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Introduction

Abstract: This study investigates the effect of a STEM (Science, Technology,
Engineering, and Mathematics) approach integrated with the flipped
classroom model on students’ critical thinking skills in physics learning.
Using a quasi-experimental method with a nonequivalent control group
design, data were collected through pretests and posttests using validated
and reliable essay tests. The sample consisted of students selected through
purposive sampling from two senior high schools. Results indicate a
significant improvement in the critical thinking skills of students in the
experimental group compared to the control group, based on N-gain and
independent t-test analyses. Notably, improvements were observed in
inference and explanation indicators. These findings suggest that integrating
STEM with the flipped classroom model can effectively enhance students’
critical thinking in physics education. This shows that students with a STEM
approach have better abilities to solve problems, draw conclusions, and
explain ideas.
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The most recent PISA 2021 results show that
Indonesian students' performance in science declined

Critical thinking is one of the skills that every
individual must have to face the competition of the 21st
century. 21t century learning is characterized by skills in
the 4Cs which include: communication, collaboration,
critical thinking and problem solving, and creativity
possessed by students.

Based on the results of the 2021 PISA (Program for
International Student Assessment) score assessment, in
general Indonesia experienced a decline in PISA scores,
especially in literacy and mathematics skills, although
the graph in the field of science appears to be constant,
but if you look more closely there has been a decline
again in 2021 compared to the previous 6 years. This
proves that Indonesia must pay more attention to this
problem.

How to Cite:

slightly compared to 2018, continuing a concerning
trend in literacy and mathematics as well. This
underlines the need to reform science education to
strengthen reasoning and problem-solving skills.
Physics, as a science subject, requires students to
not only memorize concepts but also apply them
through logical reasoning and critical thinking. Yet,
preliminary observations at high schools in Banda Aceh
reveal that only 37% of students achieve minimum
competency in physics, with many relying on rote
memorization. When faced with unfamiliar problem
contexts, students often struggle due to underdeveloped
reasoning skills. Moreover, traditional instruction
methods fail to engage Generation Z learners, who are
deeply connected to digital media and expect learning
experiences that align with their digital environment.
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To address these challenges, it is essential to adopt
innovative instructional models that integrate digital
and contextual learning. The STEM (Science,
Technology, Engineering, and Mathematics) approach
offers an integrated way to connect science learning with
real-world problems, promoting inquiry, creativity, and
critical thinking. However, implementing STEM
effectively can be time-consuming and constrained by
limited classroom hours (Luthfiyani et al., 2019).
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To overcome time limitations, combining STEM
with the flipped classroom model provides a practical
solution. The flipped classroom shifts initial instruction
outside the classroom via videos and learning materials,
enabling more in-class time for collaborative problem-
solving and critical thinking. This synergy allows
students to develop deeper understanding through
guided exploration during class while preparing
independently beforehand (Utami et al., 2024).
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Figure 1. Indonesia PISA scores on science literacy (Source: OECD)

This study explores the novelty of integrating the
STEM approach with the flipped classroom model in
physics education. While each method has been shown
to enhance learning outcomes individually, their
combined implementation remains underexplored in
the Indonesian context. Therefore, this research is
important to determine whether such an integration can
significantly improve students’ critical thinking skills,
especially in areas such as inference and explanation —
while also meeting the learning preferences of today's
digitally native students.

STEM is an effective way to facilitate and maintain
the integration of science, technology, mathematics and
engineering (Estapa & Tank, 2017). The cause of the low
scientific literacy of students in Indonesia is due to a lack
of textual and contextual learning. When students
master scientific literacy, they will be able to understand
that modern society is very dependent on technology
and progress, as well as the development of science
(Listiana et al., 2019). Using the STEM approach will
enable the development of knowledge structures such as

involvement in investigation and problem solving
activities so as to improve students' critical thinking
abilities (Mardiani et al., 2023). One of the shortcomings
of the STEM approach is that it takes a long time to solve
problems (Ritonga & Zulkarnain, 2021). Seeing the
current conditions, the learning process time is too short
and many students do not understand physics learning.
These obstacles can be overcome by conducting learning
outside school hours (Apriyanti et al., 2016). The STEM
learning approach can be combined with other learning
models to maximize learning outcomes (Mardiani et al.,
2023). A learning model that is suitable for synergizing
learning outside school hours is the flipped classroom
(Hasanah & Septian, 2023). The flipped classroom helps
students to study independently at home through
videos and teaching materials provided by the teacher,
so that students have preparation when facing problems
in learning activities at school (Sinmas et al., 2019; Means
et al., 2013; Alsalhi et al., 2019). The flipped classroom is
effective and really has an influence on improving
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students' critical thinking abilities to a certain extent
(Ma, 2023).

Method

This study used a quantitative approach with an
experimental method, allowing objective measurement
and statistical analysis to test predetermined
hypotheses. The research design applied was a quasi-
experimental design in the form of The Nonequivalent
Control Group Design, where pretest and posttest
measurements were carried out to evaluate the effects of
implementing the STEM approach integrated with the
Flipped Classroom model.

The population in this study included all Grade X
students at SMAN 1 Sawang and SMAN 9 Banda Aceh
during the 2024/2025 academic year. The sample was
selected purposively, consisting of four classes: one
experimental class and one control class from each
school. This means there were a total of two
experimental classes and two control classes involved in
the study.

The instrument used to measure students' critical
thinking skills was a written test in the form of essay
questions. The essay test was administered before
(pretest) and after (post test) the treatment. The test
questions were constructed to assess higher-order
thinking skills (HOTS), specifically critical thinking
abilities corresponding to Bloom’s Taxonomy cognitive
levels C4 (analyzing), C5 (evaluating), and C6 (creating).
The answers were evaluated using critical thinking
indicators such as analysis, inference, explanation, and
evaluation. The test items were reviewed by experts to
ensure content validity, and the reliability of the test was
confirmed through Cronbach’s Alpha coefficient. The
results of the validity test showed that all items had
Pearson correlation values greater than the critical value
(rmble = 0.361) and significance values less than 0.05,
indicating that the items are valid. The reliability test
using Cronbach's Alpha produced a value of 0.87,
indicating that the five essay questions have high
reliability. The scores obtained from this test are used as
research data. Next, the research data was processed
using SPSS version 20.0. The pretest-post test data on
learning outcomes were analyzed to determine the N-
gain, after that the differences in results were
determined using parametric statistical tests, namely the
independent sample t-test to see whether there was an
influence based on whether there were differences in
learning outcomes in the control and experimental
classes.

July 2025, Volume 11, Issue 7, 926-933
Results and Discussion

STEM education is an educational concept that
integrates various fields of science, technology,
engineering and mathematics into a learning
implementation concept. The STEM subject component
includes sciences that study natural phenomena,
including observation and measurement as a means of
explaining the ever-changing nature objectively. There
are several major science areas in elementary and
secondary education, including physics, biology,
chemistry, earth science, and space science. Technology
is about human innovation, changing nature to meet
human needs and desires and make life better and safer.
Technology allows people to move quickly,
communicate directly with people in remote areas, and
find healthy food and safety equipment. Engineering is
the acquisition and application of scientific, economic,
social, and practical knowledge to design and build
machines, devices, systems, materials, and processes
that are economically beneficial to humans and
environmentally friendly. In addition, mathematics is
the science of patterns and relationships, which provides
the language of technology, science and engineering.

Table 1. Indicators and Sub-indicators of Critical
Thinking Abilities
Indicator Sub Indicator
Interpretation Categorize, coding, and classify
Analysis Checking ideas and assessing arguments
Inference Question the evidence, predicting
alternatives, and take decisions/conclusions
Explanation State the results, allow the procedure,

presenting arguments, and correct yourself

Self-Regulation Self-study and corrected himself

The results of the validation of the essay item
instrument were measured using a critical thinking
ability questionnaire with the 10 statement items used in
the research being valid, with an average score of 0.711
with a "high" level of validity. The reliability of the item
was obtained at 0.96 seen from the Spearman Brown test
with the reliability level category being "very high". So,
the statements used in the pretest and posttest are valid
and reliable.

Table 2. Analysis of Increasing Students' Critical
Thinking Abilities

The Value of Critical N
School Class  Thinking Abilities . Category
Gain
Pretest Posttest
Control 68.1 77.7 0.30 Low
SMANS Experiment 70.8 88.8 0.61 Medium
SMAN 1 Control 67.2 76 0.26 Low
Sawang Experiment 70.3 85.7 051 Medium
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Based on the data in Table 2, it is evident that the
improvement in students' critical thinking abilities in the
experimental classes at both schools was higher than in
the control classes, as indicated by the N-gain scores
categorized as moderate (0.61 at SMAN 9 and 0.51 at
SMAN 1 Sawang), while the control classes remained in
the low category. This suggests that the implementation
of the STEM-based flipped classroom model had a
positive impact on enhancing students’ critical thinking
skills. This approach allows students to study the
material independently through videos or digital
resources before class, enabling classroom time to be
used for problem-solving and discussion activities that
foster analysis, inference, and evaluation—key
components of critical thinking. These findings are
supported by Rahayu et al. (2022) who found that the
STEM learning model integrated with the flipped
classroom significantly improved critical thinking
indicators, particularly inference and explanation. Thus,
the data supports the effectiveness of this innovative
learning model in the context of high school science
education.

Independent Sample T-Test. The conditions that
must be met before carrying out this test are that the data
must be normal and homogeneous. The normality test
for increasing critical thinking skills, obtained in the
Shapiro-Wilk column, namely in the significance
column, the significant values for the control class at
SMAN 9 Banda Aceh and SMAN 1 Sawang were
respectively 0.851 and 0.806, for the experimental class
respectively they were 0.845 and 0.938, indicating that
these values were greater than 0.851, 0.806, 0.845, 0.938
> 0.05. So, it can be concluded that the data on increasing
critical thinking skills in the control class and
experimental class are normally distributed.

The results of the homogeneity analysis of the
Levene test to improve the critical thinking skills of
students in the control and experimental classes have a
significant value greater than 0.05, namely 0.598 and
0.172. This shows that the data on increasing critical
thinking skills in the control class and experimental class
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in both schools came from the same variant
(homogeneous).

After the normality and homogeneity tests are
completed, the next step is to test the differences
between the two samples using the independent t test
using a significance level = 0.05. This test was carried out
to prove that there was a significant difference in student
learning outcomes between the experimental class and
the control class. Hypothesis testing criteria are: If Sig. 2-
tailed > 0.05 then Ho is accepted, and Ha is rejected; If Sig.
2-tailed < 0.05 then Ha is accepted and Ho is rejected.

The results of the hypothesis testing analysis of data
on increasing students' critical thinking skills in the
control class and experimental class are presented in

Table 3.

Table 3. Test the Hypothesis of Increasing Students'
Critical Thinking Abilities

School Class N df Slg' (2- Conclusion
tailed)

SMAN 9 Control 5 8 0002 There is a significant

Banda Aceh Experiment 5 ' difference in

SMAN' 1 Control 5 8 0.000 increasing critical

Sawang Experiment 5 ' thinking abilities

Based on Table 3, data on the increase in critical
thinking abilities of students in the control class and
experimental class has a two-sided significance value
(Sig. 2-tailed) smaller than 0.05, namely 0.002 and 0.000,
meaning that the increase in the critical thinking abilities
of students in the control and experimental classes is that
there is a significant difference, so the learning outcomes
Ha are accepted and HO is rejected. There are differences
in learning outcomes between students who are taught
using the flipped classroom integrated STEM approach
and learning without the flipped classroom integrated
STEM approach. These differences in learning outcomes
indicate the influence caused by using the integrated
flipped classroom STEM approach.

The difference in the N-gain score or increase in
learning outcomes between the control and
experimental classes can be seen in Figure 2.

100 - 88,8 85,7
77,7 76

80 - 68,1 70,8 67,2 70,3
60 -

40 -

20 ~

0 . T T T
Control SMAN 9 Banda  Experiment SMAN 9 Banda  Cotrol SMAN 1 Sawang Experiment SMAN 1
Aceh Aceh Sawang
B Pretest ™ Posttest

Figure 2. Graph of increasing critical thinking ability

929



Jurnal Penelitian Pendidikan IPA (JPPIPA)

The graph shows the results of measuring students'
critical thinking abilities through pretest and posttest in
four control and experimental class groups at SMAN 9
Banda Aceh and SMAN 1 Sawang. In general, each
group seemed to experience an increase in scores from
pretest to posttest, but this increase was more
pronounced in the experimental class compared to the

July 2025, Volume 11, Issue 7, 926-933

control class. This shows that the intervention or
learning method in the experimental class has a greater
positive impact than the conventional learning process
in the control class.

The differences in the N-gain score for each
indicator of critical thinking ability can be seen in Figure
3 below.

0,8 - 0,73
0,66 0,71
0,6 - " 0,48 0,5
) 0,39
0,4
025 022 021
0,2 - . . .
0 T T T T 1
Interpretation Analysis Inference Explanation Self-Regulation
m Control ® Experiment

Figure 3. Gain score for each indicator of critical thinking ability

Based on Figure 3 above, there is a bar chart that
compares the increase in N-gain scores (increased
ability) between the control and experimental groups of
students at SMAN 9 Banda Aceh. This N-gain score is
measured for each indicator of critical thinking ability.
There was an increase in N-gain scores in most
indicators of critical thinking abilities, both in the control
and experimental groups. This indicates that overall,
students' critical thinking abilities have increased after
being given treatment. Comparison between the control
and experimental groups shows significant differences
between the two groups, so it can be concluded that the
treatment is effective in improving critical thinking skills
on certain indicators.

The inference indicators of the experimental group
were better than those of the control group. This shows
that students who use the integrated flipped classroom
STEM approach are better able to make logical
conclusions based on the information provided. In
addition, the experimental group showed significant
improvement in the explanation of concepts or
phenomena. This shows that students have the ability to
provide a better and deeper understanding of the subject
being studied. In the flipped classroom integrated STEM
approach, inference and explanation indicators have
increased significantly (Rahayu et al, 2022). Several
aspects related to this approach contributed to this
improvement. Learning that focuses more on activities
that allow students to actively process data after they
have learned it independently causes this increase.
Many jobs in STEM require data analysis, such as
experiments or case studies, which require inference

skills to make conclusions from the available data
(Nabila et al., 2025). Students gain better inference skills
as part of science and technology-based learning
(Purwasila et al., 2024).

Furthermore, the STEM approach to problem
solving encourages students to participate directly in
real problem-solving activities, which often do not have
a single solution. This problem solving activity requires
students to make explanations that are logical and based
on evidence, which can improve their ability to provide
clear and in-depth explanations (explanations) (Kiswari
et al, 2023). This process encourages them to make
appropriate conclusions from existing information.

In a flipped classroom, students are more involved
in the learning process through videos, readings, and
other resources before class meetings (Hasanah et al.,
2021). They are better prepared to talk, analyze, and
solve more difficult problems with the help of teachers
and classmates when they return to the classroom.
Students improve their inference and explanation skills
by actively participating in these activities as they not
only learn concepts but also relate them to real-world
situations (Hafeez et al., 2023; Saliman et al., 2023). In a
flipped classroom that is integrated with STEM,
collaboration often occurs in the classroom, where
students can share ideas to solve problems or explain
scientific phenomena. They can expand their
understanding, improve their inference skills, and
improve their ability to provide more structured and
evidence-based explanations by working together
(Wendt & Rockinson-Szapkiw, 2015).
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STEM-based learning in flipped classrooms often
prioritizes critical thinking skills, which require students
to make appropriate conclusions and provide in-depth
explanations of experimental results or findings.
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Reflection on their work helps students better articulate
their thought processes, which contributes to improving
their inference and explanation skills (Yang, 2015).

0,53 0,57

0,46

0,34

0,24

Interpretation Analysis

m Control

Inference

Explanation Self-Regulation

Experiment

Figure 4. Gain a score for each indicator of critical thinking ability

This graph shows a comparison of the increase in
critical thinking skills between the control and
experimental groups at SMAN 1 Sawang. N-gain itself is
a measure to find out how much students' abilities have
increased after being given treatment (in this case,
learning with an integrated flipped classroom STEM
approach). There was an increase in critical thinking
skills in both groups, both control and experimental.
This is indicated by positive N-gain values in almost all
indicators. The experimental group tended to have
higher improvements than the control group in most
indicators. This indicates that the flipped classroom
integrated STEM approach has the potential to improve
students' critical thinking abilities more effectively
(Fidiasih et al., 2025; Suresman et al., 2023). So, based on
this graph, it can be concluded that the integrated STEM
flipped classroom approach has the potential to improve
students' critical thinking abilities (Shodiq & Setyono,
2025).

Significant Improvement in the Experimental
Group: Compared with the control group, the
experimental group wusing the integrated flipped
classroom STEM method showed more significant
improvements in almost all indicators of critical thinking
(Roudlo, 2020; Susiloningsih et al., 2025). This shows that
this learning method is effective in improving students'
critical thinking skills. In the experimental group, the
analysis, inference and explanation indicators
experienced the most significant improvement. This
shows that students with a STEM approach have better
abilities to solve problems, draw conclusions, and
explain ideas.

Improvement in Interpretation and Self-Regulation
Indicators: The experimental group also showed
improvements in interpretation and self-regulation
indicators, although not as high as the previous

indicators. This shows that students better understand
information and organize their thinking processes.
Compared with the experimental group, the control
group showed better indicators of self-regulation. This
may be due to other things outside the research variables
that influenced the students' ability to manage in the
control group. Students in the control group started with
a higher level of learning independence. They are more
likely to use learning resources independently, without
being driven by a particular strategy. Apart from that,
the internal motivation of students in the control group
to improve themselves can be the main driver in
improving self-regulation.

Conclusion

The findings of this research demonstrate that the
integrated STEM flipped classroom approach effectively
enhances students’ critical thinking skills in physics
learning. The experimental group showed a significantly
greater improvement compared to the control group.
This approach notably strengthened students” ability to
draw logical conclusions and explain concepts
systematically.  Despite its  effectiveness, the
implementation faced challenges such as limited
instructional time and the need for careful preparation.
To support wider adoption, future efforts should
consider structured teacher training and targeted
integration of digital tools to optimize learning. Overall,
this model offers a promising strategy for improving the
quality of science education and preparing students to
meet future global challenges.
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