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Introduction

Today's life has a big influence that comes from technological developments which have
progressed over time, this is due to the connection between technology and science which

Abstract

Critical thinking skills are a requirement that needs to be possessed in
21st century learning. The development of e-modules based on the
latest technology that can improve students' critical thinking skills is
very important. The aim of this research is to determine the
effectiveness of STEM-based learning e-modules on business and
energy to improve critical thinking skills in high school students.
Development research using 4D design. The purposive area sampling
method resulted in 3 schools, namely SMAN 3 Jember, small and large
group trials, distribution school trials, namely SMAN Mumbulsari and
SMAN Jenggawah. The test subjects were class X high school students.
The results of this research are that STEM-based learning e-modules are
declared effective for improving critical thinking skills based on the N-
gain value in small group trials of 0.68 in the medium category, large
group trials of 0.72 in the high category, and school trials. spread of 0.65
in the medium category. The overall average N-gain value is categorized
as moderate.
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have both made progress (Maritsa et al., 2021). The current period of industrial revolution 4.0
has utilized information technology and the internet in all areas of life, including education
(Risdianto, 2019). Therefore, the implementation of education, including strategies, models
and learning methods, must also adapt to the needs of current developments and technology,
especially the use of information technology and the internet in learning (Syamsuar &
Reflianto, 2019)

Learning in the 21st century currently requires students to have several skills that need
to be mastered, one of which is critical thinking skills. The school environment is a forum and
place for students to learn to realize, develop and practice critical thinking skills guided by
teachers to provide positive learning guidance facilities to students (Setyaningtyas, 2019).
Previous research that examines critical thinking skills is research Suardi (2020) which
emphasizes the importance of instilling critical thinking skills in students, because it can
become a thinking hobby for anyone to learn. Therefore, this hobby should be taught in primary
and secondary education. In line with research Fithri et al., (2021) critical thinking skills not
only require high-level thinking abilities in exams, but also need to be trained in the learning
process.

In the field of technology, almost all new technologies incorporate elements of
previously developed physics research (Maknuniyah et al., 2023). Work and energy are
contextual physical materials and have many applications in the surrounding environment.
The material on work and energy is used as a topic to develop critical thinking skills because it
has very suitable characteristics, because it has a diversity of material that is presented
specifically, such as the relationship between variables, the application of the concept of the
relationship between work and energy in daily activities (Majid & Linuwih, 2019). Therefore, a
learning module is needed so that students can criticize how to use energy sources to be able
to meet current needs and provide for future needs. According (Muttaqiin, 2023), in order to
facilitate contextual physics learning, various approaches can be used by students to analyze
the material concepts of work and energy in order to stimulate students' critical thinking skills.
One way is to apply a STEM (Science, Technology, Engineering, and Mathematics) approach.
STEM is important, this is because STEM has a way of requiring students to solve
environmental problems every day along with current job needs (Widya et al., 2019).

Currently, the existence of computers and the internet has dominated almost all human
activities (Ahmadi et al., 2022). According to Agustian & Salsabila (2021) in order to realize
quality and increasing quality of education, adapting learning to current technological
advances is needed to meet global needs, especially in learning activities. In solving these
problems, there is a need for development and updates in the learning process, one of which
is using interactive modules for use in learning (Rizkika et al., 2022). For students, critical
thinking skills are very important to continue to improve, one of which is by developing
modules based on the latest technology. One of the modules in question can be in the form of
an electronic module or e-module. E-learning modules can be developed to include STEM
approaches that are considered significant in developing students' critical thinking skills.
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The results of the analysis of the teacher questionnaire revealed that according to 15
Physics teachers from high schools in East Java, 73.33% of teachers stated that obstacles in
learning Physics were limited to the learning media available in the field. As many as 53.33%
of teachers used printed learning modules during the classroom learning process, 26.67% of
them used teaching materials, and 13.33% used worksheets, and as many as 6.67% used
electronic modules. Meanwhile, learning that is considered suitable is one that uses a variety
of methods and practicums, appropriate learning media, and is related to everyday
phenomena (Nurrita, 2018). As many as 66.67% of teachers stated that they had never used
certain learning methods to improve students' 21st century skills. As many as 73.33% of
teachers had never trained students' critical thinking skills, and 80.00% had never applied a
STEM approach during learning.

From this presentation, the researcher aims to develop a STEM-based learning e-
module on business and energy material so that students critical thinking skills in learning can
improve.

Method

Research design

The 4-D development model was chosen in the development of this e-module. The 4-D
model has four stages, namely Define, Design, Develop, and Disseminate (Arum, 2020). The
aim of this research is to create a STEM-based learning e-module product to improve high
school students' critical thinking skills.

Research sample

The research location using the purposive sampling area method was obtained by 3
schools, the first was SMAN 3 Jember as a small group trial and a large group trial, while the
other 2 schools were used as distribution school trials, namely SMAN Mumbusari and SMAN
Jenggawah. The test subjects were class X high school students for the 2023/2024 academic
year.

Research procedure

The first research procedure is definition, with several stages of analysis, hamely
beginning-end, students, assignments, materials, and specifications of learning objectives.
The second is design, consisting of arranging the test, choosing the media, choosing the
format, and initial design. The third is development, consisting of validation, revision and trial
stages (small group and large group). Fourth is dissemination by distributing e-modules to
several other schools (Arum, 2020).
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Data analysis

Next, tests are used as a data collection technique. Tests will be given, namely a pretest
at the beginning before learning begins and a posttest at the end after the learning process
using STEM-based learning e-modules. This test questions are in accordance with critical
thinking indicators, namely (Interpretation, Analysis, Evaluation, Inference, Explanation, Self
Regulation) (Facione, 2011). There are 6 multiple choice test questions with a score of 10 for
each question. Data analysis techniques are obtained through student pretest and posttest
results, then the data is analyzed using N-gain to obtain the level of student pretest and
posttest results for each critical thinking indicator according to the scoring category. increase
in N-gain (Kurniawan & Hidayah, 2020).

_ Spost —Spre
9= 100 —Spre

Information:

g (gain) = Increase in student test results

S pre = Average pretest (initial test)

S post = Posttest average (final test)

The gain score classification can be seen as follows:

Table 1. Gain Score Improvement Categories

Intervals Category
(8)=0,7 Tall
0,3=(g)<0,7 Currently
(g)<3 Low

Results and Discussion

Results

After carrying out the research according to the 4D procedure stages, the students'
pretest and posttest results were then analyzed using N-gain to find improvements. The
following results were obtained:

Table 2. N-gain Results of Small Group Trials

Critical Thinking Skills Indicator N-Gain Score

N-Gain Category

Interpretation 0,83 Tall

Analysis 0,78 Tall
Evaluation 0,63 Currently
Inference 0,57 Currently

Explanation 0,75 Tall
Self Regulation 0,50 Currently
Average 0,68 Currently
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The data in Table 2 above shows an increase in all indicators of critical thinking skills in
small group trials. This is shown by the average N-gain score for each indicator, namely
interpretation, analysis and explanation in the high category, while the evaluation, inference
and self-regulation indicators are in the medium category. Thus, the average N-gain score for
small group trials is moderate.

Table 3. N-gain Results of Large Group Trials

Critical Thinking Skills Indicator N-Gain Score

N-Gain Category

Interpretation 0,89 Tall

Analysis 0,86 Tall
Evaluation 0,59 Currently
Inference 0,60 Currently

Explanation 0,81 Tall
Self Regulation 0,57 Currently

Average 0,72 Tall

The data in Table 3 above shows an increase in all indicators of critical thinking skills in
large group trials. This is shown by the average N-gain score for each indicator, namely
interpretation, analysis and explanation in the high category, while the evaluation, inference
and self-regulation indicators are in the medium category. Thus, the average N-gain score for
small group trials is high.

Table 4. N-gain Results of Disseminate School Trial

Critical Thinking SMAN Mumbulsari SMAN Jenggawah
Skills Indicator N-Gain Category N-Gain Category
Interpretation 0,68 Currently 0,89 Tall
Analysis 0,74 Tall 0,81 Tall
Evaluation 0,48 Currently 0,64 Currently
Inference 0,50 Currently 0,66 Currently
Explanation 0,65 Currently 0,74 Tall
Self Regulation 0,53 Currently 0,52 Currently
Average 0,60 Currently 0,71 Tall

The data in Table 4 above shows an increase in all indicators of critical thinking skills in
the school dissemination trial. This is shown by the average N-gain score of the analysis
indicator in the high category, while the interpretation, evaluation, inference and explanation
indicators are in the medium category at dissemination school 1. The average N-gain score of
the interpretation, analysis, explanation and self-regulation indicators is in the category high,
while the evaluation and inference indicators are in the medium category at dissemination
school 2. Thus the average N-gain score for dissemination school trials is moderate.

Discussion

Based on the data that has been presented, it is known that the interpretation indicators
in the high category have descriptors, namely that students can understand the meaning of the
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picture. The analysis indicators are also in the high category having descriptors. Students can
write the relationships between quantities. This is because in the e-module there are example
questions and also practice questions to measure students' level of success in learning
activities in class (Syahiddah et al., 2021). The next indicator that is in the high category,
namely explanation, has the descriptor that students can logically explain the conclusions
through the writing they obtain.

Indicators that are in the medium category, namely evaluation, have the descriptor that
students can write down problem solutions. The inference indicator has a descriptor, namely
students are able to provide conclusions from the learning activities carried out. This is
because there are still students who are less able to provide conclusions correctly and there
are still some students who do not provide conclusions (Susanti et al., 2023). Furthermore,
the self-regulation indicator is also in the medium category, having the descriptor that
students can review after carrying out learning activities.

This STEM-based learning e-module research is as relevant as previous research where
it was found that students' critical thinking skills improved due to the application of e-
modules. The results of research Latifah et al (2020) also provide the same thing, nhamely, an
increase in students' critical thinking skills with an N-gain of 0.60 is categorized as a moderate
increase, so that the physics e-module created is suitable for application as an alternative
physics teaching media. Furthermore, research Aulya et al (2021) based on validation results,
teacher assessments, and student responses, STEM-based e-modules have the potential to
be applied to high school students' learning of material. Furthermore, research conducted
Umbara (2022) on the development of STEM-based e-modules obtained results that were
categorized as very feasible after the pre-test and post-test results carried out in two classes
showed increased learning outcomes.

Conclusion

The development of STEM-based learning E-Modules was declared effective according
to the results of the N-gain value of critical thinking skills obtained showing an average N-gain
value of 0.68 in the medium category in small group trials; while the average N-gain value was
0.72 in the high category in large group trials; and the average N-gain value was 0.65 in the
medium category in the school dissemination trial. The overall mean N-gain value for critical
thinking skills is categorized as moderate.
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