL 

syntax and preparing relevant problems 

for students. This is also reinforced by 

direct observation that the teaching 

module has PBL syntax but does not 

appear appropriately in learning, and the 

teacher looks confused in its 

implementation because the learning 

resources are only in the form of PPT, 

books, and student worksheets in the 

form of questions. 

Teachers also stated that the 

dominant learning resources used in the 

classroom are materials from the ministry 

and books. The teacher stated that student 

worksheets emphasizes theory and that it 

is only in the form of questions, not 

environmental problems. Teachers also 

conveyed the difficulty of making and 

getting appropriate digital media 

(Miralles-Martínez, et al., 2019; Yani, et 

al., 2021; Cascolan, 2024). Digital 

teaching materials from the government 

or other media on the SIMPKB or PMM 

are still in standard form. Teachers find it 

not very interesting. 

Teachers also stated that they want 

to strengthen students’ sense of caring 

regarding environmental awareness. This 

is relevant to the topic of discussion, 

which is environmental pollution and the 

location of most students in the school. 

However, teachers find it challenging to 

design lessons that can strengthen this. 

Although there is already a waste sorting 

program in both Jakarta State Junior High 

Schools, it is not yet optimal. 

b. Student Analysis 

Student Analysis aims to 

characterize and identify students so that 

they can develop appropriate learning 

according to their needs and learning 

objectives (Thiagarajan, et al., 1974). 

The analysis was conducted to determine 

student responses to learning resources to 

analyze the obstacles faced in the 

learning process in the previous year's 

students (currently grade VIII) who had 

learned about environmental pollution 

and grade VII students for science 

learning in general. The analysis is done 

through Focus Group Discussion (FGD) 

with a team of science teachers, 

interviews, and questionnaires. 
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Based on the FGD analysis results 

with the science teacher while exploring 

the front-end analysis, the indicator at the 

student analysis stage is characterizing 

students to determine the appropriate 

product based on their needs. The results 

showed that students are interested and 

motivated by learning media that attracts 

attention. This is in accordance with 

research Udayani, et.al (2021), which 

states that using comics as a learning 

medium can attract students’ attention 

and make it easier to understand. 

The results of interviews with 

grade VIII students who had learned 

about environmental pollution in the 

previous semester and grade VII students 

related to science subjects stated that the 

teacher only used posters, books, and 

PDF books as media and homework in 

the form of questions. They stated that it 

was very difficult to understand the 

material because it was still dominated by 

theoretical writing, making it difficult to 

learn this topic. Students also stated they 

had difficulty learning independently 

because teaching materials were still 

limited. Students also feel that learning 

the topic has not motivated them to 

change their attitude toward protecting 

the environment. 

The third data collection from the 

student analysis stage, namely the needs 

analysis questionnaire, was filled out by 

72 students in grade VII in both schools. 

Through the questionnaire given to 

students, information was obtained that 

there were still students who did not 

understand the problem of environmental 

pollution in the surrounding 

environment. The results showed that 

53% of students did not understand the 

topic of environmental pollution, and 

43% did not know how to prevent and 

overcome environmental pollution in the 

form of garbage waste. 

The questionnaire results also 

show that 83% of students have never 

learned creative media that can attract 

their attention. 94% of students need a 

different learning method than the usual 

process applied. This is in accordance 

with the conclusions and suggestions 

from the research of Angelita, et.al 

(2023) for further research that schools, 

including teachers, should develop the 

quality of Biology learning, such as the 

selection of learning methods and media 

so that it will increase knowledge of 

ecological concepts, environmental 

awareness, and ecological behavior of 

students. 

c. Task Analysis 

Task analysis is conducted to 

identify the main tasks that students do. 

This analysis helps teachers to determine 

the media to be used (Thiagarajan, et.al., 

1974; Giordani, et al., 2024). This task 

analysis is carried out by analyzing the 

tasks given to students so that they can 
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analyze the types of main tasks that 

students must master in order to achieve 

the minimum competencies set. 

The results of FGDs and 

questionnaires obtained from teacher 

assignments are still in the form of 

student worksheets and questions in 

books or online. In addition, there are still 

no integrated and interactive learning 

resources that can increase students’ 

awareness.  

Based on the task analysis, it is also 

known that there are no integrated, 

engaging, interactive textbooks that can 

increase students’ independent learning 

motivation. Assignments and teaching 

materials teachers provide are still in the 

realm of knowledge in which they 

concentrate on cognitive abilities. In 

contrast, science subjects emphasize 

direct experience to develop scientific 

competencies to know the surrounding 

environment. Teaching materials and 

teacher assignments must also be able to 

accommodate these competencies. 

d. Concept Analysis 

The concept analysis stage 

involves identifying the main concepts, 

putting them hierarchically, and breaking 

down individual concepts into critical 

and irrelevant things (Thiagarajan, et.al., 

1974; Ramdani, et al., 2021). In addition, 

the steps to be taken are also arranged 

rationally. This concept analysis includes 

an analysis of learning outcomes which 

aims to determine the number and type of 

teaching materials and analysis of 

learning resources, namely, identifying 

sources that support the preparation of 

teaching materials. The method of data 

collection at this stage is still in the form 

of interviews with teachers and an 

analysis of the current curriculum. 

Based on interviews with the 

teachers of two schools, they were 

dissatisfied with the environmental 

pollution material in terms of 

maximizing learning media and the 

learning process. According to these 

teachers, environmental pollution 

material is not as difficult as other 

materials in grade VII. However, it 

demands output in the form of caring 

behavior or attitudes that can be raised in 

the learning process that impact the 

surrounding environment. 

In the Independent Curriculum 

implemented in both schools, students in 

grades VII to IX are categorized under 

Phase D. Science subjects in Phase D 

include general learning outcomes and 

per-element learning outcomes. The 

general learning outcomes cover 

students' ability to explain how natural 

laws operate, from the micro to the macro 

scale, as well as to understand how 

elements within a system are 

interdependent. 

In this phase, learners implement 

their understanding of the concepts by 
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making decisions and solving problems 

faced in everyday life. This concept 

analysis is also related to the applied 

curriculum. Through this concept 

analysis, the curriculum's objectives will 

be obtained and can be developed by the 

teacher. This analysis also allows 

learning media products or appropriate 

learning models to be obtained, not only 

according to the needs of students but in 

accordance with the latest curriculum 

(Erol, 2021; Gutiérrez-Martín, Pet.al., 

2022; Japar et al., 2023). Based on this, 

the concept is analyzed in Table 3                                 

(Ministry of Education, Culture, 

Research, and Technology, 2022; 

Ministry of Education, Culture, 

Research, and Technology, 2023): 

Table 3. Curriculum Analysis 

DKI Jakarta is the center of the 

Indonesian government and is located in 

the northwestern part of Java Island. It 

consists of five administrative cities: 

Central Jakarta, North Jakarta, East 

Jakarta, South Jakarta, and West Jakarta 

(BPS, 2022). DKI Jakarta is the province 

that has the fourth largest waste 

generation, and the administrative city of 

West Jakarta is the city in DKI Jakarta 

that contributes the largest, shabbiest, 

and dirtiest waste (BPS, 2020; Apsari et 

al., 2022). 

Based on curriculum analysis, 

these facts are very relevant for 

environmental pollution material in 

Phase D of science subjects. It is also 

reinforced by information from teachers 

that students’ understanding of 

environmental pollution material must be 

strengthened in order to raise 

environmental awareness. 

Environmental indifference in DKI 

Jakarta is high (BPS, 2022). 

Strengthening environmental 

education in schools is a form of 

strengthening education in the family 

environment, which must be carried out 

consistently and continuously from early 

childhood to high school and even at 

university level (Ridwan et al., 2020; 

Urbańska et al., 2022). Forming 

environmental awareness requires the 

help of learning resources that can attract 

students' attention to create a willingness 

to read them (Abas, et.al., 2023; Knaus, 

2023). Technology-supported 

environmental education must be 

combined with a learning model that can 

lead students to solve environmental 

Learning 

Outcome 

Material 

Distribu-

tion 

Expected 

Compe-

tencies 

Students 

can design 

efforts to 

prevent and 

overcome 

pollution 

and climate 

change. 

Environm

ental 

pollution 

and 

climate 

change are 

related to 

examples, 

mechanis

ms, and 

ways to 

overcome 

them. 

Understan

ding of 

science 

concepts, 

process 

skills, 

environme

ntal 

awareness

, and 

concern. 
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problems (Agustina & Astuti, 2020; 

Goodale, 2021). 

e. Learning Objectives Analysis 

The learning objectives analysis 

stage determines competencies to be 

achieved through learning objectives. 

The results of learning objectives 

analysis specifications are presented in 

Table 4 (Ministry of Education, Culture, 

Research, and Technology, 2022). 

In this step, a few instructional 

purposes regarding relevant and 

necessary knowledge were obtained for 

students to achieve expected learning 

objectives. Students need to learn 

environmental pollution material in the 

natural science school subject at school. 

As per the very high questionnaire 

results, comics become a desirable 

medium for students.  

As a result, comics are sought after 

to support the emergence of the skill 

process, which aims for learning 

objectives per element. Comics have 

exciting forms that can stimulate students 

to reread them. However, comics by 

themselves alone cannot reach the 

learning objectives which are stated in 

Table 4. Because of that, coherence with 

learning models that can stimulate 

students to solve problems is needed.    

The PBL learning model can 

galvanize students to be active and to 

expand on a problem so that an 

alternative solution may be found to 

solve those problems (Ural & Dadli, 

2020; Asli, et al., 2023). Apart from that, 

PBL syntax can train students to possess 

capabilities in solving current 

environmental challenges (Sumarmi, et 

al., 2020; Gök & Boncukçu, 2023). It is 

hoped that in such a process, 

environmental awareness is built. 

Table 4. Learning Objectives Analysis 

Result 

 

2. Design 

The design stage aims to plan and 

develop electronic comics based on 

problems in environmental pollution 

material. The design product’s stages are 

as follows. 

Learning 

Outcomes 

Learning 

Objectives 

Science 

Understanding: 

Students can 

design measures 

to prevent and 

address pollution 

and climate 

change. 

Process Skills: 

Consist of 6 

stages: 

1. Observing; 

2. Questioning 

and 

predicting; 

3. Planning and 

conducting an 

investigation; 

4. Processing, 

analyzing 

data and 

information; 

5. Evaluating 

and 

reflecting; 

6. Communica-

ting results. 

1. Students can 

correctly relate 

pollutants, 

causes, and 

effects of land 

pollution;  

2. Students can 

correctly relate 

pollutants, 

causes, and 

effects of 

water 

pollution; 

3. Students can 

correctly relate 

pollutants, 

causes, and 

effects of air 

pollution;  

4. Students can 

plan efforts to 

prevent and 

deal with 

environmental 

pollution and 

climate 

change. 
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a. Media Selection 

Under the define stage, it is 

determined that the learning media that 

will be developed is digital comics 

containing environmental pollution 

materials, which are also combined with 

PBL syntax. This combination is dubbed 

electronic comics based on problems in 

the environmental pollution material. 

In the define stage, which is the 

analysis of students according to 

necessities, 93% of students feel that an 

appealing learning experience is essential 

in studying environmental education, and 

77% percent of students wished that there 

is a learning media in the form of comics 

because they are exciting and seldom do 

teachers use such a media. Thus, the 

learning media used in this research is 

comics. 

b. Format Selection 

In this stage, electronic comics 

based on problems in the environmental 

pollution material’s format are 

determined. The comic started with a 

manual sketch on A4 paper. After the 

initial sketch and speech bubbles were 

finished, a scan with the application 

CamScanner was done. Afterward, the 

comic was edited using the software 

PaintTool SAI and Manga Studio with 

the help of hardware Wacom. Both 

software used to complement each other. 

The feature in Manga Studio but not in 

PainTool SAI, which is the line art 

feature, eased managing lines and panels 

if the initial sketch needed correction. 

As per the defined stage, a learning 

media, which can be accessed whenever 

and wherever without an internet 

connection, is also needed. Hence, this 

digital comic learning media was 

designed as application/electronics. The 

programming language of electronic 

comics based on problems in the 

environmental pollution material is Java, 

Android Studio, incorporating fragment 

and viewbinding. 

This caused the learning media to 

become comics and incorporate many 

complementary features into the 

application.  Features such as online 

student worksheets with the use of Live 

Worksheet, online questions using 

Google Forms, and videos from 

YouTube accompany electronic comics 

based on problems in the environmental 

pollution material. 

c. Initial Design 

The early design was presented in 

the storyboard. Storyboards are used to 

make valuable sketches, which are used 

to picture the plot of the product made by 

researchers so that it is easier to imagine 

the final product. In the PBL learning on 

electronic comics based on problems in 

the environmental pollution material 

context, researchers apply the PBL 

activity stages into core activities in the 

learning module, which includes 1) 
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student orientation on the problem, 2) 

organizing students to learn, 3) guiding 

individual or group research, 4) 

developing and presenting the product, 5) 

analyzing and evaluating the problem-

solving process (A.Pribadi, 2010; 

Trianto, 2010). Here is Figure 1 and 

Figure 2, which shows the initial design 

of the manually drawn and digitally 

applied comic. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. The initial design of the scanned comic after manual drawing 

 

 

 

  

 

 

 

 

 

 

 

 

 

Figure 2. The edited image in the application or digitally. 

 

d. Product Design 

At this stage, the comic is converted into an electronic form using Java programming 

language, which can be seen in Figure 3. 
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Figure 3. Inserting all the comics into the space provided 

 

3. Develop Stage 

a. Expert Validation 

Expert validation is conducted to 

review the product. Experts validate 

problem-based electronic comics to 

determine whether the developed 

products are suitable for use as teaching 

materials in learning activities (Setyosari, 

2013; Nuntasane et al., 2020). This study 

was validated by 12 experts, consisting of 

3 material experts, three media experts, 

three language experts, and three learning 

experts. 

Material expert validation aims to 

validate the material's content from 

several subcomponents of learning 

materials presented in problem-based 

electronic comics on environmental 

pollution material. Material expert 

validation was carried out by three 

experts consisting of 2 professors of 

Postgraduate Population and  

 

Environmental Education at a public 

university in Jakarta and one lecturer 

with a doctoral degree (Ph.D) from a 

public university in Serang in Biology 

Education program. 

Media expert validation aims to 

validate the appearance of the media seen 

from several subcomponents of program 

presentation, presentation of teaching 

materials, and media function. Three 

lecturers from a public university in 

Jakarta and two private universities in 

Jakarta carried out media expert 

validation. The three lecturers are experts 

in the field of learning technology. 

Language expert validation aims to 

validate the language of the product 

developed so that students easily accept 

it according to the predetermined 

objectives. The language expert 

validation was carried out by three 

experts, namely two experts who are 
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lecturers at a private university in Jakarta 

and one expert who is one of the team 

experts at the Ministry of Education, 

Culture, Research, and Technology of the 

Republic of Indonesia.   

Learning expert validation aims to 

validate the products developed in 

accordance with PBL syntax and bring up 

learning that can achieve the specified 

learning objectives. Learning expert 

validation was carried out by three 

experts, including one professor in the 

field of environmental education at a 

public university in Jakarta, one biology 

education lecturer at the same university, 

and one supervisor at the West Java 

Region II Education Office. 

Based on the validation of the 

twelve experts, it is described in Table 5. 

Table 5. Expert Validation Result 

 

Based on Table 5, the highest 

validation percentage was given by the 

learning experts, while the lowest was 

provided by the language experts. The 

high validation from the learning experts 

was due to the integration of electronic 

comics with the PBL syntax in a single 

application. Moreover, the learning 

process within the application was 

regarded as systematic, with the PBL 

syntax significantly enhancing its 

usability. On the other hand, the lower 

validation from the language experts was 

attributed to the presence of several typos 

in the comics and some sentences that 

were considered unnecessarily lengthy in 

conveying information. It means 

problem-based electronic comics on 

environmental pollution material are 

eligible for further trials. 

Even with such values and 

qualifications, the product still received 

input and suggestions for improvement. 

One notable suggestion from the material 

validator was to include a glossary, as the 

material contains many unfamiliar or 

foreign terms that students may not 

recognize. Adding a glossary would 

make it easier for students to understand 

the content more effectively.  

In the media validator, it is 

suggested that there is audio/sound on the 

product homepage, comics are made 

flipbook, or there is a transition; the 

media is too large and better to compress, 

but does not reduce the quality. In the 

language validator, it is suggested that 

there are several writing errors; some 

information does not match the correct 

Indonesian spelling. Finally, the learning 

No Expert 

Rated 

Aspect 

( % ) 

Qualifi-

cation 

1 Material 94.5 
Very 

Good 

2 Media 93 
Very 

Good 

3 Language 90.7 
Very 

Good 

4 Learning 95.3 
Very 

Good 

Total Score 93.4 
Very 

Good 
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validator is advised to further maximize 

the syntax in PBL in the main 

menu/stages of the product, and there is a 

menu for uploading assignments. 

After recapitulating the validation 

results, several improvements were 

made, which can be seen in Figure 4 and 

Figure 5. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Initial Comic Design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. Design After Correcting Writing Errors in the Comic 
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Figure 6. Initial Comic Design 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Design after Expert Revision 
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Figure 6 and 7 show the revisions 

after going through the expert validators. 

All of these changes were made based on 

the expert’s suggestions, although 

quantitatively, they have passed to 

continue to the trial stage. 

b. Development Testing 

After going through material, 

media, language, and learning expert 

validation and revision processes, 

problem-based electronic comic products 

on environmental pollution material were 

tested on 12 students called small group 

limited trials and 34 students called large 

group limited trials. The aim is to 

determine the readability and ease of 

problem-based electronic comic products 

on environmental pollution material. The 

response to the product includes 

indicators of material eligibility 

assessment, language, application 

presentation, comic display, usefulness, 

and ease of use. 

Data on students’ responses to 

problem-based electronic comic products 

on environmental pollution material due 

to development are presented in Table 6. 

 

 

 

 

 

 

 

 

Table 6. Response Data of Small Group 

Students 

 

Based on the results of qualitative 

feedback and suggestions in the small 

group test, all students (12 students) 

responded very well to the application 

presented. Quantitatively, 3 (three) 

indicators do not get a percentage of 

100% by not choosing a score of 5 (Very 

Good/Very Suitable). The indicators 

include application presentation, comic 

display, and ease of application use. 

Meanwhile, qualitatively, there is input 

to the appearance of the application in 

presenting comics, namely, the current 

display scrolls down; what students want 

is that there is a simple animation that 

moves to the side. After making 

improvements, it was continued to the 

large group limited trial with the results 

of the response data in Table 7. 

 

 

 

 

 

 

No 
Assessment 

Indicators 
Result 

1 Material 

Eligibility 

100% 

2  Language 100% 

3 Application 

Presentation 

91,6% 

4 Comic Display 91,6% 

5 Usability 100% 

6 Ease of Use 91,6% 

Total Score 95,8% 
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Table 7. Response Data of Large Group 

Students 

 

Based on the results of qualitative 

feedback and suggestions in the 

significant group test, all students (34 

students) responded very well to the 

application presented. Quantitatively, 3 

(three) indicators do not get a percentage 

of 100% by not choosing a score of 5 

(Very Good/Very Suitable). Such 

indicators are language indicators, 

application presentation, and ease of use. 

The results of the significant group 

response obtained a total score of 34.55. 

They were categorized as very good with 

many positive responses, such as comics 

that are very interesting, funny, attractive 

in color, motivating, readable even 

without the internet, facilitate 

independent learning, and 

comprehensive. 

There are suggestions related to the 

ease of self-learning because this product 

cannot be zoomed consistently. This 

means the comic image can be zoomed in 

if directed using a finger. If the finger is 

removed, the size returns to normal. This 

causes difficulty in its use because 

several panels are also small due to the 

large number of images and information 

bubbles. The results of the responses in 

small and large groups reinforce that 

problem-based electronic comics on 

environmental pollution material are 

suitable for dissemination or testing in 

the broader group and can be seen 

experimentally. 

The results of Ural & Dadli (2020) 

research show that authentic PBL is an 

effective model in increasing students’ 

knowledge of the environment and 

developing positive attitudes toward the 

environment. This study suggests that 

PBL must also be supported by media or 

learning applications to make the 

application more effective. The syntax 

sequence of PBL in the form of problem 

scenarios must be prepared by 

considering the attractiveness of the 

application and problems taken based on 

real life. 

Based on these results, an 

environmental problem-based learning 

model with a combination of electronic 

media needs to be recommended to train 

students to think critically and be aware 

of environmental concerns (Sigit, et al., 

2019; Astra, et.al., 2020; Erol, 2021). 

Asli, et al (2023) explained that the active 

involvement of students in studying real 

No 
Assessment 

Indicators 
Result 

1 Material Eligibility 100% 

2  Language 88.6 

3 Application 

Presentation 

94.1% 

4 Comic Display 100% 

5 Usability 100% 

6 Ease of Use 97.1% 

Total Score 96.6% 
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environmental problems contributed 

significantly to increasing the acquisition 

of environmental knowledge related to 

science and their motivation to adopt 

environmentally friendly behavior even 

though the problem was only in the form 

of a case in a particular application. The 

active learning model emphasizes the 

active involvement of students in 

learning. In addition, problem-solving 

can provide opportunities for students to 

apply their knowledge in the real world 

(Suciati et al., 2023; Uyen, et.al., 2023). 

Mobile learning-based teaching 

materials are highly recommended in 

learning today. In the post-pandemic era, 

mobile learning brings the benefit of 

teaching materials that can be accessed at 

anytime and anywhere and have 

attractive material visualization. 

Problem-based electronic comics on 

environmental pollution material attract 

attention because they contain contextual 

problems associated with environmental 

problems in the form of comic cases 

(Flores-González, et.al., 2024; Susanto et 

al., 2024). Comics can influence readers 

(students) to participate in the story and 

can influence students’ consciousness to 

carry out the behavior in the comic 

(Nasrulloh, et.al., 2020; Rina et al., 2020; 

Radeswandri et al., 2021; Wajdi et al., 

2022). 

 

 

CONCLUSION 

Based on the research results 

described, it is concluded that this study 

resulted in the validation of media, 

material, learning, and language experts 

with a total percentage of 95.7% in the 

Very Good category and very eligible for 

trials with minor revisions. The results of 

the small group trial, with a total 

percentage of 95.8%, were categorized as 

Very Good. The results of the large group 

trial, with a total percentage of 96.6%, 

were categorized as very good. Thus, the 

problem-based electronic comics 

developed can be used as a learning 

resource. 

The need for technology-based 

learning media that can be accessed 

anytime and anywhere increases with the 

habit of students learning asynchronously 

and synchronously. This is supported by 

the many applications for making 

electronic comics that are increasingly 

developing by combining relevant 

learning models. The hope is that it can 

be used to develop problem-based 

electronic comics with other themes 

needed in the learning process. 
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