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Chapter Highlights
This chapter summary provides the reader with a quick overview, 

summarizing the key points from the chapter addressing STEM education 
and environmental sustainability.

•	 Essential Components of STEM Education – It combines science, 
technology, engineering and mathematics in an interdisciplinary 
manner.

•	 Environmental Sustainability Context – STEM has an important 
role in finding solutions to environmental problems such as climate 
change, biodiversity loss and resource depletion.

•	 Impact on Learning Outcomes – STEM-based sustainability projects 
improve students’ academic achievement, environmental awareness, 
problem-solving and critical thinking skills.

•	 Pedagogical and Applied Approaches – Methods such as project-
based learning, the maker movement, nature-based learning and 
outdoor laboratories are integrated with STEM and sustainability.

•	 Future Directions and Recommendations – The integration of 
technologies such as artificial intelligence, big data and IoT 
into education, curriculum reforms, teacher training and the 
dissemination of school-based sustainability practices are important 
steps towards the future in education.
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Introduction
The complexity of the environmental and social dimension of global 

issues on climate change, biodiversity loss, depletion of natural resources 
in such a short time and environmental degradation has increased as 
ever today. As such, these challenges for practitioners need to be tackled 
not only through conventional methods of education but also demand 
interdisciplinary and holistic approaches (Christie et al., 2015). To this 
end, it provides students with scientifically thinking and a more sensitive 
attitude toward environmental issues (Rahmadayanti & Fielardh, 2024).

In recent years, STEM education has become the focus of education 
policies of many countries. This approach usually stands out in order to 
support economic development and increase global competition (Xie et 
al., 2015). However, it is known that STEM practices that focus only on 
economic benefits are not sufficient in producing sustainable solutions to 
today’s environmental and social problems. Therefore, integrating STEM 
education with the understanding of environmental sustainability is seen 
as an important issue for educators and administrators (Han et al., 2022). 
Gaining an understanding of environmental sustainability helps students 
understand nature-related systems, recognize problems and develop 
solutions (Christie et al., 2015). When this approach is combined with STEM 
education, students can effectively use many skills from scientific thinking 
to engineering design, technological tool use to mathematical analysis to 
solve environmental problems (Istiana et al., 2023).

This study reveals the relationships between STEM education and 
environmental sustainability; presents a theoretical framework for how 
these two fields can be integrated and provides information on possible 
application areas. Thus, it is revealed how the relationship between STEM 
education and environmental sustainability is shaped at what points. In 
addition, this section includes detailed evaluations on the future development 
of the subject, its applicability and effects in various situations.

Definition and Importance of STEM Education
What is STEM?
STEM refers to the fields of science, technology, engineering and 

mathematics within an educational system. Disciplinary integration was 
initially proposed by Judith Ramaley (2001) in the field of education in 
USA, and the studies focusing on the integration of these fields have been 
gaining speed recently (Roehrig & Karışan, 2022). STEM pedagogy teaches 
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students to develop creative, realistic responses to complex social and 
environmental problems, with an integrated approach to various branches 
of science together (Kennedy & Odell, 2014).

In recent years, there has been a dramatic increase in the volume of 
research on STEM education. This has largely been an experimental and 
descriptive content, both identifying the training processes to teachers, 
and their success on the other hand regarding their students (Daşdemir 
et al., 2018; Karaşah-Çakıcı et al., 2021; Suherman et al., 2025). There 
is international literature on the integration of STEM and other fields. 
Researches have shown that projects based on real-life problems, engineering 
design processes and learning opportunities that involve different disciplines 
are very valuable for students (Bryan et al., 2015). It is mentioned that 
integrated STEM projects raise student engagement, reinforce students’ 
ability to apply and transfer knowledge protean, and allow them to learn 
distinct domains concurrently and more effectively (Capraro et al., 2013).

According to Holmlund et al. (2018) STEM education is the learning 
of using the fields of science, technology, engineering and mathematics 
together to solve a problem one faces in everyday life. In this respect, it can 
thus be claimed that students not only learn about these disciplines but 
also promote their interdisciplinary thinking skills. Similarly, according to 
Akgündüz et al. (2015), STEM represents a type of educational approach 
in which students learn how the knowledge they have acquired through 
various domain disciplines fits together as a whole and apply this knowledge 
to resolve the problems in their real life.

STEM education maintains a disciplines based common framework 
and allows a holistic based learning which is truly connected with life. By 
this means the students look at a complex problem from various angles 
(Hasanah, 2020). The application of scientific methods in the learning 
process enables students to acquire experience of creation of solutions of 
real-world problems (Savage et al., 2008). In contrast, design thinking opens 
up the space for creative ideas, builds prototypes of best-practice examples, 
and rigorously tests those prototypes (Lin et al., 2021). In addition, STEM 
projects carried out with group work improve students’ communication 
skills. These projects also make it easier for students to adopt leadership 
roles and work together (Shamuganathan, 2023).

The Interdisciplinary Nature of STEM
The prominent feature of STEM education is that it considers fields such as 
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science, technology, engineering and mathematics as a whole. This approach 
aims to develop students’ creative thinking, critical analysis and problem 
solving skills (Akarsu et al., 2020). For example, science teaches observation, 
hypothesis formation and experiment design (Zhan & Niu, 2023). Technology 
shows ways to collect information, analyze and present data (Yaşar-Ekici et 
al., 2018). Engineering makes solution production systematic and improves 
design-oriented thinking (Aşık et al., 2017). Mathematics strengthens 
numerical thinking and supports solution processes in other disciplines 
(Bulut et al., 2024).

The interdisciplinary nature of STEM gives students the habit of thinking 
about information obtained from different fields together. Thanks to this 
approach, students develop not only their technical skills, but also their 
ability to think creatively, critically evaluate and create multifaceted solutions 
to complex problems (Akarsu et al., 2020). Since real-life problems usually 
involve more than one variable, students’ ability to evaluate different 
aspects at the same time makes it easier for them to analyze the situation 
more accurately. On the other hand, in STEM projects, students develop 
themselves not only with academic knowledge, but also with social skills 
such as working together, exchanging ideas and communicating effectively 
(Bybee, 2013).

21. Century Skills and STEM
Today’s rapidly changing technological structure and the global 

interaction environment expect individuals to have not only technical 
knowledge, but also multidimensional skills such as digital literacy, critical 
thinking, effective communication, creative thinking and working together 
(Holmlund et al., 2018). STEM education increases the ability of students 
to analyze complex situations they face and develop solutions (Nguyện et 
al., 2025), at the same time supports innovative thinking through design-
based applications (Sarikoc & Ersoy, 2022). In addition to giving students 
the habit of acting as a team, group studies conducted during this process 
also help students to share their thoughts and communicate effectively 
by understanding each other (Savage et al., 2008; Akarsu et al., 2020). In 
addition, thanks to the active use of digital tools, students become not only 
consumers of technology but also conscious and productive users (Yaşar-
Ekici et al., 2018).

The basis of STEM activities is for students to gain the skills of analyzing 
problems that they may encounter in real life, structuring the solution 
process in a planned way and developing effective solutions. In this process, 
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where critical thinking is used actively, students not only repeat ready-made 
solutions but also become more effective in developing creative ideas. On the 
other hand, STEM projects often require teamwork, which is important for 
students to develop their social skills such as working together, exchanging 
ideas and achieving common goals (Yıldırım & Altun, 2015). These skills 
acquired through STEM not only contribute to individual success; they also 
contribute to the process of producing solutions to problems encountered 
at the societal level (Han et al., 2022). Therefore, associating the STEM 
approach with broad-ranging issues such as environmental sustainability 
can both support individual consciousness development and contribute to 
the general benefit of society. 

Introduction to Environmental Sustainability
The Concept of Sustainability
The sustainability concept defined by the Brundtland Commission in 

1987 indicates meeting present needs without compromising the ability of 
future generations to meets their own (Christie et al., 2012). This definition 
highlights the need to address both its environmental and social/economic 
components when considering sustainability. The study of Demirel and 
Sungur (2018) noted together with the environment, society and economy, 
sustainability in education should be regarded as well. Furthermore, 
education are important to provide environmental consciousness and 
sustainable lifestyle that can include in education materials (Gülersoy & 
Civil, 2023).

 
Figure 1. Interaction between the environmental, social and economic 

dimensions of sustainability (Purvis et al., 2019)
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In international literature, the integration of environmental education 
and STEM is now starting to gain some attention (González-Gómez et al, 
2021; Guzmán-Cedhalla et al., 2020). It has been observed that the E-STEM 
(Environmental-STEM) approach is effective in raising student environmental 
awareness and thus increases the probability of adopting environmentally 
sensitive behavior (Helvaci & Helvaci, 2019). In other study Malecha (2020) 
investigated the STEAM approach which integrated education for the 
environment and art shows that this integration increased creativity and 
environmental awareness of students. The basics of sustainability consist 
of three dimensions: environmental sustainability, social sustainability and 
economic sustainability. Figure 1 shows the dimensions of sustainability 
and the interaction between them: 

Environmental Sustainability
Environmental sustainability, as an understanding that allows people to 

exist in a balanced way with nature, aims to support the continuity of the 
planet’s ecosystems without disturbing them. This means maintaining the 
conditions necessary for natural systems (climate, water cycles, biodiversity 
etc.) to be self-renewing. The main purpose here is to manage natural 
resources in a way that is sensitive to the needs of today’s and future 
generations, without depleting them. Sustainability refers to the appropriate 
utilization of natural resources to keep ecosystems viable (Rockström et 
al, 2009).

There are four components of environmental sustainability. These are: 
the sustainable production of clean energy, conservation of biodiversity, 
the sustainable use of resources and sustainable management of natural 
systems. Arguably the most vital step to decrease the impacts of climate 
change, espacially global warming is to decrease the carbon emissions 
from energy generation and utilization together with implementation of 
carbon capture technologies (Warszawski et al., 2021). On the other hand, 
conservation of biodiversity and sustainable use of resources and proper 
water and land planning, helping to maintain healthy ecosystems and 
food security is another critical situation in this context (Foley et al., 2011; 
Cardinale et al., 2012; Kirchherr et al., 2017).

Social Sustainability 
Social sustainability is a social paradigm in which people show the 

ability to meet their needs and have their rights covered. It is a structure 
that enables people to participate in decision-making. Having such aspects 
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of social and cultural identities in place naturally creates a social structure 
that also enriches the idea of the individual in the society hence, it is based 
on recognition of other vital cultural identities and contributes to building 
the society (Eizenberg & Jabareen, 2017). The theory of social sustainability 
is in equality, justice and social inclusiveness. This theory aims to narrow 
the gap in income, opportunity and identity among people (Boström, 
2012).  It is crucial for all people to have access to healthcare, live in a clean 
environment, and live in safe living conditions. These are crucial issues 
that impact individuals’ physical and mental health (Vallance et al., 2011). 
Furthermore, individuals’ ability to have a say in decisions that directly affect 
their lives should be supported through democratic participation processes 
(Agyeman & Evans, 2004). Lifelong activities, particularly in education, 
enhance individuals’ knowledge and skills related to sustainability while 
also strengthening the abilities needed for social cohesion and innovative 
solutions (UNESCO, 2017).

Economic Sustainability
Economic sustainability means conducting economic activities in a 

way that does not harm human, environmental, or social well-being. It is 
the concept of prosperity for few in the long view at the expense of many. 
Nature and social justice must not be trampled by economic systems and 
actions. Financial sustainability is only one part of economic sustainability. 
That also means more sharing in wealth, and sharing in our resources so that 
our resources will last for the generations to come. It is about sustainable, 
equitable prosperity — not endless growth (Daly, 2005).

While the transition from fossil fuels to clean energy is a crucial issue 
for the environment and sustainability, it is crucial that the emergence of 
new job opportunities during the transition does not exacerbate differences 
between social classes (Ürge-Vorsatz et al., 2014). Sustainable production 
and consumption patterns are a key element in reducing the negative 
impact of economic activities on the environment. Similarly, sustainable 
production and consumption practices have a positive impact on people’s 
quality of life (Geissdoerfer et al., 2017). Beyond existing approaches to 
measuring economic growth, wealth, and well-being, more comprehensive 
measurement methods that encompass different dimensions are needed 
(Costanza et al., 2009).

Environmental Issues and the Role of STEM
In this century, humanity has faced serious environmental issues 
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including climate change, biodiversity loss, deforestation, global warming 
or ocean acidification and resources depletion of natural water. This gets the 
natural cycle out of whack and destroys peoples’ quality of life. The problem 
has become so large and expansive that it is going to take the collective 
work of multiple fields to help solve this.  It is essential to approach the 
problem from a scientific paradigm, integrating technological innovations, 
engineering perspectives, and mathematical analysis. Environmental 
problems profoundly impact not only nature but also economic structures 
and social life. Due to the multifaceted impact and magnitude of the issue, 
national and international cooperation is crucial in developing strategies 
for a sustainable future (United Nations, 2022; IPCC, 2023).

In this respect, STEM education enables students to become aware of 
environmental issues and develop innovative solutions. Through this process, 
they are able to develop practical ideas around environmental problems 
applying scientific thinking, problem solving and design skills. While science 
helps understand natural events and the functioning of ecosystems, fields 
such as climate change, ecology and environmental chemistry play a 
fundamental role in helping students understand environmental systems 
better (Christie et al., 2015). In technology, students are allowed to develop 
solutions and designs to environmental issues. In this regard, renwable 
energy, ecofriendly materials, waste and environmental monitoring tools 
is prominent (Bărbulescu et al., 2025). Students with an engineering 
background can support their ideas in producing ecological designs that 
do not destroy the environment (Han et. al., 2022). Mathematical model is 
employed to comprehend complex environmental processes and to generate 
future scenarios. Models, especially those related to climate systems and 
ecosystems, are very effective in predicting the risks that may be encountered 
(Li et al., 2013).

Connection with the United Nations Sustainable 
Development Goals

In 2015, the United Nations set the post-2015 Sustainable Development 
Goals (SDGs) for global sustainable development with specific targets and 
indicators to be achieved by 2030 (United Nations, 2015). Here, there are 
17 global goals under the banner of Sustainable Development Goals (SDGs) 
and targets stated in a variety of areas from poverty to quality education, 
gender equality to clean energy and combating climate change through 
sustainable cities and conservation on land and sea. They fully account the 
environment, economy and social development. It allows for countries to 
pursue more fair, equal, and sustainable plans of development (Sachs et al., 
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2019). It is an objective that must unite all parties both public sector and 
civil society organization and citizens. Doing so will contribute to a planet 
that is able to develop in ways that are more efficient, strategic and effective 
(Griggs et al., 2013). This highlights that sustainability is a question of both 
ecology but also people and economy (Sachs et al., 2019).The visual for the 
United Nations Sustainable Development Goals (SDGs) icons is presented 
in Figure 2.

Figure 2. United Nations Sustainable Development Goals (SDG) icons 
(United Nations, 2015).

STEM education plays an important role in the implementation of many 
of the SDGs. Some of the SDGs directly associated with STEM are as follows:

SDG 4 - Qualified Education: STEM education contributes to quality 
education by providing students with the skills required by the era, such 
as critical thinking, problem solving, collaboration and effective use of 
technology (Bybee, 2013; UNESCO, 2021).

SDG 6 – Clean Water and Sanitation: Issues such as efficient and 
sustainable management of water resources, monitoring of water quality 
and development of treatment systems are among the main areas where 
knowledge and skills in STEM fields are applied (UNESCO, 2021).

SDG 7 – Affordable and Clean Energy: Topics such as the design of renewable 
energy systems, energy efficiency applications and energy storage solutions 
are technology and engineering-based studies in which STEM education is 
strong (UNESCO, 2021).
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SDG 11 – Sustainable Cities and Communities: Many projects that support 
sustainable urban life, such as smart city applications, environmentally friendly 
transportation systems and green building designs, require the collaboration 
of different STEM disciplines (UNESCO, 2021).

SDG 13 - Climate Action: STEM education helps to understand climate 
change and develop solutions in this area. Environmental monitoring 
technologies and climate modeling are concrete examples of this process 
(Anderson, 2013).

SDG 14 – Life Below Water & SDG 15 – Life on Land: Protecting natural 
life, sustaining biodiversity and monitoring ecosystems is possible through 
environmental studies conducted with STEM. (Rockström et al., 2009; 
UNESCO, 2021).

The Interaction Between STEM Education and 
Sustainability

Scientific Literacy for Sustainable Development
Scientific literacy has been defined as the extent to which one is able 

to read and understand science, including using that knowledge to make 
informed decisions about everyday life (Holmlund et al., 2018). “It’s really 
important that people can do this because so many of the big environmental 
issues are becoming more complex and you need to be able make good 
judgments based on good science.” However, scientific literacy goes beyond 
mere knowledge. Scientific literacy encompasses not only the acquisition of 
knowledge but also the application of that knowledge to daily life and the 
adoption of sustainable lifestyles. With these characteristics, scientific literacy 
enables individuals to be more sensitive and solution-oriented to global 
problems such as environmental pollution, climate change, and biodiversity 
loss (Vijayatheepan, 2023). STEM education offers a multidimensional 
perspective and contributes to the development of scientific literacy. This 
approach has several key components:

Scientific Process Skills: The goal is to equip students with skills 
fundamental to science, such as observation, prediction, hypotheses, design 
of experiments, and analysis. Students will develop these skills while being 
encouraged to be more scientific in their thinking through a series of STEM-
based activities. Furthermore, these practices not only improve procedural 
skills but are also linked to students’ academic success (Gürsoy et al., 2023).
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Evidence-Based Thinking: Hasanah (2020) states that STEM education 
facilitates students in honing their skills in decision-making, such as 
analyzing scientific data and scientific information and supporting these 
with reliable evidence. Thanks to these skills, students can recognize 
information pollution, especially in issues related to the environment, and 
make evaluations based on the right sources.

Systems Thinking: Environmental problems often arise when many 
interconnected factors come together. To cope with such problems, individuals 
are expected to have a mindset that can understand the relationships between 
systems. Demssie et al. (2023) state that systems thinking plays an important 
role in achieving sustainability. Different practices help individuals not 
only to gain knowledge, but also to grow up as individuals who can use 
knowledge effectively.

Coping with Uncertainty: Scientific knowledge is not static; it is constantly 
renewed and developed. STEM education develops students’ ability to make 
decisions in uncertain situations and act with incomplete information 
(Christie et al., 2012).

Environmentally Sensitive Approaches with Technology 
and Engineering Solutions

Technology and engineering knowledge have an important role in 
finding innovative and permanent solutions to environmental problems. 
In addition, by supporting the development of problem solving and design-
oriented thinking skills, it makes it easier for individuals to make decisions 
in accordance with sustainability principles in the future (English, 2016; 
Kelley& Knowles, 2016). In this context, STEM programs include different 
engineering-based and technological applications that support environmental 
sustainability. Below is a summary of the key areas of these applications:

Green Technologies: STEM-based education makes it easier for students 
to gain an idea about energy-saving systems, renewable energy sources 
and environmentally friendly technologies. Solar energy panels, biofuel 
production, wind turbines and electric vehicles are prominent examples of 
this field. These mentioned technologies not only provide structures that 
enable alternative energy production, but also make significant contributions 
to environmental sustainability by reducing carbon emissions (Panwar et 
al., 2011; Bărbulescu et al., 2025).

Sustainable Design: Sustainable design in engineering aims to minimize 
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damage to the environment while also using resources more efficiently. In this 
process, it is important to prefer environmentally friendly alternatives in the 
material selection of products and to adopt the circular economy approach 
(Han et al., 2022). In this way, students get into the habit of evaluating an 
engineering product not only in terms of its technical function but also 
in terms of its environmental impact. These skills support individuals in 
making more conscious choices in areas such as sustainable production or 
building design in their future lives (Mulder et al., 2012).

Environmental Monitoring and Control Systems: Today, it’s possible to 
collect and transfer environmental information faster, more effectively, 
and more easily. Certain applications, such as remote sensing techniques, 
sensor-based tools, and geographic information systems, can facilitate 
multi-dimensional environmental monitoring projects, such as air pollution, 
water quality, climate change, and natural disaster risk. By using these 
systems, students are able to demonstrate a highly sophisticated approach 
to environmental awareness (Savage et al., 2008; Hayat et al., 2019).

Waste Management and Recycling: Waste management and recycling is 
vital for the protection of our environment. In this context, STEM education 
focuses on promoting the new promising solutions that can be developed. 
It would also benefit the conservation of natural resources and alleviate 
environmental damages by implementing composting approaches and 
evolving recycling strategies that can achieve reversible synthesis of 
biodegradable materials (Kök, 2021).

Creative STEM-Based Solutions to Ecological Problems
STEM education helps students develop original and realistic solutions for 

the environmental challenges that will occur throughout their lives. In this 
practice, skills (design thinking, problem solving and creativity) are utilized 
simultaneously (Beers, 2011; Hilton & Honey, 2011). Shamuganathan (2023) 
suggests that through nature-inspired approaches like biomimicry, natural 
systems can be studied and solutions developed. Smart city technologies, 
for instance, are utilized to create and/or sustain energy, transportation, 
water management and waste management systems (Akarsu et al., 2020). 
Additionally, water management techniques such as rainwater catchment and 
purification save water consumption sustainably (Yaşar-Ekici et al., 2018). 
Such apps enable students to develop environment-friendly technology and 
social consciousness.
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Examples of Educational Applications and Project-
Based Learning

Sustainability Themed STEM Projects
Project-based learning supports students in gaining practical experiences 

by bringing together their knowledge and skills in different fields (Krajcik 
& Shin, 2014). STEM based projects not only provided them with the 
appropriate knowledge but also the opportunity to practice cooperation 
study, creative thinking, problem solving and critical thinking (Capraro et al., 
2013). These sustainability projects provide students with the opportunity 
to implement innovative, creative solutions to environmental issues. In 
addition, they support the intellectual aspect of the student and also fosters 
social awareness (English, 2016). Hence it is easy to see why the project-
based STEM initiatives stand out as a viable pathway for students to keep 
connected with their personal and social growth.

Globally, project-based learning has a strong currency in sustainability 
education. This method creates active participation of the students and 
produces diverse classes that are learner-centered (Cörvers et al., 2016; 
Kricsfalusy et al., 2018). For instance, the students could investigate energy 
usage of school buildings and create energy conservation methods for them 
(Aşık et al., 2017). Students can design use strategies on reduceable and 
recyclable waste (Çoruhlu & Nas, 2018) and carry out projects in the fields 
of biology with hydroponic systems for the projects to combine agricultural 
urbanism (Cummings & Cummings, 2021) on engineering and chemistry 
applied areas.

The Maker Movement and Environmental Approaches
The Maker movement is a method that helps students participate actively 

in their own production process and therefore learn. This initiative, which 
links STEM education and sustainability, empowers students to devise 
solutions to environmental issues and increases awareness of sustainability. 
One such initiative is known as Maker’s Asylum, which has shown tens of 
thousands of individuals the ropes of hardware design, digital manufacturing 
and sustainability in India. These kind of projects not only provide a context 
for sensitivity of students towards environment but also for solution-oriented 
thinking (Saari et al., 2021) with four main applications, this is a summary 
of to understand the impact of the maker movement in the domaine of the 
sustainability. They are: 3D printing and sustainable materials, electronic 
waste recycling, open-source design and local manufacturing.
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3D Printing and Sustainable Materials
In the maker spaces, students use 3D printing for prototyping with 

environment-friendly material. Innovative 3D products that have less 
ecological impact are made with bio-degradable polymers and recycled 
filaments than te conventional plastic (Agrawal Bhat, 2025). Additionally, 
recycling the waste plastics including high density polyethylene (HDPE) to 
fabricate filaments may also save energy and facilitate transformation of 
plastic product model towards circular economies scenarios (Oyinlola et 
al., 2023). They expose students to sustainable production processes and 
to sustainable extraction of local inputs.

Electronic Waste Recycling
Maker spaces integrate environmental awareness and ingenuity by 

repurposing components sourced from discarded electronic equipment. As 
an example, e-waste toolkit enables access for fabrics with e-waste materials, 
particularly in low- resource or marginalised areas to enable participants 
to discover socially-oriented designs alongside individual designs (Vyas et 
al., 2023). These practices do not only contribute to the creative problem-
solving of students, but also the systematic and innovative alternatives 
within the scope of solid waste management.

Open Source Designs and Local Production
The maker movement promotes the sharing and dissemination of 

innovations and ideologies based on open source principles. This thereby 
promotes nearer-to-consumer production and shorter supply chains. For 
instance, RepRapable Recyclebot is an open-source filament extruder 
that reprocesses recycled plastic into filament, which not only reduces 
carbon emissions of long-distance transport of manufacturing fleet but also 
considerably saves manufacturing cost (Woern et al., 2018).

Interdisciplinary Approaches and Nature-Based 
Learning in STEM Education

Integrated Use of Science, Mathematics, Engineering and 
Technology

A key principle of education based on the STEM is an interdisciplinary 
approach where students can apply knowledge from different disciplines 
in a connected and systems/holistic way (Holmlund et al., 2018). It is 
an instructional approach where the teaching and learning of science, 
technology, engineering and mathematics are integrated in such a way that 
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the contribution of each subject area is interrelated and students have more 
comprehensive learning experience. As an illustration, in one of the solar 
energy projects, the students would integrate different physical concepts to 
electronic circuits and develop engineering solutions for system effectiveness, 
using the mathematical tools to perform the calculations (Han et al., 2022).

Cross-curricular work may also help students connect the dots on 
challenging problems, for example when it comes to specific environmental 
problems like climate change and waste management. Addressing such 
issues necessitates the interdisciplinary transfer of science, technology, 
engineering and mathematics (Akarsu et al., 2020; Nugraha et al., 2024). 
Systems thinking, design-based approaches, and sustainability are all 
commonly used concepts that can help to bridge knowledge across disciplines 
and produce an effective solution to a problem as it encourages teamwork 
(Roehrig et al., 2021; Wu et al., 2024). Hence, It is not merely a vehicle for 
transferring knowledge between disciplines, but also contributes greatly 
to skills such as analytic thinking, creativity, and application. Projects that 
are real-life and holistic design lead to greater success in learning in STEM 
areas (Holmlund et al., 2018; Akarsu et al., 2020; Roehrig et al., 2021; Han 
et al., 2022; Nugraha et al., 2024; Wu et al., 2024).

Learning with Nature: Outdoor Laboratories
Nature-based learning embodies the connection between STEM 

education and ecological sustainability, and it promotes engaging and 
direct methods of learning from and with nature (Christie et al., 2015). 
Biodiversity observations, water and air quality measurements in local 
ecosystems, or investigations of local effects of climate change help students 
personally experience environmental problems (Toran, 2016; Yaşar-Ekici 
et al., 2018); while greenhouse systems built in the garden of the school 
allow students to recognize sustainable agriculture and observe it (Gulhan, 
2023; Kanosvamhira, 2025), solar panels and small-scale wind turbines give 
students a good idea of energy production processes and technology (Cole, 
2023). Direct exposure relating to actual practice of scientific process skills 
empowers learners in the analysis of data, enhances their confidence in data 
collection and interpretation, leading them to a more informed perspective 
on environmental issues.

System Thinking Skills and Ecological Awareness
Systems thinking is a holistic way of thinking that makes the study of 

environmental education issues complex. This mode of thinking recognises 
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the wider system in which a problem is embedded and the interconnections 
between the elements that constitute this system, instead of analysing the 
problem in isolation (Arnold & Wade, 2015). Given that many environmental 
problems are complex, systems-oriented problems with both social and 
ecological components, fostering a systems perspective can be beneficial 
to attain solutions in these realms (Williams et al. 2017). Taking a system 
approach, seen as an integral part of environmental education, may help 
students to appreciate the relationships among human behaviour and nature. 
This capacity enables them to design deep rather than shallow responses to 
wicked environmental problems (Stave & Hopper 2007). It is even greater 
when considered as an instrument for understanding causes, and also 
the potential effects of global environmental problems which are more 
comprehensively defined as climatic changes, loss of biodiversity and natural 
resources depletion, therefore it demonstrates how the system thinking 
approach in which scientific thinking is being revealed, so this consciousness 
acquired with assistance of scientific thinking approach in environment 
issues help pupils learn how to use this treasure chest information not only 
for solving such problematic issues that were associated with environment 
but regularly in their daily lives (Elmas et al., 2021).

The function of ecosystems provides a quick feedback system and it is 
good for simplifying the training system thinking on the part of student 
body. It is through a study of interactions that students will be able to 
evaluate the effect humans have on these systems at an even greater level 
whilst considering how all living and nonliving things are interrelated to 
each other. Such an outlook allows students to reach beyond contemporary 
consequences of global problems and find a future direction for their lives. 
Since the concept of cycles and processes like carbon and water cycle have 
the potential of being inspiring metaphor for students, they can understand 
the relationship among natural system (Soderquist & Overakker, 2010; 
Tidball & Krasny, 2011).

For instance, environmental problems affect them in local to global 
scales, so multi-scale thinking help learners to understand these complex 
relations (Bi et al., 2021). This skill encourage students to consider the 
local and global impact processes and understand sustainable processes 
on the environment (Milfont et al., 2012). They turn into analysts; but more 
importantly, they create more sustainable, more creative solutions to these 
complex environmental problems. The students also learn to integrate their 
science, engineering and math knowledge to implement their solutions to 
the environmental problems presented (Semerjian et al., 2004).
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Discussion
There is a special relationship between environmental sustainability 

and STEM education in contemporary education. STEM integrates science, 
technology, engineering and mathematics in order to engage students in 
developing such skills as critical thinking, problem solving and creativity. 
Environmental-sustainability education also teaches students to be aware 
of their environment. Literature stated that integrating these two disciplines 
will create learning environment to enhance the students’ academic and 
competencies as well as raising their environmental sensitivity (Enön & 
Hiğde, 2024; Cordaro et al., 2025). It is proven from a research that the 
integrated teaching of STEM education and environmental sustainability 
contributes to the improvement of students’ academic performance as 
well as their ecological knowledge (Han et al., 2022). This combination 
of subjects assists in solving scientific and creative problems around the 
daily life problems the student experiences, and even develops their critical 
thinking, problem solving and systematic view. Moreover, environmental-
centered STEM studies support individuals to gain positive attitudes related 
to environment and gain habits of sustainability (Ayverdi et al., 2024).

The Maker approach, blending together STEM education and sustainability 
and merging the do-it-yourself concept with technology, is one of the vital 
approaches (Sönmez & Şahinkayası, 2021). This approach allows students 
to come up with creative and innovative solutions while also applying their 
theoretical knowledge. Real-world problem-solving engages students to 
learn, and likely remember more of what they have learned. On the contrary, 
Maker spaces allow students’ enhancement of skills related to technology 
and play a role for sustainable technologies (Demir & Güneş, 2020).

The education of STEM encourages and supports the creation of 
new initiatives to address environmental concerns. The use of science, 
interdisciplinary projects, and technology allows students to discover and 
analyze real-world environmental problems to brainstorm creative, tech-
based solutions. Nonetheless, they have not been without their shortcomings, 
including an inadequate treatment of the social and cultural dimensions, 
a limited examination of the economic and political context, and a general 
neglect of local knowledge and traditional practices. Therefore, it is seen 
necessary to address the integration of STEM education and environmental 
sustainability with a more comprehensive and balanced approach (Uslu ve 
Boz-Yaman, 2021).
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Conclusion
The connection between STEM education and environmental 

sustainability not only supports the academic development of students 
but also paves the way for positive changes in society. The STEM approach 
aims to provide students with skills in scientific thinking, engineering design 
and technology use (Beers, 2011; Hilton & Honey, 2011), while increasing 
environmental awareness through sustainability education. The integration 
of these two fields helps students learn and also makes them recognize their 
responsibility towards the environment. Hence better-prepared citizens are 
prepared for the challenges of this new and challenging times (Bybee, 2010).

STEM education has been shown to be effective and the interdisciplinary 
nature of STEM education creates opportunity for students to be exposed to 
a more complex and broad perspective on environmental issues. Students 
learn about environmental issues which will prepare them to act more 
sustainably with the help of STEM sustainability projects (Christie et al., 
2015). Apart from that, these projects helps in building our critical thinking, 
creativity and communication skill as well as collaborating with others. 
It further promotes the growth of 21st century skills (Han et al., 2022). 
STEM-Sustainability integration is an education to serve both individual 
development and the good of society in a holistic way.

Since the STEM education as well as the sustainability theme provides 
the possibility of assessing the information of various disciplines together, 
it is not hard to see the connections between disciplines more clearly by 
students (Akarsu et al., 2020) The coupling of STEM, the sustainability topic 
enables the assessment of varied information from different disciplines 
together, and it also helps students to realize the connections between 
those disciplines more easily. Particularly when used with project-based 
learning, sustainability-driven projects allow for greater student engagement 
in the learning process — a win-win for students and educators! Such 
projects provide opportunities for students to not only gain knowledge, 
but also acquire experience as they apply this knowledge into real-life 
environmental issues (Lee & Lee, 2025). Providing enhanced learning with 
environmental material allows students to develop a closer relationship 
with their environment, potentially creating a tangible link between school 
and real-life experiences (Savage et al., 2008).

The future of STEM education and sustainability will continue to evolve 
in the next few years due to technology, education trends, and changes in our 
society. Considering the widespread models of data, the prevalence of digital 
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technologies, such as artificial intelligence, the internet of things and big 
data analysis, digital tools may facilitate greater integration and larger-scale 
consumption of this integration (Bărbulescu et al., 2025). In addition, the 
pertinacity of the climate crisis and environmental degradation illustrates 
the urgent need for education systems to transform towards sustainability. 
Integrating STEM education with sustainability is capable of supporting 
not only the academic and intellectual development of individuals, but also 
the achievement of long-term environmental goals by societies (Li, 2025).

Recommendations
In order to integrate STEM education and sustainability issues more 

effectively, it is necessary to review the national and local curricula. In this 
context, a structure that supports interdisciplinary perspectives and allows 
students to connect with real-life problems should be highlighted (Bybee, 
2010; Beers, 2011; Akgündüz et al., 2015). In order for this transformation 
at the curriculum level to be effective, it is also important to support teachers 
pedagogically and to provide the infrastructure needed in practice (Altunel, 
2018; Yaşar-Ekici et al., 2018). In addition, restructuring the evaluation 
systems in accordance with this change and re-structuring them with project-
based, practice-based and process-oriented methods can be a strong step 
that will strengthen both the academic development of students and their 
environmental awareness (Toran, 2016; Bascopé ve Reiss, 2021).

Effective transfer of STEM education and sustainability to the classroom 
environment is possible when teachers continuously improve their 
knowledge and skills in these areas (Hilton & Honey, 2011). Teachers who 
regularly participate in professional development activities can apply both 
current pedagogical approaches and technology integration more effectively. 
Teachers from different disciplines working together on projects supports 
students to experience a multidimensional and holistic learning process 
(Yıldız et al., 2021). In this context, integrating educational technologies into 
the teaching process in the right way also contributes to the development 
of students’ digital literacy skills (Christie et al., 2015). Including local 
environmental issues in course content places an important responsibility 
on teachers to increase students’ environmental awareness (Huang, 2024). 
All these elements, together with the strengthening of teachers’ professional 
competencies, make it possible to successfully implement an interdisciplinary 
and sustainability-focused STEM practice at the classroom level (Rehman 
et al., 2025).

Merely incorporating STEM education and sustainability into course 
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content is insufficient; it is crucial to infuse this approach throughout 
the school’s operations and culture. Schools that collaborate with local 
communities, universities, and industry offer richer learning experiences 
for both students and educators (Holmlund et al., 2018). School campuses 
serve as dynamic learning environments where students can bridge theory 
and practice in sustainability. By actively participating in project planning, 
implementation, and evaluation, students engage in participatory learning 
and develop a sense of responsibility (Christie et al., 2015; Han et al., 2022). 
Holistic approaches not only enhance academic growth but also cultivate 
students’ awareness of environmental issues and long-term responsibility. 
This nurtures individuals who can contribute to building a sustainable 
future (Barth & Rieckmann, 2012). 
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