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Abstract

The research investigated how science education through integrated sustainability practices
helps primary school students develop environmental identity while studying sustainabil-
ity practices in their daily schoolwork. The research investigated methods to incorporate
sustainability principles into regular school operations, which would lead students toward
environmentally responsible conduct. The research used qualitative methods to achieve its
goals. The research team conducted 60 sessions of semi-structured interviews and school
observations in private schools located in Riyadh and Al-Ahsa regions of Saudi Arabia.
The Grounded Theory method enabled researchers to generate concepts that directly stem
from the collected data. The research results demonstrated that schools need to implement
sustainability practices to teach students about nature-human connections and develop
environmental values and sustainable practices and improve daily environmental prac-
tices and establish sustainable practices as school examples. The study demonstrated that
students developed stronger environmental identity through daily school activities that
incorporated sustainability education. Furthermore, students’ environmental behaviors
improved through participation in activities such as waste sorting and tree planting. Based
on these findings, the study recommends strengthening the role of science education in
promoting sustainability through practical activities, training teachers in integrative envi-
ronmental education strategies, developing curricula that emphasize sustainable practices,
and involving parents in raising environmental awareness within the school community.

Keywords: science education; environmental identity; sustainability; environmental
practices; environmental education integration; environmental awareness

1. Introduction
Because of how quickly environmental devastation is happening, humanity is con-

fronted with multiple ecological problems of growing complexity that increasingly en-
danger environmental and social order at the same time. The Earth faces an existential
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threat because of climate change and pollution in air and water and ecosystem destruction
and biodiversity decline [1–5]. The situation has evolved from scientific and technical
aspects to affect moral and ethical and cultural domains as major crises. The world needs
an urgent transformation of human-nature connections throughout all regions. The current
situation demands more than traditional knowledge production and legislative approaches
because they prove insufficient for addressing this problem. People need to undergo a
complete transformation in their mental outlook and natural behavior patterns, and actions.
Educational institutions need to transform their mental and future orientation approaches
because they serve as essential sites for developing these perspectives [3–6].

Pedagogy at every level attempts to do more than just give information and explain
ideas. Each educational level is capable of transmutation of thinking processes and form-
ing essential values and attitudes to sustain the environment. The lower primary class
introduces pupils to basics of life, which highlights the importance of science education.
Students need to learn the relationship between man and nature as well as the intricacies
of the environment in order to make responsible choices [7–10]. Science education needs
an integrative method to achieve its full potential because this method connects scientific
explanations to students’ real-life experiences and their everyday environment. Students
need to learn outside traditional classroom boundaries because their everyday experiences
should become the foundation for sustainability education [9,11,12].

The early stages of education require this method because students develop their
intellectual and emotional and behavioral identities at this time. The values and attitudes
that students will maintain throughout their lives exist in a state of flexibility during this
developmental stage [13]. This offers the best opportunity for nurturing a responsibility to
the environment and a sense of the self as part of nature [13,14]. Environmental education
at this stage should go beyond the imparting of information and should include the
nurturing of the learners to the point where they can encounter, experience, and find
personal meaning in the complex environmental issues and challenges. This is the reason
for the need to nurture the environmental identity of learners: as a fundamental element
in constituting a generation that feels that they belong to, and are not separated from, the
environment [15–18].

Essence of identity with the environment transcends to the mere understanding of
worrying about it as it goes further to portray an emotional connection to it as well as
an anchor to the intrinsic feeling of the responsibility of protecting it [15,19–21]. Such an
identity is not acquired through teaching, yet it is through experience and engagement in
substantial activities that an individual to the environment derives its utmost satisfaction.
Students whose science education is complemented with activities such as school gardening,
nature observation and other similar activities, develop the ability to deeply, emotionally,
and persistently understand the concept of sustainability [20]. Such activities empower
students to have more responsibility at school and in the community, and more importantly,
to construct their understanding of the environment from observation and everyday life,
which enhances their environmental responsibility [19,22,23].

The worldwide educational assessment indicates that science education should serve
as a tool to help students in elementary school develop their environmental aware-
ness [3–5,24,25]. The initiative supports an integrative system that uses science education
to help students develop deep environmental understanding. The educational objective
focuses on developing students who understand environmental issues rather than teaching
them basic environmental knowledge. The educational goal focuses on developing envi-
ronmental stewards who understand their planet deeply while showing genuine care and
taking active steps for its protection.
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1.1. Literature Review

Educators begin exposing learners to science during the formative years in the hope
that they will begin to appreciate the environment and develop critical thinking skills.
The stage is crucial in the students’ life as it shapes how they will learn, appreciate and
practice the relevant skills, and adopt the desired attitudes. For this reason, science ed-
ucation is an important tool that fosters the necessary integration between science and
environment [22,23]. Students are thus able to assimilate environment-related issues and
concepts in a logical manner [7,11,26–28].

Generally, to retain a curriculum, one must focus on the environment, pollution, and
conservation. Such topics aid the learner in making coherent and practical associations
about the environment and their day-to-day activities, which fosters an understanding of
environmental issues at an early age [8–10,20,21,29]. The study of ecosystem equilibrium
helps students develop appreciation for all ecosystem elements while showing them how
single removals trigger a chain reaction. The combination of knowledge about deforestation
and water pollution, and fossil fuel usage creates environmental awareness in students [3,6].

Students at this level start to develop basic knowledge, which enables them to recog-
nize their deep connection with nature as an environment that extends beyond abstract
distant systems. The combination of knowledge enables students to solve environmental
problems by understanding complex feedback systems and finding solutions through
enhanced critical thinking [30,31]. The teaching approach develops critical thinking abili-
ties, which include analysis and evaluation, and creation skills that match the educational
standards of the twenty-first century [32–35].

The teaching approach integrates outdoor and practical learning to foster energy and
related values alongside cognitive skill development. Rather than being passive spectators
to their ecosystems, students participate in proactive activities such as tree planting, air
and water observation and recording, and waste cleanup [5,25].

Constructivism identifies learning as a process of adapting one’s psycho-physical
system to the outside world. This illustrates the effectiveness of learning made through
direct contact with nature rather than through narration [30,36]. The study of ecosystem
equilibrium helps students develop appreciation for all ecosystem elements while teaching
them about the basic chain reactions that occur when one component disappears. The
acquisition of knowledge about deforestation and water pollution, and fossil fuel usage
enables students to develop environmental awareness [3,6].

Students at this level start to develop essential knowledge that enables them to rec-
ognize nature as their environment through deep connections and relational bonds that
extend past distant abstract systems. The combination of knowledge enables students to
solve environmental problems by understanding complex feedback systems and finding
solutions through enhanced critical thinking abilities [30,31]. The teaching approach devel-
ops essential higher-order thinking abilities, which include analysis and evaluation and
creation because they form the base of twenty-first-century education standards [32–35].

The teaching of science through direct instruction with practical and outdoor activities
develops both cognitive abilities and the value of energy in students. These emotional
benefits enhance the motivation of students to learn and engage in pro-environmental
behaviors [37]. Thus, it is crucial to integrate direct and prolonged sensory interactions with
the natural world into the curriculum in order to prepare students who, in addition to being
knowledgeable about the environment, are emotionally committed to its preservation.

Research highlights a growing concern about the disconnect between holistic, deep,
and transformational learning and nature. Learning in the real world, particularly with
nature, achieves deeper and longer-lasting changes than learning that is abstract and
content-heavy [3,18,31]. The educational approach to science must be based on a new
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paradigm that situates practice as active inquiry into phenomena of the world that can be
connected to within the learners’ daily context. This new philosophy promotes independent,
responsible thought and citizenship as the learners begin to grapple with the intricate web
of relationships in their environment.

The program results in active civic participation as community knowledge defenders.
Horizontal knowledge integration is supported by emotional and psychological frames that
support higher-order and transformational thinking. Action and self-sustaining systems
alongside deep empathy and understanding prepare candidates for global sustainabil-
ity challenges.

Most recent science education frameworks emphasize that the core of science teach-
ing is sustaining education within contextualized, personalized, and life-oriented ap-
proaches [36,38]. These models argue for reframing the outcomes, content, and pedagogy
of environmental education as the primary focus of a unit, rather than as a supplementary
finishing component, for greater relevance and efficacy [20].

Research shows that incorporating sustainability into the Science courses enhanced
students’ environmental consciousness and led to stronger emotional responses toward
the subjects [21,31,39]. Moreover, studies show that student participation in local projects
has a positive impact on their academic performance, teamwork competencies, and the
scope of environmental protection measures [3,40]. Global learning Encouragement of
environmental and citizenship competencies is higher when the environment is integrated,
in contrast to gained in isolation [25].

The educational approach follows the current educational trends in teaching methods.
The social–constructivist theory of Vygotsky demonstrates how students learn best through
social interactions while working within their “zone of proximal development.” The learn-
ing environment of cooperative learning enables students to share their thoughts while
working together to solve environmental problems. Students participate in knowledge
construction by actively developing their own answers and ideas during this learning
process [21,29,39].

Learning and development, according to Bronfenbrenner’s ecological systems theory,
take place within an established system. The system begins with family and school before
expanding to encompass broader community and societal elements. This indicates that
students who experience hands-on learning with their natural environment show more
behavioral changes than students who learn theory, demonstrating that environmental
education value increases when students learn outside their classrooms through family
and community involvement. Research through theoretical instruction [13,15–18].

The discovery learning approach of Bruner supports teaching methods that use real-
world experiences and inquiry-based learning. Students develop environmental enthusi-
asm and long-term commitment through direct environmental experiences such as biodi-
versity observation and pollution analysis, and sustainability project work [24,28].

The science curriculum needs to evolve from knowledge transmission to develop
“environmental competence”, which combines knowledge with skills and values and
responsible actions according to the theoretical foundations. The assessment of students
should focus on their ability to solve real-world problems and self-assess their work, and
perform community-based tasks that demonstrate their ability to apply classroom learning
beyond traditional exams.

Research from Al-4 et al. [23], Lanza et al. [28], Tal [41] and Torsdottir et al. [42] shows
that students who engage in interactive environmental education demonstrate better skill
assessment and show reduced destructive behavior such as resource waste. The research
supports the need for an educational system that positions teachers as environmental
advocates while transforming schools into green learning centers.
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The educational transformation extends beyond classroom teaching methods because
it affects how schools operate within their community and their physical environment.
The combination of institutional recycling programs and waste reduction strategies and
school gardens and environmental education initiatives at schools helps students develop
purposeful environmental identities [25,43–45].

Environmental identity development remains essential for modern environmental ed-
ucation to progress. The educational goal surpasses environmental knowledge acquisition
because it aims to develop emotional bonds and behavioral connections between students
and nature [14,19,40]. Students need to participate in environmental-focused activities to
develop their sense of purpose and personal identity. Students develop environmental
awareness through activities that include resource conservation and collaborative work
on projects and other initiatives [3,6]. Students need specific educational experiences to
develop environmental identity because this identity requires active construction through
purposeful educational approaches that help them recognize their environmental duties.
Students need their school activities and community involvement to match their curriculum
content for developing environmental identity. The works of Güler Yıldız et al. [4], Had-
jichambis et al. [5,25] and Kahn & Weiss, [46] demonstrate that small educational practices
at the smallest level, including resource selection and learning space design and school
ground maintenance, influence student adoption of sustainable values.

A fundamental requirement exists to base civic engagement activities on personal
environmental identities. The solution of interdisciplinary problems demonstrates the
importance of addressing climate change and biodiversity loss at their catastrophic levels.
The development of environmental identity creates an essential foundation that enables
people to adopt responsible ecological behavior and solve problems at individual and
worldwide levels [22,23,47].

Advocacy and active environmental education, along with environmental education,
can realize the Sustainable Development Goals (SDGs) based on the research of Ertz
et al. [21]. Schools and universities can develop socially responsible citizens through their
interdisciplinary programs, which teach students 21st-century skills. A curriculum on
environmental ethics can help students integrate their skills in teamwork, collaborative
problem solving, and critical reflection on the problem to develop creative solutions needed
to address environmental issues.

1.2. Statement of the Study

Science pedagogy plays a vital role in teaching students about environmental respon-
sibility, yet numerous educational systems maintain their traditional approach to science
education by teaching abstract theoretical concepts that fail to connect with students and
their surroundings [44,48]. The gap between the acquired scientific knowledge and the
mode of application in actual life tends to sour and dilute the contributions that science
education is capable of offering in triggering actionable change.

Field observations through classroom visits and semi-structured interviews with
students and teachers vividly illustrate a persistent discrepancy between the scientific
ideas being taught and the surrounding ecological realities of the students. The prevailing
curriculum is content-heavy; the lack of experiential learning leads to passive, rather than
active, engagement with the material being studied. Instruction from a transmission model
of teaching is less likely to enable deep learning to occur and, as such, fails to develop a
love for, or even a concern, towards the environment.

Environmental identity stands as a crucial factor for developing sustainable conduct
in this specific situation. Environmental identity exists beyond theoretical boundaries.
People develop environmental identity through meaningful encounters with the physical
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world and emotional experiences and active participation [24,25]. Students need edu-
cational settings to experience and interact with their local systems so they can build
their environmental identity through direct experiences rather than memorizing abstract
scientific facts.

The research shows that interactive science education methods help primary school
students develop a robust environmental identity. The educational stage of primary school
students is crucial because it matches their developmental period when they actively
form their personal identity and remain highly receptive to new information. Students
acquire new knowledge while building their future behavioral framework through this
developmental stage.

The research uses environmental competence as its theoretical base to explain how
people solve environmental issues through responsible decision-making and problem-
solving abilities. Science education shows promise for developing critical thinking skills
and student environmental participation in sustainability practice when teachers use
participatory and context-specific teaching methods.

The research develops an educational framework that unites cognitive aspects with
emotional elements and motor skills in science education. The research advocates for three
active educational methods, which include project-based learning and cooperative learning
and solution-centered learning, that enable students to study their environment directly
and create practical solutions for identified problems. The research shows teachers should
evolve from knowledge distributors to purposeful learning architects who lead students
through inquiry-based educational experiences.

The research focuses on science education’s broader mission to develop practical skills
through environmental learning, which enables students to handle modern ecological chal-
lenges and become future environmental guardians. The research investigates how well
current educational programs achieve this goal while identifying methods to enhance envi-
ronmental education through science education. Thus, this study answers the core question
of the research: how does environmental science education influence the development of
students’ environmental identity and foster their engagement in sustainability practices?

2. Methodology
2.1. Research Design

The research investigates how students develop their environmental identity and
acquire sustainable practices through science education forms the main subject of this
investigation. The research used qualitative methods to unite scientific knowledge with
environmental education through an interdisciplinary framework. The qualitative re-
search method studies complex educational practices through contextual analysis to reveal
how teachers experience their work environment and the meaning behind their teach-
ing methods.

The research data collection methods consisted of semi-structured interviews and
classroom observation sessions. The researcher conducted interviews to engage with
science educators about their educational beliefs regarding science education and envi-
ronmental identity development and sustainable practice implementation. The research
method produced detailed unstructured data which captured both teacher perspectives
and their operational teaching environment.

The researcher gained direct access to observe teaching methods in real classrooms to
evaluate teaching methods and study student-teacher interactions when students learned
about environmental topics or practiced sustainable activities. The integration of these
two tools enabled a better and more in-depth understanding of the role of science educa-
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tion in fostering students’ awareness of environmental issues and encouraging sustain-
able practices.

2.2. Participants

To select participants for this study, the researcher used purposive convenience sam-
pling. Participants in the study included 60 elementary science teachers from two areas in
the Kingdom of Saudi Arabia: Riyadh (the capital), as well as the Al-Ahsa region. Partici-
pants were chosen because of the fit of their profiles with the aims of the study, especially
their educational qualifications, teaching methodologies, and the nature of their schools.
For this study, participation was restricted to male teachers only because of the cultural
and sociological factors in Saudi Arabia that shield boys and men from entering schools for
girls. The lack of female responders should, therefore, be viewed as a contextual issue and
not the result of gender bias in the study’s design.

All the participants worked in private schools with fairly similar professional and
sociocultural surroundings in terms of the resources available, the number of students
per class, and the level of freedom in curriculum and pedagogy. Both the default state
school curriculum or alternative curricula, which offer further teaching opportunities for
environmental education integrated into the sciences, are present in schools. The research
scheme made it possible to scrutinize science education’s impact on pupils’ formation of
environmental identity and its effect on students’ sustainable behavior.

The data distribution regarding participant teaching experiences showed equal repre-
sentation. The teaching experience of eight teachers (13.3%) spanned from 2 to less than
5 years, while 24 teachers (40%) worked for between 5 and less than 10 years. The majority
of teachers (46.7%) had spent more than ten years teaching, which made them the largest
group in the study. The participant distribution provided an optimal mix of new teacher
creativity and experienced teacher reflection because novice teachers brought fresh ideas
while veteran teachers contributed their accumulated knowledge.

The participants demonstrated suitable qualifications for studying the research topic
because they all possessed science education degrees. Specifically, 31 teachers (51.7%) were
bachelor holders in a scientific field (biology or chemistry), accompanied by a teaching
diploma. Further, 15 teachers (25%) were bachelor graduates in education majoring in
the teaching of science. At the postgraduate level, 10 teachers (16.7%) had a master’s
degree in science education or in curriculum and instruction, while 4 of them (6.6%) were
doctorate holders in higher education pertaining to the teaching of science or the curriculum
development of science.

2.3. Data Collection Tools

The research employed qualitative methods through multiple data collection tools to
study how learning spaces help students develop environmental awareness and school-
based sustainability practices. To do this, two primary qualitative tools were structured
classroom observation and semi-structured interviews. Each of these tools was carefully
designed and developed along the parameters of expert validation, field piloting, real use,
and thorough validation and reliability analysis.

2.3.1. Structured Observations

While coming up with new drafts with new sentences, we knew this section would
be difficult. I Hesitated Further. I Observed All the Science Lessons in the Upper Primary
Classes (4, 5, 6) With the Aim of Assessing the Integration of Environment and Sustainability
Concepts in Teaching. Lessons that Taught or Touched upon the Themes of Ecology and
Nature, Renewable Energy, and the Human-Nature Relationship Were the Focal Points in
the Lesson.
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I took 45 min for each observation session, including all aspects of the classroom,
which included teacher-student interactions, use of instructional materials, types of ques-
tions asked, environmental and critical thinking, student participation in environmental
conversations, and the ways in which the ecosystem is taught, and focused on the en-
tire classroom and school. These observations also included the school’s extra-curricular
activities, environmental amenities, and awareness posters.

The principals of the classroom, the school, and the amenities are documented in a
separate observation guide that is designed in accordance with the aims of the study. The
checklist was subjected to scientific validation by ten experts from various relevant fields,
including science curricula, environmental education, teaching methods, environmental
psychology, and educational supervision, along with experienced teachers and supervisors
from the Saudi educational context. Their feedback ensured both face and content validity,
with indicators revised and refined for clarity and comprehensive coverage of cognitive
and behavioral aspects related to environmental identity.

The observations were carried out independently by two researchers specialized in
science education, using the same observation checklist. After each session, comparative
analytical meetings were held to assess the degree of agreement between their assessments.
To measure inter-rater reliability, Cooper’s formula (1981) was applied as follows:

Agreement percentage = (Number of agreements)/(Number of agreements + Number of disagreements) × 100

According to this formula, the inter-rater agreement for classroom observations
reached 97%, a very high rate that confirms the tool’s consistency and reliability in in-
terpreting environmentally related teaching behaviors. These observations were further
supported by contextual field notes taken immediately after each session, adding depth to
the analysis of classroom dynamics and implicit or indirect meanings.

2.3.2. Semi-Structured Interviews

To complement the field data and deepen the understanding derived from obser-
vations, semi-structured interviews were conducted with the same teachers observed in
the classrooms. Interviews took place in quiet areas within the school environment and
lasted between 40 and 60 min, with participants providing informed written consent for
audio recording.

The interview guide was carefully developed based on the theoretical framework of
the study and the literature on science education and environmental education. It included
several open-ended questions that encouraged participants to freely express their views
and experiences. Key topics covered were:

• How do you understand the concept of sustainability in the context of teaching science?
• What relationship do you see between science and environmental identity?
• How do you integrate environmental awareness into your lessons?
• Do you implement any extracurricular activities related to the environment?
• What challenges do you face in promoting environmental behavior among students?
• How do you assess the school’s role in building environmental values?

The interview guide was validated by the same multidisciplinary panel of ten experts,
whose reviews helped ensure content validity, clarity, and relevance to the study’s aims and
context. A pilot study was also conducted with seven teachers outside the main sample to
test question effectiveness, evaluate participant responses, and adjust the language to suit
the local educational culture.

Interviews were analyzed independently by the two researchers, followed by dis-
cussion sessions to interpret the textual content and determine the degree of agreement
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between analyses. Using Cooper’s formula to calculate inter-rater agreement in interview
analysis, the percentage reached 95%, indicating a very good level of consistency and
shared objective interpretation.

2.4. Data Analysis

This particular research is qualitative in nature. The literature on classroom obser-
vations and semi-structured interviews concerning the impact of science instruction on
students’ environmental identity and sustainability actions. To fully grasp the phenom-
ena at hand, the grounded theory approach, which works with data from the bottom up,
defining and organizing categories and concepts is applicable in this case.

Over time, engaged analysis of the interview documents and observation records
resulted in the open coding of chaos. The open codes were then given axis coding to
generate gap as axis codes, which led to four predominant themes that appear in both
observation and interview data.

1. The value of the interrelationship of humans and their environment enhances un-
derstanding of the concept. It came from the way teachers and classroom practices
focused on the value of human and nature interaction.

2. Through their instruction, teachers strive to foster in students environmental ethics
and practices of sustainability.

3. The promotion of environmental behavior and practices among learners: This fo-
cused on learners developing sustainable practices both in the classroom and the
school environment.

4. The educational institution actively promotes sustainable practices by creating an
educational environment that supports learning and sustainability through its policies
and activities.

Research data included observations that revealed the practices students used when
relating to one another and the teaching materials used, as well as the development of
their critical thinking abilities with regard to environmental problems. They focused
on particular aspects of problem-based and local surrounding environmental examples
because they wanted to quantify their presence in the data.

From the analysis of interviews with teachers, the research focused on their ‘environ-
mental identity and sustainability in teaching and learning’ while balancing the spoken
and unspoken words that added a qualitative depth to the analysis in the specific social
setting. The second coder conducted an independent analysis of all ten interviews to verify
that the results were accurate and dependable. Interview participants were also invited to
validate the results of the research in a cooperative effort to enhance researcher validation
by signing the transcripts of their interpretations.

The research obtained higher credibility by integrating thorough qualitative evalua-
tions with large-scale quantitative outlines. This was an example of triangulation where
multiple pieces of evidence were used to bolster the data. The research articulates the
role of science education in fostering students’ environmental identity and the practice of
sustainability at the primary level.

Based on the above, the process of qualitative data analysis can be represented in
Figure 1.
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Figure 1. Semi-structured Analysis Model.

2.5. Ethical Considerations

To conduct the research within the parameters of the laid ethical framework of research
was given priority as part of the study’s focus. The ethics of the study was under the
jurisdiction of the King Faisal University in Al-Ahsa, which also granted the study’s
ethics approval. Subsequently, line of sight was developed with the administrative offices
of private schools in Riyadh and Al-Ahsa, which, after comprehensively analyzing the
study’s aims and methodology, granted approval, thus allowing for the orderly setting of
data collection.

Subjects were given a comprehensive overview of the purpose of the study and the Re-
linquishment of their responsiveness. The researchers obtained complete participant rights
abandonment through informed consent forms, which allowed participants to withdraw
their active data contributions at any time without facing any adverse effects.

The scholars prevented participants′ identity disclosure by removing all elements of
personal data and reports and replacing real names with pseudonyms. Only the original
principal investigators could access the original data, which was stored in high security.
Due to the ethics maintained, which enabled the respondents and the researcher to build
rapport, the data was found to be credible and therefore useful for the study. It enhanced
the trustworthiness of the study. The participants only abandoned their rights through
the informed consent processes, which allow them to withdraw their data unconditionally
and at any time, as decided by the participants. The study underscored the fact that
ethical research, which has its roots in respect, transparency and professional conduct is
the foundation of responsible science.

3. Study Findings
The research examined how school science education supports students in develop-

ing their environmental identity and sustainability involvement. The research involved
60 observations and interviews with primary science teachers to achieve its goals. The
research findings produced four categories, which demonstrate the various aspects of
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science education and student environmental identity development. The following section
explains these categories in detail.

3.1. Category One Results: Increasing Awareness of the Interdependent Relationship Between
Humans and Nature

Science education enables students to understand the fundamental connection be-
tween humans and nature while teaching them to view the biosphere as an interconnected
system where human actions affect all life forms and abiotic elements and ecosystems and
human existence depends heavily on these ecosystems. Analysis of classroom observations
revealed that 57% of educational situations included clear indications of students’ engage-
ment with environmental concepts by linking them to their real-life behaviors, reflecting
the early formation of genuine environmental awareness. This awareness extends beyond
theoretical knowledge to encompass behavioral and value-based understanding.

Classroom practices varied and included group discussions, experimental activities,
role-playing scenarios, and spontaneous questions from students, all illustrating their
growing comprehension of the dynamic relationship between humans and the environment.
Table 1 presents these findings in detail.

Table 1. Frequencies and Percentages of Classroom Practices that Increase Awareness of the Interde-
pendent Relationship between Humans and Nature.

No. Observed Educational
Practice No. % Illustrative Examples

1
Linking resource
consumption to

environmental impact
57 95.00%

Water conservation at home, turning off
lights, energy use discussions, avoiding

plastic bags.

2
Discussing the human role in

causing environmental
imbalance

53 88.3%
Random construction, overgrazing, air
pollution from vehicles, tree cutting in

urban areas.

3
Analyzing environmental

phenomena as outcomes of
human actions

49 81.6%
Global warming, local species

disappearance due to urban expansion,
worsening sandstorms.

4
Using local examples to

illustrate ecological
interconnection

45 75.00%
Coastal pollution, neighborhood waste,

nearby agricultural projects,
environmental changes in the city.

5
Classroom applications

highlighting
ecosystem-human link

44 73.30%
Water recycling experiments, plant life

cycle role-play, interactive models
showing human intervention in nature.

Table 1 highlights the key educational practices associated with this category, along
with their frequency and percentage from the 60 classroom observations, and examples
illustrating how these practices manifested in real classroom interactions. These results
indicate that science education is not delivered as isolated or purely theoretical content, but
rather as an integrated approach embedded within daily classroom dynamics, fostering
authentic interaction between students and their environment.

It is notable from Table 1 that linking resource consumption to environmental impacts
was the most common educational practice, occurring in 95% of observations. This re-
flects that teachers connect scientific concepts to students’ daily behaviors, such as turning
off faucets after use, avoiding plastic, or conserving electricity, thereby grounding stu-
dents’ understanding in tangible environmental consequences. Here, information is not
merely presented as abstract facts but is transformed into a tool for self and environmental
awareness, strengthening a sense of both individual and collective responsibility.
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Discussions about the human role in environmental disruption appeared in 88.3%
of cases, indicating increased student awareness that humans are not passive observers
of the environment but active agents responsible for many of its changes. These dis-
cussions often revolved around overgrazing, construction in green areas, and excessive
reliance on cars—issues close to the students’ realities—contributing to the formation of an
environmental identity infused with a moral sense of responsibility.

Students demonstrate advanced causal reasoning through their 81.6% agreement that
environmental phenomena stem from human activities. Students now understand that
natural events do not exist independently because they recognize how human activities
create environmental effects through deforestation, leading to sand and windstorms and
urbanization, causing species extinction. The advanced level of understanding represents a
key indicator of successful inquiry-based and constructive learning approaches.

Students who use local case studies amount to 75% because they want to base their
knowledge on direct observations rather than textbook information. Students experience
environmental engagement through their discussions about local bay pollution and waste
management issues in their neighborhoods, which creates a more dynamic connection to
their surroundings than their usual approach. The practice of critical local geographies
develops into a fundamental aspect of environmental identity through this approach.

The results showed that 73.3% of classroom activities involved environmental projects
and role-plays and model-based solutions to study human-organism relationships and
organism-organism connections. The educational practices demonstrate how students
move from receiving information passively to becoming active participants in learning.
Since they now actively engage in their education, the students have transcended their pre-
vious role as consumers of environmental information. Students gain knowledge through
firsthand encounters with the environment, which arouse their senses and cognitive pro-
cesses. The practices show how teaching about sustainability should move from abstract
ideas to real-world application strategies.

From the perspective of the classroom, the descriptive information gleaned from the
interviews seems to support the increased environmental consciousness. 98% of the teachers
said that teaching science helped the students’ understanding to go from being superficial
to being more integrated with their everyday behavior and attitude. They claimed that this
change was not limited to the classroom but also occurred during recess, in relationships
with peers, and even at home, demonstrating the emergence of an environmental identity
that is deeply ingrained in the child’s thoughts and behavior.

The teacher said, illustrating how the students’ environmental awareness grew:

“The students became interested in plastic waste in the ocean after I explained the food
chain because they wanted to know what happens to fish when people discard plastic in
the sea. The students then asked about the impact on people who consume fish as their
food source?”

Students beginning to years about the food chain and subsequently beginning to ask
these kinds of questions demonstrate a transformation from abstract and linear thought to
complex and relational thought. Students are able to recognize a human action, in this case
throwing plastic, and understand the consequences of this action on the ecosystem and the
people in it. It is also worth noting that students are beginning to understand the environ-
ment as a complex system, as, rather than thinking about the environment as a fragmented
system, they are beginning to think about the environment as an ‘interconnected’ whole. In
the same way, another teacher remarked about the behavioral changes in students.
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“I noticed that students started paying attention to what is considered to be water waste,
even during breaks. There were students who said: Don’t leave the tap fully open, this
affects the environment!”

In this case, students no longer focus on understanding a concept but rather on
taking action. Learners appreciate the human-environment connection, and some learners
approach this as a value and take on a proactive monitoring role. Such peer influence
demonstrates that the element of environmental identity is beginning to transform into
group identity within the context of emotion, deriving from relationships and experiences
in the classroom.

The quote from a teacher that addresses a student’s project on the environment
illustrates the depth of this change.

“They spoke with me: What do you think about planting a tree to replace the one that was
cut down? Trees are important for all living things because they give out oxygen, and we
can’t keep cutting them down.”

This quote captures the absence of environmental maturity, where one does not
understand or think about the consequences of their actions and simply explains the
problem using irresponsible substitute solutions devoid of scientific reasoning or emotional
understanding. Such reasoning shows that students do not view themselves as passive
observers. They see themselves as members of the ecosystem who possess the ability to tip
the scales of ecology with their small positive actions.

Taken together with the high frequencies of the classroom activities mentioned above,
these quotes provide significant proof that the goals of the science instruction do focus
on environmental awareness on the affective and behavioral levels. This indicates that
students not only progress on the knowledge level of thinking, but on emotions, ethics,
and actions as well, becoming increasingly responsible to the environment and society they
reside in.

This snippet makes clear that lessons in environmental science do more than simply
recount historical events; they also redefine students’ attitudes and relationships with the
subject matter. Schools then stop functioning merely as places of knowledge acquisition
and instead begin to cultivate and practice sustainable environmental values. Students
then begin to embody the image of an environmental citizen in the community—self-aware,
willing to think critically, practice sustainability, and initiate change.

3.2. Category Two Results: Nurturing Environmental Values and Promoting
Sustainable Behaviors

The analysis of classroom observations revealed that environmental science education,
when delivered within an integrated framework directly connected to students’ daily lives,
significantly contributes to the consolidation of environmental values and the promotion
of positive behaviors that support sustainability. Engagement with environmental issues
went beyond mere theoretical learning or rote memorization of terms, clearly manifesting
in daily classroom practices and attitudes that reflect a growing emotional and ethical
awareness toward the environment and its components.

A detailed examination of 60 classroom observations documented numerous practices
indicating the emergence of an environmental value system among students. These were
evident in class discussions, group activities, individual behaviors, and spontaneous re-
sponses that demonstrated maturity in thinking and an internalized sense of responsibility.
These practices are summarized in Table 2:
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Table 2. Frequencies and Percentages of Classroom Practices that Nurture Environmental Values and
Promoting Sustainable Behaviors.

No. Observed Educational Practice No. % Illustrative Examples

1
Involving students in

discussions on the importance of
environmental conservation

59 98.33%
Discussions about the importance of

trees, harms of littering, the individual’s
role in protecting the environment

2 Expressing environmental
values through real-life actions 53 88.33% Avoiding food waste, reusing materials,

turning off devices when not needed

3
Conducting classroom activities

embodying sustainable
environmental behavior

51 85.00%
“Clean Your Classroom” project,

planting indoor plants, making waste
sorting boxes

4 Promoting teamwork to address
environmental issues 49 81.67%

Planning awareness campaigns, drawing
environmental posters, group

discussions on reducing paper usage

5
Linking environmental values to

classroom rules and
daily conduct

47 78.33%
Maintaining quiet to reduce noise

pollution, arranging desks for easier
cleaning, conserving water

6
Encouraging active student

participation in
environmental activities

45 75.00%

Organizing cleaning campaigns,
participating in environmental

competitions, presenting innovative
environmental solutions

Table 2 highlights six key classroom activities that effectively promote the development
of environmental values and sustainable behaviors among students. Firstly, involving
students in discussions about the importance of environmental preservation was the most
frequent practice, occurring in 98.33% of observations. These discussions were not mere
recitations of theoretical knowledge but real opportunities for students to engage with
environmental issues such as the significance of trees and the dangers of littering. This
created a learning environment that encouraged critical thinking and reflected the teacher’s
role in guiding students toward adopting positive ethical stances and considering their
personal responsibilities toward the environment.

In terms of the school activities aimed at adoption of sustainable practices, 85% of
observations noted a strong effectiveness in helping students practice environmental con-
cepts. The “Clean Your Classroom” initiative, as well as the growing of in-class plants,
were much more than pedagogical activities; they were practical manifestations of the
environmental principles the students were being taught. Such initiatives enable students
to contribute to the solution of environmental challenges, thereby cultivating a sense of
environmental responsibility.

Working collaboratively to resolve the identified problems, noted in 81.67% of cases,
was instrumental in reinforcing students’ environmental beliefs. Participation in public
awareness programs, or poster production, illustrates that collaboration is not only a
means of resolving environmental problems but also a vehicle for enhancing students’
communication and social skills. These efforts positively change students’ mindsets about
environmental problems, emphasizing their understanding that such problems are tackled
best when approached collectively, and embody the principles of social responsibility and
constructive thinking.

About linking environmental values to the rules and behavior of the classroom, 78.33%
of observations noted students practicing these values in their behavior within the class.
Students’ commitments like being clean and orderly, organizing their desks for the purpose
of tidiness, and reducing water and paper use contributed to a growing understanding of
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the environment not only as a school subject, but as a dimension of life. Such understand-
ing illustrates the students’ growing environmental awareness and the wish to practice
environmental values in their actions.

Finally, significant encouragement from teachers for active participation in environ-
mental activities was evident, with 75% of observations noting student involvement in
cleaning campaigns or environmental competitions. Such motivation promotes students to
take concrete steps toward environmental protection and demonstrates how environmental
activities have become part of their school and personal lives.

Overall, Table 2 clearly shows that teachers do not limit their role to teaching envi-
ronmental values through the curriculum alone but also contribute to forming sustainable
behaviors in students through interactive, life-related practices. Classroom activities en-
compassing environmental discussions, group work, and practical applications of daily
life collectively foster students’ environmental awareness and motivate them to adopt
sustainable behaviors beyond academic learning. Consequently, students become capable
of transforming environmental concepts into concrete practices, both inside the classroom
and within their local communities.

These classroom observations are strongly supported by interview findings, where
most participants confirmed that science education has directly contributed to enhancing
students’ environmental awareness and changing their attitudes toward it. The students
have come to appreciate that safeguarding the environment is both an individual and social
responsibility. This change was reflected in students’ actions both during the lessons and in
the rest of their daily activities. The teacher said the following:

“Students started telling me: If we cleaned the public park like we clean the classroom,
there wouldn’t be any trash!”

What is intriguing is the students’ attempt to construct the classroom and the public
park as an ecosystem in the neighborhood, and there are some real paradigm shifts when
a pupil says ‘I wish I could clean the public park the way I clean the classroom.’ This
has changed the nurturing picture of schools and can be replicated by the neighborhood.
This illuminates the sophisticated and complex behavioral ethics and philosophy of life
that embraces several contexts surrounding the environment. This is yet another quote by
a teacher.

“On one occasion, a student said: I don’t throw any paper on the ground because it might
get blown into the sea and the fish could get hurt!”

It is evident that the student has flights of fancy in thinking about the ocean and the
animals living in it, which is an extended scope than what is envisioned by many. This is
a case of a deep level of reasoning that is also advanced ethically and intellectually and
can appreciate the consequences of minor actions that are highly destructive to nature.
Students’ ability to see the impact of what they do is worrying, considering that others her
age do not appreciate the implications of what she understands. A co-worker of mine has
also observed that:

“They formed a team to reuse notebooks, saying: This way, we save paper and re-
duce pollution.”

This suggests that the students not only changed from being users of the environment
to being users and defenders of the environment. This reflects the students’ initiative to
actively participate in suggesting a way to curb pollution and protect the reuse of notebooks.
I do find it interesting that something as simple as reusing notebooks could have a positive
impact on the environment. And how few people it seems have looked at what has been
done. It gives an impression to the rest of us about the way in which students are trained
to deal with a given problem creatively, as opposed to just memorizing.
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Based on the interview data, the findings indicate that teaching science successfully ties
the gap between students’ common understanding of the environment and the sustainable
behaviors they practice in their daily lives. This undoubtedly displays that students are
not only acquiring knowledge about the environment but are dynamically engaging in
pro-environmental activities both independently and collaboratively with their peers.

3.3. Category Three Results: Enhancing Environmental Behavior and Daily Practices
Among Students

There is evidence to support that teaching science is far more complicated and so-
phisticated than merely equipping students with knowledge of the environment. It is
an attempt to change their behavior towards the environment in such a way that they
are able to incorporate ecologically sustainable practices in their day-to-day activities. It
goes without saying that such an alteration goes a long way in improving the students’
sense of accountability towards the environment at the personal and social levels, in their
attitudes and practices in the classroom. In this case, the behavior of students with regard
to practices conserving environmental resources and their daily activities with respect to
waste management was targeted.

The theoretically constructed practice of behavior in and outside the classroom was
made possible by the acquisition of knowledge on the environment and the patterned
practices seemingly unlearning the behavior. The practices that stood out the most focused
on practicing resource conservation, cleanliness, and taking part in cooperative activities
to advance the cause of environmental education. These practices clearly indicate that
environmental behavior has become part of the students’ identity, as they now view the
environment as an essential element to be preserved in their daily lives as shown in Table 3.

Table 3. Frequencies and Percentages of Classroom Practices that Enhance Environmental Behavior
and Daily Practices among Students.

No. Observed Educational Practice No. % Illustrative Examples

1 Maintaining personal and
classroom cleanliness 58 96.6%

Turning off lights when leaving,
arranging seats, avoiding littering on

the floor

2 Conserving resource consumption
within the classroom 55 91.6%

Reducing paper use, turning off
computers when not in use,

managing water consumption

3 Implementing group initiatives to raise
environmental awareness 52 86.6% Organizing campaigns to reduce

waste, collecting recyclable materials

4 Participating in field activities applying
environmental principles 50 83.3%

Planting classroom plants, organizing
school environmental

clean-up activities

5 Encouraging teamwork and
collaboration on environmental projects 48 80.0%

Group work to reduce paper use,
waste collection campaigns, creating

environmental posters

Table 3 shows that results from the classroom observations demonstrate that science
education not only instills environmental concepts but also fosters their translation into
sustainable behaviors, influencing students’ daily lives. Environmental awareness is no
longer just theoretical academic knowledge about environmental challenges but has become
a part of real and tangible practices. Students who initially learned about how to protect
the environment began to take practical steps within the classroom, including behaviors
such as maintaining personal and classroom cleanliness and using resources wisely.
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In this case, 96.6% of the observations showed students practicing behaviors that
aligned with the expected standards of personal and environmental hygiene. Students
were able to self-regulate by turning off the classroom lights when leaving. Students were
able to assist in the neat arrangement of desks and chairs after the lesson and showed
a high level of awareness concerning the problem of waste. Although these behaviors
are very elementary in nature, they indicate a significant change in students’ attitudes
towards the functioning of the environment. Rather, it is more than just the effect of the ‘do’
command that teachers give, but rather, it is the more profound insight of the divide and
united responsibility towards the environment that has emerged.

Moreover, 91.6% of classroom observation reports record the proactive management
of resources by learners, particularly of paper, water, and energy. Resource conservation
was no longer just an abstract idea that lacked real action, but rather, it emerged as an
accepted behavior. Students would actively shut down unused devices, practice paper use
and waste reduction, and more, in order to minimize energy consumption and paper waste.
Such behaviors indicate that many of their daily activities are entrenched in routinized
environmental behaviors as opposed to merely ‘thinking’ about the environment.

In regard to communal activities, environmental education, to which waste reduction
and recycling drives were a part, received organized group work participation reports
by learners to a degree of 86.6% and above. These actions demonstrate a new level of
understanding of environmental issues problem by students as not a personal issues,
but a social challenge to be solved collectively. Such social awareness not only enhances
students’ collaboration skills, but more importantly, their willingness to work on common
environmental problems, which is crucial for their socio-ecological problem-solving skills.

Additionally, it was found that 83.3% of students participated in field activities that
involved application of learned skills. For example, students planted plants in the class-
rooms or took part in the school environmental clean-up. Such activities allowed students
to use and explore the concepts they were taught in the classroom in the real world. As
these students engaged in activities, they started to develop a sense of perceived equitable
solution and shifted from being passive to active changers of the environmental condition.

On the other hand, teamwork and collaboration for the achievement of the specific
objectives of environmental projects was described as an intensive partnership and active
collaboration by 80% of the students in classroom environmental activities. For example,
students collaborated to minimize paper consumption, execute waste reduction campaigns,
and design posters for environmental education. These initiatives helped to promote
diverse environmental behaviors and develop environmental social responsibility by stu-
dents. In addition, these initiatives also created an opportunity for students to develop
a learning environment that fosters cooperative problem solving and responsive action
towards environmental issues.

The results from interviews with teachers corroborated these observations quite em-
phatically. Most teachers agreed that the education of science has positively impacted the
students’ behaviors towards the environment. One teacher said:

“I have observed that students have started taking responsibility for their environment,
both within the classroom and outside. They have begun showing their concern for the
environment through their actions on a daily basis.”

This means that learners perceive their responsibility toward the environment as
extending beyond the confines of the school to include their home and community. This
means that environmental education has transcended beyond classroom learning to be part
of the students’ lifestyle. Another teacher commented:
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“Students started seeing environmental behavior as part of their personal identity. They
began talking about how to preserve the environment in their daily lives, not just in
school activities.”

This statement captures the change in students’ perceptions towards their environmen-
tal actions, to the extent of claiming them as their own. Instead of having class discussions
about the environment, they think of it as an important part of life that needs care and
attention. This shift means that some trace of an environmental conscience is starting to
take form in their minds and actions.

As I have been able to discern, the analysis of the reflection reports on the classroom
observations along with the interviews suggests the start shift from the theoretical grasp of
having an awareness of an environment to the concrete integration of its practical usage
in everyday life to these learners. These learners do not only study the environment, but
also have the ability to engage in and practice good environmental behavior in their daily
activities. There is an emerging understanding that there is an environment which they
are duty-bound to defend through the principles of sustainable development like resource
saving, environmental protection, and civic clean up, as well as providing responsible
stewardship. These outcomes are indicative of far-reaching impacts of science education
in guiding the behaviors of students in and out of school, and in their community and
civic engagements.

3.4. Category Four Results: The School as a Model for Sustainable Practices

This category’s findings relate to the role of the school as a pivotal environment
that significantly influences students’ awareness and behavior. Therefore, transforming
the school into a living model of sustainable practices represents a fundamental step in
embedding environmental values and promoting sustainable behaviors. The analysis of
classroom observations showed that schools adopting sustainable environmental practices
within their organizational structure and daily routines directly contribute to creating a
learning environment that fosters positive environmental values and behaviors.

The analysis of 60 school observation records revealed that many sustainable environ-
mental practices have become an integral part of school activities, reflecting the school’s
influence as a nurturing environment for sustainable environmental practices. A set of
behaviors demonstrating environmental commitment at the school level was documented
and is summarized in Table 4:

Table 4. Frequencies and Percentages of Observed School Environmental Practices Reflecting the
school as a Model for Sustainability.

No. Observed Educational Practice No. % Illustrative Examples

1 School waste management through
sorting and recycling 55 91.6% Providing waste sorting bins,

recycling collection campaigns

2 Conserving energy and water
consumption in school 53 88.30%

Use of energy-efficient lighting
systems, regular maintenance to

prevent water leaks

3 Continuous awareness programs for all
school members 50 83.30%

Awareness seminars, environmental
posters in corridors, student

supervision of school cleanliness

4 Organizing regular environmental
school events and activities 47 78.30% Clean-up campaigns, tree planting,

special environmental days

5 Integrating sustainability into school
policy and management 45 75.00%

Existence of environmental plans and
strategies, school

environmental committee
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Table 4 shows that school waste management through sorting and recycling was
among the highest documented practices, appearing in 91.6% of observations. This indi-
cates that schools implemented effective waste management systems by activating sorting
bins and organizing recycling campaigns. This environmental practice extended beyond ad-
ministrative measures to include student participation, fostering an environmental culture
that contributes to shaping their daily environmental responsibility.

Regarding energy and water conservation within schools, 88.3% of observations
demonstrated clear commitment to using energy-efficient lighting systems and regular
maintenance to prevent water leakage. These initiatives not only conserve resources but
also raise students’ environmental awareness. By witnessing these systems in their daily
routines, students learn the importance of resource conservation and waste reduction,
which reinforces their role as future sustainable citizens.

For ongoing awareness programs, 83.3% of observations indicated that schools held
environmental seminars and workshops for everyone and provided awareness posters for
the corridors. These efforts contribute to the educational setting that fosters the embrace of
sustainable behaviors and encourages students to become stewards of the environment.

With regard to the organization of regular environmental activities in schools, 78.3%
of observations noted that schools attempted to carry out clean-up drives, the planting
of trees, and the observance of special days for the environment. These not only serve as
leisure activities but also as crucial exercises in weaving the principles of sustainability
into the very fabric of the school. Through these activities, students are able to integrate
the principles they have learned in the classroom into their daily surroundings, thereby
enhancing their level of environmental awareness and responsibility.

Regarding the integration of sustainability into school policies and management, 75%
of observations revealed the existence of clear environmental strategies and plans imple-
mented through a school environmental committee. This administrative organization not
only enhances the sustainability of the school environment but also ensures the continu-
ity of environmental practices over the long term. These plans form part of the school’s
comprehensive strategy to foster environmental behaviors among all members.

The interviews with teachers strongly supported these classroom observations. One
teacher stated:

“The school has become more than just a place for study for the students; it is a compre-
hensive educational environment that encourages environmental preservation, and they
see this in every corner of the school.”

The quote here definitely demonstrates how a school constructs a students’ under-
standing of the world around them, especially the environment. The school’s geographical
location becomes a classroom as students engage with it every day. Thus, caring for the
environment becomes an integral aspect of the school’s philosophy. Students do not only
learn the theory of the environment through the curriculum but also practice the values
of sustainability in every space of the school. This means that in addition to curriculum-
centered textbook or in-class studies, sustainability needs to be practiced on a day-to-day
basis. One of the teachers stated.

“When we involve students in waste management and organizing events, we instill in
them a sense of caring for the environment, which reflects in their behavior both inside
and outside the school.”

This quote captures the essence of how students’ belief systems around the envi-
ronment are shaped, in this case, through the school’s ecosystem. Participation in such
environmentally friendly actions is not merely a physical exercise, but a profound learning
opportunity aimed at developing the philosophy of sustainability. Students who dedicate
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their time to waste sorting or clean-up campaigns learn, in practice, their duties as respon-
sible citizens of the planet. This participation goes beyond the school environment and
affects their actions in the community, helping to nurture socially responsible citizens who
are able to act responsibly in their daily lives. Related to this, a third teacher remarked:

“Learners do not restrict themselves to the four walls of the classroom in acquiring
knowledge of the environment. They are actively encouraged to be leaders in the
school community.”

Implementing programs within the school facilitates learners in acquiring relevant
knowledge and competencies that will enable them to actively take part in the nurturing of
environmental sustainability. In this regard, a culture is developed that demonstrates the
school’s dependence on the learners as the principal and most active beneficiaries in the
achievement of the school’s goals. In this paradigm, their roles empower learners to view
school practices as transformative pathways to assert their agency, which, in turn, improves
their engagement with the ecosystem. The fourth teacher made the following remark as a
way of illustrating the influence of environmental programs on learner outputs.

“The school, as a result of the environmental programs, becomes a place where learners
move from doing target activities to engaging in conservational activities.”

These comments show the school now emphasizes having practices that demonstrate
responsible use and care of the environment and resources. In these scenarios, there is noth-
ing that is learned in the classroom that is in contradiction to the activities. Environmental
Days, clean-ups, and tree-planting activities are opportunities for learners to go beyond
understanding environmental problems to doing something about them. They begin to see
the importance of the environment beyond the walls of the school and the need to integrate
it into everyday life. One teacher also put it this way:

“I believe that more and more students realize, on a daily basis, that their school is the
place where they are taught to love and to restore our planet.”

This insightful quote provides a deeper understanding because it goes beyond the
surface of appreciating the earth to romanticize the attachment the students have with it.
The school does not merely stop with equipping children with academic knowledge but
assists them with nurturing emotional bonds deep with the environment. The ownership
of the planet and its nature is not something one needs to conserve. It is an identity one
possesses and values. It is this emotional bond with nature that makes one a true defender
of advocacy because this is the only thing that one can deeply relate to.

From the verified observations and interviews, the school’s role in fostering environ-
mentally responsible behavior and its nurture through education, integrated sustainability,
and resource management is vital, and yes, these schools are working under the circum-
stances the best they can. Interviews corroborate the fact that, within the school systems,
environmental education is not only the teaching of principles and theories in isolation,
but also integration with other school activities, which lead to the formation of sustainable
habits. These students are authors of more than just the textbooks. The school is textbook
authors of real, physical concepts, of activities. It is in this context that the school is seen
as a living, thoughtful textbook of sustainability, with each from a corner of its physical
surroundings infused with environmental concepts, doing nurturing and hoping that the
concepts will be part of the students’ everyday life.

3.5. Summary of Key Findings

A qualitative analysis of the interview and classroom observation data revealed four
main categories that explain how the educational intervention supported the development
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of students’ environmental identity and their engagement with sustainability. These cate-
gories appeared consistently across multiple data sources, indicating a shared and coherent
understanding of environmental values among the participants. The categories include:

1. Raising Awareness of Human-Environment Interdependence
Classroom activities and instructional approaches played a crucial role in helping
students recognize the fundamental, reciprocal relationship between humans and
the natural world. This enhanced understanding encouraged students to view the
environment not merely as a resource, but as an essential partner. This change in
perspective represents an important foundation for cultivating meaningful environ-
mental awareness.

2. Instilling Environmental Values to Foster Sustainable Behavior
Teachers deliberately sought to instill core environmental values, such as respect for
nature, environmental justice, and both individual and collective responsibility toward
the planet. By weaving these values into discussions and classroom activities, educa-
tors shaped students’ attitudes and encouraged the adoption of sustainable practices.

3. Encouraging Pro-Environmental Actions in Everyday Life
The findings indicate a clear behavioral shift among students. Many began to adopt
environmentally friendly habits at school and at home, including reducing plastic
use, recycling, and conserving water and energy. These concrete actions provide
strong evidence of growing environmental awareness and the emergence of a solid
environmental identity.

4. The School as a Living Model of Sustainability
The school itself functioned as an active participant in environmental education
by implementing practical sustainability initiatives. Programs such as school gar-
dens, recycling campaigns, and environmental awareness projects allowed students
to observe sustainability principles in action. This hands-on approach effectively
connected theoretical knowledge with real-world practice, enhancing the overall
learning experience.

In summary, the findings demonstrate that the educational intervention extended
beyond the mere transmission of environmental knowledge. It actively influenced students’
values, behaviors, and sense of identity. This suggests that fostering environmental identity
and sustainable behavior effectively requires a holistic approach that integrates the efforts
of educators, curriculum design, and the broader school environment.

4. Discussion
4.1. Discussion of the First Category

In knowing the collaborative relationships between the different levels of science,
students appreciated the human-nature relationship, which reflected classroom concepts
in reality. A shift in thinking, although positive, was not merely theoretical. Students,
having been introduced to the complex ideas of the different elements of ecology, reached a
level of understanding that remained transcendent. This informs the trends of classroom
environmental education, in which many studies support the need to teach students the
scientific concepts of the environment in context to the real world [49]. Such education
articulates the intricacy of the actions of the people to the environment, as noted by [50],
revealing the importance of teaching students in the context of life in the world.

In every lesson, the analysis of students’ work revealed that they were beginning to
connect their day to day actions with applying positive efforts towards the environment.
Students transcended beyond the levels of theoretical knowledge and began to comprehend
that their actions, such as the consumption of water and energy, do have consequences for
the environment at large. The change in behavior from knowledge to action is a significant
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determinant of the success of environmental education and instruction aimed at motivating
students. Such findings resonate with Kang & Tolppanen [51] on the importance of fostering
and maintaining positive behavior change through education that is relevant to the context
of the world, as the world is now.

Students still illustrated awareness that humans do not exist in, and as passive spec-
tators of, ecosystems. There was considerable free flow of conversation around such
destructive environmental processes as bulldozing, overgrazing and even intentional pol-
lution. This is the reason some scholars of environmental education argue that increased
awareness of environmental issues is linked to the ability to understand the significant
consequences of human actions on natural systems.

Positively, the incorporation of local environmental issues, such as pollution of the
coastal zone, solid waste on the streets, and other regions, as a part of school assignments
helped create a greater understanding of the interdependence of humans and nature. This
fosters critical awareness whereby students feel that they can do something to help and
thus become more responsible for the local ecology. This is consistent with the findings of
Al-Rifai [52], which highlights the importance of local, context-relevant, pragmatic issues
over theoretical instruction in engaging students with real-life environmental challenges.

To begin with, case studies demonstrated the importance of interactive teaching
methods with activities aimed at comprehension of the human-environment interaction.
To the students, the importance of the activities was hands-on and practical. Completing
the activities helped the students understand environmental concepts and their practical
importance in the importance of the environment and its conservation. This supports the
findings of Ohlsson et al. [53] who said that ‘interactive education promotes deeper and
more lasting understanding of the environment.

4.2. Discussion of the Second Category

Integrated teaching of environmental science, as demonstrated in this category, posi-
tively impacts the development of environmental values among students and their adoption
of sustainable practices. The results indicate a change in the students’ interaction with
environmental issues; the understanding of the environment goes beyond theoretical un-
derstanding and becomes a part of their practical everyday actions. This is in line with the
more recent recommendations that advocate for the integration of environmental values
in teaching at all levels of education to promote desirable environmental attitudes in the
younger generation [18,22,23,42].

Students learn these environmental approaches and fuse them with sustainable prac-
tices through research and classroom instructions incorporating green education. For
example, Interventions in the classroom taught them how to conserve the environment in
their daily lives by conscious habits like shutting off unused lights, appliances, and not
wasting food. This case illustrates how learning science is also learning to accept the duality
identity of the self and of the society, as it is one with the environment. This supports other
work advocating the combination of hands-on and teamwork to enhance environmental
action [21,39].

Fostering behavioral change through education that focuses on integration and prac-
tice is also supported by these results. Participating in activities such as the “Clean Your
Classroom” projects and plant care allowed students to take action to protect the environ-
ment. Studies show that these activities do much more than simply heighten students’
awareness and concern about the environment; they also assist students in developing and
maintaining pro-environmental behaviors in the long run [30,31,41,45]. These activities en-
able students to recognize the intricate connections between humans and the environment;
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therefore, they enhance the students’ decision-making regarding the environment in their
daily activities and the degree of sustainability in those activities.

With these outcomes, it is observed that environmental science education goes beyond
recording environmental behavior to foster it. During their educational experiences, stu-
dents started to understand the importance of environmental protection as a group rather
than as individuals, which requires collaboration and coordination. In group work on
awareness campaigns and environmental posters, students’ collective responsibility, critical
thinking, and teamwork skills are enhanced. Such results emphasize the urgent need to
address environmental education as a part of the curriculum to increase the positive impact
of education on the new generation’s behavior towards sustainability [7,8,11,12,54].

In the teachers’ interview, the respondents emphasized how science education changed
students’ attitude towards the environment. Responses suggest that students began view-
ing the environment of their school as a standard to be attained, especially the condition of
their classroom, as juxtaposed to the rest of the community. In this case, students kept their
classroom in a cleaner condition than the rest of the community. This feedback demon-
strates a change in attitude towards the environment, making it value-added for their
day-to-day practices while at school and in the neighborhood.

4.3. Discussion of the Third Category

The results in this category illustrate that the scope of education in environmental
science entails more than the acquisition of environmental concepts. It also includes the
fostering of actionable practical environmental behaviors. This is made possible through
the amalgamation of theory with practice in a sparingly pragmatic application of envi-
ronmental concepts. The functions of teachers go beyond information dissemination to
the cultivation of the environmental selves of the learners. This requires the learners to
integrate environmental attitude as a behavioral disposition rather than as a mere school
subject. Such results are in consonance with international trends regarding the focus of
environmental education on the enhancement of learners’ interaction with the environment
as a means of fostering the adoption of sustainable behaviors [26,27,35].

In addition, these findings confirm earlier works focusing on the necessity of the inter-
nalization of environmental values for practice in socially influential behaviors. Learners
who were once passive recipients of environmental education with no practical dimension
are now demonstrating the active application of this knowledge in their daily activities.
The transition, which is the focus of this study, is “learning about the environment” to
“applying environmental values” is a move towards more sustainable environmental be-
havior that is broader than the classroom context but is also applicable in the home and
community [9,10,24].

The results also show that pupils started changing their habits with the view of
conserving resources such as water and power, as well as improving their waste disposal
techniques. This shows that their understanding of the environment has changed; it is no
longer a subject to be learned about but is now integrated into their daily lives. The fact that
such behaviors can be practiced indicates that the aim of environmental education has been
achieved, as students are motivated to change their behaviors, as the authors highlight
the need for environmental education to be practiced, not just taught. These findings are
consistent with international research that stresses the need for environmental behavior to
be practiced in everyday life [34,55,56].

In light of these findings, the authors of this study believe that the teaching of environ-
mental science should aim to develop students’ environmental behaviors through teaching
practices that allow them to use environmental concepts in their day-to-day activities. In
this way, environmental education can more effectively alter the behavior of students in
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several spheres of their lives. The authors also suggest the need to strengthen programmatic
work that integrates environmental education with cooperative activities, as these also
help to foster not only environmental problem awareness, but also the collaboration and
teamwork skills that are essential for integrated environmental actions.

4.4. Discussion of the Fourth Category

The data showed that the school has a very important role in supporting students’
practice of environmental behaviors by means of integrated sustainability practices adopted
within the school. This can be connected with the positive effects that daily environmental
practices have on the students’ behaviors. It shows that the school is not only a center of
theoretical education but also a nurturing environment for adopting sustainable behaviors
where students avail themselves to and are fully integrated into environmental education
in their daily activities. Students not only learn about sustainability in theory but also in
practice through environmental activities that are implemented in the school.

In this context, the results illustrate the extent to which schools that implement sustain-
able environmental practices of waste sorting, and energy and water conservation activities,
along with consistent environmental education, are able to enhance students’ environmen-
tal awareness. These practices take education a step beyond theory to active application
that cultivates environmental awareness and assists students to relate the environmental
concepts to their daily lives. Active participation in environmental activities, within and
beyond the classroom, helps students to internalize positive environmental attitudes and
embrace a school culture that strongly advocates a sustainable lifestyle.

Similarly, the findings of this research accentuate the need for districts and schools
to function as microcosms of sustainable practices [13,14,28]. Several studies [14,40,46,57]
have indicated that schools that have incorporated environmental practices into their orga-
nizational and pedagogical frameworks facilitate the emergence of a generation with sus-
tainable environmental decision-making capabilities. In this regard, the school transforms
from a mere center of learning to a dynamic space that fosters students’ environmental
consciousness and inspires them to internalize sustainable practices in their lives and
professions.

Furthermore, these findings confirm the relevance of previous work emphasizing
the necessity of incorporating environmental practices into the routine activities of every
school. For instance, some studies [24,40,46] found that activities such as sorting waste
and planting trees, in a school setting, are not simply environmental activities but are con-
structive innovations that enable students to practice environmental principles in practical
scenarios. As a result, learners are not only recipients of theoretical environmental educa-
tion, but active participants in processes that enhance their environmental consciousness
and influence their actions towards the environment in the future.

Teachers and other members of the school community are also affected by the school’s
environmental initiatives, something that students have all the time. Environmental Activi-
ties Report show that participating in environmental initiatives fosters a sense of collabora-
tion and concern for one another within the school. Environmental Activities Report also
supports that environmental activities improve students’ relationships and their collective
sense of responsibility, resulting in better school–student and student–student interac-
tions. Such activities certainly assist in the creation of an eco-school, which is also a school
community that facilitates environmental collaboration among all members, including
educators, students, and school administrators.

The other side of the coin is that these extended practices may be the result of integrat-
ing sustainability into the school’s governance framework. The presence of a specialized
environmental committee, paired with the effectiveness of school environmental policies,
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helps ensure the continuation of environmental initiatives. Single-handed support from the
school administration and regular teachers, reinforced by a well-articulated environmental
policy, multiplies the positive impact of these initiatives. Schools that are governed by
articulated policies on environmental sustainability are likely to maintain a high level of
environmental activity and achieve their set environmental objectives.

To summarize, this makes clear that the school’s function has an ever-greater reach
beyond the academic dimension, becoming an essential educational setting for fostering
sustainable environmental behavior among students. Being active in the school setting,
along with taking part in environmental actions, does not only increase concern for the
environment, but helps students develop practices of sustainability in their day-to-day
life. This transformation in the function of the school is a positive development in the
efforts to cultivate a generation of students with a high degree of active and responsible
environmental behavior in the community.

4.5. Discussion of Key Aspects of Environmental Identity

The findings of this study reveal the complex and evolving nature of students’ envi-
ronmental identity, showing it as a cumulative and interconnected process shaped by their
interaction with environmental content, educators, and the wider school environment. The
analysis highlights that environmental identity goes well beyond mere cognitive under-
standing of ecological issues. It involves a multifaceted internal framework that includes
values, beliefs, attitudes, a sense of connection to nature, and behaviors that together define
a person’s relationship with the environment.

The four main themes identified—awareness of human-nature interdependence, de-
velopment of environmental values, transformation of daily habits, and the role of the
school as a living example—demonstrate that students moved beyond theoretical com-
prehension. They began to actively reconstruct their self-identity as individuals who are
deeply connected to, and responsible for, the environment. This growing recognition of
interdependence, fostered through classroom activities, laid the groundwork for an ethical
and emotional awareness, which is crucial for establishing a strong environmental identity.
These findings align with existing research in the field.

Moreover, the values emphasized by teachers—such as respect for nature, environ-
mental justice, and personal responsibility—were not confined to abstract discussions but
were clearly reflected in students’ practical actions both at school and at home. Observed
behavioral changes, including waste reduction, recycling, and conservation of resources,
suggest that students’ environmental identity evolved from abstract knowledge into a
consistent lifestyle and habitual practice.

The school setting itself played a vital role in fostering this identity formation. By
acting as a real-life model that actively promotes sustainability, the school created an
environment conducive to experiential learning. Programs like school gardens and recy-
cling initiatives allowed students to directly observe sustainability in practice, effectively
connecting abstract environmental values with tangible actions.

From a grounded theory standpoint, the concepts emerging from the data are
grounded not merely in theory but in students’ lived experiences within a structured
educational framework. Therefore, the study concludes that environmental identity is
neither an inherent characteristic nor a fleeting behavior. Instead, it emerges from the
dynamic interplay between knowledge, values, a sense of belonging, and ongoing practice.
This identity is gradually built through continuous, meaningful educational experiences
supported by a school culture that embodies environmental principles.
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5. Conclusions and Recommendations
This study deepens our understanding of how science education can embed sus-

tainability practices within school environments to support the formation of students’
environmental identity. The findings reveal that integrating everyday school activities
with scientific environmental concepts produces a learning environment that goes beyond
theoretical instruction. Students become more deeply involved with sustainability through
hands-on experiences, which reinforces their comprehension of environmental science and
encourages practical behavior change.

The data highlights that environmental science education is most effective when
paired with concrete initiatives—such as waste sorting, awareness campaigns, or tree
planting—that connect theoretical principles to visible, real-world actions. Such practices
help students interpret environmental challenges within the context of their daily school
lives, thereby reinforcing the idea that sustainability is not just a theoretical subject but part
of the school’s lived culture.

From these findings, it follows that sustainability concepts should be interwoven
throughout the full academic curriculum, not confined to science alone, and embedded
into routine school life. This approach helps form a more robust environmental identity by
making sustainability a lived, everyday experience. Moreover, the research underscores
the necessity of involving all stakeholders—teachers, students, parents, and the wider
community—to foster a shared culture of sustainability in schools.

The theoretical contribution of this work lies in demonstrating that environmental
education, paired with context-sensitive practical opportunities, significantly contributes to
shaping students’ environmental identity and sustainable behavior. These insights provide
a solid basis for designing educational programs that link scientific content directly with
students’ daily practices, fostering consistent and meaningful environmental engagement
in school settings.

6. Limitations, and Future Research Directions
This study contributes valuable insight into how science education supports the

development of an environmental identity among students and fosters sustainability
practices in school settings. However, there are several limitations to the research design
and context that readers should keep in mind, and a few directions that future studies
might take to build upon these findings.

One important limitation is the sample. We worked only in private schools within two
regions, and only male teachers were involved, due to cultural and institutional constraints.
While this setup was necessary under the local conditions, it prevents us from knowing
whether the findings would be the same in public schools, or in rural areas, or with female
educators. Future studies should expand the sample to include participants from both
genders, different types of schools, and a wider geographic spread to enhance how broadly
the results can be applied.

Another limitation is methodological: the study relied exclusively on qualitative
instruments—classroom observations and semi-structured interviews. These methods gave
us rich, detailed insights into behaviors and attitudes, but may have left out measurable
patterns or comparisons that larger-scale quantitative tools can reveal. Including tools like
standardized surveys or behavioral scales would help future research assess what we saw
here in more measurable terms.

Moreover, a methodological limitation of this study lies in its exclusive reliance on
qualitative instruments—namely, classroom observations and semi-structured interviews.
While these methods provided in-depth, context-rich insights into participants’ behaviors,
perceptions, and attitudes, they do limit the objectivity and generalizability of the findings.
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This methodological choice was influenced by contextual constraints, including limited
access to large-scale data sources within the national setting. In future studies, incorpo-
rating quantitative tools—such as standardized surveys, behavioral scales, or statistical
data—would enhance the verifiability and broader applicability of the results by allowing
for measurable patterns and more objective comparisons.

Additionally, the perspectives of students themselves, and of their parents, were not
collected. Their voices are essential for understanding how environmental initiatives in
schools are experienced, accepted, or challenged. Including them in future work would add
depth to our understanding of the school community’s dynamics around sustainability.

A further constraint is the cross-sectional nature of this research. We have a snapshot
of students’ identity, behavior, and perceptions at one point in time. We cannot trace how
these evolve, strengthen, or weaken over months or years. Longitudinal studies will be
useful to observe changes over time and to understand the lasting impact of environmental
education practices.

Finally, two conceptual elements warrant clearer operationalization: environmental
identity and sustainable behavior. In this study, environmental identity refers to a student’s
awareness of their two-way relationship with the natural environment, a felt sense of
responsibility both ethically and behaviorally, and values and beliefs that guide daily
choices. Sustainable behavior describes the conscious habitual actions students take—such
as recycling, reducing waste, conserving water or energy—with the intention of protecting
the environment now and for the future. Having these definitions makes it easier to design
measurement tools and compare results across different studies.

Based on the findings and limitations of this study, several recommendations for future
research emerge:

➢ Expand sustainability integration beyond science classes into other subject areas
(e.g., language, social studies, arts), making sustainability themes a cross-curricular
commitment rather than a niche topic.

➢ Emphasize experiential learning through practical initiatives—such as waste sorting,
tree planting, and school–community projects—that allow students to apply scientific
knowledge in real-world contexts.

➢ Encourage program designs that embed sustainability into students’ daily lives, so
schools become living models of sustainability. In such environments, environmen-
tal identity is nurtured not only through instruction but through consistent, value-
driven practice.

➢ Prioritize developing or adopting validated instruments (questionnaires, scales) tai-
lored to measure environmental identity and sustainable behavior in school settings.

➢ Conduct longitudinal studies to track changes in identity and behavior over time,
assessing the lasting impact of educational interventions.

➢ Include more diverse populations—students, parents, teachers of all genders, and
schools in differing contexts—to improve the generalizability and richness of findings.
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