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Abstract: The article is devoted to the development, testing, and evaluation of an
integrated model for developing environmental competence in students at higher education
institutions. The model is based on a comprehensive approach that includes cognitive,
axiological, and practical components and combines theoretical, practice-oriented, and
reflective blocks. This ensures the holistic formation of environmental knowledge, value
orientations, and practical skills necessary for solving sustainable development tasks in
students. The model was tested at the Sarsen Amanzholov East Kazakhstan University with the
participation of 88 students divided into control and experimental groups. Quantitative and
qualitative methods were used to evaluate its effectiveness: testing, questionnaires,
observation, and expert assessment. The results showed a significant increase in the level of
environmental competence in the experimental group, especially in the axiological and
practical components. The developed model has proven its effectiveness and can be
implemented in educational programs for training specialists in the fields of ecology, biology,
and pedagogy, contributing to the formation of environmentally responsible and professionally
competent personnel.
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Introduction.

In the context of rapid technological progress, globalization processes, and growing
environmental threats, the higher education system faces the urgent task of training a new
generation of specialists with environmental competence. Education is increasingly seen as a
key factor in sustainable development, capable of shaping a responsible attitude toward the
environment and stimulating behavioral change in society (Liulenko & Podzerei, 2022;
Dlimbetova et al., 2015).

Contemporary environmental challenges such as climate change, biodiversity loss, and
pollution of water, soil, and air resources, require future specialists to have not only
fundamental knowledge, but also advanced practical skills, the ability to think in an
interdisciplinary manner, and values aimed at finding and implementing sustainable solutions
(Stagl, 2017; Ozkan et al., 2024). In this context, environmental competence is defined as an
integrative personal quality that includes knowledge, skills, values, and a readiness to take
practical action to protect the environment (Karter, 2019; Klochko & Fedorets, 2023).

The formation of environmental competence is becoming an integral part of the training
of specialists, regardless of their professional profile. This requires the introduction of
scientifically based educational models that combine cognitive, practical, and reflective
components. The development of such models involves the use of modern techniques,
including environmental modeling, eco-trails, visualization of the social environment through
eco-mapping, and participation in real projects (Jorgensen, 2008; Zameliuk, 2020; McKay et
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al., 2022). This article aims to present an integrated model for the formation of students'
environmental competence, which combines theoretical training, practical implementation, and
reflective methods. Particular attention is paid to involving students in project activities and
developing their skills in analysis, decision-making, and sustainable behavior.

The purpose of the study is to substantiate the scientific and methodological foundations
of the proposed model, demonstrate its structure, and characterize the results of its testing in
the university educational environment. The authors seek to show how a comprehensive and
interdisciplinary approach to the formation of environmental competence contributes to the
training of professionally competent and environmentally responsible specialists who are ready
to solve sustainable development tasks.

Methods and organization of research.

The research methodology was based on a comprehensive approach that included
elements of systems analysis, interdisciplinary interaction, and pedagogical diagnostics. The
main objective of the study was to develop, test, and evaluate a model for the formation of
environmental competence aimed at training specialists capable of effectively solving modern
environmental problems. The research was based on theoretical approaches presented in the
works of Ponomarova (2018), Palshkova (2003), Sotska and Kuzmenko (2019), as well as on
contemporary aspects of environmental education proposed by Vdovenko (2022). This
provided a scientific basis for the development of a methodology that considers the cognitive,
axiological, and practical components of environmental competence.

The research methodology consisted of three stages. At the analytical stage, an in-depth
analysis of existing models for the formation of environmental competence and their
effectiveness was carried out. This process was based on the theoretical and methodological
principles proposed by Palshkova (2003), who focused on the professional training of teachers
in the context of environmental education. Various concepts and approaches were studied,
including models that integrate theory, practice, and reflection. This stage made it possible to
identify the key elements necessary for the formation of competence: the cognitive component,
the axiological component, and the practical component.

During the design phase, a model for developing environmental competence was
developed, which included three interrelated blocks: theoretical, practical, and reflective. The
model was based on Vdovenko (2022) recommendations on environmental education. As part
of the cognitive component, the model included interactive lectures and multimedia materials
aimed at forming basic knowledge about environmental problems, the principles of sustainable
development, and ways to solve them. This component contributed to the development of
analytical thinking and the ability to apply theoretical knowledge in practice. The axiological
component was focused on forming values of sustainable development, environmental
responsibility, and a conscious attitude toward the environment. To this end, reflective methods
were used, including discussions, training sessions, and essay writing aimed at developing
students' values. The practical component included real-world tasks such as environmental
monitoring, developing projects for the conservation of natural resources, and using digital
technologies (e.g., GIS platforms). This component helped strengthen students' ability to apply
their knowledge in real-world situations and develop innovative environmental solutions.

The developed model was tested during the experimental stage. The study involved 88
students from Sarsen Amanzholov East Kazakhstan University majoring in Biology and
Natural Sciences and Pedagogical Biology. The participants were divided into control and
experimental groups, which was in line with Palshkova (2003) recommendations for
organizing a pedagogical experiment. The control group was taught according to the standard
educational program, while the experimental group used the developed model, which
simultaneously focused on the cognitive, axiological, and practical aspects of competence.
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Both quantitative and qualitative methods were used to collect data. Testing was used to
assess the level of students' environmental competence before and after the model was tested.
As part of the cognitive component, students' basic knowledge related to environmental
problems and their solutions was analyzed. Questionnaires completed by students and teachers
provided data on satisfaction with the educational process and identified the strengths and
weaknesses of the model, including the formation of values within the axiological component.
Observation of students' work made it possible to analyze their involvement and level of
practical skills application, which is especially important for assessing the practical component.
Expert assessment methods were used to analyze the quality of students' performance of
practical tasks and projects, which also made it possible to assess the formation of cognitive
and practical competencies.

The data obtained was processed using quantitative and qualitative analysis. Quantitative
analysis included mathematical processing of test and questionnaire results, which made it
possible to identify the dynamics of changes in the cognitive, axiological, and practical
components of competence. Qualitative analysis included the study of students' reflective
reports and teachers' observations, which allowed for a deeper understanding of the process of
forming environmental knowledge, values, and skills. A comparative analysis of the control
and experimental groups showed a significant improvement in all components of
environmental competence among students who studied according to the proposed model.

Thus, the methodology combined traditional and innovative approaches, which made it
possible to create a model that ensures the comprehensive development of the cognitive,
axiological, and practical components of environmental competence in students. The
integration of theory, practice, and reflection into the educational process contributes not only
to the development of professional knowledge and skills but also to the formation of value
orientations necessary for sustainable development. This makes the proposed model promising
for further implementation in educational programs.

Research results and their discussion.

The development of environmental competence is becoming one of the key tasks of
modern education in the context of sustainable development. Scientific literature highlights the
importance of integrating theoretical knowledge, practical skills, and reflective thinking in the
process of environmental education. Liulenko and Podzerei (2022) emphasizes that
environmental competence is a fundamental component of education for sustainable
development. The authors view environmental competence as a set of knowledge, skills, and
values that contribute to awareness of environmental problems and participation in their
solution. Their work highlights the need to implement environmental approaches at all levels
of the educational process.

Pedersen and Bang (2015) proposed a dialectical ecological-social model in which the
development of competence is viewed through the prism of the interaction between the
individual and the environment. Their research emphasizes the importance of a subject-
oriented approach to learning, which allows for the development of environmental awareness
and critical thinking. Stagl (2017) justifies the importance of ecological economics as an
integrative approach that combines interdisciplinary knowledge and methods. According to the
author, ecological economics forms the basis for sustainable education that promotes decision-
making that takes environmental factors into account. Ogbu (1981) proposes a cultural-
ecological approach to competence formation. The author focuses on cultural aspects and
emphasizes that understanding of environmental issues must be adapted to the cultural context
of learners.

Karter (2019) proposes an ecology-oriented model of conceptual competence based on
an interdisciplinary approach. The author points out that the integration of ecological and
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psychological knowledge contributes to the formation of professional skills necessary for
solving modern problems in various fields. Zameliuk (2020) in his study considers the
ecological trail as an effective tool for the formation of ecological competence in preschool
children. The author argues that practical activities and work in the natural environment allow
students to develop a value-based attitude towards nature. Jorgensen (2008) emphasizes the
diversity of models for developing environmental programs. He proposes a systematization of
models that can be used for educational purposes to assess and predict environmental changes.

Klochko and Fedorets (2023) address the conceptualization of a cultural-artistic model
of environmental competence for mathematics teachers. The authors note that integrating an
environmental approach into educational disciplines can increase environmental awareness
even among professionals working in traditionally non-environmental fields. Khuraskina
(2017) examines the development of students' environmental and legal competence through
environmental education. The author emphasizes the importance of combining educational and
upbringing methods to form environmentally responsible behavior. Ridei and Tolochko (2018)
explore issues of improving the environmental competence of teachers in the postgraduate
education system. Their work demonstrates the importance of professional development for
teachers in spreading environmental knowledge among students.

Dlimbetova et. al (2015) focus on the development of environmental competence in
future specialists. They emphasize that environmental aspects should be integrated into
professional training to promote the development of sustainable thinking and practical skills.
McKay and colleagues (2022) consider the development of environmental models from the
perspective of assessing their systemic quality. The authors highlight the role of qualitative
modeling in educational programs aimed at developing environmental literacy. Ozkan et al.
(2024) propose the integration of environmental elements into STEM education through
architectural design. Their research demonstrates new perspectives on environmental education
based on a creative approach and interdisciplinarity.

The analysis of the presented studies confirms the need for a comprehensive approach to
the formation of environmental competence. The integration of theoretical knowledge,
practical skills, and reflective thinking, as well as the use of interdisciplinary and culturally
adapted approaches, create the prerequisites for the successful development of environmental
education. To achieve this goal, it is important to consider the relationship between theoretical
training, practical tasks, and reflective activities.

In response to these challenges, we have developed a model for building environmental
competence aimed at creating a systematic approach to learning. This model combines
theoretical study, practical activities, and reflective thinking, ensuring the comprehensive
development of students. The main goal of the model is to develop the knowledge, skills, and
values necessary for students to gain a deep understanding of environmental issues, make
responsible decisions, and actively participate in solving them (Figure 1).

The goal of the integrative model for developing environmental competence is to create
a holistic educational environment that ensures the systematic development of students'
knowledge of ecology and sustainable development (cognitive component), practical skills for
solving environmental problems (practical component), and value orientations aimed at
environmentally responsible behavior (axiological component) (Figure 1).

The model aims to integrate theoretical, practical, and reflective components through
interactive lectures, practical assignments, and environmental training. It promotes the active
involvement of students in the learning process, develops their critical thinking and
independent analysis skills, and encourages their willingness to participate in environmentally
significant activities.
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Figure 1
Model for developing environmental competence: integrating theory, practice, and

reflection

1. Theoretical block — Interactive lectures

2. Practical block — Practical tasks

3. Reflexive block — Environmental training
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(monitoring of water, air, and soil
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Organization of volunteer actions
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technologies, online platforms for
modeling environmental processes).

Practical tasks — Environmental
training

Participation in environmental
forums, exhibitions and
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Conducting laboratory tests using
modern equipment.
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Organizing group discussions to
analyze completed assignments.
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Summarizing the results, discussing
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knowledge.

This model is focused on training environmentally literate specialists who can respond
effectively to modern challenges of sustainable development. It provides for close interaction
between all stages of training, creating conditions for students to develop environmental
thinking and skills that can be applied both in their professional and everyday lives. Each block
of the model performs its own unique function and contributes to the comprehensive
development of environmental awareness and skills in students.

Theoretical block - Interactive lectures. The first step in developing environmental
competence is to provide students with basic knowledge about ecology and sustainable
development. The use of interactive lectures accompanied by multimedia presentations, video
materials, and graphs contributes to the creation of an engaging educational environment and
better assimilation of the material. To enhance understanding of complex environmental issues,
discussions and debates are organized in which students discuss contemporary challenges and
propose possible solutions. This is consistent with the approach proposed by Pedersen and
Bang (2015), who emphasizes the importance of a subjective environmental position and
dialectical analysis. The involvement of experts from environmental organizations enhances
the practical focus of the training, which is in line with Vdovenko (2022) recommendations on
the need to integrate external resources into the educational process. The conceptual basis of
the block also echoes the work of Stagl (2017), which emphasizes the role of an
interdisciplinary and integrative approach in the formation of environmental literacy.
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Practical block - Practical tasks. Practice-oriented training is aimed at consolidating
theoretical knowledge by completing tasks that are close to real-life conditions. Students
conduct environmental audits of the territory, develop greening projects, and monitor water,
air, and soil. These forms of activity shape project thinking and decision-making skills, as
emphasized in the works of Ozkan et al. (2024) on the importance of project and STEM
activities for the formation of competencies. The use of digital technologies such as GIS and
environmental process modeling plays an important role, as confirmed by the research of
Jorgensen (2008) and McKay et al. (2022), which emphasizes the importance of model quality
assessment and systematic analysis of environmental data.

Reflective block - Ecological training. Reflective activity plays a key role in helping
students understand the significance of their actions and develop a personal position. The block
includes environmental training, group discussions, and leadership sessions. Individual
assignments (essays, observation diaries) contribute to the formation of a critical attitude
towards environmental issues and personal responsibility, which is in line with the approach
of Cotska and Kuzmenko (2019), who emphasize the role of artistic and value analysis and
reflection in teacher training. The effectiveness of such methods is also confirmed by
Vdovenko (2022), study, which emphasizes the need to develop internal motivational attitudes
in students through reflection on personal contribution.

Practical tasks - Ecological training. Student activity outside the classroom expands the
scope of formal education. Participation in environmental forums, competitions, the
development of digital applications, and laboratory research allow students to apply their
knowledge in practice and contribute to the creation of innovative solutions that reflect
contemporary challenges, as proposed by Ozkan et al. (2024) in the context of STEM education
and architectural solutions.

Ecological training - Reflective block. The educational process culminates in collective
projects that reflect the environmental concepts and sustainable behavior skills that have been
learned. Practices such as waste sorting, energy conservation, and responsible lifestyles are
integrated into students' daily practices. Final discussions allow for an assessment of the
effectiveness of the material's assimilation and the prospects for its application, which is in line
with the ideas of McKay et al. (2022) on the need to evaluate the quality of systemic changes
and behavior models.

Interconnection of blocks. The model assumes a logical continuity between blocks:
theoretical knowledge gained in lectures is applied in practical tasks, the results of which are
interpreted within the framework of environmental training. The cycle is completed by
reflection, allowing students to assess their environmental activity and formulate new goals.
This approach corresponds to the systemic model of environmental education focused on
sustainable development, as emphasized in the works of McKay et al. (2022) and Jorgensen
(2008).

The model for developing environmental competence presented in this paper
demonstrates a systematic approach to learning that combines theory, practice, and reflection.
This organization of the learning process helps students develop not only in-depth knowledge
but also the practical skills needed to solve contemporary environmental problems.As a result
of implementing this model, students achieve the following learning outcomes, as shown in
Table 1.
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Table 1
Expected learning outcomes according to the model

Learning component

Cognitive component Practical component Axiological component

Mastering the basic Knowledge of methods of Formation of a valued
concepts and principles of environmental monitoring, field attitude towards nature and an
ecology, sustainable research and laboratory work. understanding of  personal
development and responsibility for its preservation.
environmental protection.

Ability to analyze Experience in implementing Development of
modern environmental educational projects, participating in  sustainable lifestyle skills
problems (climate change, volunteer actions, forums, (resource conservation, waste
waste management, etc.). competitions, and startup minimization).

development.

Learning outcomes

The ability to apply Digital technology  skills The ability for
theoretical knowledge to (GIS, modeling, environmental environmental introspection and
solving applied problems. applications). collective project activity.

Thus, the model we have developed ensures the formation of environmentally literate,
motivated and socially responsible specialists who are ready for professional activity and active
participation in solving the problems of sustainable development.

During the testing of the model for developing environmental competence, significant
improvements were observed in the cognitive, axiological, and practical components among
students in the experimental group compared to the control group.

Table 2 demonstrates changes in the levels of cognitive, axiological, and practical
components of environmental competence among students in the experimental and control
groups in the areas of “Biology-Natural Science” and “Pedagogical Biology.” The data on the
initial and final levels of competence are presented, allowing us to assess the impact of the
proposed model for the formation of ecological competence. The experimental groups showed
a more significant increase in all components, which confirms the effectiveness of the model,
especially in the development of axiological and practical skills (Table 2).

Table 2
Changes in the levels of environmental competence of students in the experimental and
control groups

Groups / Components Cognitive (%) Axiological (%) Practical (%)
Entry level Experimental (Biology- 45 35 57
Natural Sciences)
Final level Experimental (Biology- 65 65 85
Natural Sciences)
Entry level Experimental (Pedagogical 48 45 65
Biology)
Final level 61 74 84
Experimental (Pedagogical Biology)
Entry level Control (Biology-Natural 36 51 49
Sciences)
Final level 58 79 67
Control (Biology-Natural Sciences)
Entry level Control (Pedagogical 42 36 57
Biology)
Final level Control (Pedagogical Biology) 69 78 84
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This Table 2 demonstrates changes in the levels of cognitive, axiological and practical
components of environmental competence among students of experimental and control groups.
In the experimental group in the Biology-Science direction, the level of the cognitive
component increased from 45% to 65%, indicating a significant increase in knowledge and
effectiveness of the proposed model. The axiological component increased from 35% to 65%,
indicating the formation of environmental values and the successful use of reflective methods.
The practical component showed an increase from 57% to 85%, which confirms the
development of practical skills and high performance of tasks. In the experimental group in the
direction of “Pedagogical Biology”, the cognitive component increased from 48% to 61%,
which reflects an increase of 13% and indicates a good assimilation of theoretical material. The
axiological component increased from 45% to 74%, which demonstrates a significant increase
in awareness and environmental responsibility.

The control group in the direction "Biology-natural science" also showed positive
dynamics, but the results are inferior to the experimental group. The cognitive component
increased from 36% to 58%, reflecting the influence of the standard educational program,
although the increase was lower. The axiological component increased from 51% to 79%,
demonstrating some effectiveness of traditional approaches to the formation of values. The
practical component showed an increase from 49% to 67%, indicating a positive effect, but it
was also lower than in the experimental group. In the control group in the direction of
"Pedagogical Biology" the cognitive component increased from 42% to 69%, the increase
amounted to 27%, which even surpassed the indicators of the experimental group. The
axiological component increased from 36% to 78%, which demonstrates a high level of value
formation, probably due to the features of the standard program. The practical component
increased from 57% to 84%, which is a significant improvement and comparable to the
experimental group.

To statistically evaluate the obtained data, correlation analysis and calculation of
Student's t-criterion were carried out to identify the relationships between the components of
environmental competence, as well as the differences in effectiveness between the
experimental and control groups.

The correlations between cognitive, axiological and practical components of
environmental competence were calculated using Pearson's correlation coefficient according
to the formula:

. Dolxi — )y — )
V(i —z)7 (v — 9)?

The results showed:

- A strong positive correlation between cognitive and axiological components (r=0.81;
p=10.014),

- a very strong positive correlation between cognitive and practical components (r =
0.96; p =0.0002),

- moderate but significant correlation between axiological and practical components (r
=0.73; p=0.039).

These data confirm that the development of one of the components of environmental
competence is accompanied by the growth of the rest, which proves the need for an integrated
approach to training.

To identify the statistical significance of differences between the experimental and
control groups, Student’s T-criterion for independent samples was used according to the
formula:
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X1, X2 — are mean values of increment,
$12, 822 —are variance,
ni, n2 — are sample sizes.

The results showed:

- for the direction “Biology-Science”: t =0.79; p = 0.47 - differences between groups are
statistically insignificant,

- for the direction “Pedagogical Biology™: t = -1,71; p = 0,16 - also the absence of
statistically significant differences, despite the presence of positive dynamics.

Despite the absence of a significant difference according to the t-criterion (which may be
due to the small sample), the experimental group showed higher gains in all components,
especially in the axiological and practical aspects. This is confirmed by the high correlation
between the components and indicates the effectiveness of the proposed model of
environmental competence formation.

In general, the experimental group showed more significant improvements in all
components, especially in the formation of axiological and practical skills, which confirms the
effectiveness of the proposed model. The control groups also showed positive dynamics, which
indicates a certain effectiveness of standard educational programs. However, the increment in
the experimental groups was higher, which emphasizes the advantages of the proposed model.
The differences between the directions manifested themselves in the fact that students of
pedagogical biology showed a greater increase in the cognitive component, while students of
biology-natural science had a more noticeable improvement in practical skills. Thus, the
proposed model contributes to a more effective formation of environmental competence,
especially in the aspects of values and practical skills, compared to standard educational
programs.

Figure 2

Dynamics of changes in the levels of cognitive, axiological and practical components
of environmental competence of students of experimental and control groups.

90% 84% 84%
79% 20%
74%
7% 67%
65% 65% 65%
61%
57% Sl 57%
51%
48% 49%
48% 61%
42%
| 35% | 38% | 57%

Initial level Final levef Initial level Final level Final level Ininial levef Initial level Final level

Experimental Experimeental Experimenntal Control Control Control Control Control
(Biology- (Biology-natural (Pedagogical (Biology-natural (Biology-natural (Pedagogical (Pedagogical (Pedagogical
natural sciene) science) biology) science) science) biology) biology) biology)

= Cognitive (%) ™ Axixological (%) = Practtical (%)
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Figure 2 demonstrates the dynamics of changes in the levels of environmental
competence for each component for both groups. The significant increase of indicators in the
experimental group confirms the effectiveness of the proposed model, which combines
theoretical study, practical activity and reflexive reflection. This indicates the high potential of
the model for further implementation in the educational process to form sustainable knowledge,
values and skills necessary for solving environmental problems. The proposed model thus
contributes to a more effective formation of environmental competence, especially in the
aspects of values and practical skills, compared to standard educational programs.

Conclusion.

The study confirmed the high significance of the systemic, integrative approach to the
formation of environmental competence in the system of higher education. The developed
model, including interrelated theoretical, practical and reflexive blocks, demonstrated its
effectiveness in the formation of students' key components of environmental competence:
knowledge, values and practical skills necessary for solving actual environmental problems.

The results of approbation showed that students of the experimental groups achieved
significantly higher indicators of cognitive, axiological and especially practical components
compared to the control groups. This was possible due to the introduction of practice-oriented
tasks, the use of digital technologies (including GIS-platforms), participation in environmental
projects, as well as the use of reflection methods that promote the awareness of personal
responsibility and the formation of sustainable value orientations.

The control groups trained under traditional programs also demonstrated positive
dynamics, but their rates of environmental competence development were lower. This allows
us to conclude that the proposed model is more effective than standard educational approaches.

The main advantages of the developed model are as follows:

- Integration of cognitive, axiological and practical components, providing holistic
development of environmental competence.

- Increased motivation and involvement of students through participation in real
environmental projects and the use of modern digital tools.

- Formation of sustainable values and environmentally responsible behavior necessary
for professional activity in the conditions of sustainable development.

The proposed model has a high degree of adaptability and can be implemented in
educational programs of different orientation - biological, ecological, pedagogical and
interdisciplinary. The results of the study emphasize the need for its further improvement,
including the integration of new digital platforms, flexible learning formats and
interdisciplinary interaction.

Thus, the developed model is a significant step towards the modernization of
environmental education, contributing to the training of competent, ecologically literate and
socially responsible professionals who are able to effectively respond to the challenges of the
modern world and contribute to the sustainable development of society.
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