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COMPARATIVE ANALYSIS OF STEM EDUCATION PRACTICES IN TURKISH AND KAZAKH
HIGHER EDUCATION

Annotation. The introduction of STEM (Science, Technology, Engineering, Mathematics) knowledge
into the modern higher education system is one of the most pressing areas for the development of critical thinking,
research skills, and functional literacy among students. The application of STEM-oriented approaches, especially
in the teaching of geography, contributes to improving the quality of education through comprehensive analysis
of natural processes, modeling, and the use of digital technologies. In this context, a comparative analysis of the
experience of introducing STEM education in the Republic of Turkey and the Republic of Kazakhstan is of
significant scientific and practical value. The aim of the study is to conduct a comparative analysis of the
experience of introducing STEM knowledge into the higher education systems of Turkey and Kazakhstan in the
context of developing students' critical thinking and research skills, as well as to identify current challenges and
pedagogical opportunities in teaching geography. The study is based on qualitative methodology using
documentary and comparative analysis methods. The sources used were official reports from the Department of
Innovation and Educational Technologies of the Ministry of Education and Science of the Republic of Turkey, as
well as academic and practical experience accumulated at the universities of Istanbul, Aydin, Hacettepe, and
Ankara. In addition, the results of experimental studies conducted in Istanbul were analyzed. The results of the
study showed that STEM education plays an important role in the development of functional literacy, critical
thinking, modeling skills, and research skills in the teaching of geography. It was found that the international
Scientix project implemented in Turkey, as well as initiatives to create STEM laboratories at universities,
contributed to the systematic development of STEM education. In addition, cooperation between universities and
general secondary education institutions was identified as a significant factor in the effective implementation of
STEM approaches. It was found that STEM education practices are developing in both countries, but there are
differences in the goals and methods of teaching. The results confirm that the rational use of modern digital
devices, virtual interactive maps, and three-dimensional models in geography teaching contributes to increasing
students' cognitive activity and the formation of subject-specific and meta-subject competencies. The findings of
the study can be used to improve STEM education in the Republic of Kazakhstan, as well as to develop educational
practices focused on the formation of critical thinking, research skills, and functional literacy among students.

Keywords: STEM education, critical thinking, research skills, geography education.

Introduction

In the 21st century, modern digital technologies are developing day by day. In this regard, with optimal
access to knowledge and information, there is an increasing number of stakeholders in obtaining new knowledge
in the direction of research on the path of science. New innovative systems are emerging to continuously improve
the professional qualifications of future educators according to the demands of life [1]. Among them, STEM-
educational technology aimed at developing critical thinking skills, Research, modelling, mastering new digital
technologies and implementing them in production based on discovering the links between science, technology,
engineering and mathematics in future professionals [2].

The development of STEM education in Turkey and Kazakhstan is characterized by diverse institutional
and pedagogical approaches. While STEM teaching practices in Turkey are gradually becoming more
interdisciplinary and applied in nature, in Kazakhstan, STEM is most often manifested at the level of strategic
documents and educational programs. An analysis of these differences allows us to identify ways to effectively
implement STEM in higher education. A distinctive feature of this study is a comparative analysis of experimental
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observations obtained on the basis of the author's research internship at Istanbul University, combined with
scientific literature.

One of the urgent problems is to determine effective methods of its implementation in the educational
process, since the increasing pace of digitalisation of all spheres of human society requires the application of the
above technology at all levels of the education system, including science, research, digital technologies, modelling
and practical use of the obtained results.

At the present stage, much attention is paid to the introduction of STEM-education in the educational
process of secondary and secondary specialised and higher educational institutions, providing sustainable
development and increasing the economic potential of the state, providing qualified specialists in the production
and non-production spheres.

The analysis of data collected in the course of research conducted in the period from 2024 to 2025 has
shown that STEM-education is one of the popular learning technologies widely used in the educational process of
higher education institutions and general secondary schools of such countries as the USA, Germany, Japan, the
Republic of Korea, China, Singapore, Turkey [3].

Therefore, the Concept of Development of Higher Education and Science of the Republic of Kazakhstan
for 2023-2029 focuses on the introduction of STEM - educational technologies in the educational process [4].

In accordance with the requirements of the changing information society, as in other states, the Ministry
of Education of the Republic of Kazakhstan continues to open STEM classrooms equipped with virtual laboratories
functioning in a real-time system in accordance with the standard curriculum of secondary school, the curriculum
of disciplines of 3D-graphics, robotics continues [5].

Literature review

Recent studies highlight the growing significance of STEM-based education in advancing UNESCO’s
Education for Sustainable Development and the UN Sustainable Development Goals. Integrating STEM principles
into geography education supports students’ understanding of sustainable development issues and promotes active
engagement in solving real-world problems. The development of research skills, spatial thinking, and
competitiveness among geography students is increasingly emphasized within modern educational systems.

In the context of the Fourth Industrial Revolution, Kazakhstan seeks to create a technological
infrastructure aligned with Industry 4.0, where STEM-focused science education plays a key role [6]. International
research demonstrates that STEM integration in natural science disciplines contributes to the formation of an
innovative educational environment [7]. For this reason, many countries are incorporating STEM approaches into
secondary and higher education curricula [8].

Geography education benefits significantly from STEM methods, which allow the analysis of
urbanization, socio-economic inequality, migration, environmental change, natural hazards, and public health
indicators. STEM-oriented teaching enhances students’ spatial thinking and analytical competencies - skills
essential for addressing contemporary challenges. National policy documents, including President K.K. Tokayev’s
Address and the State Program for Education and Science 2020-2025, emphasize the importance of strengthening
scientific knowledge and expanding STEM infrastructure in educational institutions.

However, the implementation of STEM technologies in Kazakhstan’s higher education remains limited,
mainly due to insufficient laboratory facilities. Despite this, certain elements of STEM are already integrated into
teaching practices. International experience shows that STEM laboratories significantly improve the quality of
practical geography training by fostering independent research, innovative thinking, and interdisciplinary problem-
solving [9]. As a multidisciplinary approach that combines science, technology, engineering, and mathematics,
STEM continues to demonstrate substantial pedagogical and methodological value in geography education [1].

Materials and methods

From April 21 to May 21, 2025, during a research internship at Istanbul University in the Republic of
Turkey, a comprehensive study was conducted on the experience of developing students' research activities based
on the introduction of STEM educational technologies. The study examined the characteristics of students' critical
thinking skills, research skills, modeling, scientific analysis, and forecasting of future developments in natural and
S0Ci0-eCcoONOMIcC processes

The empirical basis of the study was formed by official reports of the Department of Innovation and
Educational Technologies under the Ministry of Education and Science of the Republic of Turkey in the field of
STEM education, as well as the experience of developing students' professional research activities accumulated at
the universities of Istanbul, Aydin, and Hacettepe. These sources made it possible to identify the logic of
implementation, pedagogical advantages, and institutional features of STEM education in the higher education
system.

The study used methods of comparative analysis, generalization, and evaluation. The results of the
analysis showed that laboratory work and experimental control tasks organized within the framework of STEM
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education are implemented in an optimal structure and systematically, and are also aimed at developing students'
scientific thinking.

Methodologically, the study was based on a qualitative comparative analysis approach. Document
analysis was used as the main method, without conducting empirical surveys or experimental research. Document
analysis allowed for a comparative assessment of the theoretical and methodological foundations of STEM
education, implementation experience, and pedagogical models in the higher education system.

The study systematically analyzed the following sources:

- Scientific articles on STEM and FETEMM education in Turkey;

- Studies analyzing STEM competencies and educational programs in Kazakhstan;

- Scientific publications on STEM in the fields of geography, climatology, and ecology;

- Academic observations made by the author during a research internship at Istanbul University.

A comparative analysis was conducted based on the following main criteria:

STEM institutional place of education; pedagogical models used,;

level of staff training; proportion of teaching content and applied components; Potential for transferring
STEM experience.

This methodological approach made it possible to scientifically substantiate the characteristics, level of
development, and directions for further improvement of STEM education in the higher education systems of
Turkey and Kazakhstan.

In order to supplement the results of the documentary analysis of the study and to reveal the practical
aspects of implementing STEM knowledge in greater depth, expert interviews were used during the research
internship. Expert interviews were conducted with academic staff directly involved in STEM-oriented teaching
and research activities. In particular, professors and lecturers from the universities of Istanbul, Aydin, and
Hacettepe who teach geography, physical geography, climatology, and ecology were involved in the research.

The main purpose of the expert interviews was to identify effective pedagogical practices, institutional
conditions, and challenges in integrating STEM technologies into higher education curricula. Particular attention
was paid to STEM-based teaching approaches that promote the development of critical thinking, research skills,
modeling skills, and interdisciplinary competencies in students. The interviews were conducted in a semi-
structured format, which allowed experts to freely describe their professional experience, teaching strategies, and
the specifics of organizing laboratory and project work. The data obtained was qualitatively analyzed and
systematized using thematic analysis. The results of the expert interviews made it possible to refine the conclusions
obtained during the documentary and comparative analysis and to determine the relationship between institutional
policy and actual teaching experience.

The use of expert interviews increased the reliability and validity of the research results and created
conditions for the scientific justification of specific pedagogical mechanisms for the implementation of STEM
knowledge in the higher education system.

The study involved teachers and researchers from higher education institutions in the Republic of Turkey
who were directly involved in the implementation of STEM-oriented teaching in the field of geography education.
The respondents were representatives of the universities of Istanbul, Aydin, and Hacettepe, who are engaged in
teaching and research in the fields of physical geography, socio-economic geography, climatology, environmental
engineering, as well as geographic information systems and remote sensing.

The selection of respondents was purposive and aimed at including specialists with practical experience
in implementing STEM approaches in the educational process of higher education institutions. The study involved
teachers who teach at the bachelor's, master's, and doctoral levels, which made it possible to cover different levels
of student training and the specifics of applying STEM technologies in educational programs.

The professional experience of the respondents ranged from young teachers with up to 5 years of
experience to professors with more than 20 years of academic experience. This ensured the representation of expert
assessments and allowed for the consideration of various pedagogical and methodological approaches to the
implementation of STEM education.

Data collection was conducted in accordance with the principles of anonymity and academic ethics. The
article presents only summary results without indicating the personal data or specific job positions of the
respondents. Participation in the study was voluntary, and the data obtained was used for scientific purposes only.
The total sample size (n = 8-20) meets the requirements for quality-oriented research based on expert interviews
and thematic analysis.

Results

At the present stage, within the framework of the introduction of STEM educational technologies, issues

related to the development of functional literacy, critical thinking, modeling, and research skills among students

289



BwAMp
R

A = o /

BKY Xa6apiubicbi
BectHuk 3KY 1(101) — 2026
are becoming increasingly relevant. The results of research conducted in this context show that STEM education
in the Republic of Turkey is being implemented systematically at the level of state strategic policy.

Documentary and comparative analysis data show that in the strategic development plan of the Republic
of Turkey for 2015-2019, STEM education was considered one of the priority areas of the education system [10].
At this stage, a large-scale complex of scientific research, educational, methodological, and practical activities has
been implemented with the aim of introducing STEM education. This work is coordinated by the Directorate of
Innovation and Educational Technologies under the Ministry of Education and Science of the Republic of Turkey
and covers the areas of supplementary education, pedagogical research, and the development of textbooks and
teaching aids [11]. One of the projects that occupies a special place among these initiatives is the international
Scientix project. This project has brought together more than 30 European countries since 2010 and aims to
disseminate best practices in STEM education and support the professional development of teachers and higher
education lecturers [12]. According to the results of a study, between 2010 and 2022, 42 scientific and
methodological seminars and advanced training courses were organized in Turkey as part of this project [2]. This
allows students to develop their ability to model, analyze, and predict natural and socio-economic processes. (Table
1).

Table 1. Measures of STE(A)M education realisation by Scientix project implemented in the Republic of Turkey
[2].

Main tasks of the Scientix project

1. Dissemination of best practice projects in | 4. Creation of a unified electronic platform for

STEM education fields across Europe; coverage of STEM projects in scientific publications
of European countries
2. Market launch of products manufactured as | 5. To create a platform where teachers and
a result of the project and their financing researchers across Europe can share their
experiences, exchange ideas and ideas
3. Holding national congresses, conferences, | 6. Professional development for teachers in STEM
seminars education areas through Online Learning and face-
to-face training.

The introduction of STEM and STE(A)M education at the higher education level was first implemented
through special laboratories opened at Hacettepe University in Ankara and Aydin University in Istanbul on the
basis of natural and engineering faculties [13]. In these laboratories, undergraduate, master's, and doctoral students
conduct research aimed at applying the results obtained in industrial practice.

In particular, the Department of Environmental Engineering at Hacettepe University, under the leadership
of Professor Selim Latif Sanin, conducted a multi-stage study on the purification of drinking water and industrial
wastewater using natural zeolite-based sorbents. In this study, all the main components of STEM - scientific
analysis, the use of technological tools, engineering modeling, and mathematical processing - were implemented
in a complex manner. The results of the study were put into practice in Turkey and Kazakhstan and demonstrated
practical effectiveness [10]. In particular, Professor Selim Latif Sanin, PhD, Head of the Environmental
Engineering Laboratory of Hacettepe University, together with students, masters, doctoral students of the
educational programme of environmental engineering, works on the implementation of the results of research on
the effectiveness of natural zeolite sorbent to create a filter for the treatment of drinking water and wastewater
production in the production. At the first stage ‘ecological engineering’ studies the physical and chemical
composition, sorbent properties, possibilities of absorption of harmful substances contained in water, using
scanning electron microscope ‘EVO 50 XVP’ (Carl Zeiss) ‘with system’ INCA Energy-350 (Oxford Instruments)’,
conducting microanalysis by probing in the laboratory STE (A) M (Figure 1).
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Figure 1: Results of the study using scanning electron microscope’ EVO 50 XVP “(Carl Zeiss)” with “ INCA
Energy - 350 (Oxford Instruments)” system

Results of expert interviews on the implementation of STEM in Turkish universities

In addition to the results of documentary and comparative analysis, during the research internship, data
was obtained from expert interviews with teachers and researchers at the universities of Istanbul, Aydin, and
Hacettepe, who are directly involved in the implementation of STEM-oriented education. The experts represented
the fields of geography, physical geography, climatology, and environmental engineering.

The interviews revealed that the implementation of STEM in the educational process of universities in
the Republic of Turkey is systematic and relies on a combination of laboratory research, digital technologies, and
student project and research activities. The experts noted that the use of digital maps, virtual laboratories, and
simulation programs helps students develop independent analysis, critical thinking, and scientific forecasting
skills.

It was also found that STEM-oriented courses allow for the integration of knowledge from various
disciplines and help students develop strong interdisciplinary research skills. Teachers emphasized that a key factor
in the effectiveness of STEM is regular work by students with real scientific data and practice-oriented tasks. The
results of the expert interviews are summarized in Table 2.

Table 2. Competencies developed in students through STEM education at Turkish universities (based on expert

interviews)
Competency group Characteristics
Critical thinking Analysis of complex natural and socio-economic

processes, identification of cause-and-effect
relationships

Research skills Independent setting of research goals, formulation
of hypotheses, interpretation of results

Modeling skills Use of digital and mathematical models to analyze
natural processes

Functional literacy Application of theoretical knowledge to solve
practical problems

Interdisciplinary competencies Integration of knowledge of geography, physics,

chemistry, and information technology

To summarize and visually present the results of the expert interviews, a diagram (Figure 2) was used to
reflect the structure of STEM education outcomes at universities in the Republic of Turkey. The diagram shows
the relative contribution of key competency groups developed in students through STEM-oriented education.
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Relative impact level (expert assessment)

Figure 2. Structure of learning outcomes of STEM-based geography education (expert assessment)

According to expert estimates, the STEM approach has the greatest effect on the development of students'
research skills and critical thinking. This is manifested in the ability of students to independently analyze natural
and socio-economic processes, formulate research tasks, and interpret the data obtained. STEM education makes
a slightly smaller but steady contribution to the formation of modeling and functional literacy skills, which ensure
the application of theoretical knowledge in practical and professional activities. Interdisciplinary competencies
reflect the integrative nature of the STEM approach and its focus on combining knowledge from different fields
of science.

To assess the institutional conditions for the implementation of STEM - oriented geography education in
universities in the Republic of Turkey, data from expert interviews and teacher surveys were analyzed.

The results obtained indicate a high level of institutional support for STEM education, reflecting the
research-oriented nature of the university educational environment.

According to respondents, the most significant factor is the integration of scientific research and the
educational process, which ensures the involvement of students in real research activities and the formation of
sustainable professional competencies [14]. High scores were also obtained for the availability of technical
infrastructure, including laboratory equipment, software, and digital educational resources. The level of
institutional support for STEM initiatives from university management is rated slightly lower, but remains
consistently positive (Table 3).

Table 3. Institutional factors supporting STEM integration

Institutional factor Mean | SD
Avallablllty of technical 16 05
infrastructure

Institutional support for STEM 4.2 0.7
Integration of research and 47 0.4
teaching

Expert interviews also revealed the main constraints hindering the wider and more sustainable
implementation of STEM approaches in geography education at universities in the Republic of Turkey. Summary
data on this aspect are presented in Figure 3.
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Figure 3. The main barriers to the introduction of STEM (based on the results of expert interviews)

Experts noted that the key barriers are mainly systemic in nature. The most frequently mentioned
limitation is the lack of teaching time due to the high density of curricula and the need to comply with approved
educational standards. Another significant factor is the rigidity of curricula, which limits the possibilities for
flexible integration of interdisciplinary STEM modules.

In addition, some students were noted to have insufficient mathematical and statistical training, which
makes it difficult to use quantitative methods of analysis and modeling in STEM-oriented courses. At the same
time, factors such as lack of funding and lack of specialized training for teachers were assessed by experts as less
significant, indicating the relative maturity of the institutional infrastructure for STEM education in Turkish
universities. key thematic areas (Figure 4).

Data-Enhanced
Fieldwork

Early Research
Immersion

Introduces students to Incorporates data collection
research methods and analysis in the field

L )

<STEM-Based Geography EducatioD

Institutional Culture

GIS-Centered STEM
Integration

Uses GIS tools to connect
STEM concepts

Fosters a teaching-research
environment

Figure 4. Conceptual framework of STEM-based geography education
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Firstly, experts emphasized the importance of early involvement of students in research activities. It was
noted that the STEM approach encourages students to work with real scientific data, digital maps, and monitoring
results at the early stages of education, which forms sustainable research attitudes and independent analysis skills.

Second, special attention was paid to the role of geographic information systems and spatial analysis,
which are considered a basic tool for implementing STEM in geography. According to teachers, it is GIS
technologies that enable the transition from descriptive study of territories to analytical and modeling levels of
knowledge.

Third, the experts noted that field research acquires the greatest educational and research value when
integrated with subsequent data analysis, statistical processing, and modeling of results. This approach allows
empirical observations to be linked to the theoretical and applied aspects of STEM education.

Fourth, a significant result of the qualitative analysis was the identification of the role of institutional
academic culture. Experts pointed out that the effectiveness of STEM education is determined not only by the
availability of modern technical infrastructure, but also by the level of integration of the educational process with
scientific research, as well as the degree of student involvement in real scientific and applied projects [15].

Thus, the results of expert interviews complement the data from documentary and comparative analysis
and confirm that STEM education in the universities of the Republic of Turkey is implemented as a holistic,
research-oriented, and institutionally supported model. The results provide an empirical basis for a subsequent
comparative analysis of the experiences of Turkey and Kazakhstan, which is presented in the following subsection.

STEM education experience in the Republic of Kazakhstan

The results of documentary and comparative analysis show that STEM education in the Republic of
Kazakhstan is currently developing mainly at the level of strategic programs and state education policy. In official
regulatory and program documents, STEM is most often considered in the context of the digitalization of
education, technical modernization, and the development of innovative infrastructure in higher education
institutions. This approach reflects the country’s desire to integrate into the global educational and technological
space.

In recent years, positive changes have been observed in Kazakhstan's higher education system, including
the opening of robotics classrooms, the introduction of digital educational resources, and the upgrading of
laboratory facilities for natural sciences and technical disciplines.

These measures contribute to the creation of material and technical conditions for the implementation of
individual elements of STEM education and expand the possibilities for using digital tools in the educational
process [16].

At the same time, the analysis showed that STEM has not yet been established as a comprehensive
interdisciplinary pedagogical model at the level of higher education programs. In most cases, STEM elements are
integrated into academic disciplines in a fragmented manner and are of an additional nature. The lack of a
systematic approach limits the possibilities for interdisciplinary integration and reduces the potential of STEM
education as a tool for developing students' research and analytical skills.

A significant limitation to the implementation of STEM approaches in Kazakhstani universities is the
insufficient methodological training of teachers to implement research- and practice-oriented forms of education.
This problem is exacerbated by the relatively low proportion of laboratory, project, and field work in the structure
of curricula, which reduces the opportunities for students to develop modeling, data analysis, and independent
research skills.

Table 4. Key characteristics of STEM education implementation in higher education in the Republic of

Kazakhstan
Indicator Characteristic
Level of institutionalization Primarily strategic and regulatory
Integration of STEM into curricula Fragmentary, as an additional component
Material and technical base Gradually being modernized
Practice-oriented training Limited share
Methodological training of teachers Insufficient
Interdisciplinary integration Weakly expressed
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Thus, the results of the analysis indicate that the Republic of Kazakhstan has established the basic
institutional and infrastructural prerequisites for the development of STEM education. However, the lack of a
systematic interdisciplinary approach, the limited practical focus of teaching, and insufficient methodological
support for teachers are hindering the effective implementation of STEM in higher education. The results obtained
provide a basis for further comparative discussion of the experience of introducing STEM education in Turkey
and Kazakhstan in the Discussion section.

Discussions

The study conducted between April 21 and May 21, 2025, under the supervision of the Head of the
Department, Professor Barbaros Genencgil, at the Faculty of Letters of Istanbul University, demonstrated that the
educational program 0303200042 — Geography is widely used to develop students’ subject-specific and universal
interdisciplinary (meta-disciplinary) research skills through the application of STEM technologies. The findings
confirm that STEM-based instruction within higher education programs in Turkey is not limited to declarative
integration but is actively embedded in disciplinary content and teaching practice.

Within the course Meteorology and Climatology, the use of digital meteorological platforms such as
Ventusky and Meteoblue enables students to independently analyze the spatial distribution of atmospheric pressure
centers, air masses, seasonal patterns of air temperature and precipitation, prevailing winds, as well as the causes
and sources of air pollution in the lower layers of the atmosphere across the world and the territory of the Republic
of Turkey. The analysis of data collected during research activities is carried out within the framework of the
educational program 0303200042 — Geography (CGRF1080) and is oriented toward collaborative learning, critical
thinking development, and analytical reasoning. The application of active and interactive teaching methods allows
students to independently identify regularities in natural and environmental processes and to establish cause-and-
effect relationships between them.

During the scientific internship, Professor of Physical Geography Cihan Bayrakdar participated in a
laboratory-based lecture session, during which students were introduced to a laboratory equipped with modern
scientific instruments and shared their research experience. The professor emphasized that the analysis of the
composition of rocks and soils as key elements in geomorphology courses fosters students’ independent discovery
of new ideas and enhances their research capabilities [17]. In addition, the teaching experience of Professor Kaan
Kapan was examined during a course on the Middle East for fourth-year undergraduate geography students. The
lecture included assignments aimed at developing analytical and critical thinking skills through problem-based
and research-oriented tasks.

The comparative analysis of STEM education implementation in Turkey and Kazakhstan reveals
fundamental differences in the institutionalization and pedagogical realization of STEM at the level of higher
education (Table 5).

While both countries recognize the strategic importance of STEM education, the Turkish model
demonstrates a more consistent alignment between policy intentions and practical implementation. In Turkey,
STEM is increasingly embedded as an interdisciplinary and practice-oriented educational model supported by
national initiatives, university—school collaboration, and continuous professional development of educators. This
alignment contributes to the systematic development of students’ critical thinking, research skills, and modeling
competencies.

In contrast, in Kazakhstan, STEM education is predominantly positioned within strategic and
modernization discourses, with limited transformation into a systemic interdisciplinary framework at the curricular
and pedagogical levels (Table 5). The observed gap between conceptual recognition and practical implementation
suggests that infrastructural development alone is insufficient for effective STEM integration. Instead, greater
empbhasis is required on curriculum redesign, methodological support for instructors, and sustained collaboration
between universities and secondary schools.

From a theoretical point of view, the results confirm the findings of recent studies that view STEM
education as an integrative pedagogical model rather than a set of separate methods and technologies. The
experience of the Republic of Turkey demonstrates the compliance of the practical implementation of STEM with
the key theoretical principles of interdisciplinary education, problem-oriented and research-based approaches. At
the same time, the Kazakhstani model reflects a transitional stage in the development of STEM education, in which
the strategic and conceptual recognition of STEM is ahead of its practical implementation in the educational
process.
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Table 5. Comparative analysis of STEM education implementation practices in higher education in Turkey and

Kazakhstan

Criteria

Turkey

Kazakhstan

Strategic position

STEM education is regarded as an
important direction of educational
policy and is systematically promoted
in the context of innovation, the labor
market, and scientific development.

STEM education is clearly defined in
national and institutional strategic
programs.

Main context of development

STEM is closely linked to economic
development, scientific research, and
applied innovations.

STEM is often considered within the
framework of digitalization, technical
modernization, and the development
of educational infrastructure.

Implementation at the level

STEM is gradually being formed as a

The implementation of STEM as a

Place in curricula

curricula as core content, and links
between disciplines are strengthened.

of higher education systemic interdisciplinary ~ and systemic |_nterd|50|pllnary model
practice-oriented model. remains limited.
STEM elements are included in | In most cases, STEM elements are

included in subjects only as an
additional component.

Pedagogical model

Project-based and research-oriented
approaches prevail, with an emphasis
on problem-based learning.

Traditional subject-based instruction

predominates; project-based and
research  approaches are used
partially.

Staff training

There are instructors who have
undergone  specialized STEM
training; however, the need for

continuous improvement of practical
(hands-on) skills remains.

There is interest in the use of STEM
technologies, but the methodological
training of instructors is uneven.

Laboratory and

infrastructure

digital

STEM laboratories, research centers,
and digital modeling tools are widely
used at universities.

STEM infrastructure is developing,
but not all universities are equally
equipped.

University-school
collaboration

Stable collaboration between
universities and secondary schools is
established through STEM projects.

The connection between universities
and schools is episodic; a systematic
model has not yet been fully formed.

Learning outcomes

STEM significantly contributes to the
development of students’ critical
thinking, research  skills, and
modeling skills.

Although the potential of STEM is
recognized, outcomes have not been
systematically measured and
validated.

Main limitations

The need to update material resources
and to provide continuous support for
the practical training of instructors.

Weak interdisciplinary integration
and insufficient methodological
support.

Conceptual perception and
practical implementation

There is a relative alignment between
the conceptual level and practical
implementation.

A clear gap is observed between
conceptual perception and practical
implementation.

The results of the study show that the effectiveness of STEM education implementation is largely
determined by the professional position of teachers and institutional academic culture. Turkish universities,
particularly Istanbul and Hacettepe Universities, have seen the steady integration of scientific research and the
educational process, creating conditions for the implementation of research-oriented learning. Teachers who are
actively involved in scientific activities are key agents of STEM transformation, providing a link between
theoretical knowledge, practical research, and student learning outcomes.

For geography education, the STEM approach is an effective tool for transforming the learning process
from a predominantly descriptive model to an analytical and problem-oriented one. The use of geographic
information systems, digital climate data, and modeling of natural and socio-economic processes allows students
to develop skills in spatial analysis, critical thinking, and scientific forecasting. Thus, STEM education contributes
to increasing the scientific and applied significance of geography in the higher education system.
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A comparative analysis shows that Turkey has a more coordinated interaction between educational policy,
institutional support, and pedagogical practice.

In Kazakhstan, however, there remains a gap between the conceptual understanding of STEM and its
practical implementation at the level of curricula and teaching methods. This indicates that the development of
material and technical resources alone does not guarantee the effectiveness of STEM education without systematic
methodological support and interdisciplinary integration.

It should be noted that this study has a number of limitations. First, the analysis is based primarily on
documentary sources, expert interviews, and a limited sample of respondents, which reduces the statistical
generalizability of the results. Second, the study covers the experience of individual universities and does not claim
to provide a complete picture of all models of STEM education implementation in Turkey and Kazakhstan.
Nevertheless, the depth of the qualitative analysis allows us to identify key trends and patterns in the
implementation of STEM in higher geographical education.

In the future, it would be advisable to expand the study by conducting large-scale empirical research,
including quantitative surveys and longitudinal observations aimed at assessing the long-term impact of STEM
education on students' educational and professional outcomes. Of additional interest is a comparative analysis of
the experience of implementing STEM in other countries, which will allow for a more accurate assessment of the
transfer potential of various educational models.

Conclusion

This study, conducted as part of a research internship at Istanbul University, provided a comprehensive
overview of the institutional, pedagogical, and methodological foundations for the implementation of STEM
education in the higher education system of the Republic of Turkey. The results show that the Turkish model of
STEM education development is characterized by the consistency of state educational policy, institutional support,
and actual pedagogical practice, which ensures the sustainability of STEM initiatives and their transition beyond
the declarative or experimental level. An important outcome of the study was the identification of STEM transfer
as an effective mechanism for integrating research-oriented learning, digital technologies, and interdisciplinary
content into university educational programs. The analysis showed that STEM transfer in Turkey functions not
only as a set of pedagogical technologies, but also as a tool for shaping a research-oriented educational
environment in which students are actively involved in data analysis, modeling, and solving practice-oriented
problems. This confirms the role of STEM education as a factor in the transformation of higher education towards
a research and practice-oriented model of learning.

The comparative nature of the study made it possible to establish that the differences between Turkey and
Kazakhstan are due not only to the level of material and technical support, but also to the peculiarities of curriculum
design, pedagogical traditions, and institutional academic culture. The experience of the Republic of Turkey
demonstrates that the effectiveness of STEM education is largely determined by the integration of scientific
research and the educational process, the continuous professional development of teachers, and the sustainable
interaction of universities with general secondary education institutions. All these factors together help students
develop critical thinking, research skills, and readiness to tackle complex socio-economic and environmental
challenges. The experience gained during the research internship, including academic observations and
professional interaction with the faculty of Istanbul and Hacettepe Universities, confirmed that STEM-oriented
geography education is most effective when integrated into real research contexts. The systematic use of digital
platforms, geospatial data, laboratory analysis methods, and project-based research assignments allows students
to go beyond theoretical mastery of the material and develop the universal analytical and modeling skills that are
in demand in today's scientific and professional environments. In a broader scientific context, the results of this
study contribute to the development of STEM education theory and practice, confirming that the successful
implementation of STEM approaches requires not only strategic recognition and infrastructure investment, but
also a transition to interdisciplinary integration of curricula and research-oriented pedagogy. The conclusions allow
us to assert that the adaptive implementation of individual elements of the Turkish STEM education model,
particularly those related to academic culture, educational program design, and practice-oriented teacher training,
can significantly increase the effectiveness of STEM education development in the higher education system of the
Republic of Kazakhstan. In conclusion, it should be noted that the results of the study confirm that STEM
education, implemented as a holistic and research-oriented model, is an effective tool for improving the quality of
higher education and preparing students for the demands of the modern information society. The study provides a
solid scientific basis for further research in the field of STEM transfer and is of practical importance for educational
policy makers, administrators of higher education institutions, and teachers focused on the development of STEM
education.
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Cemunap E., Jlaiicxanos LIL.Y., YkymeBa T.K., Ata6aeBa A.M.
TYPIK )KOHE KA3AK KOFAPBI BIUVIIMIHAET'TI STEM BIJIIM BEPY TOKIPUBECIHE
CAJIBICTBIPMAUJIBI TAJIJIAY
Angatna. byn makanaza CTyneHTTEpiH CHIHM TYPFBIIAH OMJIAaYBIH JKOHE 3epPTTEYIIUTIK JaFablIapblH
naMbiTy KoHTekciHne Typkust Pecrybnmmkacet meH Kasakcran PecmyOnmkaceiama STEM  OutiMiH  eHTi3y
ToXipuOenepi MeH ©3eKTi ChIH-KaTepiepi KapacTeIppliangsl. 3eprrey Typkust PecnyOnmkaceiabie bimim sxone
FBUIBIM MUHHCTPJITI JKaHbIHAArbl MHHOBammsap skoHe OiniM Oepy TEXHOJOTHSUIAphl JAEMapTaMeHTIHIH pecMHu
ecentepine, conpaii-ak CrtamOyn, A¥nsiH, Xa/pkerrerne XoHE AHKapa yHHUBEPCUTETTEpIiHIE >KHHAKTAJIFaH
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TIPaKTHKAJIBIK TOKipuOenepre HerizaenreH. ['eorpadus monin okpityna STEM-re OGarmapnanran OinmiM Oepymi
KOJJIaHY OCBI TOCUIIIH IEAaroruKajiblK apTHIKUIBUIBIKTAPBIH €CKepe OTBIphIN koHe CramMOyn KajlachlHAA
JKYPTi3UITeH SKCIIEPUMEHTTIK 3epTTeYNEp/iH HOTIKEJIEepiHe CylieHe OTBHIPHIN TalJaHajbl. 3epTTey OapbhIChIHIA
STEM OGiniMiHiH ()yHKIIMOHAIIBIK CAyaTTBUIBIKTHI, CHIHH OWJIAayIbl, MOJACIBICY KAOIICTTEpiH JKOHE 3epTTey
JaFbUIaphlH  KaJBIITACTRIPYNAFbl pei  aliKplHganmansl. Typkusiga »Ky3ere achIpbUIBIN JKaTKaH —Scientix
XaJIBIKapaJIbIK K00ackl, coHnaii-ak yHuBepcurertep xanbiHad STEM 3eprxananapsia Kypy 6acramanapst STEM
OLTIMIH JKY#eni TypJe inrepiieryre bIKnan eTkeHi kepceerineni. COHbIMEH KaTap, MakajlaJia YHUBEPCHTETTEp MEH
opTa MEKTENTEp AapachIHAAFBl BIHTHIMAKTACTHIKTEIH STEM OuLTIMIH THIMII €HTi3yAeri MaHBI3BI TaJIaHBII,
CTY/IGHTTEp/iH TaOWFM YIepicTepAi Tanaay, HpobOjeManapipl MIely >KoHe HHUGPIBIK Kypaaaapisl KOJIIaHy
KY3BIPETTUTIKTEPIH AaMBbITYFa epekiie Hazap ayaapbuiansl. STEM toxipudeci Typkus na, Kasakcranaa na ami ne
JIAMBIT KeJie JKaTKaHBIH YKOHE €Ki eJ1 apachIHIa opTYpPJli MaKcaTTap MEH OKBITY 9MiCTepi Oap eKeHiH KepceTeli.
Ocbl Mocenenepi Tangail oteipbin, Oy 3eprrey Kaszakcranmarel STEM OinimiH keTinaipyre yliec Kocyra
OarpITTasIFaH. 3epTTey HOTIKenepi reorpadusHbl OKbITYIa 3aMaHayd UUQPIBIK KypbUIFbUIAPAbI, BUPTYaJJIbI
WHTEPAKTHBTI KapTajapipl KOHE YII OJIIeMJIi MOJAENbAEpi YTHIMABI MaijianaHy CTYIEHTTEPIiH TaHBIMJBIK
OEJCeHIUIITIH apTTHIPBIN, MOHAIK >KoHe omOe0am MeTamoHAIK KY3BIPETTUTIKTEpAl KalbINTacThIpyFa BIKIAI
eTeTiHIH Jonenneiini. AnbiHFaH TYXKbIpeiMaap Typkus meH KaszakcTaH CTyAeHTTEpiHIH CBHIHHM OMJIayblH,
3epPTTEYIIUNK JarAbUIapblH  JKOHE (DYHKIMOHAIABIK CayaTThUIBIFBIH  JambiTynarbl  STEM  OiniMiHiH
MaHbI3/IbIBIFBIH KOPCETEI].
KinT ce3nep: STEM Gisntimi, CbIHM TYpFBIIAH OMIIAY, 3€pTTEY AaFbUIAPHL, Te0rpadusuIbIK OLTIM.

Cemunap E, Jlaiicxanos II1.Y., Ykymesa T.K., AtadaeBa A.M.
CPABHUTEJIBHBIN AHAJIN3 IPAKTUKHU STEM-OBPA3SOBAHHUSA B TYPELIKUX U
KA3AXCTAHCKHUX BbBICHINX YYEBHBIX 3ABEJIEHUSIX

AnHoranus. Buenpenune 3nanuit STEM (Science, Technology, Engineering, Mathematics) B
COBPEMEHHOH CHCTEME BBICIIEr0 O0pa30BaHMs SBJIAETCS OOHUM U3 AaKTyalbHBIX HANPaBICHUH pPa3BUTHUA
KPUTHYECKOTO MBIIIIEHHS, HCCIEAOBATEIbCKUX HABBIKOB W (DYHKIMOHAIBHOH TIPAMOTHOCTH CTYIEHTOB.
[Mpumenenne STEM-opueHTHPOBaHHBIX MOAXOIOB, OCOOCHHO B IpeNoJaBaHuM Teorpaduu, crocoOCTByeT
MOBBIILICHUIO KauecTBa 00pa30BaHuUs 3a CUET KOMIUIEKCHOT'O aHAJIN3a IIPUPOAHBIX IPOLECCOB, MOIEIUPOBAHUS U
WCIIONIb30BaHMs IU(PPOBBIX TEXHOIOIHH. B JTaHHOM KOHTEKCTE CpaBHHUTENbHBIN aHaNU3 omnbiTa BHeapeHus STEM-
obpazoBanust B Typerkoit Pecniyosnuke n Pecniyonuke Kazaxcran obnazaer 3HaUMMOM HAyYHOM M ITPAaKTHYECKOM
LIEHHOCTH10. L{enbio nccnenoBaHus SIBIISETCS] CPAaBHUTENBHBIN aHasi3 ombita BHeaApeHus STEM-3Hanmii B cucteme
BeIcIiero oOpaszoBanus Typumnm u KaszaxcraHa B KOHTEKCTe pAa3BUTHS KPUTHYECKOIO MBINUICHHS |
HCCIIEOBATEIbCKUX HABBIKOB CTYAEHTOB, a TaKXKE BbBIIBICHHE aKTYaJbHBIX BBI30BOB U MEJarorMyecKux
BO3MOXHOCTEl B mpemofaBaHuu reorpaguu. MccrnemoBaHue OCHOBAaHO Ha KAayeCTBEHHOH METOMOJIOTHH C
UCTIONI30BAaHUEM METOJOB JIOKYMEHTAIBHOI'O W CPaBHHUTEIBHOTO aHaIN3a. B KkadecTBe MCTOYHUKOB ObLIH
UCIIONIb30BaHbl OQHUIMaIbHble OTYETHI JlemapTameHTa WHHOBAlMA M 00pa30BaTEIbHBIX TEXHONOIHH IPH
MunucrepcTBe oOpazoBanus 1 Hayku Typerkoi PecryOnuku, a Takke akaJeMUUeCKUi U IPAKTUYECKU OIBIT,
HaKOIUICHHbIH B yHuBepcuterax CramOyna, AidineiHa, Xampkerrerie W AHKapbl. JlOMOMHUTENbHO ObLIH
MIPOAHATU3UPOBAHBI PE3yNbTaThl SKCIEPUMEHTAIBHBIX HCCIE€N0BaHUi, MpoBeA¢HHbIX B CtamOyne. Pe3ynbraTel
uccnenoBanus mokasaiu, yro STEM-o0pa3oBaHue Urpaer BaKHyIO poiib B ()OPMHUpPOBaHMU (DYHKIIMOHAIBHOMN
TPaMOTHOCTH, KPUTUYECKOTO MBIIIJIEHNS], HABBIKOB MOJEIMPOBAHUS U HCCIEJOBATEIbCKUX YMEHUH B IpoLecce
npernoaaBanus reorpaduu. Y CTAHOBJICHO, YTO MEXAYHAPOIHBIA MPOeKT Scientix, peanusyemblii B Typuun, a
Tak)Ke MHAIUATHUBEI 110 co3gannio STEM-nabopaTopuii pu yHHBEPCHTETaX CITOCOOCTBOBAJIM CHCTEMATHIECKOMY
paszButiio STEM-o6pa3oBanus. Kpome TOro, coTpygHHYECTBO MEXKIY YHHBEPCUTETAMH W OPTaHU3ALUSIMH
o0rmIero cpeqHero 00pa3oBaHUs ONPENEIeHO Kak 3HAaUNMBIH pakTop 3¢ dexkruBHoro BHeAperms STEM-niogxomos.
BeisiBieHo, uto npaktuka STEM-o0pa3oBaHust pa3BuBaeTCsl B 00EUX CTpaHax, OJHAKO CYIIECTBYIOT Pa3iH4Hs B
nensix U Meromax oOydeHus. [lomydeHHbIE pe3ynbTaThl MOATBEP)KAAIOT, YTO PalMOHATIBHOE HCIOJIB30BAHHUE
COBPEMEHHBIX IM(POBBIX YCTPOHCTB, BHUPTYAJIbHBIX HMHTEPAKTUBHBIX KapT M TPEXMEPHBIX MOIENEH B
MIPENO/IaBaHUN  Treorpaduu  CHoCOOCTBYET MOBBIIICHHIO ITO3HABATENbHOH aKTUBHOCTH CTYIACHTOB |
(OpPMUPOBAHUIO TPEAMETHBIX W METANPEAMETHBIX KOMIIETCHIMH. BBIBOIBI HCCIENOBaHMS MOTYT OBITH
WCTIONB30BaHBI sl coBepinencTBoBanns STEM-o0pa3oBanus B Pecrryonuke Kazaxcran, a Takke I pa3BUTHUSL
00pa3oBaTeNbHOM  TPAKTHKH, OPHEHTHPOBAHHOH Ha  (OPMHUPOBAHHE  KPUTHYECKOTO  MBIIUICHUS,
HCCIIEeIOBATEIbCKUX HABBIKOB M (DYHKIIMOHAIBHON ITPAMOTHOCTH CTYAEHTOB.

KnroueBbie ciaoBa: STEM-oOpasoBanne, KpHUTHYECKOE MBINIICHHE, HCCIEAOBATEIBCKHE HABBIKH,
reorpaduyeckoe oOpa3oBaHHE.
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