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In the 21st century, the development of science and technology is increasing
rapidly, especially in the field of education. To prepare for these developments,
students must be equipped with skills that support the use of technology and
scientific literacy skills. The importance of scientific literacy skills in science
learning is motivated by the results of the 2015 PISA test. The purpose of this
study was to test the feasibility of STEM-based e-modules, analyze the
effectiveness and profile of scientific literacy skills after using STEM-based e-
modules. This research includes Research and Development (R&D) which has
been modified without widespread dissemination. The data analysis technique
used in this study includes descriptive data analysis related to the feasibility and
profile of students' scientific literacy abilities, while the N-gain test is used to
determine the effectiveness of the product. The results showed (1) the STEM-
based (Science, Technology, Engineering, and Mathematics) e-module that
was developed had very feasible criteria regarding aspects of content,
presentation, and language (2) the results of the student's scientific literacy
assessment showed an increase in the N-gain value with high criteria. (3) the
profile of students' scientific literacy abilities which includes the process of
science, the context of science, and the content of science have good criteria.
Based on this, the use of the developed Science, Technology, Engineering and
Mathematical (STEM)-based e-module is feasible to be used as an alternative
learning resource for substance pressure material in science learning.
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INTRODUCTION

Scientific literacy is considered one of the
most important learning outcomes in the education
of 15-year-old students, regardless of whether the
student is interested in continuing science education
(Gucluer & Kesercioglu, 2012). Scientific literacy is
directly related to building a new generation of
strong scientific thinking and attitudes that can
effectively convey knowledge and research results to
the general public. A person with scientific literacy
is one who can apply scientific learning related to
scientific concepts and scientific process skills to
evaluate and make everyday decisions. Science
learning is inseparable from the nature of science as
part of scientific literacy. Chiappetta & Koballa
(2010) states that science is a predictive and socially
applicable area of science.

The scientific literacy evaluation conducted
by PISA 2009 (OECD, 2010), showed that
Indonesian students were ranked 57th with a score
of 383 (OECD average score of 501), while PISA
2012 showed Indonesian students were ranked 64th
with a score of 382. (OECD average score 501)
(OECD, 2014). A total of 65 countries participated
in PISA 2009 and 2012. In PISA 2015 Indonesia was
ranked 64th out of 72 of the participating countries.
The score obtained by Indonesia at PISA 2015 was
403 (OECD average score of 493) (OECD, 2016).
From these three results, it is stated that the
educational practices implemented in the school do
not demonstrate the function of the school as a
learning organization that seeks to equip all citizens
with literacy in order to support them as lifelong
learners. You can conclude. The low literacy level of
students' science is one of the reasons the
government is switching the curriculum from KTSP
to the 2013 curriculum (Odja & Payu, 2014).

A preliminary study conducted at SMP
Kesatrian 1 Semarang showed that, based on the
results of a documentary study, student learning
outcomes indicate a student's low scientific literacy.
The results of the assessments performed during the
daily assessment of 27 to 15 students in Class VIII
did not meet the minimum learning criteria. The
results of the observational studies conducted show
that the learning practices were carried out
appropriately and accurately according to the
curriculum.

learning tools according to the
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However, some students have not yet paid attention
to the learning process.

In the process of learning, the students saw no
connection between what they learned and their
daily lives. Teachers use materials from publishers,
but many students still do not fully understand the
materials. The materials used in the learning process
are in the form of textbooks or student activity sheets
(Widyaningrum et al., 2013). In addition, teachers
have shown limitations in STEM-based learning
(Erdogan, 2017). Research has shown that teachers
tend to develop their learning by providing as much
material as possible in the hope that they will be able
to understand and apply the knowledge they have
acquired (as much as possible) (Saptono, 2016).

It is important to improve student literacy
during the learning process. By providing materials
such as modules, we can stimulate students' interest
and joy in learning. Module is presented
interestingly and systematically to make it easier for
students to understand a particular material, that is,
to get an overview of a particular material and reach
the expected level (Putra & Winarti, 2014). It is a
kind of teaching material that is useful for evaluating
things of ability. More practical modules that can be
inserted in the video can be presented in the
electronic module (e-module).

Electronic modules make it easier to carry
and improve students' scientific literacy. Moreover,
in the age of globalization, efforts to improve
scientific literacy, such as through the integration of
science, technology, engineering, and math (STEM)
based learning, need to keep up. Some of the benefits
of the STEM approach make students better
problem solvers, innovators, inventors, independent
logical thinkers, and technical intellectuals
(Morrison in Stohlmann et al., 2012). This study
aims to improve science literacy using e-modules
based on science, technology, engineering, and
mathematics (STEM), the feasibility of e-modules
developed based on science, technology,
engineering, (STEM). The

purpose is to test the effectiveness of. After using e-

and mathematics

modules based on science, technology, engineering,
and mathematics (STEM), analyze the ability profile
of junior high school students' scientific literacy.
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METHODS

This study uses a Research and Development
(R&D) approach. This research was carried out by
the workflow of the R & D method by Borg & Gall
as quoted in Sugiyono (2012) which has been
modified. The modification from 10 steps to 9 steps
without widespread dissemination and
modifications in this study is divided into two stages
of the process, namely: the stage of the STEM-based
e-module development process and the effectiveness
test stage as shown in Figure 1. The subjects in this
study were class VIII and IX SMP Kesatrian 1
Semarang. The research subjects for the readability
test consisted of ten students of class IX, while the
effectiveness test consisted of two classes of VIII
with a total of 52 students. The instrument used is
an e-module eligibility sheet, with 20 multiple

choice questions consisting of 6 questions about
science context indicators, 7 questions about science
process indicators, and 7 questions about science
content indicators. Furthermore, the scores of each
student's answer are categorized according to the
criteria. The STEM-based e-modules in this study
were validated and revised before being used in
learning.  Students directly via
smartphones or laptops. The material presented in

can  access
the e-module provides convenience for students in
learning to improve scientific literacy skills. The
technique used in collecting data on the feasibility of
e-modules uses product assessment, then for the
effectiveness of e-modules on scientific literacy and
profiles of scientific literacy abilities using test
techniques. The test technique carried out was in the
form of pre-test and post-test which were analyzed
using N-gain.

Step
Identification of the implementation of
scientific learning and scientific

literacy

1:

Step 3:
Identification infrastructure facilities

4.

Step
Identification of smdent scientific

in schools that can be optimized with
STEM-based e-modules

literacy. empirical and theoretical studies

Step
Designing 3 TEM-based learning for
Junior high school students

4:

1

Step 8:

Step 5:
Designing § TEM-based e-modules of
substance pressure materials

Revizion of the S TEM-baszed

¥

e-module material pressure
substance

el

Step 6:

Conducting trials on small-scale classes
resulting from the design of STEM-based
e-modules on substance pressure

materials

¥

St

ep
Implementing e-modules in the
implementation of large-scale classroom
learning

jusidojanap SpoUT-a PISEQ-ATLLS

T:

!

Step
Analysis of the effectiveness of STEM-
based e-medules in improving the
scientific literacy of junior high school

students

9:

Figure 1. Research Steps

243



Bagus Addin Hutomo et al. / Journal of Innovative Science Education 11 (2) 2022 : 241-249

RESULTS AND DISCUSSION

STEM e-module eligibility

Developing a STEM-based e-module begins
with collecting material, creating a storyboard, and
editing an overall script based on previously
collected literature. Creating a STEM-based e-
module using the program Adobe Flash Professional
CS6. Sukariasih et al., (2019), Adobe Flash CS6 is

. IPA ASYIK

35

highly interactive, can be integrated with much
other software, and can be extended with many
plugins. In addition, after some updates, the
language and database are more powerful than
previous versions. All this means that this player can
deliver unique and interactive software. You can use
this including
animations, text-enhanced simulations, and audio,
as shown in Figure 2, to promote understanding and

application to add material,

arouse student interest.

STEM
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Figure 2. STEM-based e-module display

The feasibility of the developed e-module
product was analyzed by descriptive percentage
analysis for expert validation results. To determine
the percentage of e-module eligibility, a validation
calculation formula is used by experts. The
feasibility of STEM-based e-modules by media
experts is presented in Table 1.

Table 1. Expert Eligibility Assessment Results

Expert Score (%) Criteria

Content 94.44 Very Worthy
Presentation 93.33 Very Worthy
Language 98.08 Very Worthy

The data from the expert assessment is used
as the basis for revising the STEM-based e-module
which was developed as an effort to improve the
STEM-based e-module component before being
tested on students at school. The validated STEM-
based e-module design was then revised according
to input from the three experts. The revisions from
the three experts can be seen in Table 2.
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Table 2. STEM Based E-module Design Revision

Content Eligibility Components

Suggestion
Use more relevant media

Fixed KI-KD navigation not working
Use additional interactive video media

Components of Eligibility of Presentation
Suggestion

Some video content that is not directly related to the

material is removed/reduced

Add the option “Are you sure you want to exit?” on exit

button

Components of Language Eligibility
Suggestion

Pay attention to the writing of English words

Revision

Choose media that are more relevant to the
subject

Fixed a malfunction in KI and KD navigasi
navigation

Adding video interactive media according to
the subject

Revision

Choose media that are more relevant to the
subject

Added sure exit option on E-module exit
button

Revision
Correcting some sentences that contain
incorrect English words

The design of the STEM-based e-module
from the three experts stated that the product was in
the very feasible category so that the product could
be used in learning activities. STEM-based e-
modules are suitable for use in learning based on
indicators on aspects of content, presentation, and
language. The e-module presented also refers to an
assessment based on students' scientific literacy. The
scientific literacy presented in the e-module material
adapted to STEM to improve students'
understanding. Through STEM students are more
motivated and actively involved in the learning

is

process, increasing science content, and
participation in class discussions (Karahan, et al.,
2015).

Existence of STEM students can be motivated
and actively involved in the learning process, the
goal is that in the implementation of learning that
takes place feedback occurs with what students have
obtained in the lesson. According to Astuti et al.
(2021), STEM learning can make students have
higher motivation and a systematic way of thinking.
Motivation is needed initially to get students
involved in learning and it is needed during the
knowledge construction process (Moeed, 2016). The
existence of practice questions that are presented as
feedback already contains indicators of scientific
literacy understudy, contains scientific content,

scientific context, and scientific processes in the
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form of multiple-choice questions and descriptions.
It is intended that students learn pressure material
through a STEM approach which is intended to
familiarize students with solving problems to
improve students' scientific literacy. Presentation of
practice questions and quizzes is given at the end of
the explanation of the material being taught.

The practice questions are packaged in an
attractive way, such as in the form of interactive
quizzes, making students more enthusiastic about
working on the exercises presented. The interactive
quiz developed was designed to provide feedback on
student answers. Students immediately know the
answers given are correct or still wrong and students
can repeat answering questions until all answers are
correct. The feedback carried out aims to strengthen
students' understanding of concepts and concepts
connectedness so that they can correct their
misunderstandings (Saptono et al., 2017). Learning
will be better if in the process students play a role in
their learning activities. There is a relationship
between learning activities and student learning
outcomes that high learning outcomes will only be
obtained if serious learning activities are carried out
(Harahap, 2014; Hutomo et al., 2016).

The e-module concept link presented already
contains a STEM field. The elastic module
presented contains a STEM linkage diagram for
each material. Since the teaching materials are
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developed by applying STEM in a single unit, these
teaching materials represent not only the concept of
science but also the application of science to
technology, engineering, and mathematics
(Syahroni et al., 2021). This allows students to easily
examine the material pressure of a material with the
STEM approach. Asking students practice questions
will help them solve them. In addition, this e-
module can be accessed from the student's
smartphone or the student's laptop. Electronic
modules increase student interest in the learning
process because they are accessible anytime,
anywhere, supported by the right tools, and not
difficult for students (Iriani et al., 2020). Students
can easily get the electronic module outside of study
hours. With the latest learning materials via your
smartphone, you can motivate yourself and improve
your students' learning outcomes (Dini, 2018). The
e-modules presented include core competencies,
basic competencies, and learning goals. In addition,
there is a practice question at the end of the material
that trains basic science education. The E-module
can be used as a learning medium that includes the
availability of materials, methods, and learning
assessments that are designed to stimulate students'
interest in learning (Istuningsih et al., 2018). The E-
module has navigation buttons that are easy for
students to operate. In addition, there are some
impressions in the form of animation used as a
perception in the early delivery of the material.
Apperception is the start of a preparatory
activity or lesson aimed at stimulating a student's
interest in learning. It begins with STEM integration
into the material to help students understand the
material being studied. The illustrations presented
are tailored to the student's
conditions and are more contextual. To motivate

environmental

students to learn, it is necessary not only to support
their learning but also to build a supportive
environment with STEM learning (Vennix et al.,
2018). The photos and videos presented come from
everyday life. The video also helps to provide an
overview of abstract concepts that are difficult for
students to understand. In print, students know that
car washing using the concept of hydraulics has
already taken place, but with the help of video
animations, students have never seen the contents of
hydraulics, so students get a better understanding.
can do. In addition, Apperception aims to provide

an overview of the materials taught to students so
that there is no misunderstanding when learning
begins. Hutomo et al., (2020), the occurrence of
misunderstandings may be due to the lack of
concentration of the learning student or the lack of
emphasis by the teacher in conveying the
apperception as the first image of the learning
student.

Effectiveness of STEM e-module (Improvement of
Student Science Literacy)

The effectiveness of using STEM-based e-
students' scientific
measured by a test. The effectiveness of the product

modules on literacy was
can be seen by using the N-gain formula. The use of
N-gain aims to determine the increase in students'
scientific literacy skills before the treatment (pretest)
and after the treatment (pretest). N-gain is used to
measure the difference in pretest-posttest scores. The
results of the N-gain from each class are included in
the high category. The pretest-posttest and N-gain
result scores are presented in Table 3.

Table 3. N-gain Result

Class VIII B Class

VIIIE
Mean pre-test scores 30.00 29.23
Mean post-test scores  80.38 80.00
N-Gain 0.72 0.71
Category High High

Based on Table 3. The N-gain values
obtained by class VIII B and VIII E indicate the high
category. Literacy assessment conducted after
learning using STEM-based has
increased scientific literacy learning outcomes.

e-modules

STEM has shown that it can improve student
learning outcomes (Safitri et al., 2018; Amatullah et
al.,, 2019).

Science literacy ability profile

There are three indicators of the students'
scientific literacy ability that is measured. The
indicators of students' scientific literacy are context,
process, and content of science. The profile of
scientific literacy ability before and after learning
using STEM-based e-modules for the average scores
from the pre-test and post-test results for each
scientific literacy indicator can be seen in Figure 3.
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Figure 3. Scientific literacy results

The scientific literacy ability profile based on
the three indicators studied showed different results
for the indicators with the lowest mean scores on the
pre-test and post-test, namely the science process of
22,23 and 73,33. In the indicators of the science
process, some students still find it difficult to solve
existing problems. Indicators of the science process
students are asked to search for, interpret problems,
and apply evidence. In addition, the indicators with
the highest mean scores in the pre-test and post-test,
namely the science context, were 38,53 and 79,87.
In the context of science indicators students are
asked to emphasize everyday life rather than the
classroom or laboratory. Students can solve
problems in questions well with the help of e-
modules packaged in STEM students can relate the
substance pressure material that has been presented
in the e-modules with problems that exist in life.
daily. According to Dasgupta et al., (2019), STEM
can involve students more actively in learning and
gain a better understanding of material concepts and
their benefits in everyday life. The material
packaged in STEM-based e-modules gives students
the convenience of observing technology and the
application of hydraulics and natural phenomena
that exist in everyday life.

The availability of game applications as
attractive, easy-to-use learning media will improve
student learning outcomes (Adnan et al., 2017).
Then the average value that experienced the highest
to lowest increase from the pre-test and post-test,
namely the process of science, science content, and

the context of science was 51, 45, and 41. The results
of research by Alfan et al., (2021) stated that the use
of e-mobile android applications can improve
students' scientific literacy marked by an increase in
the N-gain value in the high category. Then the
research of Prasetyo et al., (2021) stated that STEM-
based e-modules were effective in improving
students' scientific literacy, indicating an increase
before and after using STEM-based e-modules in the
moderate category. Based on previous research, the
use of STEM-based e-modules in the research that
has been done there is a difference in the value of N-
gain in improving students' scientific literacy, which
was previously in the high category. This happens
because the difference in the material being taught is
also different in many different things, even though
the media model is the same shape the level of
difficulty between
differences

the materials may cause
The use of the
developed Science, Technology, Engineering and
Mathematical (STEM)-based e-module is feasible to
be used as an alternative learning resource for

in improvement.

substance pressure material in science learning.
CONCLUSION

The feasibility of e-modules based on Science,
Technology, and Mathematics
(STEM)
presentation feasibility experts, and linguistic

feasibility experts respectively obtained very feasible

Engineering,

from content feasibility experts,

criteria so that the product can be used as an
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alternative source of learning substance pressure in
learning IPA in middle school. The effectiveness test
on students' scientific literacy skills showed the N-
gain value in the high category. These results
indicate that the product developed is effectively
used to improve scientific literacy skills in learning
the material of substance pressure. The profile of
students' scientific literacy skills in the use of e-
modules based on Science, Technology,
Engineering, and Mathematics (STEM), the average
scores that experienced the highest to lowest
increases from the pre-test and post-test, namely the
process of science, science content, and the context
of science. Based on this, the use of the developed
Science, Technology, Engineering and
Mathematical (STEM)-based e-module is feasible to
be used as an alternative learning resource for
substance pressure material in science learning.
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