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Abstract: Electronic modules are teaching materials that are systematically arranged to
achieve learning objectives in electronic form with which includes writing, animation,
video, and navigation that makes learning more interesting, interactive, active, and
motivating which can facilitate students' problem solving skills. This study aims to see
whether there is an increase in students' problem solving skills after using PBL-based
el-modules. The method in this research is research and development, which is a
research method used to produce and test the feasibility of certain products. The
subjects of this study were second semester students who were taking basic physics
courses. This research was conducted at the Physics Education Study Program of
Sarjanawiyata Tamansiswa University with the subject matter of "Effort and Energy".
This research used pre-test and post-test one group design. The results of this study
indicate that the science el-module PBL model can improve students' problem solving
skills as shown by the results of the normalized gain test of 0.70. It was concluded that
there was a significant increase in the post-test results which indicated that the el-
modulemade could be used to improve problem solving skills.
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Introduction

One of the sciences that studies natural phenomena
and is interesting to study is physics. Physics is part of
the natural sciences. This universe still has many
mysteries that have not been solved by humans. This
research will focus on science education itself. Science
education with pure science has differences. In the realm
of education it is required to develop various models,
methods, instruments, and teaching materials that can
be used by students to be able to understand lessons. The
learning process is very important in the world of
education because in it there is a process of mutual
interaction between educators and students and their
environment (Islahiyah et al., 2021).

The application of learning using electronics in fact
still has many pros and cons, there are deficiencies in its
effective utilization, less attractive appearance and
usage procedures so that it can cause students to be less
enthusiastic (Yodha et al., 2019). In addition, another
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weakness of the electronic module is that not all students
can use this electronic module due to limited facilities,
but the electronic module also has advantages as stated
by Puspitasari (2019) can be integrated with the internet,
if using a supporting application, and can directly play
videos and music in the application. In the research
place, it is not influenced by limited facilities because all
research subjects already have supporting facilities such
as laptops and gadgets.

Other problems are also found in student problem-
solving skills which are still low, such as research
conducted by Silalahi (2022). The results of his research
show that problem solving skills can be improved by
using problem-based learning models and student
worksheets. Problem solving ability is one of the higher-
level skills needed by students, especially in the 21st
century (Ramdani et al., 2019). In addition, it was also
found that science learning is only centered on educators
without independent learning from the students
themselves (Dewi et al., 2017). Students tend to have
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difficulty in abstract concepts (Gunawan et al., 2014). In
this study, researchers chose work and energy material
in basic physics courses. One of the keys to success in
learning physics is to like physics and can be started in
basic physics courses in the early semesters (Mussani et
al., 2015).

Research related to physics learning at the
university level on work and energy materials has been
carried out, one of which is by (Batlolona et al., 2021).
This research uses a multi-representational approach in
learning physics to instill an understanding of the
material concepts of work and energy. In addition,
researchers Kassiavera et al. (2019) also conducted a
survey of students' critical thinking skills in the subject
matter of effort and energy. The results show that
students' critical thinking skills are still very low.
Another research conducted by Taqwa et al. (2020)
related to the development of an instrument to test
students' problem solving abilities on the topic of
business and energy has been carried out. The results of
his research indicate that the instrument that has been
made is very feasible to use. Based on the research that
has been described previously, there is still little that
discusses research on the development of el-modules on
business and energy materials. Therefore, this study has
the opportunity to conduct PBL-based el-module
development research to improve student problem
solving in physics education study programs.

Problem Based Learning (PBL) is a constructivism
learning model that involves students in solving (real)
contextual problems and encourages students to learn.
PBL is a problem-oriented learning model so that
students can build (construct) their own knowledge
(Arend, 2012). PBL as a learning model also has
characteristics including involving students as leaders in
solving problems, organizing a curriculum that has
holistic problems that allow students to associate and
connect problem-solving efforts, creating a learning
environment where the teacher is only a facilitator for
students to think and guide investigation to gain
understanding (Tosun et al., 2013).

The current millennial generation is unique in the
learning process, including mostly using the internet as
self-taught and most students cannot carry out their
daily activities without the internet (Setiawan, 2021). As
done by Ismail et al. (2023) who uses technology in
learning and has been proven to help learning become
more optimal. This shows that the use of technology is
suitable for use by today's students. At the same time,
excessive use or misuse of technology can have a
negative impact on students (Setiawan, 2021). However,
technological developments also have a positive impact
on students' lives (Jamaluddin et al, 2019). It is
important for educators to first understand the methods,
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media or teaching materials that are suitable for today's
students.

One of the teaching materials that can be developed
by educators is electronic modules (el-modules). El-
modules are modules in electronic or digital form that
are designed using software that can be read by
computers or gadgets (Elvarita et al., 2020). The el-
module was chosen because it has self-instruction and
self-contained characteristics so that students are trained
independently to manage their study time and
understand the subject matter (Lestari et al., 2020;
Maryani et al., 2021). This statement is supported by
Adhelacahya et al. (2023) which states that electronic
modules based on problem based learning are able to
improve students' 21st century skills. The use of el-
modules is an alternative learning in order to provide
interaction facilities for lecturers and students so that
learning becomes interesting, interactive, active and
motivates learning (Syuzita et al., 2023).

Based on this description, this study aims to see
whether or not there is an increase in students' problem
solving skills after using the PBL model.

Method

The development model in this study is research
and development (Research and Development), which is
a research method used to produce and test the
feasibility of certain products. Sugiyono, (2014) explains
that research and development is a type of research that
produces products by testing the effectiveness of these
products. The research and development model used is
4-D conducted by Thiagarajan and Semmel (Trianto,
2013). This model has stages namely Define, Design,
Develop, and Disseminate as shown in Figure 1.

eDefine N
e Curriculum analysis
stask analysis
squestion analysis J

*Design
sElectronic module design
sintegrating PheT into electronic module

eDevelop N
s Developing the product
*\alidating the product
erevising the product J

eDisseminate N
stesting to universities
spublication in journal
sdelivering the product to the trial site )/

Figure 1. 4D Development procedure in this study it was
limited only to the develop stage
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This research model is used to develop products in
the form of PBL-based el-modules to improve problem-
solving skills in physics education study program
students. The development design carried out in this
study follows the 4D research stages according to
Thiagarajan and Semmel (Trianto, 2013).

This research is a PBL-based research and
development el-module to improve problem solving
skills for students of physics education study program
on the material "Work and Energy" which is intended for
students of physics education study program. The
research design used is 4-D namely Define, Design,
Develop, and Disseminate. The el-modules that have
been developed are validated by material experts and
media development experts for product improvement.
Subsequent trials were carried out on students of
Physics Education Study Program of Sarjanawiyata
Tamansiswa University who were taking basic physics
courses. The sampling technique used is cluster random
sampling because it is assumed that students have the
same abilities. The subjects in this study were 10 physics
education study program students. There are 2 data
collected in this study, namely qualitative data and
quantitative data.

The data collection instrument used in this study
was in the form of problem-solving skills test questions
for the pre-test and post-test. The question is in the form
of multiple choice of 10 items. Problem solving skills
questions are prepared based on aspects that have been
studied including understanding and identifying
problems, identifying various related solutions,
applying appropriate solutions, and evaluating the
results obtained from solving problems.

The data analysis technique used to improve
problem solving skills is a normalized gain score with
the formula:

posttest score—pretest score
(9) = @™

maximum score—pretest score

After getting the data, then categorized with the
following table 1 guide.

Table 1. Criteria for Improving Problem Solving Skills
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including: problem orientation, organization for
learning, guiding investigations, presenting data and
presentations, analysis, evaluation and reflection. Each
syntax in this E-module also contains activities to
improve students' problem solving abilities in
accordance with indicators of problem solving abilities
that have been synthesized from research by Sanggara et
al. (2018) and Bahtiar et al. (2022). Problem solving
indicators used include, among others understand and
indentify problem, indentify various solutions, apply
the right solution, evaluate the results obtained from
problem solving.

The research implementation began with giving a
pretest with pretest results below standard. After
completing the pretest, students carry out learning using
the PBL model el-module. After completing the entire
series of learning activities, students carry out a posttest
to determine the extent to which students' problem
solving abilities have improved. Research by providing
pre-tests and post-tests has been carried out by many
previous researchers, including Licorish et al. (2018),
Kim (2020), Pather et al. (2020), and was successful in
finding out the extent of the increase in ability to be
achieved. Problem solving skills questions include
aspects of understanding and identifying problems,
identifying related solutions, implementing appropriate
solutions, and evaluating the results obtained from
solving problems. The results of the pre-test and post-
test problem solving skills can be seen in table 2.

Table 2. Results of Pre-Test and Post-Test of Problem

Solving Skills

Description Pretest Posttest
Test results before and after being given 50 85
treatment

Interval Category
g>0.70 High
0.30<g<0.70 Medium
g<0.30 Low

Result and Discussion

The research was conducted in one class using the
PBL el-module model. electronic module based on
problem based learning which was developed using the
syntax of researchers' synthesis based on Arends (2012),

Based on table 2, it shows that the pretest score is
still below standard. On average, students only got a
pretest score of 50, after learning using the electronic
module the posttest result was 85. Like research
conducted by Malik et al. (2023) who used electronic
modules, the posttest score increased. Pictures of the
differences between pretest and posttest can be seen in
Figure 2.

Figure 2 shows that the average pretest and posttest
scores are different. The posttest score in the problem
solving aspect is higher than the pretest score. The
students' posttest results were higher than the pretest
because they were given a PBL model e-module which
contained problems that existed around the students
and were related to material on work and energy. The
problems chosen are based on real life around students
so that they are easy to understand and interesting for
students as done by (Siagian et al., 2019).
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2
1 l l I
0

Understand and identify
problems

Identify various
solutions/ideas

Apply theright solution ~ Evaluate the results
obtained from problem
solving

M Pretest M Posttest

Figure 2. Differences in pretest and posttest scores

The aspect of understanding and identifying
problems on the posttest is higher than the pretest
because it contains everyday problems then students are
asked to analyze the problem. As explained by
Puspitasari et al. (2018), Simamora et al. (2018),
Dwijayani (2019), and Kenedi et al. (2019) that problems
in everyday life can make students understand and
identify problems more easily. After conducting
discussions in analyzing the problem, students are asked
to provide ideas/solutions from the problems that have
been analyzed. After that, students are asked to be able
to conduct experiments in order to apply the solutions
that have been chosen. Experiments according to some
experts such as Puspitasari et al. (2018), Ratminingsih et
al. (2018), Zhao et al. (2020), Supena et al. (2021) are also
used to prove the truth of a theory. The next stage is to
analyze the results of the experiment and evaluate then
reflect. Reflection is also used to understand students'
responses in learning or delivering material (Kim, 2020;
Licorish et al., 2018; Pather et al., 2020). The results of
students' problem solving ability scores can be seen in
table 3.

Table 3. Normalized Gain N Test ge%%ﬁgog}l%ﬁg%ya
of Problem Solving Skills

Result Boundary Category

0.70 g>0.7 High

Based on table 1 data, it shows that the results of
problem solving skills with the n-gain test are in the high
category with a result of 0.70, then HO is rejected.
Therefore, it can be concluded that there are differences
in students' problem solving skills before and after using
the PBL model el-modules. The next analysis is to
determine the effectiveness of the PBL el-module model
to improve student problem solving skills, a score of 0.70
is obtained with the high category so that it can be said
that the PBL e-model module has a significant increase
in improving student problem solving skills. The results
of this study are in line with what has been done by
(Putri et al., 2020) which states that web modules can
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improve problem solving skills. Another study also
conducted by Miswami et al. (2020) states that web
modules can improve problem solving skills.

The PBL model el-modules are effective in
improving problem-solving skills because learning
activities are structured by learning steps with the PBL
model (Aufa et al., 2021; Evendi et al., 2021). The steps of
the PBL model used are orienting and identifying
problems, organizing for learning, designing
investigations to select problem-solving strategies,
presenting data and presentations, as well as evaluating
and reflecting. The el-module helps students engage in
active learning activities starting from discussions in
identifying problems then being given the opportunity
to choose a solution that is appropriate to the problem
then applying the solution and finally evaluating and
reflecting so that problem solving skills can appear in
learning activities (Ghezzi et al., 2021). The PBL model
el-module also provides facilities for students to explore
solutions in solving problems effectively and efficiently
(Kirschner et al., 2006).

In problem-based learning, the lecturer acts as a
facilitator who monitors student performance and also
directs students if they experience difficulties (Puti et al.,
2015). Thus, in the application of problem solving
learning activities, students can be invited to learn from
various points of view, especially regarding the impact
of science, very rapid technological advances, and also
problems that occur in the real world (Sadhu et al., 2018).
Students who use the PBL model el-module are more
active and interested in learning activities so that it
shows that there is an increase in problem solving skills
before and after using the e-module.

Conclusion

eflcl)ged in this study is an electronic module based on problem-

based learning (PBL) integrated with PhET that has been
successfully developed by researchers. The results
showed that the posttest scores achieved by students
were higher than the pretest scores because students
were given PBL model el-modules that contained
problems that were around students and related to the
material of effort and energy. The average student
pretest score was 50, while the average student posttest
score was 85. Based on the results of this study, it can be
concluded that the PBL model science el-module can
improve students' problem solving skills with the results
of the normalized gain test obtained a value of 0.70 so
that the PBL model science el-module has a high
influence in improving students' problem solving skills.
The results of this study can be used by lecturers to
improve student problem solving skills in learning
activities.
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