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Abstract
One effective way of  training 21st-century skills, such as critical thinking, is by uti-
lizing the STEM approach to learning. This study aimed to investigate the influ-
ence of  STEM-based physics modules on the critical thinking skills of  11th-grade 
students. For this study, the quantitative research method was employed with the 
research design of  a one-group pre-test post-test design. The data was collected from 
33 students in a high school in Sukabumi, Indonesia. The researchers developed a 
module based on STEM principles focused on sound waves, which was then deliv-
ered to the students. They were given a pre-test and post-test of  five essay questions 
to assess the student’s critical thinking skills. Each question measures each critical 
thinking skill aspect : elementary clarification, basic support, inference, advanced 
clarification, and supposition and integration. After analyzing the pre-test and post-
test results of  the students, Normalized gain calculations were used to measure im-
provement. The research indicated that the N-gain for the student’s critical thinking 
skills was 0.58, placing it in the medium enhancement category. As a result, it can 
be concluded that the STEM-based physics module improved the students’ critical 
thinking skills. 
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It has become increasingly apparent 
that students in Indonesia are not adequately 
equipped with critical thinking skills. This is par-
ticularly evident in the sobering statistic that 78% 
of  Indonesian students possess only low-level 
scientific knowledge, typically consisting of  little 
more than rote memorization and a basic level of  
understanding (Kurniati et al., 2021). This con-
cerning trend indicates a more significant prob-
lem that needs to be addressed to ensure that stu-
dents are appropriately prepared to navigate the 
complex challenges of  the modern world (Joynes, 
2019). Therefore, educators must explore alterna-
tive teaching methods prioritizing student-cen-
tered learning and promoting critical thinking 
and problem-solving skills (Kim et al., 2019).

STEM, which stands for Science, Technol-
ogy, Engineering, and Mathematics, is a learn-
ing approach that helps develop critical thinking 
skills. STEM, which stands for Science, Technol-
ogy, Engineering, and Mathematics, is a learn-
ing approach that helps develop critical thinking 
skills (Rusilowati, 2020). When using the STEM 
approach to learning, students will learn about 
the concept of  a material and then apply their 
knowledge to project activities. This allows stu-
dents to directly experience the learning process, 
which aligns with the nature of  science (Roberts 
et al., 2018).

To equip students with the necessary skills 
for the 21st century, STEM-based learning aims 
to develop their critical thinking skills (Baran et 
al., 2021; Yulianti et al., 2022). To enhance criti-
cal thinking skills, it is essential to have suitable 
instructional materials when using the STEM 
approach for learning (Heryani et al., 2023). In-
structional materials are necessary to the curricu-
lum, providing teachers and students with refer-
ences to aid learning (Bukoye, 2019). In physics, 
instructional materials rely on traditional books 
that include definitions, laws and concepts, equa-
tions, example problems, and practice problems 
(Dewi et al., 2018). However, these materials do 
not adequately promote the development of  21st-
century skills. 

Integrating STEM into instructional ma-
terials has been identified as a viable approach 
to fostering critical thinking skills in students. 
Among the common forms of  instructional mate-
rials that can be employed to achieve this objective 
are modules. Based on the previous explanation, 
utilizing STEM-based modules to improve stu-
dents’ critical thinking skills is fitting. By enhanc-
ing these skills, students can effectively analyze 
information and devise solutions to real-world 
problems, thus producing more knowledgeable 

INTRODUCTION

As science and technology progress rap-
idly, we must adapt and acquire new skills that 
differ from those required in the past for our 
global community (Mutohhari et al., 2021). Indi-
vidual needs to possess the skills known as 21st-
century skills, as they are essential for both the 
present and future. These skills meet society’s de-
mands (Benek & Akcay, 2022). The  Partnership 
for 21st Century Skills (P21) organization has 
developed a comprehensive framework for 21st-
century skills (van Laar et al., 2020). P21, which 
was established in 2002, initiated research on the 
21st-century skills required for work, life, and cit-
izenship, including “4C” (Creativity, Communi-
cation, Critical thinking, Collaboration) (Ahmed 
et al., 2015; Sofyana et al., 2021).

Critical thinking skills are currently incor-
porated into 21st-century education as a required 
skill for students (Aulia, 2022; Nurfaizah et al., 
2022). Critical thinking is logical reasoning to 
make reasonable predictions or decisions based 
on what is believed and what has been done 
(Tiruneh et al., 2017; Zulmaulida et al., 2018). 
Before deciding on a course of  action, a person 
with critical thinking tends to view problems 
from multiple viewpoints, consider numerous 
investigative approaches, and generate countless 
ideas (Budiarti et al., 2017). Possessing this skill 
will enable students to effortlessly comprehend 
and tackle problems across diverse scenarios.

According to Ennis, critical thinking is 
thinking rationally and reflectively by emphasiz-
ing making decisions about what to believe or do 
(Tiruneh et al., 2017; Zulmaulida et al., 2018). 
Critical thinking skills are divided into five as-
pects, each with specific indicators. The critical 
thinking skills aspects in question are: 1) elemen-
tary clarification, 2) basic support, 3) inference, 
4) advanced clarification, and 5) supposition and 
integration. (Aminudin et al., 2019; Puspita et al., 
2017).

In order to foster critical thinking skills 
among students, it is crucial to establish a sup-
portive learning environment that encourages 
active engagement and development of  their po-
tential (Mislia et al., 2019). However, despite the 
growing recognition of  the limitations of  the tra-
ditional lecture-based teaching approach, many 
formal education institutions still rely heavily 
on this method (Calacar & History, 2020). This 
can be problematic, as passive acceptance of  in-
formation without critical reflection and analysis 
may impede the development of  students’ critical 
thinking abilities (Flores et al., 2012).
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and discerning citizens. This research study is fo-
cused on examining the impact of  STEM-based 
physics modules on the enhancement of  critical 
thinking skills among students.

METHOD

A quantitative quasi-experimental study 
was conducted at a senior high school in Sukabu-
mi, utilizing a one-group pretest-posttest design. 
The sample was obtained by selecting a sing-
le 11th-grade class through a random sampling 
process. The class consisted of  33 students. The 
study aimed to investigate the effectiveness of  a 
STEM-based physics module in enhancing stu-
dents’ critical thinking skills. Before implemen-
ting the module, the students underwent a pre-
test. After implementing the module, a post-test 
will follow. The assessment for critical thinking 
skills comprised five essay questions. The pre-test 
and post-test were conducted to assess any impro-
vements in their critical thinking abilities.

An instrument for evaluating critical thin-
king skills in sound wave physics has been deve-
loped using Ennis’ indicators. This instrument 
assesses five specific aspects of  critical thinking 
skills, including elementary clarification, basic 
support, inference, advanced clarification, and 
supposition and integration, with each question 
addressing one of  these aspects. 

The critical thinking skills instrument has 
undergone rigorous testing to ensure its validity 
and reliability, resulting in successful outcomes. 
Questions involving advanced clarification recei-
ved sufficient validation results.  While the other 
aspects, such as elementary clarification, basic 
support, inference, and supposition and integrati-
on, demonstrated high validation rates. Further-
more, the reliability score of  0.70 is considered to 
be in the high category. The pre-test and post-test 
results will be analyzed using a normalized gain 
(N-gain) to evaluate students’ critical thinking 
abilities.

        (1)

The results of  the N-gain analysis were 
evaluated by consulting the data presented in 
Table 1. 

Table 1. N-gain Score Criteria 

Score <g> Category

1 ≥ g ≥ 0.7 High

0.7 > g ≥ 0.3 Medium 

-1 ≤ g < 0.3 Low 

RESULT AND DISCUSSION

To measure the improvement of  students’ 
critical thinking skills, a test instrument consis-
ting of  five essay questions was administered 
before (pre-test) and after (post-test) applying 
STEM-based modules. The normalized gain sco-
re <g> was used to measure the improvement in 
critical thinking skills, and the results were analy-
zed using recognized categories. Table 2 provides 
an overview of  the pre-test and post-test develop-
ments for students’ critical thinking skills about 
sound waves following the implementation of  
STEM-based modules.

Table 2. Results of  N-gain for Critical Thinking 
Skills 

Sample
Pre-
test

Post-
test

N-
gain

Category

33 7.15 16.85 0.58 Medium

According to Table 2, the students’ pre-
test scores averaged 7.15. After using the STEM-
based module, the average post-test score in-
creased to 16.85. The average N-gain result for 
critical thinking skills was 0.58, which falls wit-
hin the medium category, indicating improved 
students’ critical thinking skills. Therefore, app-
lying STEM-based physics modules has enhan-
ced students’ critical thinking skills.

A STEM-based module is an educational 
tool that aims to enhance students’ critical thin-
king skills by presenting various questions that 
focus on critical thinking. To better prepare stu-
dents for the material, the module introduces a 
series of  questions that aid in developing their 
critical thinking skills. These questions center 
around everyday occurrences related to sound 
waves, intending to pique students’ interest and 
promote discussion before commencing class 
activities. The questions are carefully crafted to 
assist students in gaining better comprehension 
of  sound wave topics and familiarize themselves 
with the module’s learning objectives. Engaging 
with these questions encourages students to think 
critically and develop their analytical skills, ulti-
mately leading to a more enriching educational 
experience.
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This particular STEM module has been 
meticulously crafted to ensure it adheres to the 
engineering process and strongly emphasizes 
hands-on activities and problem-solving as stu-
dents’ primary learning modes. By carefully fol-
lowing the eight crucial stages of  the engineering 
design process outlined by NGSS, students are af-
forded a highly engaging and meaningful educa-
tional experience. These eight stages of  learning 
are 1) Asking questions and defining problems, 
2) Developing and using models, 3) Planning and 
carrying out investigations, 4) Analyzing and in-
terpreting data, 5) Using mathematics and com-
putational thinking, 6) Constructing explanations 
and designing solutions, 7) Engaging in argu-
ments from evidence, and 8) Obtaining, evalua-
ting, and communicating information. The mo-
dule also has a comprehensive project integrating 
each stage into its design.

These projects revolve around everyday is-
sues. Students are tasked with finding solutions 
to the presented problems, encouraging them 
to utilize their critical thinking skills. The main 
objective of  this project is to challenge students 
to think critically and come up with the most ap-
propriate solutions. Participants will be prompted 
to develop solutions and designs that involve the 
four STEM aspects of  Science, Technology, En-
gineering, and Mathematics. This will help foster 
critical thinking and practical application of  their 
skills. Through this project, students receive trai-
ning on identifying credible sources, observing, 
drawing conclusions, clarifying information, and 
determining the best solution or course of  action.

Figure 1. N-gain Percentage of  Students’ Critical 
Thinking Skills

 
Figure 1 presents the N-gain percentage 

outcomes for all students, which positively im-
pact critical thinking skills. The data reveals that 
30% of  students achieved high-category improve-
ments, while 70% scored in the medium category. 
Notably, no students scored in the low category, 
suggesting that all students witnessed a notable 
enhancement in their critical thinking skills. Tab-
le 3 provides a comprehensive overview of  the 
N-gain outcomes for each aspect of  the critical 

thinking skills evaluated.

Table 3. Results of  N-gain for each Critical 
Thinking Skills Aspect

Aspect
Pre-
test

Post-
test

N-
gain

Cat-
egory

Elementary 
clarification

77 98 0.38
Me-
dium

Basic support 30.5 96 0.65
Me-
dium

Inference 38 116 0.83 High

Advance clarifi-
cation

31 84 0.52
Me-
dium

Supposition and 
integration

29 66 0.36
Me-
dium

The pre-test results revealed that among 
the different aspects being assessed, elementary 
clarifications garnered the highest scores from the stu-
dents. On the other hand, supposition and integration 
obtained the lowest scores for the pre-test among the 
three aspects. Meanwhile, the highest post-test sco-
re was in the aspect of  inference, and the lowest 
post-test score was in the aspect of  supposition 
and integration.

It is worth noting that the N-gain values sho-
wed varying degrees of improvement. Inference had 
the highest N-gain value at 0.83, which falls under the 
high category, indicating that the students showed 
significant improvement in this aspect. Meanwhile, 
supposition and integration had the lowest N-gain 
value at 0.36, which falls under the medium category, 
indicating moderate improvement. 

Using STEM-based physics modules exten-
sively enhanced the students’ critical thinking skills. 
The results demonstrate the benefits of incorporating 
STEM-based modules in educational programs, par-
ticularly in developing students’ critical thinking skills, 
which are essential in their academic and professional 
pursuits.

CONCLUSION

These findings revealed that incorporating 
STEM-based physics modules in the learning 
process can significantly enhance students’ criti-
cal thinking skills. In this study, the modules fo-
cused on sound waves, and the results indicated 
a moderate improvement in students’ normalized 
gain (N-gain) score, with a value of  0.58. Of  par-
ticular interest was the inference aspect of  criti-
cal thinking, which showed the most significant 
improvement, with an N-gain value of  0.83, in-
dicating a high enhancement level. On the other 
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hand, the supposition and integration aspects re-
corded the lowest improvement, with an N-gain 
value of  0.36, suggesting a medium enhancement 
level. These findings suggest that while STEM-
based modules can effectively promote critical 
thinking, specific areas may require more attenti-
on to ensure optimal results. Although there have 
been notable advancements in various areas, the-
re remains significant potential for further impro-
vement to achieve optimal levels of  enhancement 
in every aspect of  critical thinking skills. 
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