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Abstract: This study aims to know and describe the application of problem-based learning
integrated science, technology, engineering, and mathematics or commonly known as PBL-
STEM on Simple Machine Topic to Improve Critical Thinking Skills. The method used in
this research is qualitative research with data collection techniques, namely literature
studies. The process of collecting data in this study is by looking for theoretical references
that are relevant to the problems found. The data obtained is then analyzed with
descriptive analysis methods. Based on the analysis of the data used, the result showed an
increase in critical thinking skills owned by students, which can be seen from the N-gain
score obtained. These results are also supported by other relevant studies. Based on a
literature review, it can be concluded that the application of PBL-STEM on simple machine

subjects can improve critical thinking skills.
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Introduction

The advancement of science and technology that
develops in the 21st century affects aspects of life, one
of which is the aspect of Education (Pratiwi et al., 2019).
This has an impact on the expected learning objectives,
to train and equip students with 21st-century skills
(Astuti, 2019). 21st-century skills include critical
thinking, creativity, communication, and collaboration
known as 4C (Erdogan, 2019). These skills are very
important for every individual because it is a provision
of life to be able to compete in the era of globalization
(Ratnawati et al., 2018). The concept of learning to train
these 21st-century skills has been adapted in the
Kurikulum 2013 or commonly known as K13 through a
scientific approach and authentic assessment.

One of the implementations of the K13 applied in
elementary to secondary school level education is a
natural science. In natural science learning, critical
thinking skills are one of the important components, so
they must be trained in students (Santos, 2017).
According to Ennis (1993), critical thinking is the
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feasibility of reflective thinking focused on deciding
what to believe or do. According to Kristanto & Susilo
(2015) critical thinking in learning is used to
understand the arguments and beliefs of others,
critically evaluate arguments and beliefs, and develop
and defend their arguments.

The critical thinking skills possessed by students
in Indonesia are still low. This can be seen from some
findings in previous studies, such as the findings of
research results from Pamungkas et al. (2018),
Susilowati et al. (2017), and Fernanda et al. (2019) three
found that the critical thinking skills of students in
Indonesia are still low. Based on these facts, there must
be synergy between the strategy and the learning
model to achieve the goal. Innovation is needed in the
process of learning IPA that must be done, one of
which is applying problem-based learning.

Problem-Based Learning or can be abbreviated as
PBL is one of the learning models that can meet the
educational goals of the 21st century and is also one of
the learning models that are by the references in the
K13 that apply scientific approaches (Afriana et al.,

Copyright © 2022, Author et al.
This open access article is distributed under a (CC-BY License)



Jurnal Penelitian Pendidikan IPA (JPPIPA)

2016). PBL is a learning model that uses problems as a
starting point for starting learning (Talib et al., 2019).
Based on the findings of Lubis et al. (2019) PBL
strategies are very effective for increasing critical
thinking skills. Another finding from Hussin et al.
(2019) states that PBL can improve students' critical
thinking skills.

Learning today also needs to keep up with the
times in the era of globalization, one way is to integrate
Science, Technology, Engineering, and Mathematics,
which can be shortened to STEM (Afriana et al., 2016).
STEM applications can make students find innovative
solutions to problems faced in real terms and can
convey them well (Lestari et al., 2018). The use of STEM
in learning activities applied in the form of models,
teaching materials and student worksheets can have a
good impact, such as improving learners' reasoning
skills (Fitriani et al., 2017).

In natural science learning, there is a simple
machine topic. A simple machine is one of the topics
accommodated in natural science learning at the junior
high level (Subagia & Priyanka, 2020). This topic is
closely related to aspects of STEM because in this
material all aspects of STEM are involved. Judging
from its basic competencies, this simple machine topic
is suitable for the PBL model, because in basic
competence there is a presentation of the results of
problem-solving.

Based on the description, the effectiveness of
natural science learning can be an alternative to
improving students' critical thinking skills. Therefore,
this article will be discussed the Application of PBL-
STEM on a Simple machine topic to Improve Students'
Critical Thinking Skills. With the study of the literature
on research results on PBL-STEM, it is expected to be a

reference for educators in conducting learning
innovations.
Method

This study is a literature study using secondary
data from research results that have been published in
journals and proceedings both nationally and
internationally. According to Zed (2014), a literature
study is an activity related to the method of collecting
library data. In line with Nazir (2014) literature studies
are a technique of collecting data by conducting a study
of books and literature that have to do with solved
problems.

This study seeks to find out and describe the
Application of PBL-STEM to Simple machine topics to
Improve students' Critical Thinking Skills. The process
of collecting data in this study is done by looking for
theoretical references that are relevant to the problems
found. The data obtained is then analyzed with
descriptive analysis methods. Descriptive analysis
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methods are done by describing a problem or facts
obtained by explanation and decomposition and then
analyzed by researchers. The data used in this research
literature study can be seen in Table 1.

Table 1. Research Data from Relevant Journals

Name Conclusion
Parno et al. Students' critical thinking skills are not
(2020) affected by the initial circumstances but are

only influenced by the different treatment of
each class based on the model or learning base
applied.

There was a significant difference in the
average improvement in students' critical
thinking skills in the PBL-STEM group and
the PBL group.

Problem-based virtual learning with PBL-
STEM assisted Schoology is effective at
improving critical thinking skills.

Putri et al.
(2020)

Febrianto et
al. (2021)

Result and Discussion

This analysis is used to determine the
improvement of critical thinking skills through PBL-
STEM learning. Based on an analysis of the results of
research conducted by Parno et al. (2020), this study
aims to develop critical thinking skills with virtual
simulation media on the topic of optical tools. The
study used three groups: the 1st experimental group
that applied PBL-STEM based learning, the 2nd
experimental group that applied PBL-based learning,
and the control group that applied conventional
learning. The data obtained is N-gain data from the
three class groups. Data on the N-gain of all three class
groups can be seen in Table 2.

Table 2. N-gain Data

Group N-gain Category
Experimental Group 1 0.75 High

Experimental Group 2 0.49 Medium
Control 0.32 Medium

Based on Table 2. The experimental group 1 got an
N-gain score of 0.75 in a high category, the
experimental group 2 got an N-gain score of 0.49 in a
moderate category, and the control group got an N-
gain score of 0.32 in a moderate category. The results of
increasing students' critical thinking skills in
experimental group 1, experimental group 2, and the
control group can be seen in the following figure.
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Figure 1. The Value of N-gain in All Groups

The picture above shows that the N-gain score of
the experimental group 1 is one level higher than that
of experimental group 2 and the control group, and the
N-gain score of the experimental group 2 is higher than
the control group. Based on the results of this analysis
it can be stated that there is a difference in the
improvement of critical thinking skills after being given
treatment to each group. From the above research, it
can be concluded that PBL-STEM can improve the
critical thinking skills that students have. The results of
this study are in line with what was revealed by
Oktaviani et al. (2019) which states that the treatment
given during learning can affect the results obtained by
students. This is also supported by research conducted
by Ulger (2018) which also states that the treatment
given during learning can improve expected learning
outcomes.

Another study conducted by Putri et al. (2020)
aims to improve students' critical thinking skills
through learning problem-based learning integrated
science, technology, engineering, and mathematics
(PBL-STEM) online. In this study, two groups were
used, namely the experimental group and the control
group. The experimental group applied the PBL-STEM
model, while the control group applied the PBL model.
The data obtained from this study were N-gain and
data on the significance of the difference in average
improvement in students' critical thinking skills from
pretest and posttest results in experimental groups and
control groups. Data on pretest, posttest, and n-gain
can be seen in Table 3.

Table 3. Pretest, Posttest, and N-gain Data

Parameters PBL-STEM o

Pretest Posttest Pretest Posttest
Lowest 37.00 75.00 40.00 65.00
score
Highest 57.00 92.00 66.00 83.00
score
Average 47.40 85.10 54.80 74.20
score
N-gain 0.72 043
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In Table 3. There are data regarding the results
of the pretest and posttest in the experimental class that
applies the PBL-STEM model and the control class that
applies the PBL model. The data includes the lowest
score, highest score, average score, and N-gain. Based
on these data, there was an increase in the scores
obtained by students after being given treatment. The
results of increasing scores on pretest and posttest
obtained by students can be seen in the following
picture.

100

50

PRETEST AND POSTTEST SCORE

Lowest Score  Highest Score  Lowest Score  Highest Score  Average Score  Average Score
Pretest Pretest Posttest Posttest Pretest Posttest

mPBL-STEM mPBL

Figure 2. Pretest and Posttest Data

From the picture above, it can be seen that the
pretest and posttest scores were obtained by students
for the PBL-STEM group and the PBL group. Judging
from the average score obtained during the pretest and
posttest both groups experienced an increase in score.
Based on this analysis, it can be seen that the scores
obtained related to critical thinking skills in the group
that applied PBL-STEM and the group that applied PBL
both experienced an increase. It can be concluded that
the two learning models namely PBL-STEM and PBL
can improve critical thinking skills.

The results of the N-gain of critical thinking skills
in the PBL-STEM group and the PBL group can be seen
in the following figure.

N-gain Values in Both

mPBL-STEM mPBL

Figure 3. N-gain Values in Both Groups

The picture above shows that the experimental
group that applied the PBL-STEM model got an N-gain
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score of 0.72, while the control group that applied the
PBL model got an N-gain of 0.43. Based on the results
of the analysis, it can be stated that the increase in
critical thinking skills in the experimental group that
applied the PBL-STEM model was greater than that of
the control group that applied the PBL model.

The results of the analysis on the significance of
the difference in average improvement in students'
critical thinking skills in the PBL-STEM and PBL
groups can be seen in Table 4.

Table 4. Average Difference Significance Data

Group Normality Homogeneity  t-
Test Test Test
PBL- Pretest 0.200 0.346 0.000
STEM Posttest  0.143
PBL Pretest 0.200
Posttest  0.200

Based on Table 4. it can be stated that there is a
significant difference in the average improvement in
the critical thinking skills of students in the PBL-STEM
group and the PBL group. From the results of the above
research, it can be concluded that the PBL-STEM model
is effective for improving the critical thinking skills of
students. The results of this study are in line with the
results of research conducted by Mulyani (2019) which
states that STEM-based learning can facilitate students’
use of multidisciplinary science in problem-solving and
can train 2lst-century skills, one of which is critical
thinking skills. Learning by applying PBL-STEM can
encourage students to always be critical in finding
concepts and linking the experiences students have
with the material studied (Putri et al., 2020).

Another study was also conducted by Febrianto et
al. (2021) which aimed to analyze the effectiveness of
Schoology-assisted PBL-STEM on environmental
pollution materials to improve critical thinking skills,
as a result of student learning. The study used four
groups that were experimental groups. The data
obtained from this study is N-gain from the results of
the pretest and posttest. N-gain data from pretest and
posttest results can be seen in Table 5.

Table 5. N-gain Pretest and Posttest Results

Group Pretest Posttest N-gain
Experiment 1 46.60 70.70 0.43
Experiment 2 42.50 7117 0.48
Experiment 3 45.89 73.20 0.47
Experiment 4 44.00 70.20 0.47
Mean 44.70 71.30 0.46

Based on Table 5. It can be stated that the average
N-gain of all experimental groups is 0.46, which falls
into the moderate category. This means that there is an
increase from before getting treatment and after getting
treatment by applying PBL-STEM. Based on the results
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of the above research it can be concluded that learning
with PBL-STEM is effective for improving critical
thinking skills. These results are in line with the
opinions expressed by Ariyatun & Octavianelis (2020)
which state that PBL-STEM has a positive impact on
improving students' critical thinking skills.

Based on the analysis of some of the above studies
it can be concluded that PBL-STEM is applied
ineffective learning to be able to improve the critical
thinking skills of students. This can be seen from the N-
gain gained after being given treatment during learning
in the form of PBL-STEM in each study. PBL-STEM can
also be applied to various materials in IPA learning,
one of which is a simple machine topic.

PBL-STEM is suitable for application in simple
machine topic learning because it is by the basic
competencies used. The basic competencies used in
simple aircraft materials are found in KD 3.3 and KD
3.4. In this basic competency, it is expected that learners
can present the results of investigation or problem
solving about the benefits of using a simple machine in
everyday life (Kemendikbud, 2017). That's because
simple machine topics are very closely related to
everyday life.

Based on this, because students are expected to
solve a problem related to daily life, then one of the
suitable learning models is PBL. PBL is one of the
innovative learning models that can be applied in the
learning process (Rerung et al., 2017). Parno et al. (2018)
define PBL as one of the learning models centered on
learners that starts by using a real problem and learners
must solve the problem.

The real problems that occur in everyday life are
closely related to STEM, which is currently one of the
main trends in the modernization of education by
involving the integration between natural sciences,
technology, engineering, and mathematics in the
learning process (Soroko et al., 2019). The integration of
various disciplines can make students not only skilled
in one discipline but across disciplines (Bahrum et al.,
2017). According to Mayasari et al. (2014) STEM can
produce students who can develop the competencies
they have to be applied in various situations and
problems that will be faced in everyday life.

Sayary et al. (2015) state that the strategies present
in PBL match STEM-related activities, as PBL can shape
students' cognitive processes using their own
experiences in the learning process, and STEM is
closely related to real life. Another opinion is from
Casteldine & Chalmers (2012) who state that PBL has
an important role in integrated learning such as STEM
because it can develop skills that students have such as
critical ~thinking skills, collaboration, creativity,
communication, and motivation. It is also in line with
Tawfik & Trueman's (2015) opinion that instructional
strategies in PBL are suitable for being integrated with
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STEM because it emphasizes problem-solving,
interdisciplinary understanding, and creativity, and can
enhance critical thinking skills.

Conclusion

Based on the literature review, it can be concluded
that the application of PBL-STEM on simple plane
materials is suitable for improving students' critical
thinking skills. The results of the research analysis
show that learning that applies the PBL-STEM model is
better able to improve students' critical thinking skills.
It can be seen from the comparison of N-gain obtained
when applying the PBL-STEM model is always higher.
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