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Article history: Objective: The objective of this study is to examine the implementation of STEAM
Submitted: February 1, 2025 learning in enhancing the critical thinking skills of high school students in Physics,
Final Revised: February 11, 2025 particularly in Indonesia. Method: The methodology consists of a literature review,
Accepted: February 12, 2025 which involves identifying and evaluating articles or journals related to STEAM
Published: February 19, 2025 learning and its impact on students’ critical thinking in Physics. Through a
Keywords: systematic screening process, the initial 40 articles were narrowed down to 30, and
Critical Thinking; ultimately, 20 articles were selected for detailed review. Results: The findings reveal
Literature Study; that the application of STEAM learning has a significant positive effect on the critical
Physics; thinking abilities of high school students with respect to Physics. Novelty: This
SDGs; approach aligns with global and national initiatives such as the Sustainable
STEAM Learning. Development Goals (SDGs), highlighting the need for innovative educational

programs that address contemporary challenges. In the 21st century, critical thinking,
analytical skills, and creativity are essential. STEAM education — integrating science,
technology, engineering, arts, and mathematics — serves as an effective strateqy to
equip students for future demands in education and beyond.

INTRODUCTION

The 21st century is marked by a pressing need for quality Human Resources (HR), with
an emphasis on understanding and utilizing science and technology to evaluate their
impacts on the natural and social environments of communities (Usmeldi et al., 2017).
In contrast, Indonesia struggles with its education quality, lagging behind many
ASEAN nations. To address this issue, the Sustainable Development Goals (SDGs)
program has been introduced to enhance the welfare of the population, particularly in
the educational sector (Usmeldi, 2016). The government employs a strategy aimed at
producing high-quality Indonesian human resources through integrated educational
initiatives that focus on enhancing education quality. The SDGs are instrumental in
achieving various government programs (Nurfatimah et al., 2016). Consequently, the
education sector is challenged to develop students into creative, innovative, intelligent,
and globally competent individuals (Suganda, 2021). To meet these expectations,
students need to develop four key competencies: Effective communication,
collaboration with peers, critical thinking skills to address challenges, and creativity
(Kurniawati, 2022).

Indonesia faces significant challenges regarding the quality of its education system,
particularly when compared to other ASEAN nations. In response to these issues, the
Sustainable Development Goals (SDGs) program has been implemented to enhance the
welfare of the population, with a particular focus on education (Humaida et al., 2020).
Specifically, SDG number 4 aims to provide inclusive, equitable, and quality education,
as well as promote lifelong learning opportunities for individuals of all ages.
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The SDGs advocate for inclusivity by engaging various stakeholders and emphasizing
that every country has a moral obligation to work toward achieving these universal
goals and targets (Annur, 2018). This collaborative approach is crucial for ensuring that
educational advancements benefit all segments of society in Indonesia.

Emphasizing on the 21st century, individuals have access to information from a
multitude of sources, particularly regarding educational content (Fardani, 2017).
However, with this wealth of information comes the challenge that not all answers,
methods, or opinions are accurate. This underscores the importance of critical thinking
skills, which are essential for evaluating the information gathered from various sources
and forming appropriate responses. To navigate the complexities of problem-solving
and to draw informed conclusions, it is imperative to cultivate critical thinking abilities.
These skills enable individuals to assess different possibilities and arrive at reasoned
decisions, providing a foundation for effective learning and reasoning in an
information-rich environment.

According to the critical thinking skills report from the Program for International
Student Assessment (PISA), the quality of education in Indonesia remains quite low.
The data from PISA 2018 indicates that Indonesian students exhibit critical thinking
skills that are positioned at a low level, despite showing high equity. This presents an
opportunity for Indonesia to enhance its critical thinking abilities by leveraging its
existing capacities and potential (Azizah et al., 2018). Critical thinking encompasses
several character traits and activities, which include: identifying and articulating
problems clearly, gathering and evaluating relevant information, interpreting data
effectively, deriving logical solutions and conclusions, and testing these against
established criteria. Additionally, critical thinkers should demonstrate open-
mindedness, assess implications and assumptions critically, consider practical
consequences, and effectively communicate their findings and solutions (Paul & Elder,
2019). These traits are essential for fostering a more robust educational framework and
improving overall student outcomes in Indonesia.

STEAM (Science, Technology, Engineering, Art, and Mathematics) is an integrated
approach designed to enhance learning by developing students' skills and fostering
inquiry throughout the educational experience. According to Kang (2019) and Ozkan &
Topsakal (2021), STEAM learning actively engages students in exploring and
comprehending the subject matter, with teachers facilitating this exploration. This
collaborative approach allows learners to work together to understand key concepts
within the classroom (Ozkan & Umdu, 2021). Implementing the STEAM approach is
expected to enhance students' capabilities in the 21st century (Nurhasanah & MS, 2021).
STEAM represents an evolution of the STEM framework, with the addition of the arts
providing a broader context for creativity and innovation in education (Colucci et al.,
2019). However, many existing studies have not adequately highlighted the importance
of standardized learning designs in STEAM implementation. Additionally, the
readiness of teachers, who play a crucial role as facilitators, often goes unaddressed,
potentially hindering optimal learning outcomes. Therefore, this research aims to serve
as a valuable resource in addressing these gaps and supporting the effective
implementation of STEAM education.

Building on the previous discussion, this study aims to analyze the implementation
of STEAM learning as a means to enhance the critical thinking skills of high school
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students in physics. Utilizing a literature study method, we explore how the STEAM
approach can be integrated into physics education to encourage students to reflect on
their learning experiences in school. Traditionally, physics education has focused
primarily on theoretical concepts; however, integrating STEAM aspects can transform
this into a more practical and engaging experience (Amiruddin et al., 2022). The goal of
STEAM-based learning is to ensure that students gain a deeper understanding of
science, technology, engineering, art, and mathematics. By fostering this comprehensive
understanding, students are better equipped to tackle real-world problems and make
informed decisions that contribute to human progress and innovation. This study seeks
to highlight the effectiveness of STEAM learning in cultivating critical thinking within
the physics curriculum, ultimately aiming to improve educational outcomes for
students.

RESEARCH METHOD

This research article employs a literature study as its primary data collection method,
which involves reviewing relevant books, literature, notes, and reports related to the
issue under investigation (Becker & Park, 2011). The study focuses on analyzing the
implementation of STEAM learning to enhance the critical thinking skills of high school
students in the context of physics material. The research procedure consists of five
distinct stages designed to facilitate a thorough review of the problem in Figure 1
(Wahyuningsih et al., 2020). Through this structured approach, the study aims to gather
comprehensive insights into how STEAM learning can effectively contribute to the
development of critical thinking among students, ultimately aiming for improved
educational outcomes in physics education.

M @ )
Identifying studies relevant to |HEE»| Selecting studies |wmmp| Compiling,
the problem summarizing,
and displaying
results

Figure 1. Research flow chart

In this study, data management involves collecting information from various
sources, including Google Scholar, Scopus, and other academic databases, covering the
period from 2011 to 2023. The research examines students' critical thinking skills in the
context of physics education, with the dependent variable being the students' critical
thinking abilities and the independent variable being the students' grade levels in high
school. Data collection takes place through literature sources, where the research article
data is summarized, including aspects such as the introduction, research objectives,
educational levels, and materials utilized in the studies. This approach, following the
literature review method, facilitates easier analysis of the gathered articles, allowing
researchers to draw meaningful conclusions based on the data analysis. Ultimately, this
structure aims to provide clear explanations that align with the study's objectives and
contribute to the understanding of how STEAM learning can effectively enhance critical
thinking skills among high school students in physics.
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RESULTS AND DISCUSSION

Results

Table 1. Articles with a focus on STEAM-based e-module studies

No Researcher and Year

Result Findings

1. Ananda et al. (2021)

2. Muntamabh et al. (2024)

3.  Wardani et al. (2023)

4  Viona et al. (2022)

The study examines how Project-Based Learning (PjBL)
influences critical thinking skills across different grade
levels. The analysis is grounded in various metrics such
as grade level, article scale, type of tests administered,
sample size, subject matter, effect size, and how the
approach is incorporated into the PjBL framework.

The findings indicated that the t-test results showed t-
count greater than t-table (9.320 > 1.995) with a
significance level of 0.00. Additionally, the N-gain was
observed at 73.75%, suggesting a significant
improvement in critical thinking skills when using ESD-
oriented IPAS project learning alongside the STEAM
approach, categorized as moderately effective. This
study provides valuable insights for the implementation
of ESD-oriented IPAS  projects and STEM
methodologies. It is anticipated that these findings will
serve as an alternative strategy to enhance critical
thinking skills, particularly for students in vocational
schools.

The research conducted at Singosari Junior High School,
focusing on class VIII, assessed the feasibility of
STEAM-based e-modules. The validation results from
media experts indicated an average score of 3.6,
categorized as good, with a percentage of 91.6%, falling
into the category of worthy of testing with revisions. In
comparison, the validation from language experts
yielded an average score of 3.7, also in the good
category, with a percentage of 94.4%, similarly classified
as worthy of testing with revisions. Material expert
assessments resulted in an average score of 3.1,
categorized as good enough, with a percentage of 79.2%,
again suggesting it is worthy of testing with revisions.
The study's results highlight the development of
STEAM-integrated CBL steps supported by Sevima
Edlink, which were derived from a comprehensive
analysis of various literature sources. It was determined
that the STEAM-integrated CBL model, aided by Sevima
Edlink, has a positive influence on students' creative
thinking skills across the disciplines of science,
technology, engineering, art, and mathematics. This
model enables students to tackle pressing problems,
propose solutions linked to real-world issues, and take
appropriate actions, thereby fostering opportunities for
enhancing their creative thinking skills.
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No

Researcher and Year

Result Findings

5

6

7

8

9

Kartika et al. (2022)

Rahma I. (2022)

Suryaningsih et
(2021)

Prameswari et
(2023)

Fika et al. (2020)

al.

al.

The analysis indicates that STEAM-based learning
effectively incorporates the principles of constructivism.
This approach includes using real-life problems to
stimulate the learning process, facilitating an inquiry
process through investigation and experimentation.
Additionally, it fosters an environment that encourages
students to ask questions and interact with instructors,
thereby providing opportunities for students to discover
new knowledge independently.

The results revealed that in the pretest, both
individually and collectively, 100% of students did not
achieve scores above the Minimum Completion Criteria
(KKM). In contrast, during the posttest, out of 36
students, 86.11% were able to meet the KKM standards.
Additionally, student engagement in the learning
process was in line with expectations, indicating an
overall improvement in their performance and
participation.

The research data was collected using a Google Form
questionnaire consisting of 14 items. The findings
indicate positive outcomes, with science process skills
achieving a score of 4.164, representing a high category
with a percentage of 83.3%. Similarly, students' creative
thinking skills also showed good results, scoring 4.134,
which falls within the high category at 82.7%. The
integration of STEAM project learning through the
WhatsApp group application and the use of Instagram
as a social media platform has proven to enhance
students' science process skills, creative thinking
abilities, as well as their science and digital literacy, and
motor skills. These findings could serve as an innovative
approach to improving the science learning process.

The findings of this analysis reveal that STEM research
is predominantly characterized by the wuse of
experimental ~methods, accounting for 53.33%.
Additionally, it shows a significant emphasis on STEM
as a learning approach at 71.1%. Specifically, Project-
Based Learning (PjBL) constitutes 24.44% of the
research, while Problem-Based Learning (PBL)
represents 17.78%. However, there is a noticeable gap in
STEM research related to learning and the development
of learning tools based on models other than PjBL and
PBL, indicating that this area has not been extensively
explored.

The results indicate that the implementation of the
STEM approach in Indonesia positively influences
various aspects, including students' creative thinking
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No Researcher and Year

Result Findings

10 Tsaniyah et al. (2023)

11 Wella et al. (2023)

12 Khoiriyah et al. (2018)

13 Rafaelovich (2023)

14 Zafirah et al. (2022)

skills, Learning Activities Sheets (Worksheet), student
books, and their ability to navigate the challenges of the
Industrial Revolution 4.0. Additionally, it enhances
mathematical literacy, supports STEM implementation
through robotics, and shapes teacher perceptions
regarding STEM learning,.

The results of this study demonstrated that students'
critical ~thinking skills improved following the
implementation of the STEAM Project-Based Learning
(PJBL) model over two cycles. The project focused on
alternative energy materials, specifically through the
creation of automatic solar garden lights. In the first
cycle, the pretest and posttest results showed a shift
from the low to moderate category. In the second cycle,
there was an average increase of 12.08% between the
pretest and posttest scores. This indicates that the
implementation of the STEAM PJBL model for two
cycles effectively enhanced students' critical thinking
skills.

These results suggest that the integration of STEAM into
mathematics learning can significantly contribute to the
development of critical thinking skills among primary
school students. This approach prepares them to tackle
complex problems effectively, equipping them with the
necessary skills to navigate real-world challenges.

The results indicated that the average N-gain value in
the experimental class was 0.63, while the control class
recorded an N-gain of 0.35, both falling within the
moderate category. These findings suggest that the
implementation of the STEM learning approach has a
positive effect on enhancing students' critical thinking
skills.

The results indicate that students' critical thinking skills
are high; however, this research is limited to an
examination of students' critical thinking specifically
related to temperature and heat material. Future
research could expand the scope by incorporating
additional variables, allowing for a more comprehensive
comparison of the results. This would provide deeper
insights into students' critical thinking across different
topics.

The results indicate that the STEM approach, when
integrated into the learning model, demonstrates
significant influence. Specifically, the highest average
influence value without an integrated model was
recorded at 2.93. Additionally, regarding learning
materials, the highest average influence was observed in
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No Researcher and Year

Result Findings

15 Hidayati et al. (2024)

16 Febriansari et al.

(2022)

17  Sulastri & Putri (2021)

18  Zaidi et al. (2023)

19 Syukri et al. (2022)

dynamic electricity and Newton's law of gravity. When
examining the application of the STEM approach on
students' thinking skills, essential thinking skills
showed an average effect of 2.66, while creative thinking
skills had a lower average impact of 1.47. Overall, the
findings suggest that the STEM approach enhances both
creative and critical thinking skills among students
when integrated with high school physics learning
models and materials.

The study results were analyzed using descriptive
analysis techniques, revealing that the feasibility of the
lesson plan falls into the exemplary implementation
category. Students' learning outcomes, encompassing
knowledge, critical thinking, psychomotor skills, and
attitudes, were classically complete. All students
demonstrated an improvement in critical thinking skills,
progressing from the unskilled-less skilled category to
unskilled-skilled, and further advancing to the
unskilled-very skilled category. These findings were
supported by observations of student activities during
the learning process.

This research aims to develop a combined framework
that integrates the STEAM learning model with design
thinking, specifically tailored for application in
renewable energy education. This framework is
expected to enhance the learning experience and equip
students with the necessary skills to tackle challenges in
the field of renewable energy.

The results indicated a significant difference in students'
critical thinking skills before and after receiving project-
based learning treatment utilizing the STEAM approach
in the online learning of service company financial
statements material. This treatment led to a notable
enhancement in students' critical thinking abilities.

The results of this research indicate that STEAM can be
effectively integrated into various subjects and
educational levels. Furthermore, the application of
STEAM can facilitate the development of students' 21st-
century skills, accommodating technological
advancements and the growing demands of modern
education. In the context of physics learning,
incorporating the STEAM approach can actively engage
students in the teaching and learning process, fostering
a more interactive and dynamic educational experience.
The results indicated that the pre-test scores ranged
from a minimum of 5 to a maximum of 50, while the
post-test scores had a minimum of 60 and a maximum
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No Researcher and Year Result Findings

of 95. The average increase in students' scores from the
final test was greater than the average pretest score.
Data analysis revealed a significance (Sig. 2-tailed) value
of 0.000, which is less than 0.05. This outcome leads to
the rejection of Ho, indicating a significant difference in
the critical thinking results of the students.

20 Salsabila et al. (2021) The results of the study demonstrate that the STEAM
approach, supported by parental involvement, can
significantly enhance children's creativity while learning
at home during the pandemic. This approach
incorporates science, technology, engineering, art, and
mathematics, which encourages children to explore and
seek solutions to real-world challenges. Parental support
plays a crucial role by appreciating and valuing
children's creations, thereby boosting their confidence.
As a result, this environment fosters an increase in
children's creativity.

Discussion

Research conducted using the literature review method indicates that the STEAM
approach encourages students to construct their understanding of the learning process
by integrating various aspects of real life, thereby refining and enhancing their skills.
This aligns with the Sustainable Development Goals (SDGs), particularly the principle
of "No One Left Behind" (Alfa et al., 2018; Capah et al., 2023). The importance of the
SDGs in education relates directly to their objectives, which aim to ensure equitable
access to education and expand learning opportunities, ultimately leading to the
realization of quality education for all (Wahyuningsih, 2017). Through STEAM learning,
students become more engaged and proactive in their educational journey. They take
the initiative to expand their knowledge by constructing concepts through observation,
investigation, and inquiry-based questioning (Hasanah et al., 2021; Marmon, 2019). This
active involvement not only fosters critical thinking skills but also encourages a more
profound understanding of the interconnectedness of different disciplines in real-world
contexts.

Quigley et al. (2017) conducted prior research focused on critical thinking skills,
specifically using physics material to evaluate students' abilities in this area. Their study
highlighted the importance of critical thinking in understanding physics concepts and
problem-solving. Additionally, the articles referenced above provide insights into the
application of the STEAM approach across various contexts and how it influences
student skills in learning physics. By examining these studies, we can better understand
how STEAM methodologies can enhance critical thinking and overall learning
outcomes for students in the field of physics.

In Table 1, the researchers compiled five articles that emphasize STEAM-based
approaches in physics, specifically aimed at enhancing students' critical thinking skills.
This focus is particularly relevant given the limited number of studies available in this
area. The analysis of these articles reveals a positive shift in the implementation of
STEAM-based learning within the context of high school physics education, effectively
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supporting the development of critical thinking skills. From the summarized objectives,
methods, and results in the table, it is evident that adopting STEAM-based learning is a
promising strategy for fostering student interest and skills in science, technology,
engineering, and mathematics (Isralidin & Rahma, 2022; Suryaningsih & Ainun, 2021).
This research has also been enhanced through updated data from a more diverse range
of study locations, contributing to the validity and variability of the findings. However,
it is important to note that this study is limited to the examination of students' critical
thinking skills in physics materials. While the focus allows for a thorough analysis,
future research should consider expanding the variables to facilitate a more
comprehensive comparison and understanding of the various aspects influencing
critical thinking in different subjects.

While STEAM learning offers several advantages, it is not without its drawbacks,
particularly since this learning model is still relatively new and requires a period of
adaptation. One of the main challenges is the insufficient emphasis on explicitly
developing critical thinking skills. Many implementations of STEAM tend to prioritize
technical aspects and project outcomes, which can result in the neglect of essential
components such as analysis, evaluation, and reflection (Henriksen, 2017). Additionally,
the effectiveness of the STEAM approach relies heavily on the presence of highly
competent teachers capable of facilitating cross-disciplinary integration. This can
present significant challenges, especially in schools that face limitations in teacher
resources and training (Quigley et al., 2020). Moreover, the lack of structured guidance
within STEAM learning may prevent students from systematically engaging in the
critical thinking processes that are vital for their academic growth. Therefore, it is
essential for the STEAM approach to be better designed to ensure that critical thinking
development is a central focus of all learning activities. By addressing these
shortcomings, educators can enhance the overall effectiveness of STEAM learning and
better prepare students to think critically and creatively in a complex, interconnected
world.

Among the 20 articles reviewed concerning STEAM learning, several focus on
analyzing the impact of various instructional methods such as Project-Based Learning
(PjBL), Project-Based Learning (PjBL) with a focus on community, and Education for
Sustainable Development (ESD). Additionally, the research examines the influence of
the Challenge-Based Learning (CBL) model within the STEAM framework, aiming to
enhance students' critical thinking skills. These methodologies foster more effective
collaboration among students by encouraging them to discuss ideas, consider diverse
perspectives, and present well-reasoned arguments. As a result, the development of
critical thinking skills not only improves learning outcomes but also equips students to
tackle complex real-world challenges. In this modern era, fostering critical thinking is a
fundamental educational goal, and continual advancements in teaching strategies are
essential for preparing students for future demands. This underscores the importance of
ongoing development in educational practices to enhance the overall quality of
learning.

According to Hmelo-Silver (2004), an effective STEAM approach requires a
structured and problem-based learning design to develop students' critical thinking
skills effectively. One key recommendation is the integration of a Problem-Based
Learning (PBL) approach, where students collaboratively solve complex real-world
problems across various disciplines. This collaboration not only enhances their critical
thinking but also facilitates deeper understanding and application of knowledge. To
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support this process, it is essential for teachers to undergo specialized training that
equips them to facilitate critical discussions, stimulate in-depth questioning, and help
students connect concepts from different disciplines within the STEAM framework
(Herro et al., 2017). Furthermore, STEAM learning can be significantly enriched through
the principles of Project-Based Learning (PJBL), as it helps students draw connections
between theoretical knowledge and real-world applications. When guided
appropriately, PJBL creates an active and reflective learning environment that
encourages students to engage in independent problem-solving, making their learning
experiences more relevant and meaningful. This comprehensive approach ultimately
prepares students to navigate and address the challenges of the modern world
effectively.

In addition to PBL and PJBL, another effective approach is integrating the STEAM
(Science, Technology, Engineering, Arts, and Mathematics) framework with Education
for Sustainable Development (ESD). This combination offers an excellent opportunity to
enhance students' critical thinking skills. Through ESD-oriented STEAM, students are
encouraged to critically analyze environmental challenges, evaluate potential solutions
with a focus on sustainability, and make informed decisions that account for long-term
impacts (Wiek et al.,, 2011). This approach fosters holistic thinking by connecting
scientific and technological knowledge with social and ethical considerations. To
successfully implement this method, it is essential to design activities that address real-
world problems, promote cross-disciplinary collaboration, and actively involve
students in exploring innovative ideas. As a result, ESD-oriented STEAM learning not
only sharpens students' critical thinking abilities but also empowers them to become
agents of change in today's society. By leveraging digital technology and interactive
learning tools, teachers can create a motivating learning environment that encourages
students to engage deeply and reflectively with the material. This active engagement
supports the development of critical competencies necessary for addressing complex
global challenges and promotes a culture of sustainability among future generations.

Utilizing e-modules in STEAM learning represents an innovative approach to
enhancing students' critical thinking skills. E-modules provide interactive, adaptive,
and structured content delivery, enabling students to learn at their own pace and
according to their individual needs (Sari et al., 2020). These modules can be enriched
with multimedia features such as videos, simulations, and interactive quizzes, which
not only boost student engagement but also deepen their understanding of the concepts
being taught (Kurniawan et al., 2018). The integration of technology through e-modules
facilitates the development of essential analytical, evaluative, and reflective skills that
are crucial for critical thinking. By encouraging students to actively participate and
interact with the learning material, e-modules can significantly enhance the overall
learning experience. To effectively implement these approaches, it is vital to ensure that
qualified resources are available. Adequate support in terms of technology, training,
and instructional materials is necessary to optimize the development of critical thinking
skills through STEAM learning. This comprehensive approach can lead to more
meaningful educational outcomes and better prepare students to tackle complex
challenges in the future.
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CONCLUSION

Fundamental Findings: STEAM learning is an interdisciplinary approach that
integrates science, technology, engineering, art, and mathematics, providing a
framework for understanding concepts in relation to real-world applications.
Implications: The implementation of STEAM learning can significantly enhance
students' critical thinking skills. By incorporating various content areas, STEAM
encourages students to actively explore and seek solutions to existing problems,
fostering a deeper engagement with the material. Limitations: The educational aspect
of the Sustainable Development Goals (SDGs) plays a crucial role in achieving other
components. The urgency of the SDGs in education emphasizes the need for equal
access to educational opportunities, ensuring that quality education is attainable for all.
Future Research: The STEAM approach holds considerable promise for identifying
more effective strategies to enhance students' critical thinking skills. Future studies
should focus on developing a Project-Based Learning (PjBL) STEAM model that
encourages students to collaboratively analyze problems, evaluate data, and devise
creative solutions. Additionally, exploring the use of digital technologies, such as
interactive e-modules, could further facilitate the integration of disciplines within the
STEAM framework, providing engaging and impactful learning experiences.
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