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Abstract. This study aims to integrate Free Learning and Physics
Innovation in STEAM-based Renewable Energy Education to improve
critical thinking skills in Era Society 5.0 in order to achieve the 2030
Sustainable Development Goals (SDG). This research uses a literature
review method that collects and analyzes related articles. The results showed
that integrating Free Learning and Physics Innovation in STEAM-based
Renewable Energy Education is an effective approach to improving
students' critical thinking skills. Renewable energy education is a relevant
and important topic in SDG 2030, and the STEAM approach helps students
understand and overcome this challenge. Era Society 5.0 emphasizes
technology integration, so the educational approach must constantly be
updated and adapted to the times. The results of this literature review can
assist educators, policymakers, and researchers in developing educational
strategies that align with the times' needs.

1 Introduction

This research aims to integrate the concept of "Freedom of Learning" and physics
innovation [1-5] in STEAM-based renewable energy education [6] to improve students'
critical thinking skills to support the achievement of Sustainable Development Goals
(SDG) 2030 in the Era of Society 5.0 [7, 8]. The main challenge is to combine the
flexibility of "Freedom of Learning" with innovative physics so that students not only
understand the physics behind renewable energy but can also apply critical thinking to
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solve global energy problems [9-12]. It is hoped that the results of this research can help
educators and stakeholders overcome educational challenges in this ever-changing era.

Several studies related to integrating the concept of "Freedom of Learning" and
physics innovation in STEAM-based renewable energy education and its impact on
student's critical thinking skills and the achievement of SDG 2030 in the Era of Society
5.0 have been carried out [13-16]. Febriansari [17] has developed a framework combining
the STEAM learning model and design thinking that can be applied to learning renewable
energy materials. Meanwhile, Sulisworo [14] examines the use of information and
communication technology in STEM-based education as an alternative for adapting
students' competencies to work and society, emphasizing the importance of critical
thinking skills. Arifuddin [18] has integrated STEM in learning to encourage students to
think critically, comprehensively, and innovatively in finding solutions to problems,
using Educational Robots as an effective learning tool. In addition, Rahayu [16] developed
an E-Student Worksheet integrated with STEAM on acid-base material in digital flip
form, which can increase interactivity in learning. These studies provide deeper insight
into how the integration of the concept of "Freedom of Learning" and physics innovation
can be applied in the context of STEAM-based renewable energy education and its impact
on student's critical thinking skills and the achievement of SDG 2030 in the Era of Society
5.0 [19]. This research focuses on integrating Independent Learning and Physics
Innovation in STEAM-based Renewable Energy Education to Improve Critical Thinking
Skills in the Society 5.0 Era for Sustainable Development Goals (SDG) 2030. To develop
an innovative approach to integrating STEAM in renewable energy learning, students
can work in teams to design, develop and implement renewable energy solutions.
Researchers consider Project-Based Learning (PjBL) with learning designs that focus on
real projects relevant to renewable energy [20-24].

This will encourage active engagement, independent exploration, and problem-
solving related to developing new concepts or theories that did not exist before. For
example, if your research on renewable energy produces a new concept or theory that
has never been discussed, this can be considered new in research. The type of research
used is literature study or library research, namely collecting data obtained from books,
journals or scientific papers related to the research object.

This research aims to design, implement and evaluate an innovative educational
model that helps students develop critical thinking skills in facing renewable energy
challenges in the Society 5.0 era and contributes to achieving SDG 2030. This article
highlights the importance of integrating independent learning, physics innovation, and
the STEAM approach to renewable energy education. Through this approach, students
can better understand the challenges and opportunities of renewable energy and are able
to create creative solutions for a sustainable future [25, 26]. Thus, this article provides
insight into how integrating these three elements can improve students' critical thinking
skills in understanding and overcoming renewable energy problems and contribute to
achieving sustainable development goals in the Society 5.0 era, especially related to
renewable energy and SDG 2030.

2 Methods
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This research examines the integration of independent learning and physics innovation
in renewable energy education using the STEAM approach to improve critical thinking
skills in the era of Society 5.0 for Sustainable Development Goals (SDG) 2030 [27]. This
research is a type of qualitative research using a library study method with an art
education concept approach. In qualitative research, the main focus is on an in-depth
understanding of the phenomenon or topic being studied through the interpretation of
the data and the meaning contained therein [28-30]. The concept approach to art
education adds a dimension of creativity and the application of art approaches in teaching
and learning. Data sources in this research include various journals, articles, books, and
other references relevant to the research topic, especially those related to renewable
energy education, independent learning, physics innovation, and the STEAM approach.

This literature review aims to present a comprehensive summary of previous research
related to a particular topic [31, 32]. The aim is to inform what is already known about
the topic and identify what knowledge is still lacking. Literature reviews can also provide
a rational basis for research that has been conducted and inspire further research ideas
[33]. In this research, we will use a literature review as the main approach to understand
this topic more deeply.

Literature study involves collecting data from various sources such as journals, books,
documents, the internet, and libraries. The method includes collecting library materials,
reading, recording relevant information, and managing these materials for writing
purposes [34]. This method allows researchers to access various sources to support
understanding and analysis of research topics.

This research uses a descriptive qualitative research method, allowing researchers to
describe and analyze existing phenomena in detail. Data is obtained from various sources
to ensure the diversity and accuracy of the information required. The data collection
technique used is literature study or library research, with Google Scholar as the main
search platform for finding scientific sources. This research aims to understand the
integration of Independent Learning and Physics Innovation in STEAM-based
Renewable Energy Education and improve students' critical thinking skills in facing
renewable energy challenges in the Society 5.0 era in order to achieve SDG 2030.

3 Results

Based on initial search results on Google Scholar with the keywords, namely "Integration,
Independent Learning, Physics Innovation, Renewable Energy Education, STEAM,
Critical Thinking Skills, Society 5.0 Era, SDG 2030," researchers found 784 relevant
article titles. However, not all of these articles have themes that match the research
objectives, and some articles are duplicates. Then, researchers carried out further searches
on Google Scholar by limiting the search to only the title (in title) using the same
keywords. As a result, 563 articles were found that met the research objectives.
Meanwhile, 221 articles that did not match the research objectives and duplicates were
excluded from the study.

Of the 563 articles found, researchers screened them to ascertain whether the articles
had complete manuscripts. 530 articles were excluded because they were not available in
full text or paid versions. Finally, the remaining 33 articles are available in full-text
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versions. Furthermore, of the 33 articles, screening was carried out again based on the
research criteria, and 26 articles were excluded because they did not meet the criteria.
Finally, the researcher found seven journals with similar research themes/contents.
Research articles that best fit the research objectives are selected from the seven journals
based on the most appropriate criteria. This is shown in the research flowchart in Figure
1.

Search using keywords
(in title) via google scholar
(n=784)

1. Articles that match
the theme and

research purposes
(n=563)

2. Articles that match
the theme and research

v

objectives
(n=221)
Screened journals
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Excluded full text journal
> with reasons
(n=3530)

Excluded full text journal
with reasons
(n=26)

v

Journals reviewed after being eliminated
and in accordance with the research
topic
n=7)

Fig. 1. Research flow chart.

The results of this research will provide valuable insight into the benefits and
potential of integrating independent learning, physics innovation, and the STEAM
approach in renewable energy education. Apart from that, it is also hoped that this
research can provide practical recommendations for developing curriculum and learning
methods that are more effective in improving students' critical thinking skills in the
Society 5.0 era in order to achieve the 2030 Sustainable Development Goals (SDG) related
to renewable energy. With a deeper understanding of how integrating these approaches
can support sustainable development, educators and policymakers can play an active role
in creating a highly competitive generation that is innovative in facing future renewable
energy challenges [35]. In addition, this research can also contribute to a global
understanding of the importance of renewable energy education in achieving SDG 2030
and creating a sustainable world for future generations.
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No Authors Finding
1 Cahyorini Every industrial revolution has an impact that will give
Waulandani, Meida | birth to change. Education is one of the fields that has
Afina Putri, an impact in every revolutionary era. To be able to
Rahmalia Indah produce students who are appropriate to the times, the
Pratiwi, curriculum and learning activities must always innovate
Komareeyah and change to suit current developments. STEAM-
Sulong (2022) Project Based Learning or project-based STEAM can
[36] be used to develop early childhood skills in the era of
Industrial Revolution 5.0 by combining elements of
science, technology, engineering, art and mathematics
as well as applying strategies consisting of reflection,
discovery, application and communication in
implementing Learning Activities
2 Atiaturrahmaniah The STEAM (Science, Technology, Engineering,
Atiaturrahmaniah, | Mathematics) model can be applied to students in
Ida Bagus Putu schools basic because it can improve critical thinking
Aryana, | Wayan skills, collaboration, communication skills and able to
Suastra (2022) analyze all forms of information that has been obtained,
(37] thus forming students with character and students are
also able to increase their interest in scientific literacy
in looking for various comparisons existing facts and
realities so that they can find solutions to the problems
they find.
3 Yose Indarta, The era of society 5.0 requires society to be able to solve
Nizwardi Jalinus, various problems or dynamics social by utilizing
Waskito, et al., technology such as the Internet of Things (IoT),
(2022) Artificial Intelligence (Al), technology robots, even big
38] data.
4 Andrea Leskova, It is necessary to guide the child from early childhood
Zuzana Ulién4, to build values, critical thinking, but also own self-
Hedviga Tkadova, esteem and empathy. Since the foundations for a child’s
Klodiana Leka, education are laid in the family, it is precisely family
Daniel Alvarez education that can (un)prepare the child for entering the
Mateo (2023) world of digital media and its optimal functioning in it.
[39]
5 Agus Sugiarto, The role of teachers in implementing STEM learning is
Rahmat Mulyono very important. Teachers who have optimal knowledge
(2022) and experience in preparing STEM learning will
provide optimal learning experiences for students.
[40] H -
owever, many teachers face challenges in
implementing STEM learning. Therefore, support from
education stakeholders is very necessary to develop
STEM learning and prepare the young generation to
face challenges in the era of Society 5.0.
6 Lia Amelia Education has an important role in creating the young
Megawati, Budi generation as Agents of Change and Agents of
Arief (2021) Producers who can create real change. Go_od qua}ity
[41] education is needed to support an Indonesian society

that is productive, competitive, and able to compete at
the international level in the 21st century. The young
generation, as agents of innovation, must be able to
make important contributions to implementing the
concept of sustainable development or SDGs.
Independent Learning Campus (MBKM) is relevant to
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No Authors Finding
21%-century skills and SDGs. However, its
implementation at the study program level is still not
optimal. Lack of socialization of MBKM policies,
guidelines and operational procedures means that
student participation in the MBKM program scheme is
still low. It is necessary to increase online and offline
socialization at the study program level so that all
students can feel the benefits of this program.
7 Iim Halimatul The STEAM approach in 21st-century learning is key
Mu’minah (2021) in.preparing for the Society 5:0 era. With a focus on
[42] science, technology, engineering, arts, and
mathematics, students are developed in critical,
creative, and logical thinking as well as solving
everyday problems. They are also capable of producing
innovative products and designs. In the era of Society
5.0 which is full of change, the STEAM approach helps
students be ready as future innovators.

4 Discussion

This research highlights the important potential of integrating independent learning,
Physics Innovation, and the STEAM Approach in renewable energy education. The
implications of this research can be used as a basis for developing curriculum and learning
methods that are more effective in improving students' critical thinking skills in the
Society 5.0 era in order to achieve the 2030 Sustainable Development Goals (SDG) related
to renewable energy [36, 38, 41]. In addition, this research can also contribute to global
understanding of the importance of renewable energy education in achieving SDG 2030
and creating a sustainable world for future generations. Apart from that, the results of
this research can also provide benefits for educators and educational practitioners in
designing teaching strategies that are more innovative and relevant to future renewable
energy challenges. By understanding the importance of integrating independent learning,
Physics Innovation, and the STEAM Approach, educators can adopt more interactive and
fun learning methods to encourage active student involvement [35, 37]. The results of
this research can also have an impact on developing human resources who are more
competent and competitive in the field of renewable energy. Students involved in
learning based on integrating independent learning, Physics Innovation, and the STEAM
Approach will have strong critical thinking skills, the ability to innovate, and a deep
understanding of renewable energy. This will prepare them to contribute to advancing
renewable energy technologies, confronting climate change, and achieving the 2030 SDG
sustainable development goals [41]. However, this research also has some limitations. The
main limitation is using the literature study method as the only data source. Although
literature studies provide valuable insights into the integration of Free Learning, Physics
Innovation, and the STEAM Approach in renewable energy education, the data obtained
from the literature may be limited and do not include experience and views from the field
[42]. Therefore, to produce more comprehensive and representative findings, further
research may involve other research methods, such as field research or interviews with
experts and practitioners in renewable energy education.
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5 Conclusion

Integrating Independent Learning, Physics Innovation, and the STEAM Approach in
Renewable Energy Education has great potential to improve students’ critical thinking
skills in the Society 5.0 era to achieve the 2030 Sustainable Development Goals (SDG)
related to renewable energy. Results from seven relevant articles consistently show that
this approach is effective. By combining these approaches in renewable energy learning,
students experience more meaningful and active learning, conducting experiments,
integrating scientific disciplines, and applying their knowledge in authentic contexts.
This increases their understanding of renewable energy and develops critical thinking
skills essential in the Society 5.0 era. This integration also supports the achievement of
SDG 2030 regarding renewable energy, equipping students to become agents of change
in sustainable development. This approach is not just about academic learning but also
preparing young people to play an active role in creating a sustainable future. To improve
STEAM-based renewable energy education and students' critical thinking skills in the
Society 5.0 era towards SDG 2030, independent learning, Physics Innovation, and the
STEAM Approach must be integrated into the curriculum. Teachers need to receive
adequate training, educational facilities must be improved, and cooperation with the
renewable energy industry needs to be increased. Student assessments should focus on
critical thinking skills, technology can be used as a supporting tool, and students should
be encouraged to develop innovative projects. Environmental awareness also needs to be
promoted. By following these suggestions, renewable energy education can more
effectively prepare young people to achieve sustainable development goals.
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