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Abstract: This research is Research and Development (R&D) research that follows the
ADDIE development model which integrates five stages including analysis, design,
development, implementation and evaluation. This research aims to produce a PBL-
based e-module that is able to stimulate and improve students' science process skills.
This research uses a number of assessment instruments to measure the quality and
effectiveness of the e-module being developed, including an e-module validation sheet,
a practicality assessment sheet by the teacher, and an observation sheet on students'
science process skills. These instruments help researchers gain an in-depth
understanding of the extent to which the e-modules developed meet the criteria for
success and relevance in improving student learning, especially students' science
process skills. The e-module validation results show that the e-module is valid with a
percentage of 89.02% reaching very feasible criteria. The practical results of this e-
module are very practical in terms of material, appearance, language and use. The
results of observations of students' science process skills when using PBL-based e-
module products are also very suitable for all student groups. From these results it is
concluded that the e-module can be used in the class VII science learning process
regarding classification of materials and their changes.
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Introduction

The 21¢ century brings high demands on every
individual, requiring them to master a variety of skills
and abilities. In this era, skills such as being able to
collaborate, thinking critically and creatively, having
learning and innovation skills, being able to utilize
technology and information, and being able to work
together using the skills they have (Yanuarni et al., 2021).
Redhana (2019) explains that the preparation of human
resources who are able to effectively master 215t century
skills can be achieved through the education system. 21st
century education is education that combines
knowledge, skills and attitudes and identifies learning
sources from this knowledge, skills and attitudes. We
must ensure that 215t century education is in line with
the demands of the times (Astuti et al., 2023; Cynthia et
al., 2023). In this case, educators act as a foundation for
raising national education standards and are equipped
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to teach students how to live in the 21t century (Usman
et al., 2021).

Many parties, including observers and education
experts, have acknowledged the poor quality of
education in Indonesia and that this must be a major
concern. According to the OECD (2019) Indonesia has
participated in the Program for International Student
Assessment or "PISA" since 2001. Since then, science
scores have fluctuated but have generally remained
stable, while reading and mathematics scores have not
been too high. While math scores fluctuated more in the
early years of PISA, but have remained relatively stable
since 2009, reading scores in 2018 returned to 2001 levels
after peaking in 2009. In general, from the PISA
assessment results, Indonesia's educational performance
is still below expected standards. Education in Indonesia
should prioritize meaningful education, especially
science education. In Indonesia, only a very small
number of students excel in science. To overcome this,
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various breakthroughs need to be made in science
education, especially in improving the quality of science
learning (Suryaneza & Permanasari, 2016).

In this fast-paced and dynamic digital era, science
learning needs to be directed at developing students'
science process skills (KPS). KPS is a skill needed to carry
out scientific explanations, starting from describing
problems, collecting data, analyzing data, and drawing
conclusions. KPS is very important for students to have
so that they can solve problems scientifically. Dogan et
al. (2016) believes that science process skills (KPS) are
skills that facilitate scientific learning, foster the ability
to explore, learn actively, and develop a sense of
responsibility when learning. However, findings by
Fredy et al. (2019) show that students are reluctant to
ask, answer, observe, and communicate their findings in
science learning. This finding shows that students are
still not skilled in using KPS in science learning. This can
be caused by several factors, such as teachers who do not
emphasize the importance of KPS in learning. Learning
that focuses too much on memorization. Lack of
opportunities for students to practice KPS. Science
process skills are needed to solve problems scientifically.
Therefore, teachers must demonstrate and teach science
process skills to students, because these skills are useful
for developing students' scientific attitudes (Darmaji et
al., 2018; Maison et al., 2019).

The problem-based learning (PBL) approach is a
learning model that offers the potential to improve
students' science process skills (Duda et al., 2019).
Research conducted by Hidayah et al. (2016) shows that
there is a positive and significant influence using the
PBL model on the development of students' science
process skills. In essence, the PBL learning model
emphasizes that students are not taught lessons in their
final form but must organize them themselves. This
condition will provide strong motivation and
encouragement towards students' science process skills.
Therefore, it is necessary to develop PBL based learning
materials. It is hoped that the teaching materials
developed in PBL can enable students to analyze and
investigate independently or in groups, thus creating an
attitude towards the scientific process. Dewi et al. (2023)
said that teaching materials, especially digital, are one of
the teaching materials that are good enough to be
applied in PBL learning so that they can increase
students' KPS.

Teaching materials are anything that can be used as
a tool in the learning process. Teaching materials can be
in the form of books, modules, learning media, etc.
Quality teaching materials can help students to achieve
learning goals. Teaching materials also have an
important meaning in the learning process with the aim
of making students more motivated in learning and
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practicing independence to achieve the skills expected in
science learning. Teachers are expected to be able to
develop teaching materials that are not only focused on
one source. Innovating teaching materials can provide
meaningful experiences for students (Lestari et al., 2020).
One of the popular teaching materials is a module.
Modules are a type of teaching material designed in a
study guide that students can use without guidance
from other people (Syamsussabri et al., 2019). Well-
designed modules can provide meaningful learning
experiences for students. Students can use modules
independently and directedly to acquire skills,
especially science process skills (Sueb & Damayanti,
2021).

Educators must create lesson plans that are
organized, distinctive, engaging, and appropriate for the
twenty-first century. This paradigm must be supported
by the educational resources that are used in the
classroom, such as by digitizing the materials into
electronic format (Asrizal et al., 2022). The ease of
accessing information through technology makes
electronic teaching materials the right choice for
students as a learning resource. In the current digital era,
students rarely open or read conventional books
(Laksana et al, 2019). Electronic modules are an
alternative solution in improving 21st century skills.
According to Anggraeni et al. (2022) in an effort to keep
up with current developments, especially education,
modules are made in electronic form to make them
easier, more practical and efficient.

Science learning in junior high school requires an
approach that focuses on conceptual understanding and
physical analysis of problem situations that can be
solved by students. One of the topics taught in class VII
science is "classification of materials and their changes".
Woulandari et al. (2023) said that through understanding
this material, students can grow their understanding of
concepts and science process skills. In this context,
researchers want to develop a PBL based e-module
product to stimulate students' science process skills
regarding classification and change in matter. The E-
Module being developed is expected to become a
resource to support the learning process for teachers and
students.

Method

This research is included in a type of development
research, known as Research and Development (R&D),
which aims to create products that have practical and
useful value (Desyandri et al., 2019; Oktarina et al.,
2023). This development research refers to the ADDIE
model. This development research approach refers to
the ADDIE model. In this model, the PBL-based e-
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module development process is carefully designed,
allowing the development of products that suit learning
needs and objectives. According to Spatioti et al. (2022)
this approach was first presented at the University of
Florida in 1975, and educational designers have since
utilized it extensively to create training and educational
initiatives. The name ADDIE is an acronym that
describes the five basic steps of this learning design and
development model, namely Analysis, Design,
Development, Implementation, and Evaluation. The
following is an overview of the design of the ADDIE
model in this development research.
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Figure 1. ADDIE model design

The first is the analysis stage, the basic problems
that need to be corrected before making e-modules are
identified, and the advantages and disadvantages of the
teaching materials that teachers have used in schools are
known. The concept at this stage is preliminary research
which includes teacher interviews, school observations,
and material analysis. The results of this analysis will be
taken to the next stage, namely designing, namely the
product to be developed.

At the design stage, the product to be developed is
designed carefully after carrying out initial analysis.
Products in the form of electronic modules will be
developed using the problem-based learning model or
PBL. The main focus in developing this electronic
module is to create electronic learning resources that can
effectively improve students' science process skills. With
a PBL approach, this module is expected to be able to
provide students with a more interactive and in-depth
learning experience.

The third stage, called the development stage, is a
key phase in the PBL based electronic module
development process. Development processes such as
writing text, placing images, video integration, setting
hyperlinks, and compiling a collection of questions. The
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electronic module created will be validated by the
lecturer and two students. This stage also carries out
revisions to improve and refine teaching materials so
that they can be used for implementation in schools.
The e-Module that has been developed and revised
is then implemented in schools. Implementation of the
e-module is carried out by taking 1 class at school. The
class is chosen randomly to represent all classes in the
school. At the implementation stage, 1 class was taken to
test how practical the teacher thought it was in using the
product. The class teacher was asked to use e-modules
to teach. Teachers are asked to provide feedback on how
practical the e-module is to use. Furthermore, an
observation sheet was also given which was filled in by
two observers to see how students' science process skills
completed the commands in the PBL-based e-module.
Observers recorded the science process skills used by
students in completing the commands in the e-module.
An evaluation that is conducted formatively and
summatively constitutes the last phase. Summative
evaluation is done at the end of the process, contingent
on how well the learning process is being applied.
Formative evaluation happens at every stage of
development. The goal of summative evaluation is to
provide reliable and useful products that, because they
have been tailored to the demands of schools, can be
extensively used in those institutions (Siregar et al,,
2023). This product, in the form of a PBL based learning
e-module, is also expected to be able to make students
have a good attitude towards science process skills.

Result and Discussion

Analysis Stage

Development of a PBL based e-module which aims
to improve students' science process skills using five
stages, namely analysis, design, product development,
product implementation and evaluation. These five
stages are carried out to produce PBL based electronic
module products to improve students' science process
skills. At the analysis stage, observations were made at
school and it was found that all students used
smartphones without exception. Another thing found in
the condition of students, especially class VII, is that they
have not used much learning innovation. This is because
class VII has just started learning at the 1st semester of
junior high school. From this analysis, researchers are
interested in developing learning that utilizes electronic
technology. Zulyati et al. (2022) said learning using
electronics can improve student learning outcomes.
Furthermore, according to Adri et al. (2023) using
electronic teaching materials learning will be easier and
also practical. The hope is that developing electronic
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teaching materials will make students innovate in the
learning process.

Furthermore, the results of interviews with teachers
revealed that the learning model that is routinely
applied in class is the problem-based approach (PBL).
The teacher explained that the use of this learning model
had proven its effectiveness in making students actively
involved in the teaching and learning process.
Furthermore, the teacher also emphasized that this
approach helps prevent boredom in learning so that
students remain enthusiastic and focused in carrying out
the learning process. This research is in accordance with
research conducted by Evendi et al. (2021) which shows
that the use and application of the PBL model can have
a positive impact on increasing learning outcomes and
improving the learning process. However, this research
also highlights the importance of motivational factors
and the active role of students as key aspects in the
successful implementation of the PBL model. We also
conducted material analysis interviews with the science
material that will be discussed, namely Material
Classification and Changes. However, only one source
of books is used, namely government textbooks.
Researchers are interested in creating e-module based
PBL teaching materials to improve students' science
process skills with science material, such as
Classification and Changes in Materials, based on this
initial analysis. According to Nuri et al. (2023)
implementing the use of e-modules in learning will
provide positive experiences and benefits for students'
cognitive, metacognitive and affective outcomes.
Furthermore Nurfazliana et al. (2023) says, carrying out
learning using PBL-based e-modules will give students
a sense of satisfaction in the science learning process so
that learning becomes more meaningful.

Design Stage

Next, the second stage is designing and designing
the e-module product being developed. The e-module
created will be able to be accessed anytime and
anywhere by students, so it will make things easier. In
figure 2 shows how the development research design is
carried out starting from analyzing the problem to
convey the plan to be developed.

After understanding and analyzing the challenges
in science learning in class VII of junior high school,
researchers plan to develop a PBL based e-module
product. In order to create a more interesting learning
experience, researchers adopted the five stages of PBL
syntax developed by Moore (2016). These stages involve
defining the problem, collecting data, identifying
alternatives, assessing alternatives, and selecting the
best. These five PBL syntaxes were then synthesized into
sentences specifically designed to be more interesting
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and relevant for students, and arranged in an e-module
format for science subjects. Thus, this e-module is
expected to be able to bridge the gap in science learning
and improve students' science process skills.

Problem:

1. Class VIl has not yet implemented learning innovations
2. Students' learning resources still use textbooks

3. Less use of technology in learning

Development
)

PBL based science ¢-module
Classification of Matter and
Its Changes

Science Process Skills

Syntaxes: Syntaxes:
1. Have scientific thinking 1 Let's identify
skills 2. Let's go in groups
2. Solve problems in a 3. Let's discuss
scientific context 4. Let's analyze
5 Let's present the results
Reflection

Classification of Matter and
its Changes

1. Learning activity 1:
Classification of matter

2. Learning activity 2: Changes in
the state of matter

3. Communicate ideas and 5
findings 6.

4 developed

DEVELOPMENT OF IPA E-MODULE TO IMPROVE STUDENTS' SCIENCE
PROCESS SKILLS MATERIAL: CLASSIFICATION OF MATTER AND
ITS CHANGES

Figure 2. E-Module product development design

The science material that will be included in the e-
module is class VII material classification and changes.
In the e-module that will be developed, two learning
activities will be created, divided into the first learning
activity, namely classifying material and the second
learning activity, namely changing the state of
substances. This product development aims to
significantly improve students' science process skills.
The syntax of scientific process skills which is the
reference, as stated in the Council and National Research
(2012), includes three important aspects: first, the ability
to use scientific thinking skills, including understanding
scientific concepts, application of scientific methods, and
analysis and interpretation of scientific data. Second, the
ability to use reasoning and problem solving in a
scientific context, such as identifying scientific problems,
collecting systematic and accurate data, and being able
to think logically and critically in solving scientific
problems. Third, the ability to convey ideas and findings
effectively through writing and presentations, including
the use of appropriate scientific language, the ability to
explain and defend arguments, and the ability to receive
input openly and constructively.

Syntax synthesis of science process skills will be the
basis for developing observation sheets that will be used
to measure students' science process skills abilities when
using this e-module product in their learning process.
According to Kurniawan et al. (2023), these science
process skills can be developed by providing direct
experience to students, who in this research used e-
module products developed using PBL. Thus, it is hoped
that the development of this product can make a
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significant contribution to improving students' science
process skills.

Developmentt Stage

The development stage is realizing the plans that
have been prepared previously. The e-Module was
developed using the Canva application and then the file
was made into an online flipbook containing various
content, including materials, videos and images. The
main advantage of this format is its accessibility, so
students can easily access the content via their Android
devices or laptops. The process of developing PBL based
e-modules went through a validation process involving
a lecturer and two science education postgraduate
students. The aspects measured in validation are content
suitability, = presentation = components, language
assessment, and e-module characteristics. The results of
the validation stage are documented in table 1 with the
aim of evaluating and ensuring the quality of the
learning media that has been produced.

Table 1. Recapitulation of E-Module Validation

Aspect (Xx) (Xx1) Percentage Criteria
Content o

eligibility 57 60 95% Very worth
Presentation 48 60 80% Worth
components

Language 54 60 90% Very worth
assessment

Characteristics o

o-Module 153 168 91.07% Very worth
Sum 312 348

Average 89.02% Very worth

The results of the validation process show that the
average percentage of e-module eligibility is very high,
reaching 89.02%. This percentage is divided into several
assessment aspects, namely: content feasibility reaches
95%, with very feasible criteria. The presentation
component received an assessment of 80% with
appropriate criteria. The language assessment reached
90% with very decent criteria. The e-module
characteristics obtained the highest percentage, namely
91.07% with very feasible criteria. Based on this validity
test, e-modules can be implemented in schools. This is in
accordance with research by Subarkah et al. (2021) that
e-modules that have been proven valid can be said to be
a very feasible and effective learning media.

Implementation Stage

The next step is to implement PBL based e-module
products in schools to improve students' science process
skills. This e-module will be implemented in class VII E
at SMPN 6 Yogyakarta. The implementation of the PBL
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based e-module will see how practical it is according to
the science teacher and analyze the observation sheet of
students' science process skills using the e-module
product. The observation sheet will be observed by two
people. According to Agung et al. (2022) and Mijaya et
al. (2021) there are four aspects that are seen in the
practicality of an e-module, including clarity of material
content, appearance of the e-module, language of the e-
module, and usefulness for users. E-modules are said to
be practical if the observation results show a significant
improvement in the learning process when e-modules
are used in the classroom. With this evaluative
approach, it is hoped that a deeper understanding can
be obtained about the contribution of PBL based e-
modules to students' learning and science process skills.

,7 % ,7 %
o — = 89,06%
90,00% 87,50% ,06%
85,00% . 81,25%
80,00%
75,00% -

persentase

B Clarity of material content B Display of e-modules

@ The language of the e-module B User-friendliness

@ Average

Figure 3. Practicality of e-modules

Figure 3 shows how practical the PBL based e-
module product is according to teachers after
implementing learning using e-modules. Overall, the e-
module is very practical in all aspects except usefulness
which only gets the practical category. In detail, the
clarity of the material content and language of the e-
module got a percentage of 93.75%, the appearance of
the e-module got a percentage of 87.50%, and user
usefulness was lower, namely 81.25%. In line with the
research conducted Lestari et al. (2020) Teaching
materials that have been tested for practicality are
suitable for use in learning.

At the implementation stage, students' science
process skills were also seen using the e-module being
developed. When using e-modules to apply learning,
two observers in the classroom complete observation
sheets to assess each student's KPS. When the learning
took place, there were six study groups so that one
observer saw the KPS abilities of students in 3 groups.
The following are the results of KPS observations during
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the implementation of the PBL based e-module product
that has been developed.

Table 2. Results of Student KPS Observations

January 2024, Volume 10, Issue 1, 820-827

. Groups 1, 2,and 3 Groups 4, 5, and 6
Indicator
Ave-rage Category Ave-rage Category
Have scientific thinking skills 90 Very suitable 80 Suitable
Solve problems in a scientific context 95 Very suitable 95 Very suitable
Communicating ideas and findings 85 Very suitable 85 Very suitable
Average 90 Very suitable 86.67 Very suitable

The average KPS observation results, namely
groups 1, 2, and 3 with the very suitable category,
received a score of 90. The average for groups 4, 5 and 6
was slightly lower, namely 86.67 with the very suitable
category. The indicator of having scientific thinking
skillsin groups 1, 2, and 3 is in the very suitable category,
but for groups 4, 5 and 6 it is only in the suitable
category. Furthermore, the indicators for solving
problems in a scientific context and communicating
ideas and findings obtained a very suitable category for
all class VII groups. Based on the findings of this KPS
observation, it can be said that PBL-developed e-module
goods can enhance students' science process skills. This
is in accordance with research conducted by Marjanah et
al. (2022) that using teaching materials in the form of
modules can create effective learning to improve science
process skills.

Evaluation Stage

Evaluation is the final working step of the ADDIE
model used. Evaluation aims to assess the lesson
material developed. In developing this PBL based e-
module, researchers carried out two types of evaluation,
namely formative evaluation and summative
evaluation. Formative evaluation is carried out during
the development process, such as checking the material
in the e-module, adding videos or images that make the
material easier for students to understand, and revising
the design according to suggestions from validators.
Meanwhile, summative evaluation measures students'
level of success in understanding and applying the
material taught. By conducting summative evaluations,
researchers can ensure that the teaching objectives of
improving students' science process skills have been
achieved effectively and convincingly (Sugihartini &
Yudiana, 2018). This is in accordance with Rumansyah
et al. (2016) opinion that when the research goals and
objectives are appropriate, the product can be
implemented.

Conclusion

The ADDIE method has been used as a framework
for designing PBL based e-modules which aim to

encourage students' science process abilities. The results
of validation tests by experts show that this e-module is
qualitatively considered very feasible, with a proportion
of 89.02% meeting the criteria as a very viable product.
Apart from that, based on the teacher's assessment, this
e-module is also considered very practical in its
implementation in the classroom. Observations of
students' science processing abilities while using PBL
based e-modules indicate that all student groups benefit
significantly from this product. These findings conclude
that this PBL-based e-module can be applied effectively
in the learning process to improve students' science
process skills, so that students' learning becomes more
meaningful and effective.
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