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Abstract: This study aims to develop an E-Module Integrated with Education for 
Sustainable Development (ESD) on Enviromental Change Material and determine the 
practicality and feasibility of the developed product. This research is a type of 
Research and Development (R&D) research using the Design and Development 
Research (D&DR) development model. The development procedure in this 
development model consists of 6 stages, namely identify the problem, describe the 
objectives, design and develop the artifact, test the artifact, evaluating testing results, 
and communicate the testing results. The subjects in this study were lecturer 
validators of material experts and media experts, biology teachers and students of 
class XI IPA SMA. The instruments used in this study were questionnaire instruments 
for validation of material experts and media experts as well as questionnaires for 
responses from biology teachers and students. Based on the tests that have been 
carried out, the media expert assessment gets a score of 76.7% with the category 
"feasible". The material expert assessment scored 98.3% with the category "very 
feasible". Biology teacher assessment scored 95% with the category "very practical", 
and student assessment scored 87.98% with the category "very practical". Based on 
the tests that have been carried out, it is known that the E-Module Integrated with 
Education for Sustainable Development (ESD) on Enviromental Change Material 
developed is feasible and practical to use as teaching material. 
 
Keywords: Education for Sustainable Development (ESD), E-Module, Enviromental 
Change 

Introduction  

 
The global environmental crisis is an important 

issue being discussed today. The occurrence of 
environmental crisis is closely related to the fulfillment 
of human needs on earth. The abundance of natural 
resources on earth has important implications for the 
amount of environmental degradation that occurs. 
Rapid development and economic growth such as 
urbanization and industrialization will increase the 
consumption of natural resources (Ahmed et al., 2020). 
This causes the prosperity of life to be prioritized over 
paying attention to how the current environmental 
conditions are. This is also exacerbated by the amount of 
world population growth that has increased every year, 

which means that the fulfillment of human needs is 
getting higher. This causes the number of world 
population growth to be inversely proportional to the 
world's ecological footprint (Mochtar et al., 2014). 

The poor ecological footprint of the world is shown 
by the high negative impact received by the 
environment. A variety of severe environmental impacts 
result from mismanagement of natural resources, such 
as uncontrolled waste disposal that result in heavy metal 
contamination of water, soil, and plants (Vongdala et al., 
2019), waste disposal in water areas will lead to an 
increase in marine litter (Tuahatu & Tujumury, 2022), 
and combustion results in increased emissions of CO, 
CO2, NO, PM10, SO and other pollutant emissions that 
can affect the atmosphere (Wiedenmyer et al., 2014). 

https://doi.org/10.29303/jppipa.v9i12.6105
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These things cause serious environmental pollution 
which will eventually lead to environmental changes. 
The above supports the worsening of the world’s 
ecological footprint so that every year the world 
experiences problems regarding the  lack of availability 
of natural resources, energy, clean water and food 
(Mochtar et al., 2014). 

The global environmental crisis due to demand-
side measures is exacerbated by the fact that the world 
has lost 50% of its tropical forests. Today, tropical forests 
cover less than 6% of the earth's land area, whereas they 
originally covered 12% of the earth's land area. Tropical 
deforestation is a major environmental crisis that 
threatens the Earth's ability to support human life 
(Interfaith, 2019). The amount of deforestation that 
occurs also affects the concentration of CO2 in the 
atmosphere. Currently, more than 25% of the CO2 
concentration in the atmosphere has increased, causing 
extreme climate change, extinction of flora and fauna, 
destruction of natural habitats, and pollution 
(Prabawani et al., 2017).   

In addition to deforestation, the large amount of 
CO2 emissions in the atmosphere is also caused by the 
large use of fossil fuels. Based on the Intergovermental 
Panel on Climate Change (IPCC) evaluation report, it is 
known that global warming due to increase CO2 in the 
atmosphere continues to increase and this is related to 
the large use of fossil fuels. Although many countries 
have made a joint policy related to rising global 
temperatures, the high emissions of CO2 has not 
decreased and stil makes this time the most critical 
period in increasing the earth’s temperature (Aktar, 
2021). Coal is one example of the use of fossil fuels as an 
energy source that is predicted to increase in the near 
future to power production and manufacturing (Ahmad 
& Dongdong, 2020). Increasing global energy demand 
will cause the world’s ecological footprint to worsen and 
global warming to continue (Aktar et al., 2021).  

The worsening global climate change is also 
reinforced by the facts of the Covid 19 pandemic. Saadat 
& Rawtani (2020) explained that Covid 19 had a real 
impact on reducing energy consumption and needs. 
This is also reinforced by McGrath (2020) who explained 
that Covid 19 caused a sharp decline in global energy 
demand, especially in coal, gas, and oil, which resulted 
in a decrease in CO2 emissions. Although global energy 
demand has decreased, the fact is that CO2 gas emissions 
in 2020 continued to be released and CO2 levels are still 
the highest on record in the atmosphere (Stylianou et al., 
2020). CO2 emissions during Covid 19 pandemic were 
caused by increased electricity demand due to 
lockdowns and increased plastic production for 
Personal Protective Equipment (PPE) (Sylva et al., 2021). 
Aktar et al. (2021) explained that reduction in CO2 

emissions due to the Covid 19 pandemic will only have 
a small impact on the total concentration of CO2 in the 
atmosphere so that the climate crisis will continue. Some 
of the facts presented above reinforce that sustainable 
development needs to be implemented to address and 
resolve environmental changes.  

Sustainable development is one of the main focuses 
in national development principles. The concept of 
sustainable development was initiated in view of the 
increasing population growth and the decreasing 
natural resources to full fill the needs. Sustainable 
development is developed on the basis that humans can 
interact with the environment and the environment can 
be utilized for future generations. Sustainable 
development is expected to improve the standard of 
living of humans while not having a negative impact on 
the sustainability of ecosystems and the environment 
(Mensah, 2019). According to UNESCO (2020), 
education is the main focal point in implementing 
sustainable development and underlies the achievement 
of 17 sustainable development goals with 169 
achievements called Sustainable Development Goals 
(SDGs). Education is a great hope to achieve 
development goals and design a sustainable future, 
especially to overcome various environmental crises 
(Purnamasari, 2021). With the hope of resolving 
environmental problems and other issues faced today 
and in the future, an idea called Education for 
Sustainable Development (ESD) was created (Primasti, 
2021). 

ESD is a major element in the plan to achieve 
sustainable development goals (SDGs) targeted until 
2030. ESD is expected to create quality education to 
advance a sustainable society (Kioupi & Voulvoulis, 
2019). Education is expected to manage human 
resources to be able to meet needs through the use of the 
environment while preserving the environment. In 
addition, through education, people’s knowledge and 
skills in caring for the environment can be improved 
(Wang, 2016).  Education has an important role to 
change students' mindset, attitude and behaviour 
through sustainability values. Through the 
implementation of ESD, students will be equipped with 
knowledge, skills, values, attitudes and behaviours that 
can create a sense of responsibility, be able to direct 
students actively and create awareness to students that 
they are subjects who can realize the goals of sustainable 
development. Through the implementation of ESD, 
individuals will be transformed into a better and 
sustainable direction (UNESCO, 2020). Clarisa et al. 
(2020), mentioned that by integrating ESD in learning, 
students will be taught to imagine a more positive and 
sustainable future, so that it can improve students' skills 
in solving problems and increase awareness of 
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protecting and respecting the surrounding environment. 
The implementation of ESD can be done through 
integration into the curriculum of each level of education 
or integrated into various fields of study (Sund & 
Gericke, 2020). 

Based on the explanation above, ESD can be 
implemented in the learning content of biology subjects. 
Biology learning taught at this time refers to the 
implementation of the Merdeka curriculum. The 
curriculum has learning outcomes that at the end of 
phase E, students are expected to have the ability to be 
responsive to global issues and be able to provide 
problem solving, all of which are directed at achieving 
sustainable development goals (SDGs). One of the 
contents of biology learning that can be integrated with 
the urgency of sustainable development is 
environmental change material. 

Based on observations and interviews conducted 
with biology teachers, it was found that the independent 
curriculum is a new curriculum implemented with very 
limited preparation. So that in its implementation, 
teachers often experience difficulties. One of the 
difficulties experienced by teachers is due to the lack of 
clear material boundaries in each topic in biology 
material. One of the topics whose material boundaries 
are less clear is the material on environmental change. 
The teacher explained that in the teaching materials used 
by the teacher, the content of environmental change 
material only contains global warming material. 
According to the teacher's explanation, the scope of the 
material is still not broad enough and the boundaries are 
not clear enough to be conveyed to students.   Through 
these interviews, it is also known that teachers have not 
been able to create and develop teaching materials 
tailored to the characteristics of students in the field. In 
their learning, teachers still adapt teaching materials 
from schools that are ready to implement the Merdeka 
curriculum. 

Based on observations made to students, it was 
found that students experienced learning loss after 
online learning due to the Covid 19 pandemic. During 
learning, many students were not focused and fell 
asleep. After further investigation, this happened 
because during the Covid 19 pandemic, learning was 
carried out online and students did learning by utilizing 
smartphones or laptops, so learning became more 
interesting for students. Meanwhile, when learning 
returns to offline, students experience boredom when 
learning in class. Based on the results of observations 
and interviews conducted, it was found that there is a 
need to develop technology-based teaching materials 
that can motivate and increase student engagement in 
learning. In addition, based on observations made, it is 
known that 62.04% of students have not understood and 

implemented attitudes in the context of sustainable 
development. 

Based on the results of these interviews and 
observations, E-Modules are suitable teaching materials 
to be developed. According to Sunismi & Halim (2015), 
E-Modules are very appropriate to be used as teaching 
materials by students, because e-modules can maximize 
individual student learning efficiently and can meet 
individual student interests. Based on the description 
above, there is an urgency to develop an E-Module 
Integrated with Education for Sustainable Development 
(ESD) on Enviromental Change Material. 
 

Method  
 

This research is a type of Research and 
Development (R&D) research using the Design and 
Development Research (D&DR) development model. 
The purpose of this research is to develop an E-Module 
Integrated with Education for Sustainable Development 
(ESD) on Enviromental Change Material and determine 
the practicality and feasibility of the developed product. 
The development procedure in this development model 
consists of 6 stages, namely identify the problem, 
describe the objectives, design and develop the artifact, 
test the artifact, evaluate testing results, and 
communicate the testing results (Elis & Levy, 2010). The 
subjects in this study were lecturer validators of material 
experts and media experts, biology teachers and 
students of class XI IPA SMA / MA. 

The development of E-Module Integrated with 
Education for Sustainable Development (ESD) on 
Enviromental Change Material begins with identifying 
problems through observation, interviews and 
analyzing the needs of teachers and students. Based on 
the identification of the problem, then the description of 
the object or purpose is carried out. Then the design and 
development of the artifact is carried out, which 
includes the stages of building a conceptual framework, 
developing products and compiling instruments. After 
the product has been developed, artifact testing will be 
carried out including feasibility testing by material 
experts and media experts, practicality testing by 
teachers and students and field testing. The results of the 
testing process will be evaluated and then reported. In 
testing the artifact, four prototypes will be obtained 
based on the results of testing by material experts, media 
experts, teachers and students. Each prototype will be 
evaluated and revised to get the final product 
development. This research was only conducted up to 
the feasibility and practicality test stages. 

Development of E-Module Integrated with 
Education for Sustainable Development (ESD) on 
Enviromental Change Material will be tested for 
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feasibility to media expert lecturers and material experts 
and will be tested for practicality by teachers and 
students. The instrument used to conduct the test is a 
questionnaire instrument for validation of material 
experts and media experts as well as a questionnaire for 
the responses of biology teachers and students. The 
types of data obtained in this study are quantitative data 
and qualitative data. Quantitative data is obtained based 
on the results of filling out the questionnaire, and 
qualitative data is obtained based on the suggestions 
given. The results of the data obtained from filling out 
the questionnaire will then be analyzed for each aspect 
and converted into product quality categories (each 
aspect) guided by Table 1. 
 
Table 1. Guidelines for product quality categories in 
each aspect   
Score Range Criteria 

Mi + 1.5 SDi ≤ x ≤ Mi + 3.0 Sdi Very Good 
Mi + 0 SDi ≤ x ≤ Mi + 1.5 Sdi Good 
Mi – 1.5 SDi ≤ x ≤ Mi + 0 Sdi Less 
Mi -3 SDi ≤ x ≤ Mi + 1.5 Sdi Very Poor 

 
In addition, the number of test scores through the 

questionnaire will also be determined on average to 
conclude about the feasibility and practicality of the 
product using the following formula (Purwanto, 2012) : 

 

 𝑃 =  
∑ 𝑥

∑ 𝑥𝑖 
 ×  100%  (1) 

 

Description : 
P = Validation result 
∑x = Total validation assessment score 
∑xi = Total maximum score 
100% = Constant 
 
Table 2. Product quality conclusion category guidelines 
Rentang Skor Criteria 

80 < P ≤ 100% Very Feasible/Practical 
60 < P ≤ 80% Feasible/Practical 
40 < P ≤ 60% Reasonably Feasible/Practical 
20 < P ≤ 40% Not Feasible/Practical 
0 < P ≤ 20% Very Unfit/Practical 

 

The test results using the Formula 1 will then be 
adjusted using the criteria in the Table 1 (Purwanto, 
2012). 

 
Result and Discussion 

 
This study aims to develop an E-Module Integrated 

with Education for Sustainable Development (ESD) on 
Environmental Change Material that is practical and 
feasible for use in learning. The integration of ESD in 

learning will provide information and knowledge that 
environmental problems are always changing, how the 
risks are and what causes them. This can increase 
student’s ability to take responsibility for their 
environmental conditions (Agbedahin, 2018). 
Furthermore, ESD will encourage students to think 
about the future of the environment, so that student’s 
critical, creative and systemic thinking will develop.  In 
addition, students are also invited to improve their 
cooperation skills and decision making skills (Pratiwi et 
al., 2021). This opinion is also reinforced by Mahat & 
Idrus (2016)who explained that the implementation of 
the ESD concept is effective in raising awareness in 
students to maintain environmental sustainability for 
future generations. Based on this, the development of a 
teching material integrated with ESD is considered 
important to do. Based on previous studies, it is known 
that teaching materials with sustainable principles and 
values are still relatively difficult to find (Mohammadnia 
& Moghadam, 2019). This fact  is also reinforced by the 
exposure of Fitria & Hamdu (2021), which states that 
there are not many ESD based learning tools found. 
Product development in this study adopted the D&DR 
development model  with 6 stages of development 
procedures, namely identify the problem, describe the 
objectives, design and develop the artifact, test the 
artifact, evaluating testing results, and communicate the 
testing results. 
 
Identify The Problem 

The first stage in product development is problem 
identification. Problem identification is carried out 
through preliminary study activities by conducting 
observations, interviews and distributing 
questionnaires. Based on the identification, it was 
concluded that there is a need to develop a teaching 
material that can increase students' motivation and 
interest in learning, which is integrated with ESD 
content in independent curriculum learning materials. 
 
Describe The Objectives 

Based on the identification of the problems found, 
it is necessary to develop an E-Module Integrated with 
Education for Sustainable Development (ESD) on 
Enviromental Change Material. A teaching material that 
is developed must be based on the characteristics and 
interests of students. The preparation of teaching 
materials must be adjusted to the curriculum and 
student needs (Yuliana & Barlian, 2021). The content and 
content of teaching materials must be able to provide 
systematic and programmed knowledge and 
information to students, so as to realize learning 
objectives according to curriculum demands (Kosasih, 
2021). 
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Design and Develop The Artifact 

The first stage in designing a product is building a 
conceptual framework. The planning of the conceptual 
framework in this study refers to the analysis of the 
learning outcomes of the independent curriculum 
biology. Based on the results of this analysis, learning 
objectives will be determined which are adjusted to the 
concept of environmental change material. The next 
stage of design is to analyze the concept map and scope 
of material. The scope of material included in the E-
Module Integrated with Education for Sustainable 
Development (ESD) on Enviromental Change Material. 
The E-Module is a material on environmental pollution, 
environmental change and efforts to overcome 
environmental pollution and change that will be 
integrated with the content of ESD themes, namely 
education on climate change, sustainable lifestyles, 
water and sustainable population movements. Through 
these themes, appropriate environmental issues will be 
presented in the designed product.  

The next stage is product development. The 
product is developed in the form of an application that 
can be accessed by students using either a smartphone 
or laptop. This e-module is accompanied by menu 
features that can be explored by students. The initial 

stage of the development of E-Module Integrated with 
Education for Sustainable Development (ESD) on 
Enviromental Change Material is the creation of a cover 
page (Figure 1). After clicking the start button, students 
will be shown the login page (Figure 2). On the login 
page, students will fill in their identity. After login, 
students will be shown the main menu page (figure 3) 
which contains the introduction menu, learning 
materials, activity sheets, evaluation, glossary, and 
information. The content of this ESD integrated E-
Module on environmental change consists of 3 topics, 
namely environmental pollution, environmental change 
and efforts to overcome pollution and environmental 
change. In addition to material descriptions, these topics 
are also equipped with videos and biological info 
(Figure 4 and Figure 5) which aims to improve ESD 
components namely transformation and change, critical 
thinking and reflection, partnership for change, lifelong 
learning for all, and systemic thinking.  

The material content of the E-Module Integrated 
with Education for Sustainable Development (ESD) on 
Enviromental Change Material is integrated with ESD 
themes (Figure 6). Providing knowledge in the form of 
case studies of real conditions in the field in the learning 
process is very important to do because it can improve 
learning outcomes and increase awareness and active 
role of students (Riefani, 2019). Through these case 
studies, students are invited to better recognize the 

conditions of the surrounding environment, determine 
attitudes to overcome problems that have occurred, and 
determine preventive solutions so that these problems 
do not get worse. At the design and develop the artifact 
stage, the stages of preparing instruments in the form of 
media expert and material expert feasibility validation 
sheets as well as biology teacher and student response 
questionnaires for practicality assessment of the 
products developed were also carried out. 
 

 
Figure 1. Cover page 

 

 
Figure 2. Login page 

 

 
Figure 3. Main menu page 
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Figure 4. Video page 

 

 
Figure 5. Biology info page 

 

 
Figure 6. Example of exposure to issues based on ESD themes 

 
Test The Artifact 

There are several stages in testing the artifact. The 
first stage is the trial of the ESD integrated E-Module on 

environmental change material which is carried out 
through product feasibility assessment by media experts 
and material experts, and product practicality 
assessment by biology teachers and students on product 
use (limited trial). 

 

Evaluate The Testing Result and Communicate The Testing 
Result 

The results of the product feasibility test by media 
experts and material experts as well as the results of the 
practicality test by biology teachers and students will be 

divided into quantitative data and qualitative data. 
Quantitative data will be analyzed to determine the 
feasibility and practicality of the product, while 
qualitative data will be used as a reference for product 
development revisions. The results of product testing 
are as shown in Table 3. 
 
Table 3. Results of media expert feasibility assessment 
on each aspect 
Assessment Indicator Score Category 

Display Quality 16 Very Good 
Language 3 Good 
Ease of Operation 8 Good 
Product Reliability 9 Good 
Illustration Quality 10 Very Good 
Ease of Use 3 Good 

 
Table 4. Assessment results of media expert feasibility 
conclusion 
Assesment Percentage % Category 

Media Expert 76.7 Feasible 

 
Table 5. Results of material expert feasibility assessment 
on each aspect 
Assessment Indicator Score Category 

Feasibility of Material 16 Very Good 
Accuracy of Material 20 Very Good 
Didactics 28 Very Good 
Construction 34 Very Good 
Technical 20 Very Good 

 
Table 6. Assessment results of the material expert's 
feasibility conclusion 
Assessment Percentage % Category 

Media Expert 98.30  Very Feasible 

 
Based on the product feasibility assessment above, 

it can be seen that the feasibility of the product according 
to the media expert is in the "feasible" category and by 
the material expert is in the "very feasible" category. 
Depdiknas (2008) explains that proper teaching 
materials must include components of content, 
presentation, linguistic and graphical feasibility. The 
four components have been included in the ESD 
integrated E-Module on environmental change material 
developed. In addition to obtaining the results of the 
feasibility assessment by material experts and media 
experts, suggestions for improvement were also 
obtained which were used as a reference for product 
revision. Suggestions from media experts (prototype 1) 
include improving product links, simplifying and 
streamlining menu displays, clarifying instructions for 
use and clarifying worksheet content. Suggestions from 
material experts (prototype 2) include clarifying 
instructions for use and instructions on the evaluation 
menu.  
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In addition to being tested for feasibility, the 
resulting product was also tested for practicality by 
biology teachers and by students of class XI IPA in a 
limited trial. The results of the practicality trial are as 
follows. 
 
Table 7. Results of biology teacher practicality 
assessment on each aspect 
Assessment Indicator Score Category 

Material (Content) 16 Very Good 
Language 10 Very Good 
Media 22 Very Good 
Learning 25 Very Good 

 
Table 8. Assessment results of practicality conclusions 
by biology teachers 
Assessment Percentage % Category 

Biology Teacher 95  Very Practical 

 
Table 9. Results of students' practicality assessment on 
each aspect 
Assessment Indicator Score Category 

Presentation 21.17 Very Good 
Language 3.70 Very Good 
Ease of Operation 7.43 Very Good 
Ease of Media 
Attractiveness and 
Visual Communication 

27.93 Very Good 

Usefulness 17.43 Very Good 

 
Table 10. Assessment results of practicality conclusions 
by students 
Assessment Percentage % Category 

Student 87.98  Very Practical 

 
Based on the assessment of product practicality 

above, it is known that in terms of practicality, the 
product is in the very practical category, both according 
to biology teachers and students. In this test, the teacher 
explained that the resulting product was very 
interesting and teaching materials should be designed 
like this, while students commented that the e-module 
display was very attractive and practical because it 
could be accessed using a smartphone. In addition, 
according to students, learning using the e-module is 
interesting because they are given new facts about the 
environment that students do not know.  

Susilo (2018) explained that when students are 
given an environmental fact that has not been known 
before, students will go through the process of teaching 
for thinking instead of teaching about thinking so that 
students will form their thinking abilities through 
various critical, creative, problem solving, awareness, 
and self-management skills. This also in accordance with 
the opinion of Kioupi & Voulvoulis (2019), which states 
that learning by providing new facts will encourage 

students to think systematically in creating solutions to 
environmental problems. It is considered relevant to 
improve students’ sustainability competencies so that 
they can effectively encourage sustainable change.  

Based on the research conducted, it is known that 
the developed products is feasible and practical for use 
in learning. This is accordance with Arafah et al. (2023), 
that if the product assessment by material experts, media 
experts, teachers and students is in the good category, 
then they agree that the product is good and feasible to 
implement in learning. In addition to obtaining the 
results of practicality assessment, teachers and students 
also provide suggestions for improvement that can be 
used as a reference for revision. Suggestions for 
improvement given by teachers include (prototype 3) 
there are several buttons that cannot be clicked and there 
are several writing errors. Meanwhile, based on student 
responses, no suggestions for revision were obtained, 
and students said it was very fun to learn using the 
developed E-Module. According to Raqzitya & A (2022), 
E-Modules can be developed with an attractive, 
communicative design and systematic evaluation 
activities can also be developed. This can make students 
achieve the expected competencies because learning can 
adjust technological developments so as to increase 
student learning motivation. 

E-Module Integrated with Education for 
Sustainable Development (ESD) on Enviromental 
Change Material is developed in the form of an 
application that can be accessed by students using 
smartphones. Based on the research that has been 
conducted, it is known that students are interested in the 
products produced. Amaly et al. (2021) explained that 
application development can make learning more 
interesting, so it will have a positive effect on learning 
activities. In addition, through the use of applications, 
learning can be done anywhere and anytime. This is also 
in accordance with Miranda & Wibowo (2023) 
explanation, that learning media designed in the form of 
applications that can be accessed using smartphones 
have the  advantage of being easy to carry everywhere 
and can display a variety of content including images, 
videos, animations and so on that are effective in 
increasing student interest and motivation to learn. 

 

Conclusion  

 
Based on the tests that have been carried out, it is 

concluded that the E-Module Integrated with Education 
for Sustainable Development (ESD) on Enviromental 
Change Material developed is feasible and practical to 
use as teaching material.  
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