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Abstract

This study aims to produce a product of an electronic module on the subject of energy to
enhance students' environmental literacy. This research was a research and development
(R&D) using the ADDIE development model which includes: 1) the initial needs analysis
stage to determine the needs of students and teachers, 2) the design stage which included
collecting references, instruments and designing and creating an e-module of the science of
physics integrated Sustainable Development Goals (SDGs), 3) the development of e-
modules was carried out using the Canva application, Fliphtml and validation of material
and media experts, 4) small-scale trials conducting interviews with students and teachers to
obtain qualitative data in-depth, 5) evaluation from users, namely students and subject
teachers. The assessment included 1) a Media expert test; 2) a material expert test; 3) user
tests; 4) a small-scale test. The results of this study showed that: (1) the SDGs integrated
science e-module was produced to enhance students' environmental literacy (2) the quality
of the science e-module for students was developed according to material experts and media
experts to have very good quality (VG) with the ideal percentage of each 83.00% and
98.00%. (3) the teacher's response to the student module is Very Good (VG) with an ideal
percentage of 98%. Meanwhile, the student's response to the student's science e-module is
Strongly Agree with an ideal percentage of 83.00%. Based on the results of this study, it can
be concluded that the Science E-Module Integrated to SDGs has met the criteria of being
feasible and effective for enhancing students’ environmental literacy skills seen from the
responses of media experts, material expert responses, students’ responses and trials.
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INTRODUCTION in teacher learning is the application of
Technology continues to develop along technology utilization. As learning agents,
with time. Integrating technological tools teachers must master and apply
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information and communication
technologies to learning. UNESCO
(1996), through its journal "The

International Commission on Education
for the Twenty-First Century,” supports
continuing (lifelong) education, which is
carried out based on four principles of the
learning process, namely: learning to
know (learning to master knowledge),
learning to do (learning to know skills),
learning to be (learning to develop
oneself), and learning to live together
(learning to live in a community), in
realizing the four principles of education
in the current era of information
globalization (Maslin, 2021; Metekohy et
al., 2021; Setyaningsih et al., 2023).

In the 2013 curriculum, science
subjects were further developed to
become integrative science studies. It is
an application-oriented education that
fosters thinking, study, curiosity, caring,
and a responsible attitude towards the
natural environment. However, due to the
low participation of students in
environmental management, there is a
need for science learning innovations in
schools to overcome the lack of
awareness and participation of students in
environmental management. One of the
factors is the lack of learning motivation.
Science is an accumulation of knowledge
in the form of facts, concepts or principles,
and an invention that pertains to
discovering something about nature
clearly and understandably (Nofiana,
2017; Poultsakis et al., 2021).

The attitude expressed in everyday life
to avoid and prevent environmental
damage is an attitude of caring for the
environment. A person has environmental
competence if they can act on
environmental issues. Individual
environmental literacy can be measured
by four factors (Ratna, 2001); (1)
environmental  knowledge, including
environmental basics; (2) attitudes of
caring for the environment,
environmental conditions, and feelings
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towards the environment, including
environmental perspectives; (3) cognitive,
including environmental issues,
environmental analysis and planning;
skills, and (4) behavior, including specific
behavior towards the environment. These
four factors are the references used to
determine a person's literacy level,
especially students.

Education for sustainable
development is geared toward a whole-
system  perspective and  learning
transformation. In practice, this has meant
a greater focus on cross-curricular and
subject areas approaches to teaching and
a greater effort to link classroom learning
to real-world applications. Education
Sustainable Development (ESD) puts
forward a view of quality education that
focuses not only on measurable learning
outcomes and national standards but also
on promoting lifelong learning and
developing students' skills, values and
competencies to become change agents.
ESD employs active and participatory
learning methods that offer experiential
education and problem-solving (Didham
& Ofei-Manu, 2020).

In Indonesia, the concept of SDGs is
enshrined in Law Number 20 of 2003,
which states that the goal of the national
education system is to form human beings
who have noble character ability to solve
various problems and become human
beings who can utilize nature for current
needs without reducing future needs;
therefore, it is necessary to apply the
SDGs in the learning  process
(Setyaningrum & Gunawan, 2020).
Learning has a role in the SDGs; one of
which is science. The relationship
between science and SDGs is that many
products are closely related to science
(Rosana, 2018). Many natural science
values, including Energy and
Environment  materials, can  be
implemented against the SDGs. Teacher's
role in implementing  sustainable
development in learning activities is
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namely teachers must have the ability to
analyze science materials and learning
objectives with the concept of SDGs to
find solutions to issues that threaten
sustainable earth. One of the missions of
the SDGs is to create quality education,
empower  natural  resources  and
sustainably care for the environment.
Education is widely recognized as one of
the most important tools for achieving
sustainable development. This can
encourage people to develop knowledge
and awareness about sustainable
development and change their behavior,
so that they act in ways that address the
sustainability challenges facing humans
(Okubo et al., 2021). The actions include
creating quality education, empowering
natural resources and caring for the
environment sustainably. Education is
widely recognized as one of the most
important tools for achieving sustainable
development. This can encourage people
to develop knowledge and awareness
about sustainable development and
change their behavior, so that they act in
ways that address the sustainability
challenges facing humans (Okubo et al.,
2021)—creating  quality  education,
empowering natural resources and caring
for the environment in a sustainable
manner. Education is widely recognized
as one of the most important tools for
achieving sustainable development. This
can encourage people to develop
knowledge and awareness about
sustainable development and change their
behavior, so that they act in ways that
address the sustainability challenges
facing humans (Okubo et al., 2021).

The era of the industrial revolution 4.0
is where almost everything is controlled
by technology, including the world of
education. The influence of the 4.0
revolution era in the world of education is
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that more and more technology-based
learning media make it easier for
educators to convey material without
face-to-face contact (Ichsan et al., 2018).
This technology-based learning medium
facilitates the learning process in terms of
effectiveness and efficiency. Audio,
visual, and audio-visual media are
technology-based learning media used to
support the learning process (Firmadani,
2020). According to Hamalik in Arsyad
(2011), learning media can foster a desire
and interest in learning and increase
student insight into the teaching and
learning process. Flipbook is a learning
media that can be used for science in class
(Harahap & Siregar, 2018).

Much research related to e-modules
has been carried out, especially in the
science field (Darmaji et al., 2019;
Wijaya, 2021). There has also been a lot
of research on SDGs in technology
(Rashid, 2019). However, SDGs e-
module research is still not visible. So
based on the description above,
researchers developed alternative
learning media in the form of flipbook-
based e-modules. To simplify operation,
the features developed are integrated into
the SDGs and adapted to the needs of
students and teachers. The research will
focus on energy materials for class VII in
junior high school.

METHOD

This study uses the Research and
Development (R&D) method.
Developing  products and media
according to student's needs is the goal of
the R&D method. The model used is
ADDIE (Analysis, Design, Development,
Implementation and Evaluation)
(Muruganantham, 2015). The ADDIE
model development model chart can be
seen in Figure 1.
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Figure 1 ADDIE development model chart

The Analyze stage is to determine and
identify the learning needs of students.
Meanwhile, the Design stage aims to
design or classify the designed learning
programs.

In the Development stage, there were
two activities: modifying teaching
materials or learning materials and testing
validation. Then, in the Implementation
stage, small-scale trials were conducted
for teachers and students to fill out a
response  questionnaire. Then, the
Evaluation stage aims to assess the
quality of the developed products and
determine the increase in students'
environmental literacy while using an e-
module of physics science integrated with
SDGs during the teaching and learning
processes.

The subjects of this research were
students of class VII in one of the junior
high schools in Malang Regency. In this

study, the research method analyzed
student needs, validating e-modules,
student response questionnaires and
student worksheets. The e-Module was
validated by three validators: a media
expert, a material expert and a junior high
school science teacher.

RESULT AND DISCUSSION

This research resulted in a product in the
form of an electronic module. This e-
module was developed using the Canva
application and then created in the form
of a flipbook via the Flip PDF HTLM5
application. In the learning media
developed as a Flipbook-based Science
E-Module integrated with the SDGs,
there are materials on types of energy,
energy concepts, energy sources and
changes in energy forms. A description of
the material can be seen in Figure 2.
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The researchers obtained students'
responses to the Physics Science e-
module from the questionnaire after the
students used the e-module and filled out
the questionnaire. The data was then
analyzed using descriptive analysis. The
results of the analysis were based on
student responses to the developed
modules. The results of the trial
assessment of the flipbook-based e-
module have a percentage of 82% in the
"Very Good" category and due to 3.31.
This shows that the response of students
to the development of the alternative
learning medium on energy materials has
been very good, so it can be concluded
that aspects of material presentation,
students’ worksheets, evaluation,
instructional quality as well as aspects of
appearance and quality of e-modules are
interesting in Flipbook-based e-module as
a support for learning process activities
that can be accessed anywhere and
anytime because they are presented
online.

In the teacher's response questionnaire,
the researchers gave one of the teachers at
Singosari 6 Public Junior High School the
required module quality assessment
through a response questionnaire. The
teacher's response to the Science e-
module achieved an average score of 3.92
with an ideal percentage of 98% with the
very good category (VG) used as an
alternative learning medium. Thus, the
Flipbook-based  Science  e-Module
integrated with SDGs is very feasible to
be used as an alternative learning media.

When students learn about renewable
natural resources and observe the SDGs
video on hydroelectric power, their
environmental  literacy  significantly
improves, particularly in environmental
planning indicators. Combining SDGs
videos with an environmental approach to
learning is essential for enhancing
students' environmental literacy. Thus,
students will have a greater awareness
and understanding of the significance of
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protecting and the
environment.

Environmental literacy has three
indicators that can be used to measure
students' enhancement in environmental
literacy; environmental care indicators,
environmental sustainability, and actions
towards the environment. The average
value of the three environmental literacy
indicators is different. The following is
the average environmental literacy score
of Singosari 6 Public Junior High School
students for each indicator presented in

the bar graph in Figure 3.

action on the
environment

conserving

environmental
sustainability

environmental care

Enhancement of students’
environmental literacy

Figure 3

Issues arriving from unwanted human
activities, such as air pollution, can cause
adverse effects on the environment,
especially for health. The attitude of
caring for the environment supports the
SDGs system about caring for the
environment; therefore, students are
expected to create a simple strategy or
media that can prevent human activities
that can damage the environment. A study
conducted in Malaysia investigated the
potential and challenges of implementing
solar paver technology. This study is
based on the perceptions of officials in the
Malaysian industrial sector. A solar paver
is a photoelectric cell panel that utilizes
sunlight to produce renewable energy and
is installed as a concrete paver for road
infrastructure. Using sonar pavers is part
of a strategy to preserve the environment.
The Sustainable Education Agenda
(SDGs) published by the United Nations
has 17 sustainable goals (SDGs), one of
which is energy and the environment,
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specifically regarding affordable energy
to ensure access to affordable, sustainable
and clean energy achieved through the
development of solar power technology.
Solar power provides socio-economic
and practical solutions for environmental
sustainability, especially in developing
countries (McGain et al., 2020; Teh et al.,
2021).

There was a significant increase in the
indicator of environmental care. This was
because all students knew how to care for
the environment. Before the SDGs
incorporated Flipbook-based Science e-
module was presented to students, there
was not a significant increase. The
students were also instructed to care more
about the environment by decreasing their
use of environmentally unfriendly
materials. Consistent with  (Muret)
implementing preventative measures
including avoidance, reduction, and
recycling. The impact of these activities
on achieving a clean environment can
also bring us and others comfort (Tarpani
et al., 2020).

In contrast, in the indicator of being
aware of environmental sustainability
prior to implementing the Science
Physics e-module, literacy skills were
quite good, as it had been implemented at
school so students were required to be
sensitive to the surrounding environment.
It is evidenced by many school
regulations requiring students to maintain
cleanliness. Studies that present a deeper
understanding of how to take advantage
of an environmentally responsible
attitude. Numerous human activities
threaten environmental sustainability.
There are also environmental challenges
that must be addressed in order to save the
earth and those who live there. The
responsibility begins with the design
phase, where human comfort and health
are incorporated. Environmental
sustainability is a major concern in
modern society. The government and
educators or teachers continue to
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encourage to find ways to impact the
environment through their activities
negatively. Reducing energy
consumption, recycling, and reducing
waste are ways to attain environmental
sustainability (Ajibike et al., 2021).

In the school environment, students
and teachers participate in this program,
meaning that environmental education for
sustainability allows students to evaluate,
understand and examine the relationship
between personal lifestyles. Schools also
equip their students with understanding,
critical thinking and behavior towards the
environment and natural resources, which
are part of the shared wealth and world
heritage (Gottlieb et al., 2012).

In contrast, students' environmental
literacy skills are severely deficient in
relation to indicators of action planning
for the environment. This is caused by the
fact that students are not provided with
special lessons or information about how
to work in a polluted environment, the
effects of refuse, or how to dispose of it.

After presenting the e-module and
displaying videos that support the
increase in students' environmental

literacy in indicators for environmental
planning, there has been a significant
increase. Therefore, it is necessary to
implement  environmental  learning
strategies to  improve  students'
environmental literacy to understand the
significance of protecting and preserving
the environment. Increasing
environmental ~ consciousness ~ may
diminish the pleasure associated with the
consumption of products for which eco-
friendly substitutes are available. This
implies that when deciding to purchase
and utilize an item, consideration must be
given to whether its characteristics are
consistent with the level of environmental
care and environmental sustainability.
Everyone is educated on how to use
environmentally favorable products, and
environmental concerns are raised
(Reznichenkoa et al., 2021)
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Adding environmental education in
the classroom can promote
environmentally  responsible  student
behaviour and build a solid societal
foundation. However, conventional
teaching alone is insufficient to promote
environmental behavior in the present or
the future. Consequently, additional
variables, such as the school environment,
are required to foster this behavior (Kamil,
et al, 2020) and family (Spiteri, 2023).

CONCLUSION

E-module of Physics Science based on
Flipbook integrated with SDGs to en-
hance students' environmental literacy on
the topic of energy, developed with de-
velopment procedures including 1) anal-
ysis of the needs of the science e-module;
2) analysis of student needs; 3) analysis
of KI and KD as well as indicators and
formulation of learning objectives; 4)
collection of materials from science
books and the internet; 5) creating e-
module designs; 6) validating e-modules
by experts; 7) conducting revisions; 8)
conducting field trials; and 9) finalizing
the e-module. The e-module of Physics
Science based on Flipbook integrated
with SDGs on energy is feasible. Based
on the assessment results by media and
material experts, the quality of the e-
module is very good (VG). Media experts
say the ideal percentage for e-module
quality is 85.00%, while material experts
recommend 87.60%. The students' re-
sponses to the e-module of Physics Sci-
ence based on Flipbook integrated with
SDGs in the pilot trial received a Very
Good response (VG) with an ideal per-
centage of 82.00%. Meanwhile, the
teacher's response to the physics science
e-module integrated with SDGs is Very
Good (VG) with an ideal percentage of
90%. The e-module of Physics Science
based on Flipbook integrated with SDGs
on effective energy in improving stu-
dents' environmental literacy skills
showed an increase in overall test results.
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The magnitude of the increase in the en-
vironmental literacy skills of students us-
ing the e-module of Physics Science
based on Flipbook integrated with SDGs
on the subject of energy in terms of N-
gain calculations. The average score for
increasing environmental literacy skills
of the 20 students tested was 0.
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