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INTEGRATION OF ENVIRONMENTAL CONTENT INTO NATURAL
SCIENCE DISCIPLINES AS A FACTOR IN FORMING STUDENTS'
ENVIRONMENTAL COMPETENCE

Abstract. The article presents the results of a pedagogical study aimed at developing
environmental competence among students in teacher education programs through the integration of
environmental content into natural science disciplines. The relevance of the study is determined by
the need to prepare future teachers capable of addressing contemporary environmental challenges
within the context of sustainable development and the digital transformation of education. The
purpose of the study is to design and experimentally validate a model for developing environmental
competence based on the STEAM approach and interdisciplinary integration. The study was
conducted at Zhetysu University named after I. Zhansugurov and involved 127 students. The
research employed a pedagogical experiment, testing, questionnaires, and statistical data analysis.
The experimental design included diagnostic, formative, and control stages. The results
demonstrated a significant improvement in the environmental competence of students in the
experimental group: the proportion of students with a high level increased from 18% to 42%, while
the proportion with a low level decreased from 36% to 14%. A statistically significant correlation
was identified between the cognitive and activity-based components (r = 0.96; p < 0.001). The
findings confirm the effectiveness of integrating environmental content and STEAM technologies
into the educational process and highlight their potential for modernizing teacher education
programs.

Keywords: environmental competence, STEAM, higher education, interdisciplinary approach,
environmental education

Introduction

Contemporary environmental challenges, including climate change, ecosystem degradation,
and increasing anthropogenic pressure, necessitate a reconsideration of the content of higher
education and the strengthening of the environmental orientation in the training of future teachers
(Khutorskoi, 2013; Sterling, 2001; UNESCO, 2017; Wiek et al., 2011). Within the framework of
sustainable development, environmental competence is understood as an integrative personal
characteristic that combines knowledge, values, and practical skills required for environmentally
responsible behavior (Li et al., 2024; Damoah et al., 2024; Imran et al., 2024).

An analysis of current research indicates that traditional educational programs remain
insufficiently oriented toward practice-based and interdisciplinary learning. The scholarly literature
emphasizes the need to integrate environmental content across various academic disciplines and to
employ active teaching methods, including project-based learning, inquiry-based tasks, and case
study analysis (Baidenko, 2018; Gilmanshina et al., 2018; Olimov et al., 2024; Supratman et al.,
2025).

Particular attention is given to the STEAM approach, which enables the integration of scientific
knowledge, engineering thinking, digital tools, and creative forms of knowledge representation.
This approach fosters the development of systems thinking in environmental contexts and
strengthens the connection between theoretical preparation and practical problem-solving (Bybee,
2013; Cebrian et al., 2015; Yakman, 2008).

At the same time, most existing studies focus primarily on school-level education, while the
issue of comprehensive integration of environmental content into natural science disciplines within
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higher pedagogical education remains insufficiently explored. Therefore, the aim of this study is to
develop and experimentally validate a model for forming students’ environmental competence
based on the integration of environmental content and STEAM technologies.

Literature Review

Contemporary research in environmental education confirms that the integration of
environmental content into natural science disciplines is one of the key factors in developing
students’ environmental competence (Olimov et al., 2024; Supratman et al., 2025; Handayani et al.,
2024). This approach contributes to the development of environmental literacy, systems thinking,
value orientations, and practice-oriented behavior, thereby fostering a holistic readiness for
environmentally responsible action.

The scholarly literature identifies two principal models of integrating environmental content:
interdisciplinary and subject-oriented. The interdisciplinary model involves embedding
environmental topics across multiple disciplines — such as biology, chemistry, physics, and
geography — thereby promoting a holistic scientific worldview and systems-based environmental
thinking (Jonane, 2008; Karimova, 2023). In contrast, the subject-oriented model, most commonly
implemented within biology, facilitates deeper acquisition of ecological knowledge through the
study of local ecosystems and engagement in practice-based tasks (Supratman et al., 2025).

A substantial body of research emphasizes the role of pedagogical technologies in ensuring the
effectiveness of such integration. The most effective approaches include active learning methods,
such as project-based learning, inquiry-based learning, and fieldwork. These methods enhance
students’ research skills, critical thinking, and reflective abilities, while also supporting the
application of knowledge in real-world contexts (Gilmanshina et al., 2018; Olimov et al., 2024;
Herlanti et al., 2024). In contrast, traditional reproductive teaching methods are considered less
effective in fostering environmental competence.

The content dimension of environmental education encompasses a broad range of topics,
including ecosystems, biodiversity, sustainable development, natural resource management, and
environmental safety. Moreover, increasing attention is given to the formation of environmental
values, responsibility, and ecological awareness, reflecting a shift from a knowledge-based to a
value-oriented educational paradigm (Leicht, 2023; Supratman et al., 2025; Lovren et al., 2023).

Empirical studies provide strong evidence for the effectiveness of integrating environmental
content. For example, a quasi-experimental study involving 925 students demonstrated that
integrated instruction leads to a higher level of environmental worldview formation compared to
traditional approaches (Olimov et al., 2024). Additionally, such approaches promote
environmentally responsible behavior, including participation in conservation activities and the
development of sustainable environmental attitudes (Supratman et al., 2025).

Particular importance is attributed to the development of environmental thinking as an
integrative learning outcome. Environmental thinking is conceptualized as a synthesis of systems-
based scientific reasoning and practical activity aimed at solving environmental problems
(Gilmanshina et al., 2018). This approach supports the ability to analyze complex natural—
anthropogenic systems and make informed decisions.

Despite the proven effectiveness of integrating environmental content, the literature also
identifies several barriers to its implementation. These include insufficient teacher preparedness,
limited instructional resources, time constraints within curricula, and inadequate institutional
support (Supratman et al., 2025). Addressing these challenges requires the development of
comprehensive strategies focused on teacher training and curriculum enhancement.

A review of the literature indicates that most studies are concentrated at the level of secondary
education, whereas the integration of environmental content within higher pedagogical education
remains insufficiently explored. Furthermore, there is a lack of comprehensive models that account
for the interdisciplinary nature of teacher training and the use of modern educational technologies,
including the STEAM approach.
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Thus, the identified research gap lies in the need to develop and empirically validate a model
for integrating environmental content into natural science disciplines within higher pedagogical
education. The present study aims to address this gap by proposing and testing an effective model
for the development of students’ environmental competence.

Methods and Materials

The study was conducted at Zhetysu University named after I. Zhansugurov and was aimed at
examining the effectiveness of integrating environmental content into natural science disciplines as
a factor in the formation of students’ environmental competence. The participants included students
enrolled in teacher education programs in natural science disciplines (6B01509-Geography,
6B01508-Biology, 6B01506-Chemistry, and 6B01503-Physics). The total sample consisted of 127
students, who were divided into an experimental group (EG) and a control group (CG).

The methodological framework of the study was based on competency-based, systemic, and
interdisciplinary approaches in education. The competency-based approach was considered as the
foundation for the development of students’ environmental competence, encompassing a set of
environmental knowledge, value orientations, and practical skills aimed at fostering a responsible
attitude toward the environment. The systemic approach made it possible to examine the process of
environmental competence formation as an integrated pedagogical system, including educational
content, teaching methods, and learning outcomes. The interdisciplinary approach ensured the
integration of environmental knowledge into the content of various natural science disciplines.

The study was carried out in several stages. At the diagnostic (ascertaining) stage, the initial
level of environmental competence of students in both the experimental and control groups was
assessed. For this purpose, testing, questionnaires, and analysis of students’ academic performance
were employed. Environmental competence was evaluated based on three key components: the
cognitive component (level of environmental knowledge), the value-motivational component
(attitudes toward environmental issues and readiness for environmentally responsible behavior), and
the activity-based component (the ability to apply environmental knowledge in solving practical
tasks).

At the formative stage, the integration of environmental content into natural science disciplines
was implemented. Environmental modules were introduced into eight courses within the teacher
education programs in physics, chemistry, biology, and geography: Electricity and Magnetism,
Fundamentals of Micro- and Nanotechnologies, Colloid Chemistry, Low-Waste and Zero-Waste
Chemical Technologies, Soil Biology, Biological Resources of Kazakhstan, Meteorology with
Basics of Climatology, and Soil Geography. Within these courses, problem-based lectures, practical
assignments, case study analysis, as well as project-based and research-oriented student activities
were applied.

At the control stage, a repeated assessment of students’ environmental competence in both the
experimental and control groups was conducted in order to identify changes resulting from the
implementation of the integrated educational modules. The obtained data were compared with the
results of the initial diagnostic stage.

Statistical data processing included comparative analysis, correlation analysis, and Student’s t-
test. Differences were considered statistically significant at p < 0.05. The comparison of indicators
between the experimental and control groups made it possible to determine the effectiveness of
integrating environmental content into natural science disciplines in the process of training future
teachers.

Results and Discussion

The results of the conducted pedagogical experiment indicate a pronounced positive dynamic in
the development of environmental competence among students in the experimental group, thereby
confirming the effectiveness of integrating environmental content into natural science disciplines.
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As shown in Table 1, following the implementation of the formative stage, a substantial
increase in the proportion of students demonstrating a high level of environmental competence was
observed, rising from 18% to 42%, while the proportion of students with a low level decreased from
36% to 14%. The increase in the high-level category amounted to 24%, whereas the decrease in the
low-level category reached 22%, indicating a significant improvement in the overall quality of
student training.

Table 1
Levels of environmental competence (%)

Level EG pre-test EG post-test CG pre-test CG post-test
High 18 42 17 22
Medium 46 44 45 48
Low 36 14 38 30

In the control group, the observed changes were less pronounced, with the increase in the
proportion of students demonstrating a high level amounting to only 5%, which confirms that the
identified effects are attributable to the implemented model rather than external factors.

The obtained results are consistent with international studies demonstrating that the integration
of environmental content and active pedagogical approaches contributes to the development of
students’ environmental literacy and ecological thinking (Olimov et al., 2024; Hu et al., 2025).

Statistical analysis confirmed the reliability of the identified changes. A strong correlation was
found between the cognitive and activity-based components (r = 0.96), indicating a close
relationship between theoretical knowledge and practical skills. The application of Student’s t-test
revealed statistically significant differences between the experimental and control groups (t = 2.14;
p < 0.05), confirming the robustness of the results.

These findings are consistent with the concept of developing key competencies for sustainable
development, which suggests the synchronous development of cognitive and activity-based
characteristics (Wiek et al., 2011).

An analysis of results across educational programs revealed differences in the dynamics of
environmental competence development. The average value of the cognitive component increased
from 58% to 78%, the axiological component from 56% to 74%, and the activity-based component
from 55% to 76%. The most pronounced growth in the activity-based component was observed
among students in the Chemistry program (up to 82%), which can be explained by the practice-
oriented nature of the courses Colloid Chemistry and Low-Waste and Zero-Waste Chemical
Technologies.

At the same time, students in the Biology program demonstrated the most balanced
development across all components of environmental competence, which is associated with the
combination of field-based studies and the analysis of natural ecosystems.

The obtained results support the findings of Supratman et al. (2025), confirming the high
effectiveness of practice-oriented teaching methods in environmental education (Figure 1).

Figure 1

Dynamics of Students’ Environmental Competence Components (pre- and post-intervention,
%)
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Correlation analysis revealed a very strong relationship between the cognitive and activity-
based components of environmental competence (r = 0.96; p < 0.001), indicating that the
development of theoretical knowledge directly contributes to the enhancement of practical skills.
The application of Student’s t-test confirmed statistically significant differences between the
experimental and control groups (t = 2.14; p < 0.05).

The implementation of the proposed model ensured the systematic integration of
environmental topics into natural science disciplines, thereby establishing an interdisciplinary
foundation for students’ environmental training (Figure 2). This approach aligns with contemporary
trends in education for sustainable development, which emphasize the integration of environmental
knowledge across subject areas (Cebrian et al., 2015).

Figure 2

Model of integration of environmental topics into educational programs
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As illustrated in Figure 2, the model is based on a sequential logic: from the incorporation of
environmental topics into course content, to the selection of appropriate teaching methods, and
further to the formation of cognitive, axiological, and activity-based components of environmental
competence. This structure demonstrates the interdisciplinary nature of the model and provides a
clear representation of its implementation mechanism within the educational process.

A comparison of the obtained results with contemporary studies indicates that the integration
of environmental content and STEAM technologies not only enhances the level of environmental
knowledge but also strengthens the value-based and practical dimensions of teacher education.
Unlike a number of studies that primarily report improvements in the cognitive component, the
present study demonstrates a comprehensive development of all components of environmental
competence, thereby confirming the effectiveness of the interdisciplinary approach (Cebrian et al.,
2015; Gilmanshina et al., 2018; Redman et al., 2021; Wiek et al., 2011).

The limitations of the study include the fact that the sample was drawn from a single university
and that the experimental period was relatively limited in duration. At the same time, the practical
significance of the study lies in the potential for scaling the proposed model. The findings can be
applied in the modernization of teacher education programs in natural science disciplines.

Conclusion

The conducted study confirmed that the integration of environmental content into natural
science disciplines is an effective approach to fostering students’ environmental competence. The
proposed model ensures the comprehensive development of cognitive, axiological, and activity-
based components through the interdisciplinary integration of content, the application of active
teaching methods, and the use of STEAM technologies.

The practical significance of the study lies in the potential application of the developed model
for the modernization of teacher education programs in physics, chemistry, biology, and geography.
Future research should focus on expanding the sample size, involving multiple universities, and
assessing the long-term effects of environmental competence development.
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KOPIIAT'AH OPTA MA3BMYHDbIH )KAPATBIJIBICTAHY
FBIVIBIMJAAPBI HUKJII IIDHAEPIHE KIPIKTIPY CTYJAEHTTEPAIH
IKOJIOTUAJIBIK KY3BIPETTIJIII'TH KAJIBIIITACTBIPY ®AKTOPBI
PETIHJIE

A”jaarna. Makanana jkapaTblIbICTaHY FhUIBIMIAPhI LUK TOHEPiHE SKOIOTHsUIbIK MAa3MYH/IbI
KIpIKTIpy apKbLIbI MEAarorWKalblK MaMaHJBIKTap CTYAEHTTEPIHIH JKOJOTHUSIBIK KY3BIPETTLIIriH
KaJIBINTACTBIpYFa OaFbITTajfaH MEeAaroruKajblK 3€pTTeYAIH HOTHXKEJepl YCHIHBUIFaH. 3epTTey/iH
©3EKTUIIr TYpaKThl JaMy >kaHe OuiM Oepyni nudpraHabpy >KarqailblHaa 3aMaHayHd KOJIOTHUSIIBIK
MocelnenepAl menryre KaOiaeTri Oonamak MyFaimimMaepdl Jaspiay KaKeTTITriMeH aiKbIHIaidabl.
3eprreyain Makcatel — STEAM-Tocin jkoHE ToHApallblK HMHTETPAIUsl HETI31HIE DKOJOTHSIBIK
KY3bIPETTUIIKTI KaJBINITACTBIPY MOJENIH 3IpJiey >KOHE OHBbI AKCIEPUMEHTTIK TYpFbIa HETI3NEY.
3eprrey [. JKancyripoB arteiHznarsl JKericy yHHBepcuTeTiHIH Oa3acbiHAa 127 CTyAeHTTIH
KaThICYBIMEH JXYPri3ifii. 3epTTey OapbIChIH/IA MEAarorukaiblK 3KCIEPUMEHT, TECTIIeYy, cayaTHaMa
XKYPri3y *oHE CTaTHCTUKAJIBIK JIEPEKTepi OHeY 9AicTepl KOJAAHbLIIbl. DKCIEPUMEHT KYPbUIbIMBI
KOHCTAaTTayIllbl, KaJbIITACTBIPYLIbl JKOHE OaKblIay Ke3eHAEpiH KaMTbLAbl. 3epTTey HOTHXKelepl
OKCIEPUMEHTTIK TOI CTYJEHTTEPIHIH 3KOJIOTUSUIBIK KY3BIPETTUIIK JNEHTEeHiHIH €A0ylp apTKaHbIH
KOPCETTI: )KOFaphl IeHreneri cryaeHTrepain yiect 18%-man 42%-ra neiiin ocTi, al TOMEH JeHT el
36%-nan 14%-ra neitin TeMeHneni. KOrHUTHBTIK >KOHE 1C-OPEKETTIK KOMITOHEHTTEp apachIHIA
CTaTUCTHKAJIBIK TYPFBbIJIaH MOHII OalmaHbiC aHBIKTAIEI (I = 0,96; p < 0,001). ANbIHFaH HOTHXEIEP
OimiMm Oepy yuaepiciHe SKomorusuiblK Ma3MyH MeH STEAM-texHosorusapabl  KipiKTIipyIliH
THIMIUITIH JOIeNIen Il J)KoHe OoJlalak MyFaliMaepai aaspiay OaraapiiamaniapblH JKaHFBIPTYIA
KOJIJJaHyFa MYMKIHJIK Oeperi.

Tyiiin ce3mep: skomorusublk Ky3bipertinik, STEAM, >xorapel Oi1iM, MOHapajibIK TcCl,
AKOJIOTHSIIBIK O151iM Oepy
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HUHTEI'PALIIMSA DOKOJOI'MYECKOI'O COAEPXKXAHUS B
JANCHUIIVIMHBI ECTECTBEHHOHAYYHOI'O IUKJIA KAK ®AKTOP
®OPMHUPOBAHUSA SKOJOIrMYECKON KOMIIETEHTHOCTHA
CTYIAEHTOB

AnHoTanusi. B craThe mpencraBiieHbl pe3yJbTaThl  [E€JArOrM4eCKOro  MCCIEeIO0BAHMS,
HAIpPaBIEHHOI0 Ha (pOpMUpOBaHUE IHKOJOTMUYECKON KOMIETEHTHOCTH CTYAEHTOB IEJaroruueckux
CHELMAaJbHOCTEH MOCPEACTBOM MHTETpPAlMU 3KOJOTMUYECKOr0 COJIEpX aHUs B JIUCLUILIMHBI
€CTECTBEHHOHAYYHOI'0 LHUKJIa. AKTyaJbHOCTb HCCIEJ0BaHUS OOYCIOBJIIEHA HEOO0XOIUMOCTBIO
HOJArOTOBKM OYIyIIUX YUYUTENEH, CHOCOOHBIX PElIaTh COBPEMEHHBIE 3KOJOTMYECKHE MPOOJIEMBbI B
YCIOBUSIX YCTOMYMBOrO pa3BUTUS U LMU(poBu3auuu oOpazoBaHus. Llenb paboThl 3akirodaercs B
pa3paboTKe M DKCIEPUMEHTAJbHOM ampoOanuu Moaeid (OPMUPOBAHUS  IKOJOTHYECKON
KoMreTeHTHOCTH Ha ocHoBe STEAM-nonxoma Y MEXKIUCHMIUIMHAPHON  MHTErpaIlvu.
HccnenoBanne mpoBeneHo Ha Oasze JKerbicyckoro yHmuBepcuteTa umeHu M. JKancyrypoBa c
yuactueM 127 crynentoB. B pabore ncnonb3oBaHbl METOABI MEAArOrMYECKOrO 3KCHEPUMEHTA,
TECTUpPOBAHUS, AHKETHUPOBAHUS, a TaKXKe CTaTUCTUYECKOW OOpabOTKM JaHHBIX. OKCIEPUMEHT
BKJIFOYAJI KOHCTATUPYIOIIMN, (QOpMHUPYIOIIMA U KOHTPOJBHBIA ATambl. Pe3ynbTaThl MOKazaiu
3HAYUTEIBHOE MOBBILLIEHUE YPOBHS 9KOJIOTMUECKOI KOMIIETEHTHOCTH CTYJIEHTOB
HKCIEPUMEHTAJIBLHOM TPYMIBI: A0Js1 BBICOKOIO YpOBHA yBenuuuiack ¢ 18 % no 42 %, a HU3KOro
cauzunace ¢ 36 % g0 14 %. BeisBieHa CTaTUCTMYECKH 3HA4YMMasi B3aUMOCBS3b MEXKIY
KOTHUTUBHBIM U JeATENIbHOCTHBIM KoMmoHeHTaMu (r = 0,96; p < 0,001). [TonmyueHHble pe3yabTaThl
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MOATBEPKAAOT 3PPEKTUBHOCTh HHTETPAIIUHU IKOJIorndeckoro cogepkanus u STEAM -rexHosioruii
B 00pa30oBaTeNbHBIM MPOLIECC U MOTYT OBITh HCHOJIB30BAaHBI TMPH MOJECPHHU3ALUM MPOTrPAMM
MOJArOTOBKHU OYAYLIMX YUUTENIEH.

KiiloueBble cJjioBa: »dKoJoruyeckas KoMIeTeHTHOCTh, STEAM, Beicmiee oOpa3zoBaHue,
MEXJTUCIUIIIMHAPHBIN ITOIX0/1, YKOJIOTMYECKOe 00pa3oBaHue
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