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Abstract

As global ecological challenges intensify, the need for comprehensive environmental education in higher
education becomes critical, especially in scientific fields like physics. The purpose of the article is to develop and
experimentally verify a model for the formation of eco-identity among physics students in the higher education
system, as well as to evaluate its effectiveness in improving the level of environmental competence and the formation
of sustainable values oriented towards the principles of sustainable development. This paper presents a model for
developing ecological identity in physics students. A quasi-experimental study with 46 third-year physics students at
Atyrau University (23 experimental, 23 control) was conducted to test the model. The experimental group’s
curriculum was enriched with the eco-identity development model, while the control group followed a traditional
curriculum. Pre- and post-intervention assessments of environmental competence and ecological identity were carried
out. Statistical analysis (ANOVA, t-tests) showed that the experimental group achieved significantly greater gains in
environmental competence and stronger ecological self-identification than the control group. The results confirm the
hypothesis that embedding a structured eco-identity model in physics education can foster deeper environmental
awareness and personal identification with sustainability values. This study’s findings have important implications for
physics education and teacher training, demonstrating that cultivating eco-identity alongside scientific knowledge is
key to preparing future educators and professionals for sustainable practice. The paper concludes with
recommendations for integrating the model in broader educational contexts and suggestions for future research on
sustaining eco-identity development.

Keywords: environmental education, ecological identity, environmental competence physics education,
sustainable development.

Introduction

In recent decades, environmental education has gained increasing prominence in
educational practice and policy worldwide. This rise is driven by the urgent need to address
complex sustainability challenges through learning. Environmental education is broadly oriented
toward achieving sustainable development goals, equipping students with the knowledge, skills,
attitudes, and motivation for future-oriented sustainable behavior. As early as 1977, the Thilisi
Declaration defined environmental education as “a process aimed not only at disseminating
knowledge, but also at fostering responsibility toward the environment” [1]. Thus, beyond
imparting ecological knowledge, environmental education seeks to shape values and responsible
attitudes in learners [2]. Approaches to environmental education vary widely: some emphasize
immediate pro-environmental actions (e.g. teaching energy conservation and waste recycling) [3],
while others focus on developing critical thinking and long-term shifts in mindset and values [4].
Programs centered on short-term behavior change (for instance, encouraging simple eco-friendly
habits) can be effective [5]. Still, many educators argue that deeper transformation — cultivating an
ecological worldview or identity — is necessary for lasting impact [6]. Indeed, many researchers
now contend that fostering ecological identity should become a priority goal of environmental
education, as it engenders a deeper, more internalized relationship with the environment [7].
Unlike approaches that focus exclusively on changing outward behavior or accumulating
knowledge, nurturing ecological identity is about developing a person who is not only aware of
environmental issues but also personally invested in the long-term well-being of the planet.
Individuals with a strong ecological identity tend to view caring for the environment as integral to
their self-concept, making their commitment to environmentally responsible practices more
enduring.
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Research confirms that environmental education can correlate with pro-environmental
behavior, though the nature of this relationship is complex [8]. Paradoxically, despite growing
environmental awareness in society, a significant gap often remains between awareness and
action. People frequently opt for “easy” eco-friendly actions requiring minimal effort (such as
recycling) while avoiding more inconvenient sacrifices (such as reducing private car use) [9]. This
attitude—action gap is often attributed to competing values like convenience and social comfort,
highlighting the need to cultivate a deeper environmental ethic or identity to overcome these
barriers. Ecological identity refers to an individual’s perception of themselves in relation to nature
— how connected they feel to the natural environment, and how this connection influences their
values and behaviors [10]. The development of ecological identity is influenced by multiple
factors including principles of deep ecology, environmental ethics, ecopsychology, and education;
it evolves under cultural, social, and personal influences. Recent studies emphasize the importance
of ecological identity among adults (such as environmental activists and professionals) [11],
noting that its development often progresses through stages: first an awareness of environmental
problems, then a belief in the possibility of positive change, and finally adoption of an active
position in support of the environment. Integrating a connection to nature and personal
environmental relevance into education is seen as key to promoting sustainable behavior.
However, attitudes alone do not always translate into action, as contextual and psychological
factors mediate behavior. Educational strategies aimed at changing environmental attitudes
typically focus on four aspects: moral reasoning, raising awareness, incentives, and community
influence. Of these, incentive-based approaches and leveraging social/community influence tend
to be most effective in changing behavior, especially when combined with participatory,
experiential learning [12]. Programs that integrate multiple approaches — for example, providing
external incentives or feedback and engaging students in hands-on environmental activities — have
been more successful in cultivating long-term pro-environmental behaviors [13]. Correspondingly,
environmental education, as a field, has evolved from simply disseminating knowledge toward a
holistic approach that supports the development of an ecological identity — wherein a person feels
themselves to be part of nature — which is deemed crucial for long-term, responsible
environmental behavior [14].

Despite these advancements in theory, there remain gaps in educational practice. In many
settings, including our regional context, curricula still emphasize factual ecological knowledge or
short-term activities while neglecting the deeper formation of environmental identity. In
Kazakhstan, for instance, various initiatives have been launched to integrate sustainability into
education — notably a national project to green the education system and orient it toward
sustainable development and a “green” economy [15]. These efforts reflect a governmental and
societal recognition of the importance of environmental education. However, significant
challenges persist in fully implementing the principles of education for sustainable development
(ESD). A major challenge is the limited awareness and understanding of ESD among educators,
students, policymakers and the public, which hampers the integration of sustainability values into
teaching practice [16]. This context underscores the need for more robust educational models that
not only convey environmental knowledge but also actively engage and transform learners’ values
and identities.

For physics students, developing an ecological identity is particularly pertinent. Physics as
a discipline is closely connected to many technologies and processes — such as energy production,
materials science, and industrial innovation — that have far-reaching environmental impacts [17].
Higher education institutions, as key pillars of society, play a unique role in shaping not only
knowledge but also the personal development and values of future professionals. Future physicists
and physics educators will be involved in areas (like power generation, engineering, and high-tech
industries) where their decisions can significantly affect the environment. They must graduate
with a sense of environmental responsibility ingrained in their professional identity. By fostering
ecological identity among physics students, we prepare them to integrate sustainability
considerations into their work — whether designing new technologies, conducting research, or
teaching science in schools. Prior work suggests that strong environmental competence can
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translate into the internalization of environmental values, effectively linking knowledge to identity
formation. We build on this premise in the present study.

We hypothesize that implementing a structured model of eco-identity development within
the physics curriculum will significantly improve students’ environmental competence and foster a
stronger ecological identity, compared to a traditional physics education approach without such a
model. In essence, by deeply integrating environmental content and reflective practices into
physics teaching, students will internalize ecological values, leading to measurable gains in both
ecological knowledge and identity.

To test this hypothesis, our study is guided by the following research questions:

1. Does the proposed model of eco-identity development lead to a significant improvement
in physics students’ environmental competence (knowledge and skills related to ecology and
sustainability) compared to a traditional curriculum?

2. Does participation in the model lead to a stronger development of ecological identity (as
evidenced by students’ self-perception, values, and commitments regarding the environment)
compared to students who undergo traditional instruction?

3. How do the outcomes differ between students who experience the eco-identity
development model and those in the control group? Specifically, what are the differences in pre-
to post-intervention gains in environmental competence and ecological identity between the
experimental and control groups?

Materials and methods of research

The study employed a quasi-experimental design with an experimental group and a control
group to evaluate the effects of the eco-identity development model. Participants were 46
undergraduate students in their third year of the Physics Education program at Atyrau University.
The sample was split evenly into two groups: 23 students in the experimental group and 23 in the
control group. All participants had a similar academic background and had completed standard
introductory coursework in physics and basic ecology, ensuring a comparable baseline of
knowledge. None had received explicit instruction aimed at developing ecological identity before
the study. The groups were taught in parallel during a single semester, with the experimental
group receiving the enhanced curriculum intervention and the control group following the
traditional curriculum. To minimize confounding variables, both groups were taught by the same
instructor, a faculty member in physics, so that differences in teaching style were not a factor. The
study was conducted over a 15-week semester, with the intervention integrated into the regular
physics course schedule.

The core of this research is the development and implementation of an enhanced model for
developing eco-identity in physics students. This model was adapted from a previously published
framework on environmental competence and extended into a more advanced, structured form to
explicitly foster ecological identity. The model is comprehensive, comprising several interrelated
components and implementation strategies. In designing the model, we followed a three-stage
process: (1) conceptual development of the model’s structure and components, (2) determination
of the implementation mechanism (i.e. how to integrate the model into teaching practice), and (3)
creation of an evaluation system to gather feedback and assess student outcomes (competence and
identity). The theoretical justification for the model draws on interdisciplinary research in
environmental education and identity formation, allowing us to integrate key environmental
principles and identity-development strategies into physics education.

Procedure

Before the intervention began, both groups (experimental and control) underwent a pre-test
evaluation to establish baseline measures for the key outcomes. This pre-test included two parts:
(1) an Environmental Competence Test, and (2) an Ecological Identity Survey. The environmental
competence test was a written assessment (combining multiple-choice and short-answer questions)
covering fundamental environmental science knowledge, environmental aspects of physics, and
scenario-based problem-solving. The ecological identity survey was adapted from established
environmental identity scales (such as Clayton’s Environmental Identity scale [18]). The survey
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produced an Eco-ldentity Index for each student on a 0-50 scale. The internal consistency of the
scale in the present sample was satisfactory (Cronbach’s o = 0.84), indicating acceptable
reliability for research purposes.

Following the pre-test, the experimental group was taught using the proposed model,
integrated throughout their physics courses for the semester. Meanwhile, the control group
continued with a traditional physics curriculum. The control group’s courses followed the standard
syllabus, which did include some minimal coverage of environmental topics as per the national
curriculum. Both groups covered the core physics content required by the program; the
experimental group simply did so in a more enriched manner, whereas the control group did so in
the usual manner. Importantly, the contact hours and overall workload were kept roughly
equivalent between groups, so that the experimental group’s gains could not be simply attributed
to spending more time or effort than the control.

At the end of the semester (after approximately 15 weeks of instruction), we administered
a post-test evaluation, which mirrored the pre-test. Students in both groups again took the
Environmental Competence Test and the Ecological Identity Survey. This post-test allowed us to
measure changes in scores from pre- to post-test in each group. We also collected the qualitative
responses again by asking students to describe what environmental responsibility means to them
after the course, to observe any shifts in perspective or language.

Data Analysis

The quantitative data were analyzed using both descriptive and inferential statistics. First,
we computed descriptive statistics (means and standard deviations) for the environmental
competence scores and ecological identity index in each group, before and after the intervention.
We then assessed baseline equivalence: an independent samples t-test was used to verify that there
was no significant difference between the experimental and control groups’ pre-test scores on the
competence test and identity index (confirming that any subsequent differences could be attributed
to the intervention rather than pre-existing disparities). The main analysis involved comparing
post-test outcomes. We performed an independent samples t-test on post-test competence scores
between the experimental and control groups to assess whether the observed mean difference was
statistically significant. Similarly, we compared the post-test ecological identity scores between
the two groups using a t-test. To specifically address improvements within each group, we also
conducted paired-sample t-tests for the experimental group (pre vs. post scores) and for the control
group (pre vs. post) on both measures. This helped determine whether each group experienced a
significant change over time and, if so, in which direction. Effect sizes (Cohen’s d) were
calculated for the key differences (experimental vs control post-test, and pre-to-post changes) to
gauge the practical significance of the results. A significance level of o = 0.05 was used for all
statistical tests (with adjustments for multiple comparisons when appropriate, though in our case
the comparisons were limited and focused). Additionally, we examined the relationship between
environmental competence and ecological identity outcomes using Pearson’s correlation
coefficient. To test whether changes over time differed by group, we ran separate 2 (Time: pre-,
post-test) x 2 (Group: experimental, control) mixed-design ANOVAs for Environmental
Competence and Ecological Identity. All analyses were carried out using IBM SPSS Statistics 26.

Results and their discussion

Model Description

The model is organized into four major components — Motivational, Content, Procedural
and Evaluative — each contributing to the holistic development of students’ environmental
competence and identity (Figure 1).
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Model of Ecological Identity Formation

- Formation of personal
meaning related to
ecological values and
professional identity as
a physicist

- Development of
internal motivation to
engage with
environmental issues.

-  Knowledge of
ecological principles
relevant to physics.

- Understanding of
human-nature
interactions and
sustainable
development.

- Engagement in
environmentally
oriented practices and
project activities.

- Experience in applying
ecological knowledge to
professional tasks.

- Reflexivity in behavior
and  decision-making
processes.

- Self-assessment of
ecological values and
practices.

- Tracking personal
progress in ecological
consciousness.

- Willingness to adopt
and promote sustainable
practices in professional
environments.

Figure 1- Model of Ecological Identity Formation
Note: Compiled by authors

The synergy of these four components creates a structured pathway for students: starting
from motivation and goal-setting, through rich interdisciplinary content and active engagement,
culminating in reflection and evaluation that ties it all together (Table 1). This framework was
deliberately designed to guide students beyond acquiring facts, towards internalizing
environmental values as part of their professional identity. The model also included an
implementation mechanism that specifies the pedagogical conditions for success (e.g., a
supportive classroom environment, institutional backing for field activities, etc.), and a feedback
loop in which results from the evaluation component inform continuous improvement of the
curriculum.

Table 1 — Components for the Model of Ecological Identity Formation

Core Focus Key Elements

« Ecological relevance in physics and society;

« Alignment with personal/professional goals;

* Discussion of global/local challenges;

* Infusion of environmental topics into Thermodynamics,
Electromagnetism, Nuclear Physics, Mechanics, Optics;

+ Case studies (air/water pollution, energy-consumption
statistics);

* Targeted competencies: ecosystem literacy, tech-impact
awareness, sustainable-tech know-how.

* Problem-based tasks on real eco-problems;

+ Lab measurements (e.g., device energy -efficiency,
radiation background);

* Field trips to renewable-energy sites;

* Ethical debates (nuclear vs carbon);

* Reflective diaries & group projects.

* Formative: quizzes, observation checklists, self-ratings;

* Summative: Environmental Competence Scale,
Ecological Identity Inventory;

o Criteria: knowledge, awareness,
collaboration, stewardship commitment.

Component

Values, aims, and learner

Motivational-Target o
motivation

Interdisciplinary

Content knowledge base

Pedagogical methods &

or ral _ o
ocedura learning activities

Assessment, feedback,
reflection

Evaluative (Control-

Result) self-regulation,

Note: Compiled by authors
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At the outset of the course, students in the experimental group were introduced to the
relevance of ecology in physics and society. We set clear objectives related to sustainability (e.g.,
understanding the environmental impact of physical processes and developing a sense of
responsibility toward nature). Students engaged in discussions about global and local
environmental challenges, which helped evoke their intrinsic motivation and sense of purpose.
This motivational component is designed to shape values and attitudes — students reflect on why
ecological issues matter to them as future physicists. By aligning educational goals with
sustainability values, the motivational-target component lays the foundation for developing an
eco-centric mindset in students.

We systematically infused interdisciplinary environmental knowledge into traditional
topics in physics. For example, when teaching thermodynamics, we included content on energy
efficiency, entropy in ecological systems, and climate change; in electromagnetism, we discussed
electrical energy generation and its environmental footprint; in nuclear physics, we covered
nuclear power and radiation ecology, etc. The content component ensures that students gain robust
environmental knowledge and awareness in tandem with physics concepts. Key ecological
competencies targeted include understanding ecosystems, recognizing the environmental
implications of technological applications, knowledge of sustainable technologies, and grasping
the physical principles underlying environmental processes. The content was enriched with case
studies on environmental problems (such as air and water pollution data and energy consumption
statistics) and on how physics-based innovations can mitigate or exacerbate these issues. By the
end of the course, students in the experimental group were expected to demonstrate a deep
understanding of fundamental ecological concepts and their relation to physics, thereby satisfying
the criterion of ecological literacy within the physics context.

The model emphasizes active, student-centered pedagogical approaches that encourage
application, analysis, and reflection. In the experimental group, we implemented a variety of
interactive and experiential learning strategies: problem-based learning (solving real
environmental problems using physics principles), laboratory experiments with environmental
measurements (e.g. measuring energy efficiency of devices, monitoring environmental parameters
like radiation or air quality), field projects (such as a field trip to a local ecological site or a
renewable energy facility, followed by a project report), group discussions and debates on ethical
scenarios (e.g. the trade-offs of nuclear energy vs. carbon emissions), and reflective journaling.
Students were asked to maintain a reflection diary to regularly record their thoughts on how
physics and environmental issues intersect, and how their own views and sense of responsibility
might be evolving. Cooperative learning was encouraged through group projects addressing
sustainability challenges, thereby also building teamwork skills for solving environmental
problems.

Experimental Results

As expected, initial comparisons showed no significant differences between the
experimental and control groups before the intervention. On the pre-test Environmental
Competence assessment, the experimental group had a mean score of 59.26 (on a 0-100 scale; SD
~ 7.65), and the control group a mean of 57.10 (SD =~ 7.11). These scores are just below the
minimum passing threshold of 60, indicating that, on average, both groups possessed only a basic
level of environmental knowledge at the start (which is reasonable, as they had not yet undergone
specialized training). A t-test confirmed that the difference in pre-test competence means was not
statistically significant (t<1, p>0.05). Similarly, for the Ecological Identity Index, the experimental
group’s pre-test average was 24.42 (on a 0-50 scale; SD = 4.69) and the control group’s was 24.81
(SD = 5.13), a negligible difference (statistically non-significant). These baseline results establish
that the two groups were starting from a comparable point in terms of both environmental
knowledge and identity orientation.

By the end of the semester, the experimental group showed markedly higher performance
on both outcome measures compared to the control group. Table 2 presents the Environmental
Competence Test scores (percentage scale: 0-100). It can be seen that the experimental group’s
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mean competence score increased substantially from pre to post, while the control group’s score
rose only modestly.

Table 2 — Environmental Competence Test* Scores

Group Pre-test (Mean * SD) Post-test (Mean + SD) p
EXpe”mZ%’;ta' (n= 59.26 + 7.65 77.63+7.45 < .001
Control (n = 23) 5710+ 7.11 61.31+£9.95 0.03

Note: Compiled by authors

As shown in Table 2, the experimental group’s mean environmental competence score
increased from 59.26 at pre-test to 77.63 at post-test, representing a gain of 18.37 points. In
contrast, the control group improved from 57.10 to 61.31, a gain of 4.21 points. An independent-
samples t-test on the post-test scores showed that the experimental group significantly
outperformed the control group, t(44) = 6.30, p <.001, with a large effect size (Cohen’s d = 1.86).
Within-group analysis also indicated a substantial pre-post gain in the experimental group,
whereas the control group showed only a modest improvement. These findings suggest that the
enhanced model had a strong positive effect on students’ environmental competence, likely due to
the integration of interdisciplinary content, active learning, and practical application.

This suggests that merely following the standard curriculum led to a slight improvement
(perhaps due to general learning or maturation), but the new model led to a much larger
improvement. Every student in the experimental group scored above the passing level of 60 by the
end (the lowest post-score in that group was 67). In contrast, in the control group most students
remained near the minimum competence level. These results demonstrate that the enhanced model
had a measurable positive impact on students’ environmental competence. By integrating
interdisciplinary content, active learning, and practical application, the model not only improved
students’ understanding of environmental principles, but also deepened their engagement with
ecological problem-solving. The experimental group’s higher performance suggests they gained a
more robust and retained understanding of the material, consistent with the model’s goals.

Table 3 presents the results for the Ecological Identity Index, derived from the survey of
attitudes and self-perception regarding the environment. Again, clear differences are observed
between the experimental and control groups after the intervention.

Table 3 — Ecological Identity* Scores

Group Pre-test (Mean + SD) Post-test (Mean + SD) p
Experimental (n = 23) 24.42 + 4.69 34.36 + 4.94 <.001
Control (n = 23) 24.81 £5.13 27.73+£5.91 >0.1
Note: Compiled by authors

Table 3 shows that the experimental group’s ecological identity score increased from 24.42
at pre-test to 34.36 at post-test, whereas the control group showed a smaller increase from 24.81 to
27.73. An independent-samples t-test on the post-test identity scores indicated that the
experimental group scored significantly higher than the control group, t(44) = 4.13, p < .001, with
a large effect size (Cohen’s d = 1.22). Within-group analyses further suggested that the increase in
ecological identity was substantial in the experimental group, while the control group showed only
a modest change. In practical terms, these results indicate that the model contributed not only to
cognitive gains, but also to the internalization of ecological values and self-perceptions.

It is also illuminating to consider the relationship between gains in competence and
identity. A moderate positive correlation was observed between post-test environmental
competence and ecological identity (r = .55, p < .01), suggesting that students with stronger
competence also tended to report stronger ecological identity. In other words, students who
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learned more about environmental and sustainability concepts also tended to express a stronger
environmental identity. The experimental group primarily drove this correlation — within that
group, the correlation was even higher (r = +0.65), whereas in the control group it was weak (r =
+0.2, not significant). This finding is consistent with the assumption that competence development
and identity formation are interrelated. As students become more knowledgeable and skilled in
addressing environmental issues, they also internalize environmental values more deeply.
However, the weak correlation in the control group suggests that knowledge alone (as acquired in
a traditional setting) is not always sufficient to shift identity — it was the combination of
knowledge with the model’s pedagogical approach (interdisciplinary, applied, and reflective
learning) that produced the strong competence—identity alignment observed in the experimental
group.
To test whether changes over time differed by group, we ran separate 2 (Time: pre-, post-
test) x 2 (Group: experimental, control) mixed-design ANOVAs for Environmental Competence
(Table 4) and Ecological Identity (Table 5).

Table 4 — Mixed ANOVA for Environmental Competence

Source SS df MS F p
Time 21585 1 21585 150.30 <.001
Group 164.1 1 164.1 2.46 123
Time x Group 12334 1 12334 85.41 <.001
Error (Time) 632.0 44 14.36 - -
Error (Between) 2 935.6 44 66.72 - -
Note: Compiled by authors

A significant main effect of Time indicated that students improved overall from pre- to post-
test, F(1, 44) = 150.30, p < .001, partial n> = .77. The Time x Group interaction was also
significant, F(1, 44) = 85.41, p <.001, partial n* = .66, showing that the experimental group’s gain
(A = +18.37 points) was substantially larger than the control group’s (A = +4.21 points). No
reliable main effect of Group emerged.

Table 5 — Mixed ANOVA for Ecological Identity

Source SS df MS F p
Time 828.9 1 828.9 132.27 <.001
Group 22.1 1 22.1 3.53 .067
Time x Group 628.5 1 628.5 100.31 <.001
Error (Time) 276.0 44 6.27 - -
Error (Between) 274.9 44 6.25 - -
Note: Compiled by authors

The same pattern held for identity formation. Scores rose across the sample, F(1, 44) =
132.27, p < .001, partial n? = .75, and the Time x Group interaction was significant, F(1, 44) =
100.31, p <.001, partial n? = .70. The experimental group increased by 9.94 points compared with
a 2.92-point gain in the control group. The main effect of Group did not reach significance.

Together, these analyses confirm that the intervention produced markedly greater
improvements in both environmental competence and ecological identity than standard instruction,
supporting the effectiveness of the proposed four-component model.

The data provided above and the statistical tests collectively answer our research questions
affirmatively: Yes, the eco-identity development model significantly boosts environmental
competence (RQ1) and strengthens ecological identity (RQ2) among physics students, and the
outcomes for those with the model are significantly better than for those without (RQ3).

Our findings validate the hypothesis that integrating interdisciplinary content, active
learning, and reflective practice into subject-specific education is a promising approach to
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fostering sustainable thinking. The model’s success is consistent with educational theories
suggesting that meaningful learning, especially in the context of sustainability, occurs when
students can connect knowledge to their own values and experiences. By moving beyond rote
learning to engage students in how physics relates to real environmental challenges, the model
encouraged a deeper form of learning. The significant gains in the experimental group’s
environmental competence indicate that students not only absorbed more information but also
applied physics principles to environmental problems more adeptly than their peers in the control
group. This can be attributed to the interdisciplinary and applied nature of the curriculum: it
provided context and relevance, which are known to improve understanding and retention. The
results mirror previous research that emphasizes the effectiveness of multi-faceted educational
interventions [19]. For instance, programs that combine content knowledge with practical
engagement and personal reflection tend to yield better outcomes in terms of behavior and attitude
changes [20]. Our model combined all these elements, which likely created a synergistic effect.
The interdisciplinary content gave breadth and relevance, active learning (projects, labs) built
skills and personal experience, and reflective exercises helped internalize the lessons. Together,
these ensured that knowledge translated into personal meaning, supporting the formation of
ecological identity. This comprehensive approach reflects a shift noted in contemporary
environmental education: moving from simply teaching about the environment to teaching for the
environment — i.e., educating in ways that empower and motivate students to act for sustainability.

Despite the promising findings, the study has several limitations. First, the sample size was
relatively small, which limits the generalizability of the results. Second, the intervention was
implemented in a single university context; therefore, the findings should be interpreted with
caution when applied to other institutional settings. Third, the quasi-experimental design did not
involve random assignment of participants, which may have introduced uncontrolled group
differences. Finally, ecological identity was assessed through self-report measures, which may be
influenced by social desirability or response bias. Future studies should test the model with larger,
more diverse samples and examine its long-term effects.

One of the most significant outcomes of this study is the measurable development of
ecological identity in the experimental group. Achieving changes in identity is challenging, as
identity is a deep-seated construct not easily shifted by a single course. The fact that we observed
a significant increase in the ecological identity index over one semester suggests that the
intervention touched students at a personal level. Students in the experimental group began to see
environmental stewardship as part of their role and self-image as future physicists/educators. This
outcome provides empirical support for the idea that educational environments can be
intentionally designed to influence identity, not just knowledge. It reinforces arguments in the
literature that identity formation should be an explicit goal of environmental education to achieve
long-term commitment to sustainable behavior [21].

The context of physics education provides a unique angle on sustainability. Physics, being
fundamental to understanding energy, matter, and technology, is at the heart of many
environmental solutions and also problems. From renewable energy technologies to nuclear
power, from climate modeling to pollution control, physics principles are integral to these fields.
Therefore, forming a generation of physicists who are ecologically conscious can have a
disproportionate positive impact. Our findings highlight that physics students, when educated
about these connections, grasp their importance. The discussions and enthusiasm observed in the
experimental group suggest that many physics students were eager to find purpose in their studies
related to global challenges. This indicates an important source of student motivation of student
motivation that educators can leverage — linking coursework to grand challenges can inspire
students to excel and remain engaged. On the other hand, if such connections are not made,
students might see physics as disconnected from society and lose interest or fail to consider the
implications of their work. As our results warn, without an ingrained ecological identity, future
physicists might focus solely on technical aspects and overlook the environmental consequences
of their work. This could perpetuate unsustainable practices. Conversely, if sustainability values
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become integral to their education, these future professionals can actively promote sustainable

practices and transform potentially harmful processes into environmentally safe solutions.

Conclusion

In conclusion, this research has demonstrated the efficacy of an enhanced model for
developing eco-identity among university physics students. The model — characterized by its
structured framework of motivational, content, procedural, and evaluative components —
significantly outperformed traditional teaching methods in both imparting environmental
competence and in nurturing an ecological identity in students. The experimental group of
students who experienced the model showed greater mastery of environmental knowledge
(achieving higher test scores by the end of the course) and, crucially, developed a personal sense
of responsibility and identification with environmental values, as evidenced by a higher ecological
identity index. These outcomes were statistically significant and educationally meaningful,
affirming our central hypothesis that a comprehensive, well-designed educational intervention can
bridge the gap between learning about the environment and caring about it as part of one’s
identity.

The findings hold important implications for the future of physics education and for higher
education’s role in advancing sustainability. By integrating interdisciplinary environmental
content and active learning strategies into the physics curriculum, we not only enhanced students’
understanding of physics in context but also prepared them to be more conscientious scientists and
citizens. This dual development of competence and identity is a hallmark of truly transformative
education. The study contributes to the growing body of evidence that achieving sustainable
development goals will require education systems to go beyond knowledge transmission and
intentionally cultivate the values, attitudes, and identities necessary for students to engage with
sustainability challenges. For universities in Kazakhstan and globally, adopting such models in
science and engineering programs can produce graduates who are not only technically proficient
but also ready to assume leadership roles in sustainability in their fields.

In summary, the enhanced model for developing eco-identity in physics students at Atyrau
University proved to be a powerful educational innovation. It achieved a more holistic learning
experience, producing students who are both knowledgeable and intrinsically motivated to apply
their knowledge to environmental improvement. The future of sustainable development heavily
relies on such educational transformations. This study offers a concrete step in that direction,
illustrating how we can educate physicists (and, by extension, other professionals) to serve as
competent stewards of the environment. By cultivating ecological identities in our students, we are
investing in a future workforce that will carry the ethos of sustainability into whatever endeavors
they pursue. Such educational transformations may make an important contribution to
sustainability-oriented higher education.
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IKOJIOTUSJIBIK BIUIIM BEPYJIEH DKO-COMKECTIKKE JEVTH: ®U3UKA
MAMAHJBITBI CTYJAEHTTEPTHIH DKOJIOTHSIBIK KY3BIPETTIIIITTH JAMBITY
MOJIEJII

AHgarna

JKahaHABIK SKOJNOTHSIBIK KUBIHABIKTAPABIH apTybl JKaFJaiibiHIA JKOFapel OimiM  Oepyde KemeHi
9KOJIOTHSUIBIK, OKBITY, ocipece (pn3mka CHSAKTHI KapaThUIBICTAHY FBUIBIMIAPHI IMOHJEPIHIE €peKIle ©3eKTi OObI
TaObUTaZbl. MakalmaHbIH MaKcaThl - JKOFapbl OuTiM Oepy JKydeciHzmeri Qu3MKa CTYZCHTTEPIHIH 3KOXYHECiH
KaJIBIITACTHIPY MOJCIIH 93ipiiey JKOHE DKCICPHUMEHTTIK TEKCEpy, COHIAi-aK OHBIH JKOJOTHSIIBIK KY3BIPETTUIIK
JICHIeHiH apTThIpyJarbl JKOHE TYPaKThl JaMy MPHHIUNTEpIHE OarbITTallFaH TYPAaKThl KYHIBUIBIK KO3KApacTapbIH
KaJIBINTACTBIPYIaFbl TUIMIUTITIH Oaranay. By Makanazna ¢usuka CTyIeHTTEpiH/IE YKOIOTHSIIBIK COMKECTIKTI AaMBITY
MOJIeN YChIHbUIFaH. MOJIenb/IiH THIMIUIITIH TeKCepy YLIIH ATbIpay YHUBEPCUTETIHIH (hM3MKAa MaMaHAbIFbl OOMbBIHIIA
OKMTHIH 46 YHIIHII KypC CTYINEHTIHIH (IKCIIEPUMEHTTIK Tomrta 23 oHe Oakpliay TOObIHAA 23) KaThICYbIMEH
KBa3MAKCIIEPUMEHTTIK 3€pTTEY KYPTi3iimi. DKCIIEPUMEHTTIK TONTa (PU3WKAHBI OKBITY OCBI MOJENBII EHTi3yMEH
TOJBIKTBIPBUIIBI, all OaKplIay TOOBI I9CTYpJli OKy OarjapiiamachlH NMaigainaHabl. DKOJIOTHSJIBIK KY3BIPETTIIK JKoHE
JKOJIOTHSIIBIK, COMKECTIKTI JAMBITY 3KCIIEPUMEHTKE JICHiH jkoHe Kelin Oaramanasl. CrarucTukansik Tanaay (ANOVA,
t-TecT) Oakpuiay TOOBIMEH CAJBICTBIPFAHAA IKCIIEPUMEHTTIK TOMNTAa SKOJOTHMSIIBIK KY3BIPETTUIIKTIH aWTapiibIKTaii
apTKaHbIH >KOHE AKOJIOTHSUIBIK COMKECTIKTIH ANKBIHBIPAK JaMbIFAHbIH KepceTTi. HoTwkenep QusnkaHbl OKbITYFa
KYPBUIBIMJIAJIFaH 3KOJIOTHSJIBIK COMKECTIKTI JaMbITy MOJENIH €Hri3y CTYICHTTEPIiH SKOJOTHUIIBIK XabapaapJibIFbIH
TEepeHAETe Al JKOHE ONapAbIH TYPAKTHl JaMy KYHIBUIBIKTapbIHA KeKe OepilreHIIriH HBIFaWTaabl JereH OoJDKaMIbl
pactaiinpl. Makana (U3MKaHBI OKBITY JKOHE MYFaIiMIEpIi Haspiay VIIH 3epTTey HOTIDKENEPiHIH CalIapbiH
TaJKbUIAYMEH asgKTaJlaJbl JKOHE MOJIENb i OiiM Oepy MpolieciHe eHTI3y JKOHE IKOJOTHSIIBIK COMKECTIKTI JaMBITYIbI
KOJ1J1ay YIIIiH OoJialiaK 3epTTeyJiep YIIiH YChIHBICTap OepiireH.

Heri3ri ce3aep: 3xog0rusmbIK 011iM O6epy, SKOJOTHSIIBIK COMKECTIK, SKOJOTHSIIBIK KY3BIPETTIIIK, (U3NKAHbI
OKBITY, TYPaKThI JIaMy.
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OT SKOJIOI'HYECKOI'O ObPA3OBAHUA K SGKOMAEHTHYHOCTHU:
MOJEJIb PAZBUTHUSA DKOJOT'MYECKUX KOMIIETEHIIMU Y CTYAEHTOB-
PU3NKOB

AHHOTaNNA

B ycnoBusix obGocTpeHHs TJIO0AIBHBIX HSKOJOTMYECKMX IIPOOJEeM OCOOCHHO aKTyajlbHa KOMIUIEKCHAs
9KOJIOTMYECKasi MOATOTOBKA B CHCTEME BBICIIEr0 OOpa3oBaHMs, B YAaCTHOCTH B TaKMX €CTECTBEHHOHAYYHBIX
JUCLUIDIMHAX, Kak ¢usnka. Llenmp ctaTthy 3akimoyaercs B pa3paboTKe M IKCIEPUMEHTAIBHOW IMPOBEPKE MOJICIH
(hopMHpOBaHUS DKOUJICHTUYHOCTH Y CTYIEHTOB-(DU3UKOB B CHCTEME BBICIIETO 00pa30BaHMs, a TAKKE B OLICHKE ee
3¢ GEeKTUBHOCTH B TOBBINICHUH YPOBHSA OKOJOTHYECKON KOMIIETGHTHOCTH M (OPMHUPOBAHHUHM yCTOHYMBBIX
[IEHHOCTHBIX YCTaHOBOK, OPHEHTHPOBAHHBIX HAa MPUHIUIIBI YyCTOHYMBOTO Pa3BUTHs. B maHHOW cTaThe NpencTaBieHa
Mozenb (OPMUPOBAHUS SKOUICHTUYHOCTH Y CTYHCHTOB-(OM3UKOB. i mpoBepku 3¢ddexTuBHOCTH Monenn ObLIo
MPOBEICHO KBa3MIKCIEPUMEHTAIBHOE HCCIENOBaHUE C ydacTueM 46 CTyAEHTOB 3-TO Kypca CIEHaIbHOCTH
«Du3nka» ATeIpayckoro yHmBepcuTeTa (23 B OKCHEpHMEHTANbHOW Tpymme W 23 B KOHTpONbHOW). B
9KCIIEPUMEHTANIBHOIM Tpymnme oOydeHne Mo (HU3WKE MOMONHAJIOCH pPEaM3aliedl MaHHOM MOAENH, TOrJa Kak B
KOHTpOHLHOﬁ TpymnIe ucCroJib3oBajlaCh TpaAulIMOHHAA ITporpamMma. OHCHKa YpOBH:A 9KOJIOTHYECKON KOMIIETCHTHOCTH
U CcHOPMUPOBAHHOCTH HKOUACHTHYHOCTH NPOBOJIWIACH IO M TOche OJKcrepuMmeHTa. CTaTHCTHYECKMH aHau3
(ANOVA, t-kputepuii) mokasam, YTO B OSKCICPHUMEHTANBHON TpyMIe HaOIIOJaeTCs 3HAYMMOE MOBBIIICHUE
TNoKa3aTesell 9KOJIOTHYECKOi KOMIIETEHTHOCTH M 0oJiee BHIPQ)KEHHOE CTAHOBJICHUE YKOJIOTMYECKON HIICHTUYHOCTH IO
CPaBHEHMIO C KOHTPOJBbHOW. Pe3ynbTaThl MOATBEPKAAKOT TUIIOTE3y O TOM, YTO BHEAPEHHUE CTPYKTYPUPOBAaHHOU
MOJICTIM Pa3BUTHA OHKOMASHTUYHOCTH B TIPENoOJaBaHWE (U3MKH CIOCOOCTBYET YTIIyOJNCHHIO 3KOJIOTHYECKOH
OCBEIOMJICHHOCTH CTYJCHTOB M (POPMHPOBAHHIO Y HUX JIMYHOCTHOH TNPHBEPKEHHOCTH LEHHOCTSIM YCTOHYMBOTO
pasButHus. B 3aBepuieHue crathi 00CYKHAIOTCS 3HAUCHHS MOJTYYCHHBIX PE3YyJIbTaTOB U NMPENOAaBaHUA (QU3UKH H
MOATOTOBKM OyOyIMMX YYHWTENeH, a Takke NaroTCsl PEKOMEHIALUKM MO BHEAPCHUIO MOJEIH B 00pa30BaTEIbHBINA
IpoLece 1 MOCIEAYIONNM UCCICAOBAHUSIM M0 TOAJCPKAaHUIO PA3BUTHS SKOUJCHTHYHOCTH.

KaroueBble cioBa: 53Koyormdeckoe 00pa3oBaHHE, 3KOJOTHYECKAs HICHTUYHOCTh, AKOJIOTHYECKas
KOMIIETEHTHOCTb, 00y4eHHEe (HU3HKe, YCTOHYMBOE Pa3BUTHE.
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