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Introduction

Abstract: Promoting quality education through the integration of STEM-based Education
for Sustainable Development (ESD) has become a significant area of interest. Integrating
STEM-based ESD can enhance the quality of education by providing interdisciplinary
learning opportunities that engage students in authentic, hands-on experiences. The
objective of this study is to analyze existing empirical research on the utilization of STEM-
ESD in order to investigate their effectiveness in fostering quality of education. The
review process involved a systematic examination of journal papers published between
2018 and 2023, using both keyword search and snowballing techniques on the Scopus
database. A total of 15 journal papers were selected for inclusion in this comprehensive
review. The analysis indicates that STEM-ESD program is capable in increasing student
self-efficacy and student engagement, STEM-ESD learning support student’s critical
thinking skills and system thinking, Implementing Local Wisdom Based ESD can
increase student knowledge, STEM learning in Sustainable Food Program as an effort to
increase sustainable literacy in student, ESD can increase student’s environmental
awareness. In this research there are a few implications such as that STEM-ESD need to
be implemented in school curriculum in order to support education that is
environmentally insightful.
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Goals (SDGs). The increase in quality of education for
the citizens of Indonesia can greatly help in achieving

Currently, our education system is required to be
able to tackle current global challenges presented within
our every aspect of life. Education that is in-line with the
environmental, social, and economic conditions and
needs are important in order to better prepare students
in facing their future life (Alismail & McGuire, 2015;
Marouli, 2021; OECD, 2018, WEF, 2023). Specifically,
issues related to environmental damages and socio-
scientific issues can be resolved by implementing
sustainable education (Gunamantha, 2010; Lubis et al.,
2022; Tytler, 2012; Wang et al., 2018). Thus, education
will become an important priority by the government in
order to reach the goals and targets of sustainable
development in the era of Sustainable Development

How to Cite:

the goals and targets outlined in the 17 points that are
declared, especially in increasing the developmental
index of manpower in Indonesia. Thus, the role of
education can hopefully increase the level of
competitiveness of Indonesia in order to support SDGs
2030 (Mochtar et al., 2014).

Education for Sustainability Development (ESD) is
an  educational framework best suited in
accommodating the achievement of sustainable
development goals (Sutanto, 2017, UNESCO, 2019;
Wolff et al, 2017). The implementation of ESD
framework in science education can hopefully increase
21st century skills in order to fulfill the goal of SDGs
about quality education (Hanifah et al., 2018; Olsson et
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al., 2022; Trott & Weinberg, 2020; Waltner et al., 2021).
This is due to ESD having a number of pedagogical
characteristics of which includes; collaborative and
participative approach, holistic system thinking,
exploration of knowledge, and focus on quality (Ofei-
Manu & Didham, 2018). On the other hand, current
STEM learning is considered to be the best approach in
order to realize ESD program in schools. There are
pedagogic principles in STEM that is in-line with the
characteristics of ESD, of which to push student
participation in developing solutions to real-life
problems (Firda et al., 2021; Martin-Sanchez et al., 2022;
Widarti & Roshayanti, 2021). By integrating ESD in
STEM program, student will learn on how to invent
technology using science and mathematics while still
being in full consideration of the environmental
sustainability and the practical use of said technology for
the wider public (Rahman et al., 2023). This article
reviews also uncover many discoveries which reveals
that both ESD and STEM can increase student ability in
literacy, system thinking skills, critical thinking skills,
and attitude competence that points to sustainable
practices.

Promoting quality education through the
integration of STEM-based Education for Sustainable
Development (ESD) has become a significant area of
interest. The concept of STEM education emphasizes the
integration of science, technology, engineering, and
mathematics in a holistic approach to learning (Kushnir,
2018; Sanders, 2009; White, 2014). By incorporating ESD
principles into STEM education, there is a potential to
foster sustainable development practices, empower
students with critical thinking skills, and address real-
world challenges (Helmi & Herliani, 2021; Yal¢in, 2022).
Quality education plays a vital role in equipping
students with the knowledge and skills necessary to
thrive in a rapidly evolving global society(ILC, 2021).
Integrating STEM-based ESD can enhance the quality of
education by providing interdisciplinary learning
opportunities that engage students in authentic, hands-
on experiences (Abdurrahman et al., 2023; Gamage et al.,
2022, Margot & Kettler, 2019; Martin-Sanchez et al.,
2022). Through this approach, students can develop a
deep understanding of the interconnectedness between
STEM disciplines and their applications in addressing
sustainability issues.

However, the successful implementation of STEM-
based ESD requires a comprehensive understanding of
effective pedagogical strategies, curriculum
development, teacher training, and supportive learning
environments (Kioupi & Voulvoulis, 2019; Laurie et al.,
2016). It is essential to explore research and best practices
in this field to inform policy and practice, ensuring that
the integration of STEM-based ESD effectively promotes
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quality education and contributes to sustainable
development goals. Considering these limitations, our
research aims to systematically review STEM-ESD in
more detail than previous reviews and its effects on
school teaching. In particular, our review focuses
specifically on empirical studies that apply STEM-ESD
to educational levels from preschool to corporate
organizational levels. Research investigating ESD
implementation during STEM education is also
limited. =~ Meanwhile, knowledge on program
implementation should also be considered in the future
program (Ferrer-Estévez & Chalmeta, 2021). Based on
the results of a systematic review of 25 articles, it
was found that implementing ESD in the high school
context is still needed in future research (Hoque et al.,
2022), especially ESD project that emphasize on real
action in bthe daily life.

Method

A systematic literature review typically involves
conducting thorough and comprehensive searches to
clearly understand a specific topic by identifying,
evaluating, and summarizing all relevant studies
(Uman, 2011). In this particular review, electronic search
databases were utilized to obtain data from five sources:
SCOPUES, Science Direct, Taylor & Francis, and Springer.
The databases were searched using a combination of
keywords: "STEM AND EDUCATION FOR
SUSTAINABLE DEVELOPMENT," resulting in 7,209
articles (n =7,209). Duplicate articles were removed, and
the dataset was further reduced based on specific
eligibility criteria. The review included three main
criteria for article eligibility.
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Figure 1. Article selection procedure

The following are the criteria (Figure 1) that can be
included in the selection of articles. First, we focused on
gathering journal articles indexed in Scopus from the
first and second quartiles (Q1-Q2) based on the Scimago
Journal Rankings. Our search included articles where
the terms "STEM," and "Education for sustainable
development" were present in either the title, abstract, or
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keywords (Septiyanto, Ashidiq, et al., 2023). The selected
articles encompassed educational interventions
implemented within formal and non-formal educational
settings, with a specific emphasis on fostering STEM
based sustainable for education development (ESD).
Lastly, the article presents its findings and concludes
application of STEM-ESD. Following the application of
these eligibility criteria, only 15 articles were selected as
samples for the study.

The analysis was conducted in two stages. The first
stage involved case analysis (Miles & Huberman, 1994),
where each article was individually examined and
summarized. In the second stage, a cross-case analysis
was performed (Miles & Huberman, 1994). The
extracted application of STEM-ESD from all the articles
was reorganized, and similar elements were grouped,
resulting in four distinct categories, as presented in
Table 1. The classification of teaching and learning
practices for each category was based on the categories
established by Thibaut et al. (2018). Subsequently, the
proposed teaching and learning practices for STEM-ESD
were developed by focusing on the instructional
categories most commonly employed in the articles
reviewed in the systematic review.

Result and Discussion

A thorough systematic literature review was
conducted, encompassing articles published from 2017
to 2023. The selection of articles was based on specific
inclusion criteria, with a focus on international journals
indexed in Scopus and categorized as Q1 and Q2. The
research undertaken on STEM-ESD explored various
aspects, including its impact on self-efficacy, critical
thinking skills, and system thinking. The results of cross-
case analysis of STEM-ESD to promote quality education
from various journals can be seen in Table 1.

STEM-ESD Program is Capable in Increasing Student Self-
efficacy and Student Engagement

Sustainable education, better known as ESD, and
STEM approach are both interrelated towards each other
(Turner et al., 2021). Besides that, the implementation of
STEM learning can have positive impact towards
student self-efficacy and student engagement. As one of
the indicators that student self-efficacy experience
increase is shown by their motivation and eagerness in
STEM learning. Besides that, a noticeable observation
shown by using STEM is the high level of engagement
and interaction between students while working in
groups (Turner et al., 2021; Vallera & Bodzin, 2020), with
student are also shown practicing peer teaching,
especially when learning about technology in groups,
thus resolving the issue of skill differences in students
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(Turner et al., 2021). The increase in student engagement
in science learning is also believed to be achievable by
implementing ESD (Olsson et al., 2022; Qureshi, 2020;
Trott & Weinberg, 2020; Zelenika et al., 2018). Student
engagement is shown in science learning, which brought
up issues that happens in student’s immediate
environment(Setiawan et al., 2023; Trott & Weinberg,
2020), also in the form of pro-environment actions, such
as waste reduction, water conservation, wildlife
conservation, and their ability to participate in a variety
of sustainable practices (Qureshi, 2020; Zelenika et al.,
2018).

Table 1. Cross-case analysis

Category Specific Source
coding
Impact Turner et al. 2021; Vallera &
STEM-ESD Bodzin. 2020; Zelenika et al.
2018; Olsson et al. 2022;
Self-efficacy Qureshi. 2020; Zidny &
and student Eilks. 2022; Trott &
engagement  Weinberg. 2020; Bosevska &
Kriewaldt. 2020; Zowada et
al. 2021
Turner et al. 2021; Vallera &
. Bodzin. 2020; Shepard et al.
Critical .
thinking and 2021; .Aglrreazkuenaga &
system Martinez. 2021; Qureshi.
thinking 2920; Kucgk & Saysel. 2018;
skille Zidny & Eilks. 2022; Trott &
Weinberg. 2020; Bosevska &
Kriewaldt. 2020
STEM-ESD Student Turner et al. 2021; Zelenika
based local knowledge etal. 2018; Agirreazkuenaga
wisdom & Martinez. 2021; Qureshi.
2020; Zidny & Eilks. 2022;
Trott & Weinberg. 2020;
Bosevska & Kriewaldt. 2020
STEM-ESD Environmen Vallera & Bodzin. 2020;
program tal literacy Agirreazkuenaga &
Martinez. 2021; Sass et al.
2021; Olsson et al. 2022;
Qureshi. 2020; Repanovici et
al. 2021
ESD Shepard et al. 2021; Zelenika

Environmen et al. 2018; Qureshi. 2020;
tal Saleh et al. 2022; Zidny &
awareness Eilks. 2022; Trott &
Weinberg. 2020

Student engagement in the implementation of
sustainable education and STEM learning began from
their own self-induced interest and internal motivation.
This is outlined on several research which states that
sustainable education can increase student interest and
motivation to study (Bosevska & Kriewaldt, 2020; Zidny
& Eilks, 2022; Zowada et al,, 2021). Motivation that
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develop during learning session can then help student in
developing new ideas which can be used to support the
idea of sustainability and better relate them with day-to-
day real-life issues (Qureshi, 2020). Besides that, STEM
learning can also stimulate student in developing
connections between topics that are presented and
environmental issues that they assume to be related to
each other (Turner et al., 2021). Thus, we can conclude
that in order to help student in finding their motivation,
interest, and up to their engagement in learning
activities require the implementation of STEM-ESD as a
strategy in education that is effective in achieving said
goals.

STEM-ESD Learning Support Student’s Critical Thinking
Skills and System Thinking

STEM approach can always be relied upon in order
to stimulate student in developing their critical thinking
skills, especially if used in-tandem alongside sustainable
education. Furthermore, it is revealed that STEM can
help student develop different thought patterns and
thought processes, which includes critical thinking
skills, problem-solving skills, and sustainable thinking
skills demonstrated by students in their analysis and
conclusion of which they develop from the result of their
observation (Sagita et al., 2023; Turner et al., 2021;
Vallera & Bodzin, 2020). STEM learning can also be
readily implemented in learning process using group
learning, which can help trigger student to practice peer
teaching, of which can be a solution to the issue of skill
differences in students (Turner et al., 2021). In-line with
the thinking competencies developed in students by
using STEM approach, are several research results
which states that in its implementation, sustainable
education can, in reality, help push the increase of
student’s critical thinking skills, which is revealed
within science learning process that is conducted by
students in groups(Bosevska & Kriewaldt, 2020; Trott &
Weinberg, 2020). Aside from increasing their critical
thinking skills, ESD can also increase their critical
thinking disposition, which is said that critical thinking
disposition help give students positive influence in the
form of their displayed level of sustainability concerns
(Bosevska & Kriewaldt, 2020; Shephard et al., 2021).

Aside from the critical thinking aspect, system
thinking skills is also an indicator widely used as a
benchmark in determining the success of implementing
ESD inlearning. Sustainable living practices are effective
in helping students in developing new skills, of which is
system thinking (Kucuk & Saysel, 2018; Qureshi, 2020;
Zidny & Eilks, 2022). Besides that, System Thinking Skill
(STS) is said to be able to help students in developing
their own ideas in order to better solve complex and
dynamic environmental issues (Kucuk & Saysel, 2018).
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System thinking help student in developing sustainable
perspectives and sustainable knowledge in approaching
problems through social, economic, and environmental
aspects (Agirreazkuenaga & Martinez, 2021).

Implementing Local Wisdom Based ESD can Increase Student
Knowledge

Science learning conducted outside of class can help
student gain knowledge from their environment.
Student concept understanding can be developed
through Local Wisdom-based learning within
sustainable education (Turner et al., 2021; Zidny & Eilks,
2022). Learning activities conduction outside can help
broaden student knowledge and student attitude
towards science (Septiyanto, Oetomo, et al., 2023). These
learning activities can be conducted in the form of visits
to the zoo, farm, or from activities such as exploring
school garden (Bosevska & Kriewaldt, 2020; Trott &
Weinberg, 2020; Zelenika et al., 2018). Various natural
phenomena happening in the surrounding environment
have the advantage of being a real-life source of learning
for students, of which analyzing these phenomenon
have been proven to increase student system thinking
skills after students undergo outdoor activities as a part
of sustainable education (Agirreazkuenaga & Martinez,
2021; Qureshi, 2020).

Outdoor activities in science learning using the
context of local wisdom require the involvement of
public communities which actively promotes
sustainable behavior (Bosevska & Kriewaldt, 2020; Trott
& Weinberg, 2020; Zelenika et al., 2018). The role of
communities involved in the field of living environment
add to student knowledge in growing their concerns
towards the environment (Trott & Weinberg, 2020;
Zelenika et al., 2018). This means that schools need to
better cooperate with various communities in the
surrounding area in order to strengthen the
implementation of sustainable education. In-line with
above statement, the presence of locals while conducting
outdoor learning activities need to be increased as a form
of literacy that cannot be obtained inside of classroom
(Zidny & Eilks, 2022).

STEM Learning in Sustainable Food Program as an Effort to
Increase Sustainable Literacy in Student

Discussions related to STEM learning has been
done many times due to the fact that STEM approach has
been proven to discover various competencies found in
students. The transformation of educational processes
using STEM has been seen as the key to advancement
and innovation. Besides that, STEM learning has been
proven to play a significant role in increasing literacy
skills and help support sustainable lifestyle (Qureshi,

2020; Repanovici et al., 2021; Vallera & Bodzin, 2020).
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This have been proven through a project with the theme
of sustainable food which resulted in positive effect in
increasing agricultural literacy and sustainable literacy
(Qureshi, 2020; Vallera & Bodzin, 2020). Then,
competencies related to information literacy found in
students can support the development of student’s
sustainable thinking skills (Repanovici et al., 2021). On
that note, sustainable literacy and sustainable action can
also be increased through sustainable living practices
(Qureshi, 2020). For example, students can now decide
which daily routine that they can implement at home in
order to be more energy efficient or minimizing
environmental pollution. Sustainable living practice
create an opportunity in creating a society that is
educated and responsible in preserving the environment
(Repanovici et al., 2021).

Sustainable food program gives a prospective
context for ESD learning, and can become an integral
part in school curriculum (Vallera & Bodzin, 2020).
Issues related to agriculture which includes GMO, food
production, food security, and usage of pesticide can
become topics that is taught to students. Topics related
to food and its production process, along with its
consumption have a very broad relationship with the
concept of sustainability (Agirreazkuenaga & Martinez,
2021). Aside from that, in the context of daily life,
sustainable food program can bring up topics related to
cooking with clean fuel, consumption of organic food,
and vegetables from local farmers (Qureshi, 2020).

ESD can Increase Student’s Environmental Awareness

The responsibility that comes with environmental
issues need to be developed as early as possible in
students through learning process. Sustainable
education is an educational concept which try to answer
these challenges while also support sustainable
development goals and programs. Learning
intervention using Field School (Zelenika et al., 2018)
and environmental knowledge (Saleh et al., 2022) both
can have positive impact towards student’s willingness
towards sustainability. Aside from that, the
improvement in attitude gained from ESD-based
learning can be observed in student’s awareness
towards environmental issues (Setiawan et al., 2023;
Shephard et al., 2021), involvement in pro-environment
actions(Trott & Weinberg, 2020; Zelenika et al., 2018), or
decisions made in order to support sustainable lifestyle
(Qureshi, 2020).

Student knowledge related to environmental issues
are interrelated with changes in behavior reflective of
sustainable indicators (Trott & Weinberg, 2020). Aside
from that, student knowledge towards the environment
have the potential to increase student awareness
towards knowledge in their surroundings in order to
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increase their scientific and cultural literacy (Setiawan et
al., 2023; Zidny & Eilks, 2022). Thus at the end, the
implementation of ESD holistically can help to grow
student willingness (Saleh et al., 2022), behavior
(Zelenika et al., 2018), and awareness (Agirreazkuenaga
& Martinez, 2021) in sustainable living practices.

Conclusion

According to the result of analysis and discussion
above, it can be concluded that the implementation of
STEM-ESD learning can improve the quality of
education. The improvement in quality through STEM-
ESD learning can be conducted by introducing students
to environmental issues. By introducing environmental
issues through STEM-ESD, this can help student in
engagement so that student will be able to think
critically, and systematically to solve those
environmental issues. In this literature review, are
gathered a few points that includes the effects of STEM-
ESD towards self-efficacy and student encouragement,
impact of STEM-ESD on critical thinking and system
thinking skills, STEM-ESD based on local wisdom
influence student knowledge, and impact STEM-ESD
towards environmental literacy and environmental
awareness. Because of this, STEM-ESD learning can
become an integral part of school curriculum. And thus,
this research recommends that the implementation of
STEM-ESD learning have to be implemented in every
level of education, starting from elementary school to
university level with the goal to support SDGs 2030
program especially in the context of the quality of
education.
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