Kasuari: Physics Education Journal 8(2) (2025) 360-369
P-ISSN:2615-2681
E-ISSN: 2615-2673

Kasuari: Physics Education Journal (KPEJ)

Universitas Papua
website: https://journalfkipunipa.org/index.php/kpej

Integrating STEM in Physics Learning to Improve 21 Century Skills: A
Systematic Literature Review

Novita Wulandari*, Pujianto
Magister of Physics Education, Universitas Negeri Yogyakarta, Indonesia
*Corresponding author: novitawulandari.2023@student.uny.ac.id

Abstract: 21st century skills need to be mastered by learners for education to be of high quality and relevant
to the demands of the times. These skills include critical thinking, creative thinking, the ability to collaborate,
as well as effective communication skills, all of which are important in facing global challenges and the
complexity of the modern workplace. The purpose of this study was to evaluate article reviews on the
incorporation of STEM (Science, Technology, Engineering, and Mathematics) into physics teaching to
support the development of these skills. The method used was a systematic literature review with the PRISMA
(Preferred Reporting Items for Systematic Reviews and Meta-Analyses) design consisting of four main
stages, namely identification, screening, validity, and inclusion. The Scopus database was used as a search
source for relevant scientific articles. A total of 1613 papers discussing STEM integration in physics
education were found from 2018 to 2024. Of these, 25 papers were selected based on screening criteria and
topic suitability. Based on the data synthesis of these articles, it can be concluded that the application of the
STEM approach in physics learning significantly supports the development of 2 1st century skills. In addition
to the four key skills, this integration also has the potential to strengthen civic values and character education
through contextualized and interdisciplinary learning approaches. Collaboration between the STEM
approach and other innovative learning models, such as problem-based learning or project-based learning,
is considered effective in creating deep and meaningful learning experiences for students.
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Integrasi STEM dalam Pembelajaran Fisika untuk Meningkatkan
Keterampilan Abad 21: Tinjauan Literatur Sistematis

Abstrak: Keterampilan abad ke-21 perlu dikuasai oleh peserta didik agar pendidikan dapat bermutu dan
relevan dengan tuntutan zaman. Keterampilan ini mencakup berpikir kritis, berpikir kreatif, kemampuan
berkolaborasi, serta keterampilan komunikasi yang efektif, yang semuanya penting dalam menghadapi
tantangan global dan kompleksitas dunia kerja modern. Tujuan dari penelitian ini adalah untuk mengevaluasi
tinjauan artikel tentang penggabungan STEM (Science, Technology, Engineering, and Mathematics) dalam
pengajaran fisika guna mendukung pengembangan keterampilan. Metode yang digunakan adalah kajian
pustaka sistematis dengan desain PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) yang terdiri dari empat tahapan, yaitu identifikasi, penyaringan, validitas, dan inklusi. Basis data
Scopus digunakan sebagai sumber pencarian artikel ilmiah yang relevan. Sebanyak 1613 makalah yang
membahas integrasi STEM dalam pendidikan fisika ditemukan dalam rentang tahun 2018 hingga 2024.
Terdapat 25 makalah terpilih berdasarkan kriteria penyaringan dan kesesuaian topik. Berdasarkan sintesis
data dari artikel-artikel tersebut, dapat disimpulkan bahwa penerapan pendekatan STEM dalam pembelajaran
fisika secara signifikan mendukung pengembangan keterampilan abad ke-21. Selain empat keterampilan
utama, integrasi ini juga berpotensi memperkuat nilai kewarganegaraan dan pendidikan karakter melalui
pendekatan pembelajaran yang kontekstual dan interdisipliner. Kolaborasi antara pendekatan STEM dan
model pembelajaran inovatif lainnya, seperti problem-based learning atau project-based learning, dinilai
efektif dalam menciptakan pengalaman belajar yang mendalam dan bermakna bagi peserta didik.

Kata kunci: fisika, keterampilan abad 21, pendidikan, STEM, tinjauan pustaka
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INTRODUCTION

Education has become an important part of life. As the times progress, education is
expected to form a quality and sustainable human resource (Tanjung, 2020). The ability to
think, including problem-solving, information analysis, and idea generation, is a key
component of human resource quality. Besides, an individual also needs to have the skills
to apply science to life (Asrizal et al., 2023). This is supported by the application of
learning that enhances the skills of the 215 century.

Learning in school should train students ready to face life in the future. The learning
model of the 21 century that develops soft skills is the STEM (Science, Technology,
Engineering, and Mathematic). The implementation of this learning promotes a
comprehensive understanding of the interrelationship between science and knowledge
through the learning experience of 21 century skills (Asrizal et al., 2022).

Some of these abilities, including collaboration, collaboration and communication, can
be developed in the learning process (Thibaut et al., 2018). STEM education develops
students' ability to think creatively and apply their ideas to the newest technologies in order
to solve challenges. One of the demands of 21st-century learning is the integration of
technology as a learning medium to develop learners’ skills (Yusuf, et al., 2015). This
integration encourages interdisciplinary learning and the application of real-world contexts
in science education. STEM learning plays an important role in physics learning. Through
the STEM approach, it can also create contextual learning (Pathoni et al., 2022). It involves
researching and comprehending the events that occur in daily life and the surrounding
environment. Additionally, students are able to connect theory to real-world applications
when STEM is used in physics instruction.

The successful implementation of STEM learning requires the support of suitable
learning media that align with students’ characteristics and learning needs. STEM learning
can be done by utilizing learning media that are appropriate to the needs of students (Sari
et al., 2023). The implementation entails students actively participating in the physics
learning process in order to meet the goals.

To address current educational challenges, instructional approaches are required to
foster active participation and learner autonomy. The STEM approach involves students in
learning. STEM learning can encourage students to explore their abilities. The STEM
approach becomes crucial when there is a paradigm shift from student-centered to teacher-
centered (Leshner, 2018). It aims to make students more participatory during the learning
process. This paradigm shift has prompted the adoption of a variety of learning approaches,
including the STEM approach in order to improve the skills of the 21 century. Based on
the description, the research was conducted to study the integration of STEM approaches
in physics learning into the skills of the 21 century.

METHOD

This study does a literature review using the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) design as a technique. The four primary stages
of the PRISMA design are inclusion, eligibility, screening, and identification (Liberati et
al., 2009). The purpose of these four stages is to guarantee that the literature selection
procedure is conducted in a methodical and open manner.
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Figure 1. Flowchart Report Items for PRISMA Systematic Literature Review

The first phase is the identification done by collecting data. Data sources used in this
research are secondary data such as articles and proceedings obtained from the Scopus
database. The keywords used in the search include “STEM” AND “physics education”
AND “21* century skills” In this phase, a total of 1613 articles are obtaining.

Table 1. Data Inclusion Criteria

No. Criteria Description
1 Subject Physics
2 | Years 2018-2024
3 | Type of interference | Study that applies the STEM approach
4 | Design of Research | Experimental, quantitative, qualitative, research and

development methods (R&D)
5 | Finding Articles that apply the STEM approach to supporting
the skills of the 21 century

Title and abstract analysis is performed to select articles that match the criteria in Table
1. The analysis process is carried out automatically using filters in the Scopus database.
There were 515 articles that were not relevant to the research criteria, including the year
of publication, the subject, and the design of the research. Based on the analysis of the type
of interference, there are 81 articles that are not related to the skills of the 215 century. At
this stage, 72 articles were obtained which analyzed its effectiveness. The third stage is the
ability to evaluate the content of the article until it matches the topic. The validity analysis
process is done by reading the entire article that has been filtered at the previous stage. At
this stage, 25 relevant articles were obtained and used as the final database used as a
reference to this study. All articles that have qualified are analyzed to obtain a synthesis or
conclusion in this study.
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RESULTS AND DISCUSSION

The research i1s based on articles and seminar proceedings that examine physical
learning activities with the STEM approach. Based on data analysis from the Scopus
database, there are 25 articles and seminary proceeding published in international journals
used in this research. The results of the trend analysis of publications from 2018 to 2024.
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Year
Figure 2. Articles Classified by Publication Year

According to Figure 2. shows that 25 articles were used in the literature review in this
study. The publication trend of STEM approaches in physics learning has increased from
2018 to 2020. Most of the entire article uses experimental research methods. At the start
of the Covid-19 pandemic, there were 4 articles, or 16% of the total, on STEM approaches
to 21% century physics learning skills. The number of such publications was higher than in
the previous year, but there was no increase from 2020 and 2021. This is due to the
adaptation of online learning. Then, in 2022 and 2023 there was an increase, that is, 6
articles or 24% of the total of articles. It states that post-pandemic covid-19 is more
research on the application of STEM approaches in physics learning. However, in 2024,
one article was found to match the subject of this research. That is, there is still little
research into the application of STEM approaches to physics learning. It's an opportunity
for researchers to study further about the STEM approach to physics learning.

Research on STEM in physics learning has been done from the Asian, American, and
European continents. Figure 3 shows the application of STEM approaches in physics
learning by scholars from 11 countries. Results that support the skills of the 21 century
were found mostly in Indonesia, which is 11 or 44% of all articles. The United States found
3 or 12%, while Malaysia and Mexico found 2 or 8% of articles respectively according to
research topics.
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Figure 3. Countries the Research are Recorded STEM in Physics Education

The latest research on STEM in physics learning is proven by abstract analysis. The
application of STEM in physics learning has influenced 21% century skills. This is
demonstrated by the detection of some 215 century skills in the abstract analysis presented
in Figure 4. The most commonly detected 21 century skills include “critical thinking”,
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Figure 4. Word Cloud of STEM in Physics Learning

The most popular 21 century abilities are communication, teamwork, creativity, and
critical thinking. Critical thinking enables people to thoroughly examine data in order to
arrive at well-informed conclusions. To come up with novel solutions to problems, one
must be creative. In the meantime, in the connected global age, developing strong
cooperation and communicating ideas effectively require collaboration and
communication abilities. Some of the literature found is mainly aimed at investigating the
effectiveness of STEM approaches to 21 century skills. Research results show that STEM
methods are usually collaborated with other learning models presented in the Table 2.
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Table 2. Integrating STEM

Model Author 21% Century SKkills
Problem Dominguez et al. (2024); Snyder et al. (2022); | Collaboration, critical
based Dwi Yulianti et al. (2020); Chanrak & thinking, creative,
learning Pimvichai (2023); D. Yulianti et al. (2022); communication,

Wibowo et al. (2022); D. Yulianti et al. (2020) | culture, character
Inquiry Khalil et al. (2023); Irwandi et al. (2018); Communication,
learning Asrizal et al. (2022); Gonzélez-Pefia et al. creative, critical
(2021); Dyrberg & Holmegaard (2019); thinking, character
Suganda et al. (2023); Ulfa et al. (2021)
Project (Claesson et al., 2021); (Boyle, 2019); Character, creative,
based (Muliyati et al., 2023); (Pebriana et al., 2024); critical thinking,
learning (Widyasmah et al., 2020); (Parno et al., 2023); | collaboration
(Cheng & Lo, 2022)
Cooperative | (Benabentos et al., 2021) Communication,
learning collaboration, critical
thinking, creative
SE (Conradty et al., 2020) Character
Instruction
7E learning | (Parno et al., 2019) Critical thinking dan
cycle creative

According to Table 2, the problem-based learning model improves 215 century skills
that include 6C Skills. The application of the problem based learning model provides
experience to learners to solve problems. The integration of STEM in the problem base
learning model encourages students to analyze problems, identify information, and
evaluate solutions. STEM integration in the application of an inquiry model, project based
learning, and cooperative learning influences 4C skills. In addition, the frequency of
articles stating the influence of STEM approaches on each 21% century skills.
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Cretivity
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Figure 5. The Impact of STEM on 21 Century Skills
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Integration of STEM (Science, Technology, Engineering, and Mathematic) into physics
learning can enhance the 6C skills of the 21% century. The bar diagram in Figure 5 shows
that 16 articles state that STEM integration improves critical thinking skills. There are 13
articles stating that STEM integration improves the creativity of learners such as creating
innovative ideas or products and finding creative solutions to solve problems. There are 11
articles that stated that the integration of STEM improves collaborative skills such as
collaborative work and appreciation of stakeholders in teamwork. In total there are 10
articles that state that the Integration enhances communication skills, such as
communicating ideas, information, and opinions both orally and in writing. In all, there are
6 articles that indicate that the integration of STEM enhances educational characteristics
such as integrity, honesty, responsibility, and motivation for learners. Two of the articles
state that STEM integration enhances citizenship such as awareness and social
responsibility to contribute to local and global communities. Based on the analysis, critical
thinking skills are mostly enhanced with the integration of STEM in physics learning.
Related studies also state that students' STEM perceptions are positive and also have an
indirect effect on career awareness (Topsakal et al., 2022). While, STEM integration has
little influence on citizenship skills because not much has been studied.

CONCLUSION AND SUGGESTIONS

Based on systematic literature review, it can be concluded that the application of STEM
(Science, Technology, Engineering, and Mathematic) approaches in physics learning
supports 215 century skills, some of which include critical thinking, creative thinking,
collaboration, communication, citizenship, and character education. The most enhanced
skill is critical thinking. This can be supported by collaborative learning models such as
problem-based learning, inquiry learning, project-based Learning, collaborative learning,
and 7E learning cycle. Meanwhile, STEM integration has little impact on citizenship skills
because not much has been studied. It's an opportunity for future researchers to do related
research. The results of this study can be used as a consideration for educators in
implementing physics learning methods in schools.
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