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Purpose of the study: This study aims to explore the integration of Green
Sustainable Science and Technology (GSST) in STEM learning to improve
junior high school students’ environmental literacy through a project-based
learning approach.

Methodology: A qualitative case study design was employed. Data were
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collected through classroom observations, in-depth interviews with teachers and
school officials, and document analysis. The data were analyzed using the Miles
and Huberman model, which consists of data reduction, data display, and
conclusion drawing.
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Main Findings: The results show that teachers successfully integrated GSST

GSST into STEM learning through project-based activities, such as designing energy-

PJBL saving devices using recycled materials. Students demonstrated high enthusiasm,

STEM gained meaningful learning experiences, and developed awareness of
environmental protection. Supportive school policies and facilities further
enhanced students’ conceptual understanding, environmental literacy, and
positive attitudes toward sustainability.

Novelty/Originality of this study: This study introduces GSST integration into
STEM learning at the secondary school level as an innovative model to enhance
environmental literacy. The novelty lies in linking sustainability with practical
project-based approaches, advancing educational practices that foster both
conceptual mastery and environmental responsibility to support sustainable
education.
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1. INTRODUCTION

Environmental challenges such as climate change, pollution, deforestation, and the ongoing energy
crisis have become pressing global issues that threaten ecological balance and human well-being. These complex
problems demand not only technological and policy responses but also educational efforts that promote
sustainable awareness and action. Education, therefore, is no longer limited to the transmission of scientific
knowledge; it must also cultivate attitudes, values, and behaviors that support environmental stewardship and
sustainability [1]-[3]. In this regard, fostering students’ environmental literacy is essential. Environmental
literacy encompasses the knowledge, awareness, and skills required to understand environmental systems, reflect
critically on human—nature interactions, and take informed actions toward sustainability [4].

One emerging educational approach that addresses these needs is the integration of Green Sustainable
Science and Technology (GSST) into learning. GSST focuses on applying scientific and technological
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innovations that are environmentally friendly, efficient, and sustainable. Integrating GSST within the learning
process helps students connect theoretical scientific concepts with real-world applications that aim to preserve
and restore the environment. Through this approach, students can develop contextual understanding,
environmental responsibility, and innovative thinking necessary for solving sustainability-related problems [5],

[6].

To further strengthen this integration, the STEM (Science, Technology, Engineering, and Mathematics)
framework provides an effective platform. STEM education emphasizes inquiry-based, problem-oriented
learning that encourages critical and creative thinking, collaboration, and hands-on experimentation. When
combined with GSST principles, STEM-based learning can be transformed into an environmentally conscious
pedagogical model that nurtures both cognitive and affective dimensions of learning. For instance, students can
design renewable energy prototypes, develop waste recycling mechanisms, or construct sustainable technological
solutions that directly address environmental issues [7], [8]. Such integration not only enhances scientific
competence but also strengthens students’ environmental literacy and sense of ecological responsibility.

However, despite the growing recognition of STEM-based learning in promoting innovation and
scientific skills, the specific integration of GSST into STEM to enhance environmental literacy remains
underexplored, especially at the secondary school level. Previous research has primarily emphasized quantitative
outcomes—such as environmental literacy scores, test performance, or conceptual understanding—while giving
less attention to the qualitative aspects of how GSST-STEM learning is implemented in real classroom contexts.
Few studies have investigated how teachers design and facilitate GSST-integrated STEM lessons, how students
respond to and engage with sustainability-based projects, or how such experiences influence their attitudes and
long-term environmental commitments [9], [10]. This indicates a significant research gap in understanding the
process, experiences, and pedagogical dynamics involved in integrating GSST within STEM learning.

Addressing this gap, the present study aims to explore the integration of Green Sustainable Science and
Technology (GSST) into STEM learning as an innovative strategy to improve students’ environmental literacy.
Specifically, this research seeks to understand the practical implementation of GSST-STEM integration in
classroom settings, including teacher strategies, student engagement, and the learning experiences that emerge
from such integration. Furthermore, it examines how this model contributes to developing sustainability-oriented
learning frameworks that align with the goals of modern education and global sustainability agendas [11], [12].

2. RESEARCH METHOD

This study employed a qualitative approach with a case study design, as the focus was to explore in
depth the process of integrating Green Sustainable Science and Technology (GSST) into STEM learning and
how it contributes to students’ environmental literacy. The qualitative case study design was considered
appropriate to capture contextual dynamics, experiences, and perceptions of the participants in their natural
setting [13]. The research site was a junior high school implementing STEM learning with an emphasis on
environmental sustainability. The sampling technique used was purposive sampling, selecting participants who
were directly involved in or knowledgeable about GSST-STEM integration. The participants consisted of (1)
science teachers as learning implementers, (2) eighth-grade students as direct participants in project-based
STEM learning, and (3) school officials, such as the principal and curriculum representative, who provided
policy support. This technique was chosen to ensure the information obtained was rich and relevant to the
research objectives [14].

Although this study applied a qualitative design, the main variables were defined based on theoretical
constructs to guide data collection and analysis. GSST Integration was defined as the implementation of
environmentally sustainable science and technology principles in STEM-based learning, observed through
teaching strategies, project design, and learning materials. Environmental Literacy referred to students’ capacity
to understand, care about, and act on environmental issues. It was operationalized into four dimensions:
knowledge, awareness, skills, and action [15]. These dimensions were explored through classroom observations,
student project outputs, and interview data.

The researcher acted as the primary instrument, supported by systematic tools to enhance rigor. The
supporting instruments included: (a) observation guidelines to capture classroom dynamics and GSST
integration strategies, (b) semi-structured interview guides to elicit teachers’, students’, and administrators’
experiences and perceptions, and (c) document analysis formats to review lesson plans, learning media, project
outcomes, and policy documents. These instruments were developed based on relevant literature and adapted to
the research context. Their content validity was ensured through expert judgment by two education specialists,
while reliability was strengthened through pilot testing in a comparable setting.

Tabel 1. Instrumen Research

Instrument Purpose Data Examples of Data Validation &
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Data were collected through three complementary techniques: (1) participatory observation of STEM
learning activities, (2) in-depth interviews with teachers, students, and administrators, and (3) documentation of
supporting school documents and student projects. The triangulation of these methods ensured comprehensive
coverage of the research problem. Data were analyzed using the Miles and Huberman (1994) model, which
consists of three stages: (1) data reduction, namely coding, selecting, and simplifying relevant data; (2) data
display, namely organizing information in matrices, charts, and narrative descriptions to identify patterns; and
(3) conclusion drawing and verification, namely interpreting findings to answer the research questions. This
method was chosen because it provides a systematic framework for handling qualitative data and enables the
identification of relationships between GSST-STEM integration and the development of environmental literacy.

To ensure validity and reliability in qualitative terms, four techniques were applied: (1) source
triangulation (comparing teachers, students, and administrators’ perspectives), (2) method triangulation (using
observation, interview, and documentation), (3) member checking (returning preliminary findings to participants
for confirmation), and (4) peer debriefing (discussing emerging interpretations with colleagues and experts).
Together, these strategies enhanced the credibility, dependability, and confirmability of the findings The study
was conducted in five stages: (1) preparation (literature review, permissions, instrument design), (2) data
collection (observations, interviews, document gathering), (3) initial analysis (coding and categorization), (4)
verification (triangulation and member checking), and (5) reporting (interpretation, conclusion, and
recommendations).

3.  RESULTS AND DISCUSSION
3.1. The Process of Integrating Green Sustainable Science and Technology (GSST) in STEM Learning

Based on the results of observations, science teachers integrate GSST concepts through problem-based
project learning within a STEM framework. In one session, the teacher asked students to design a simple energy-
saving device using recycled materials. The learning process demonstrated that students not only learned science
and technology concepts but also learned to think critically about environmental issues [16]-[18].

Interviews with science teachers corroborated these findings. The teacher stated, “I try to incorporate
sustainability values into my lessons. For example, when discussing energy, I direct students to create simple,
environmentally friendly projects. The goal is to make them realize that the knowledge they learn can be directly
applied in their daily lives to protect the environment”. This demonstrates that the integration of GSST into
STEM is not only cognitive but also practical, thus strengthening students' environmental literacy. Based on
classroom observations, science teachers consistently integrate Green Sustainable Science and Technology
(GSST) concepts through a project-based learning approach within the STEM framework [19]. In one session,
the teacher asked students to design a simple energy-saving device using recycled materials. This activity not
only trained students to understand the integrated concepts of science, technology, engineering, and mathematics
but also encouraged them to think critically and creatively in addressing real-life environmental issues.
Throughout the process, it was evident that students attempted to connect the theories learned in class with
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everyday practices, such as how electrical principles can be used to reduce energy use and minimize waste
through the use of recycled materials [20].

Interviews with science teachers corroborated these findings. The teacher stated, “I try to incorporate
sustainability values into my lessons. For example, when discussing energy, I direct students to create simple,
environmentally friendly projects. The goal is to help them realize that the knowledge they learn can be directly
applied in their daily lives to protect the environment.” Furthermore, the teacher added, "Students seem more
enthusiastic when given project challenges related to real-life problems, such as plastic waste or energy
conservation. They feel learning is more meaningful because they can see the connection to their daily lives."
From this statement, it can be concluded that the teacher not only emphasizes cognitive understanding but also
instills awareness of the importance of sustainability [21].

Another finding shows that students are more actively engaged when learning projects touch on
environmental issues around them. The teacher explained, “Some students even came up with ideas for making
other products from used materials, such as simple solar-powered lamps or plastic plant pots. This shows that
they are becoming accustomed to thinking about solutions and seeing the sustainable potential of materials
around them.” Thus, the integration of GSST into STEM through project-based learning not only improves
mastery of academic material but also develops students' comprehensive environmental literacy, encompassing
aspects of knowledge, problem-solving skills, caring attitudes, and awareness to take concrete action to maintain
environmental sustainability [22].

3.2. Student Responses and Experiences to Learning

Students demonstrated high enthusiasm when involved in project activities. They were more
enthusiastic when working in groups, discussing with each other, and dividing tasks. Several students admitted
to realizing that plastic waste and cans could be reused to create useful products [23], [24]. One student stated,
“Usually, science is just theory, but this time we were able to make something from used materials. So we
learned that waste can be reused and not just thrown away. It felt more exciting and useful”.

These students’ experiences demonstrate that integrating GSST through STEM can provide meaningful
learning by connecting subject matter to real life while fostering environmental awareness. Students
demonstrated high enthusiasm when involved in project activities based on the integration of Green Sustainable
Science and Technology (GSST) through a STEM framework. They were more enthusiastic when working in
groups, discussing, and dividing tasks to complete the assigned projects [25]. This collaborative process
appeared to foster a sense of shared responsibility, developing not only academic skills but also social skills.
Several students admitted to realizing that plastic waste, cans, and other used materials could be reused to create
useful products. One student stated, “Usually, science is just theory, but this time we were able to make
something from used materials. It "It taught us that waste can be reused and not just thrown away. It felt more
fun and useful”.

Furthermore, another student said that this project activity made them more confident in expressing
ideas and daring to try new things. He said, “At first, I was confused about what to make from used bottles, but
after discussing it with my friends, it turned out there were many ideas that could be implemented. We ended up
making a simple lamp [26]. I felt more confident because the results were usable”. This statement shows that the
learning experience not only equips students with an understanding of scientific concepts but also trains them to
find creative solutions to everyday environmental problems.

Interviews with other students also revealed that this type of project learning provides deeper meaning
than conventional learning. One student said, "If you usually just listen to the teacher's explanation, you quickly
forget. But if you directly practice and make something, you remember it better. Moreover, we realize that
protecting the environment can start with small things, such as using used goods." This confirms that contextual
and applicable learning experiences can strengthen students' environmental literacy through awareness and
caring attitudes.

Thus, student experiences demonstrate that integrating GSST through STEM can create meaningful
learning. Project activities not only connect science material to real-life situations but also foster environmental
awareness, creativity, collaboration, and critical thinking skills. These findings strengthen evidence that project-
based learning within the GSST-STEM framework has the potential to be an effective approach to improving
environmental literacy while developing sustainable character in students.

3.3. School Support for GSST Integration

The school supports the implementation of environmentally-based learning by providing supporting
facilities, such as a science laboratory, a skills room, and a school cleanliness program. The vice principal for
curriculum stated, “We encourage teachers to develop project-based learning that is relevant to environmental
issues. The school wants to cultivate students not only to be academically intelligent but also to care for their
environment.” This school support is a crucial factor in the successful integration of GSST into STEM learning,
as it provides teachers with space for innovation and encourages active student participation [27], [28].
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The school demonstrates a strong commitment to supporting the implementation of environmentally-
based learning by integrating Green Sustainable Science and Technology (GSST) into the STEM framework.
This support is demonstrated through the provision of supporting facilities, such as a science laboratory that
allows students to conduct experiments related to renewable energy, a skills room used for recycling activities,
and a school cleanliness program that involves the entire school community [29], [30]. The vice principal for
curriculum stated, “We encourage teachers to develop project-based learning that is relevant to environmental
issues. The school wants to cultivate students not only to be academically intelligent but also to care for their
environment.” This demonstrates the existence of an institutional policy that explicitly encourages innovation in
sustainability-oriented learning.

Furthermore, an interview with a science teacher revealed that the school actively facilitates the
teachers’ needs in implementing environmental projects. The teacher stated, “The school gives us the freedom to
develop learning methods and even supports us when we propose project activities that require additional
materials. This makes it easier for us to innovate without worrying about limited facilities.” This statement
demonstrates that the school’s support extends beyond material resources to teachers' trust and creative space
From the students’ perspective, the school's support is also felt directly. One student said, “We’re happy because
the school provides spaces for practical work, such as a skills room and a laboratory. So if we have a project
idea, we can try it right away. The school also frequently runs cleanup programs, which makes us more aware of
not littering.” This reinforces the finding that a conducive learning environment encourages active student
involvement in every learning activity.

Furthermore, interviews with the school’s student affairs staff also confirmed the consistency of the
school’s environmental programs. She stated, “Every month we hold a Clean Friday activity, tree planting, and a
creativity competition using used materials. We align these programs with classroom learning so students can
see the connection between theory and real-world practice.” These efforts demonstrate that the integration of
GSST into STEM is not limited to formal classroom learning but is also reinforced through the school’s non-
academic programs.Thus, school support in the form of facilities, policies, and environmental programs is a
crucial factor in the successful integration of GSST into STEM learning. This support not only expands teachers'
room for innovation but also builds an environmentally conscious school culture and provides opportunities for
students to internalize sustainable values through hands-on experience.

The research results show that the integration of Green Sustainable Science and Technology (GSST)
into STEM learning through a project-based learning approach provides a more meaningful and contextual
learning experience for students. The observed learning process confirmed that teachers not only emphasize
cognitive understanding but also instill sustainability values through practical activities [31]. When students
were asked to design a simple energy-saving device using recycled materials, they not only learned science,
technology, and engineering concepts but also learned critical thinking about environmental issues. This finding
aligns with constructivism theory, which emphasizes that knowledge becomes more meaningful when linked to
students’ real-life experiences [32]. The integration of GSST within a STEM framework makes learning more
relevant to everyday life, enabling students to connect scientific theory with real-world practice. Student
responses reinforce this. They demonstrated high enthusiasm, were more active in collaborating, and were able
to generate creative ideas related to the use of recycled materials for environmentally friendly products [33]. This
experience demonstrates that the integration of GSST can develop students’ environmental literacy not only in
terms of knowledge but also in skills and attitudes. Several students revealed that they only realized the potential
of plastic waste, cans, or bottles after participating in the learning project. This aligns with Ausubel's concept of
meaningful learning, which emphasizes that learning becomes meaningful when new information is connected to
students' existing knowledge. Through hands-on practice, students not only understand the theoretical concept of
sustainability but also begin to develop a critical awareness of the importance of environmental protection.
Furthermore, this experience fosters students' courage in expressing ideas, increases self-confidence, and
strengthens creative thinking and solution-based skills in solving environmental problems [34].

School support has proven to be a crucial factor in the success of GSST-STEM integration. School
policies that provide space for teacher innovation and the provision of supporting facilities such as science
laboratories, skills rooms, and cleanliness programs serve as a foundation for strengthening the implementation
of sustainability-based learning [35], [36]. This support demonstrates the synergy between pedagogical and
institutional aspects. Schools not only provide facilities but also facilitate a learning culture that fosters
environmental awareness. This aligns with the school-based support system theory, which emphasizes that
structural support from educational institutions significantly influences the successful implementation of learning
innovations. Through programs such as Clean Fridays, tree planting, and recycling creativity competitions,
schools consistently strengthen the integration of sustainability values both in the classroom and through non-
academic activities.

Previous studies have mainly focused on the adoption of green technologies within industrial,
economic, and policy contexts. For instance, research on Green Al highlights organizational, technological, and
leadership factors influencing the adoption of environmentally friendly technologies in SMEs. Other studies
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emphasize the role of green taxation, green logistics, green climate finance, and green technologies in facilitating
the transition toward a sustainable economy. Similarly, investigations into green finance and environmental
policies tend to address systemic and macro-level issues [37]-[39]. However, these studies pay little attention to
how Green Sustainable Science and Technology (GSST) can be integrated into the educational domain,
particularly within STEM learning, to directly influence students’ environmental literacy. This reveals a clear
gap in connecting green technology and sustainability practices with students’ knowledge, attitudes, and actions
toward the environment an area crucial for shaping environmentally responsible future generations.

Addressing this gap, the present study introduces novelty by shifting the focus from industrial and
macro-policy frameworks to the educational context of STEM learning. Integrating GSST into STEM is not only
an innovative pedagogical approach but also a practical strategy for instilling environmental awareness and
science-based critical thinking skills among students. Unlike prior research, this study empirically examines the
effect of GSST integration on students’ environmental literacy, offering new insights into how sustainable
practices can be embedded within classroom learning. Consequently, this research expands the scope of
sustainable education literature and strengthens the discourse on the role of STEM education in supporting green
and sustainable development agendas [40], [41].

The implications of these findings are significant. First, the integration of GSST through STEM has
been proven to improve students' environmental literacy comprehensively, encompassing knowledge, awareness,
critical thinking skills, and concrete actions. Second, the project-based learning approach has proven to be an
effective means of connecting science material to students' real-life contexts, making learning more applicable
and directly impactful [42], [43]. Third, school support is a reinforcing factor, providing space for teachers to
innovate while simultaneously building an environmentally conscious school culture. This demonstrates that the
successful implementation of GSST integration in STEM depends not only on teacher strategies but also on a
supportive educational ecosystem.

This study is subject to several limitations that should be acknowledged. First, the research was
conducted within a single junior high school context, which may limit the generalizability of the findings to
other educational settings with different resources, teacher capacities, or student demographics. Second, the
study focused specifically on the integration of Green Sustainable Science and Technology (GSST) into STEM
learning through project-based activities, which means other pedagogical approaches or cross-curricular
applications were not explored. Third, the assessment of students’ environmental literacy relied primarily on
qualitative data obtained through observation, interviews, and document analysis; while this approach provides
depth, it may not fully capture measurable changes in knowledge, attitudes, and skills over time. Fourth, the
study did not account for long-term effects, as it measured outcomes within a relatively short implementation
period, leaving open questions about the sustainability of students’ environmental literacy growth. Finally, as the
researcher also acted as the primary instrument for data collection and analysis, despite the use of triangulation
and validation techniques, the potential for subjectivity and researcher bias cannot be entirely eliminated. These
limitations highlight the need for future studies to adopt mixed-methods designs, include multiple school
contexts, and investigate long-term impacts to strengthen the robustness and applicability of the findings.

Thus, this study confirms that the integration of GSST in STEM learning is relevant to the needs of
21st-century education, which demands an integration of science, technology, critical thinking skills, and
sustainability awareness. These findings also address a gap in previous research that tends to place
environmental education solely in the cognitive domain or as an incidental activity, without systematic
integration into the STEM curriculum. This urgency is increasingly apparent given the low environmental
literacy among students and the increasing global challenges such as the climate crisis, pollution, and the energy
crisis. Therefore, the integration of GSST through STEM can be an alternative innovative learning model that
not only equips students with academic knowledge, but also forms an environmentally conscious character and
sustainable living skills.

4. CONCLUSION

This study concludes that integrating Green Sustainable Science and Technology (GSST) into STEM
learning enhances students’ environmental literacy by linking scientific concepts with sustainable practices
through project-based activities. The findings contribute theoretically by providing a qualitative perspective on
GSST-STEM integration, addressing gaps in previous research dominated by quantitative outcomes. Practically,
the study implies that schools and policymakers should adopt GSST-based STEM approaches as part of
sustainability-oriented curricula to strengthen students’ conceptual understanding while cultivating
environmental responsibility.
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