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CONTENT AND STRUCTURAL COMPONENTS
OF THE PROFESSIONAL TRAINING OF FUTURE SCIENCE
TEACHERS FOR THE APPLICATION OF STEM TECHNOLOGIES

Abstract. The article explores the content and structural components of the professional training of future science teachers
for the application of STEM technologies in the educational process. The relevance of the study is determined by the growing
importance of interdisciplinary integration, the development of inquiry-based and project-based learning, the digitalization
of education, and the need to modernize science teacher education. The significance of integrating STEM approaches
into the teaching of professional disciplines, organizing experimental and research activities, implementing interdisciplinary
projects, and using digital educational resources is substantiated. The expediency of combining theoretical, practical, and
methodological training with pedagogical modeling, microteaching, and professionally oriented tasks is established. Five
interrelated structural components of professional training are identified: motivational-value, cognitive, operational-activity,
design-methodological, and reflective-evaluative. Their significance in fostering positive motivation towards STEM education,
acquiring interdisciplinary knowledge, developing practical skills, designing integrated learning, and improving professional
activities is revealed. It is emphasized that the interaction of these components ensures the integrity of professional training
and promotes the development of research culture, creative thinking, and professional autonomy among future teachers.
The practical significance of the study lies in the possibility of using its findings to improve the content of subject-specific
and methodological educational components, develop STEM-oriented tasks, and organize project-based activities for higher
education students. Further research prospects involve developing and experimentally validating a model of professional
training, identifying the pedagogical conditions for its implementation, and establishing criteria for assessing the development
of the corresponding readiness.

Keywords: professional training, future science teachers, STEM technologies, STEM education, interdisciplinary integration,
research activities, project-based learning, motivational-value component, cognitive component, operational-activity component,
design-methodological component, reflective-evaluative component.

3MICT TA CTPYKTYPHI KOMMOHEHTU NPOMECINHOI NIArOTOBKMU
MAUBYTHIX YSUTENIB NPUPOAHUYMX AUCUUNNIH
[0 3ACTOCYBAHHA STEM-TEXHOJIOI N

AHoTauiga. Y cTaTTi po3KpUTO 3MICT i CTPYKTYPHI KOMMOHEHTU NPOQECIAHOI NiArOTOBKM ManbyTHIX y4nTeniBs NpUpoaHNYnx
OoMcumMniliH oo 3acTtocyBaHHs STEM-TexHoNorin B OCBITHBOMY NpPOLECi. AKTyasibHICTb OOCHIAKEHHS 3yMOB/IEHA NMOCUIEHHAM
MiXOMCUMNAIHAPHOI iHTerpawii, pO3BUTKOM A0CNIOHMLBLKOrO Ta NPOEKTHOINO HaBYaHHS, LMQPPOBI3aLLEl0 OCBITU 1 HEOOXIAHICTIO
MoAepHi3auii npmpoaHMyoi nigrotoBku neparoris. O6rpyHTOBaHO 3HaYeHHs iHTerpauii STEM-nigxonis y BuknagaHHs axoBumx
OMCUMNNIH, OpraHi3auji ekcnepuMeHTanbHOi Ta HaB4aNbHO-AOCNIAHNLBLKOI AISNbHOCTI, BUKOHAHHA MiXAMCUMMNNIHAPHUX
NPOEKTIB i BUKOPUCTAHHA LMPPOBUX OCBITHIX pecypciB. BM3Ha4yeHO OOUINbHICTb MOEAHAHHA TEOPEeTUYHOIi, MpPakTU4YHOI Ta
MEeTOAMYHOI NiAroTOBKM 3 NefarorivHuM MOSENOBaHHSAM, MPOBEAEHHSM MIKPOYPOKIB i BUKOHAHHAM NPOGhECINHO OpieHTOBaHMX
3aBOaHb. BuoOKpeMneHo n’aTb B3aEMOMOB’A3aHMX CTPYKTYPHUX KOMMOHEHTIB MNpPOdECiNHOI  NigroTOBKN: MOTUBALLNHO-
LLIHHICHUI, KOTHITUBHWUI, OnepawuinHO-AiANbHICHUA, NPOEKTYBaNbHO-METOANYHUNA | pedneKCUBHO-0LiHIOBaNbHUA. PO3KpUTO
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iXHE 3HaYeHHs gnsa GopmMyBaHHS NMO3UTMBHOI MOTUBALii 40 STEM-0CBiTW, 3aCBOEHHS MiXANCUMNAIHAPHUX 3HAHb, PO3BUTKY
NPaKTUYHUX YMiHb, MPOEKTYBAHHS IHTErpOBaHOr0 HaB4YaHHA Ta BAOCKOHaNeHHs npodecinHoi AisnbHOCTI. HaronoweHo,
L0 B3aEMOJis BM3HAYEHMX KOMMOHEHTIB 3abe3nedye LificHICTb MiAroTOBKM, PO3BUTOK OOCAHIOHWLBKOI KyNbTypu, TBOPYOrO
MUCHNEHHS1 Ta NPOMECINHOI caMOCTINHOCTI MabyTHiX neparorie. MpakTMyHe 3HAYEHHs AOCHIOXEHHS NONIrae B MOXJIMBOCTI
BMKOPMWCTAHHS Oro pesynbTaTiB [jsl BOOCKOHANEHHS 3MICTy (axoBuX i METOAUYHMX OCBITHIX KOMMOHEHTIB, PO3PO6IEHHS
STEM-opieHTOBaHNX 3aBAaHb Ta opraHi3auii NpPoeKTHOI AisnbHOCTI 3400yBadviB BMLWOI OCBITW. lNepcnekTMByM noganbLUmX
JocnigpxeHb NOB’A3aHi 3 PO3PO6IIEHHAM Ta eKCNEPUMEHTAILHOI NepPeBipKoD Moaeni NPOdECINHOI MiAroOTOBKM, BU3HAYEHHSIM
neparoriyHnx ymoB ii peanisauii n KpuUTepiiB OuUiHIOBaHHA CHOPMOBAHOCTI BiAMNOBIAHOI FOTOBHOCTI.

KniouoBi cnoea: npodeciiiHa nigrotoBka, ManbyTHi BuUMTEni NpUpoAHUYMX aucumnnid, STEM-texHonorii, STEM-
OCBITa, MiXAMCUMNIHAPHA iHTerpawis, AOCNIAHNLbKA AIFNbHICTb, NMPOEKTHE HaBYaHHS, MOTUBALLINHO-LHHICHUA KOMMOHEHT,
KOTHITUBHWA KOMIMOHEHT, OnepauinHO-AiaNIbHICHUA KOMMOHEHT, MPOEKTYBaNlbHO-METOAMNYHUIA KOMMOHEHT, pedfieKCUBHO-
OLHIOBaNIbHUIA KOMMOHEHT.

INTRODUCTION

The problem formulation. The modern transformation of science education highlights the need to rethink the
content of the professional training of future teachers of biology, chemistry, physics, geography, and integrated
courses within the natural science educational field. This is associated with the transition from a predominantly subject-
knowledge-based model of learning to an integrated, competency-based, activity-oriented, and research-oriented
educational paradigm. STEM technologies are becoming particularly important in this process, as their application
involves the integration of natural sciences, technology, engineering, and mathematics to solve practice-oriented and
research tasks.

In the context of updating the content of science education, improving the professional training of future teachers
of biology, chemistry, physics, geography, and integrated courses within the natural science educational field
is becoming particularly relevant. This need is driven by changing educational priorities: instead of the traditional
acquisition of a system of subject-specific knowledge, increasing importance is being attached to interdisciplinary
integration, the competency-based approach, practical activities, and the involvement of students in research inquiry.

An important means of implementing these priorities is the use of STEM technologies, which ensure the integration
of natural science knowledge with technological, engineering, and mathematical tools for analyzing real-world
problems, conducting experiments, and developing practically significant solutions.

Despite the existence of theoretical studies and practical developments concerning the implementation of STEM
technologies in the educational process, their application in the professional activities of science teachers requires a
systematic and methodologically substantiated approach.

The effectiveness of STEM education depends not only on the availability of digital resources, laboratory
equipment, or innovative teaching tools, but also on teachers’ readiness to integrate natural science knowledge with
mathematics, technology, and engineering; organize students’ research activities; develop interdisciplinary projects;
and create conditions for fostering critical thinking, creativity, and the ability to solve practice-oriented tasks. As V.
Onipko emphasizes in her research, «The professional training of future teachers in the natural science educational
field should focus on developing an integrated set of general and professional competencies defined in the Strategy
for the Development of Higher Education in Ukraine for 2022-2032 (critical thinking, research, digital, environmental,
communication, and innovation competencies), the outcome of which is a graduate’s readiness to organize
experimental research, integrated learning, and STEM-oriented instruction in the context of the New Ukrainian School»
(Onipko, 2025).

Under these circumstances, the professional training of future science teachers for the application of STEM
technologies is becoming particularly relevant. It is important to consider that proficiency in individual digital tools
or knowledge of the theoretical foundations of STEM education does not, in itself, guarantee a future teacher’s
ability to independently design and implement STEM-oriented learning. This requires the integration of fundamental
natural science training, psychological and pedagogical knowledge, methodological competence, practical skills in
organizing research and project activities, as well as readiness for reflection and continuous improvement of one’s
own professional practice.

Analysis of recent research and publications. An important direction in the renewal of higher pedagogical
education is the development of a professionally competent generation of teachers capable of generating innovative
ideas, finding unconventional ways to address pedagogical problems, and creatively applying modern educational
technologies in their professional activities. The scientific and theoretical foundations of the professional development
and training of future teachers in higher education institutions have been addressed in the works of numerous
Ukrainian and international researchers, including N. Bibik, V. Bondar, N. Huzii, N. Kichuk, L. Kondrashova, Z. Kurland,
L. Martynets, V. Radul, and other scholars.

An important place in the scientific discourse is occupied by studies devoted to substantiating the theoretical
and methodological foundations of vocational education, as represented in the scholarly contributions of I. Bekh, M.
Yevtukh, S. Nikolaienko, V. Prykhodko, A. Silveistr, S. Sysoieva, L. Khoruzha, and other researchers.

The essence of the problem associated with highlighting the specific features of training this category of teachers
within the educational process of modern educational institutions is examined in the scholarly works of Ukrainian
researchers O. Barna, |. Chervinska, N. Valko, O. Hirnyi, N. Polikhun, and others.
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N. Polikhun, I. Slipukhina, and I. Chernetskyi investigated the foundations of the emergence and development
of STEM as an educational strategy, its relevance, and the didactic features of its implementation in the Ukrainian
education system. The scholars analyzed the main trends and processes involved in introducing the STEM approach
into national educational practice, particularly in the context of gifted education, and outlined the prospects for its
application as a tool for reforming the national education system (Polikhun, & Slipukhina, Chernetskyi, 2017).

Researcher O. Hirnyi focused on examining the interrelationships between STEM education and other educational
fields. To this end, the author conducted a comparative analysis of the lists of academic subjects and educational
fields represented in various STEM models implemented in the United States and European countries, comparing
them with STEM subjects included in the curricula of Ukrainian educational institutions and the leading STEM fields
recommended by the U.S. National Science Foundation (Hirnyi, 2019). A group of researchers comprising N. Stetsula,
N. Novykova, U. Malaniak, and N. Lisnianska are studying the specific features of applying the fundamental principles
of STEM education in geography lessons.

0. Barna substantiated specific organizational and methodological measures for implementing STEM education
in educational institutions. Among the main areas, the researcher identifies the selection of an optimal model for
implementing STEM education in accordance with the specific nature of an educational institution’s activities and
its chosen areas of specialization, as well as the development and implementation of didactic and digital tools to
support it. The author places particular emphasis on creating a team of motivated professional teachers committed
to innovation and change, whose activities are «aimed at achieving defined goals and expected learning outcomes»
(Barna, 2019). The author considers the particular value of STEM education to lie in the integration of natural sciences,
mathematics, technology, and engineering into a coherent learning system that ensures the interdisciplinary nature of
the educational process and its practical orientation.

Researcher N. Valko, in the article «Theoretical and Methodological Foundations of Training Future Teachers of
Natural Sciences and Mathematics for the Application of STEM Technologies», examined the specific features of the
«professional training of future teachers for the use of STEM technologies and the development of their readiness to
introduce the STEM approach into the practice of general secondary education institutions. The researcher identified
the main stages of the professional and practice-oriented training of future teachers and developed organizational
and methodological guidelines for implementing this process, aimed at ensuring the effective application of STEM
technologies in their future professional activities» (Valko, 2018; 2020). The above demonstrates the relevance of
seeking innovative approaches to developing their professional competence, creative potential, and readiness to
implement modern educational technologies.

THE AIM AND RESEARCH TASKS

The purpose of the article. The purpose of the study is to reveal the content and describe the structural components
of the professional training of future science teachers for the application of STEM technologies.

Research objectives: to analyze the specific features of applying STEM technologies, taking into account the
integration of natural sciences, technology, engineering, and mathematics, project-based activities, and inquiry-based
learning; to identify and substantiate the structural components of the professional training of future science teachers
for the application of STEM technologies, and to reveal their functions and interrelationships.

RESEARCH METHODS

The methodological basis of the study comprises a set of complementary theoretical and empirical methods,
the selection of which is determined by the research purpose and the defined objectives. The theoretical methods
include analysis and synthesis, comparison, systematization, and generalization of scientific and pedagogical sources,
regulatory and legal documents, and the content of educational and professional programmes. Their application
is aimed at clarifying the theoretical foundations of the research problem, identifying the main approaches to the
professional training of future teachers, and determining the possibilities for integrating STEM technologies into
this process. The structural-systemic method is used to identify the structural components of professional training,
establish the relationships between them, and develop a holistic understanding of future teachers’ readiness to use
STEM technologies.

RESULTS OF THE RESEARCH

In the context of the technologization and digitalization of education, the content and structural organization of the
training of future educators for the application of STEM technologies are becoming particularly important. This process
involves the integration of natural science knowledge, engineering thinking, digital tools, and project-based research
activities. At the same time, the potential of STEM technologies for developing future teachers’ creative initiative, their
ability to develop original methodological solutions, and their capacity to design an innovative educational environment
requires further theoretical substantiation and methodological support.

In this context, the statement made by scholars O. Akimova and V. Haluziak in their monograph Pedagogical
Support for the Personal and Professional Development of Future Teachers is particularly relevant. The authors
«emphasize that the system of professional training, as a social value, encompasses a set of knowledge, skills,
abilities, and attitudes that determine future teachers’ capacity for activity-based research, the integration of digital
and STEM technologies into science teaching, and the implementation of sustainable development principles. In the
context of modern higher education, the development of such competencies is becoming an integral component of
training a competitive specialist capable of making independent decisions in the scientific and environmental domain
and adhering to innovative and ethical standards» (Akimova & Haluziak, 2019).
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We agree with the positions outlined above and believe that efforts to improve the level of professional training of
future science teachers should be analyzed not only in terms of the process of acquiring subject-specific knowledge
and methodological skills, but also as a comprehensive system for developing readiness to use technologies creatively
in future teaching practice. Its content should encompass the acquisition of interdisciplinary approaches, project-
based and problem-based learning technologies, methods for organizing experimental and research activities, digital
modeling tools, and instruments for assessing learning outcomes.

The challenges outlined above concerning «the professional training of future teachers in the natural science
educational field determine the need to introduce modern educational technologies and teaching methods into the
educational process of higher education institutions, adapted to the requirements of the contemporary educational
environment. In particular, teachers should possess not only theoretical knowledge but also skills in using experimental
research methods, interactive technologies, virtual laboratories, and so forth» (Zasekina & Truskavetska, 2024, p. 76).

The structural components of such training should ensure the interrelationship of all elements aimed at developing
motivation for teaching, creating a body of STEM-oriented knowledge, acquiring practical skills for designing and
implementing integrated learning tasks, as well as developing the ability to analyze and improve one’s own professional
experience. Thus, the application of STEM technologies is not merely a means of modernizing science education but
also an indicator of readiness to independently design an innovative educational process. A schematic representation
of this multifaceted process is presented in Fig. 1.

PHYSICS

BIOLOGY

MATH

CHEMISTRY

TRANSFORMATION
VIA DIGITALIZATION

PROJECT-BASED
RESEARCH &
VIRTUAL TECH

Fig. 1. Professional Training of Future Science Teachers for the Application of STEM Technologies

This complex process should be viewed as a holistic, consistent, and multi-component process involving the
implementation of interrelated areas. The first area encompasses the integration of STEM technologies into the
teaching of subject-specific disciplines, the completion of laboratory and practical assignments, the conduct of
educational research, and the implementation of interdisciplinary projects.

This will enable future teachers not only to deepen their natural science knowledge but also to gain first-hand
experience in using STEM tools as learners, understand their didactic potential, and identify the conditions for their
effective application in future teaching practice.

The second area involves the purposeful development of teachers’ methodological readiness. Methodology
courses should provide for the acquisition of algorithms for designing STEM tasks, methods for organizing students’
research and project activities, approaches to integrating the content of biology, geography, physics, chemistry, and
mathematics, as well as methods for assessing learning outcomes. A fundamental component of such training is the
modeling of pedagogical situations, the development of STEM projects, the delivery of micro-lessons, and teaching
practice, during which students learn to adapt technologies to learners’ age-related characteristics, educational
objectives, and the resources available at an educational institution (Fig.2).

The above-mentioned areas of professional training necessitate the identification of its structural components.
Within the scope of the research problem and taking into account the findings presented in the dissertation studies
by K. Yurchenko and O. Lozova (Yurchenko, 2024; Lozova, 2025), we have identified the following components:
motivational-value, cognitive, operational-activity, design-methodological, and reflective-evaluative. The content of
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each component is aimed at providing a comprehensive understanding of the process of preparing future science
teachers for the application of STEM technologies.

1. Motivational 3 4. Design &

& Value-Based: It n Methedological:
Accepting STEM and Readir Developing the capacity
desiring innovation. 1o engineer curricula

2. Cognitive: 5. Reflective &
Mastering the Evaluative:
interdisciplinary Systematically
knowledge system assessing and

optimizing outcomes
3. Operational &

Activity-Based:
Forming practical and
experimental skills.

Fig. 2. Content of the Components of the Training of Future Science Teachers

Within the context of our study of the identified problem, we propose considering five interrelated components
that reflect the main areas of this activity: motivational acceptance of STEM education, acquisition of the necessary
knowledge, development of practical skills, enhancement of the ability to undertake methodological design, and
reflective understanding of the outcomes of professional activities. Let us examine these components in greater detail.

The motivational-value component reflects the development of future teachers’ professional motivation to
implement STEM technologies, their awareness of the importance of these technologies for improving the quality of
science education, and their readiness for continuous professional self-improvement.

The motivational-value component is an important element of the professional training of future teachers for
the implementation of STEM education. It characterizes a future teacher’s internal readiness to introduce STEM
approaches into the educational process, their aspiration to use modern teaching methods, organize students’
research and project activities, and develop their own professional competencies.

An important aspect of this component is future teachers’ awareness of the educational potential of the STEM
approach, which involves the integration of natural sciences, technology, engineering, and mathematics, as well as
an orientation towards the practical application of knowledge. Particularly relevant in this regard is the statement that
«Positive motivation towards STEM activities is a necessary condition for the effective implementation of interdisciplinary
learning» (Yurchenko, 2024). Thus, the motivational-value component encompasses future teachers’ interest in
STEM education, their awareness of its pedagogical appropriateness, readiness for creative inquiry, responsibility
for students’ learning outcomes, and aspiration for continuous professional development. The effectiveness of this
component is manifested in students’ active participation in STEM projects, their interest in innovative educational
technologies, readiness to collaborate with colleagues, and openness to experimentation. Its development is ensured
by engaging future teachers in practice-oriented tasks, research activities, professional discussions, educational
projects, and reflective analysis of the outcomes of their own activities.

The cognitive component encompasses a system of knowledge about the conceptual foundations of STEM
education, interdisciplinary integration, the patterns governing natural phenomena, modern teaching technologies,
digital tools, methods of scientific inquiry, and principles for organizing students’ research activities. It characterizes
the system of professional knowledge that future teachers need to understand the theoretical foundations of STEM
education, identify its didactic potential, and organize integrated learning in a methodologically sound manner. Its
content includes knowledge of the conceptual principles of the STEM approach, interdisciplinary connections between
natural sciences, mathematics, technology, and engineering, methods of inquiry-based learning, the design of
educational situations, and the use of modern teaching tools.

Scientific studies emphasize that «The cognitive component of readiness involves the development of a system of
knowledge about the essence of STEM education, interdisciplinary connections, and methods of organizing research
activities» (Yurchenko, 2024). This provides grounds for considering the cognitive component not merely as a body
of acquired theoretical information, but also as a foundation for making informed choices regarding the content,
methods, and technologies of teaching in accordance with established educational objectives. The integrated nature of
professional knowledge is of particular importance. A teacher needs to know how to establish meaningful connections
between academic disciplines, explain natural phenomena on the basis of the principles of different sciences, identify
opportunities for the practical application of theoretical concepts, and select learning materials for solving complex
tasks. Such an approach contributes to the development of a holistic scientific worldview.
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An important element of this component is familiarity with modern STEM technologies, digital educational resources,
modeling tools, virtual laboratories, and data visualization instruments. Future teachers should understand the didactic
potential of these tools, the criteria for their selection, and the specific features of their application, taking into account
students’ age-related characteristics, the content of educational materials, and expected learning outcomes.

Another defining feature is the integrative nature of professional knowledge, which enables future teachers to
establish interdisciplinary connections, explain natural phenomena and processes on the basis of the principles of
various sciences, use mathematical methods to process research results, and employ technological tools to solve
learning problems. An important component is an understanding of the methodology of scientific inquiry, the principles
of research-based learning, algorithms for experimental activities, and engineering design.

Knowledge of modern information and digital resources, virtual laboratories, digital measurement systems,
geographic information systems, computer modeling tools, and data visualization technologies is becoming particularly
important. Future teachers should not only be familiar with the variety of such tools but also understand their didactic
potential, limitations, and appropriateness for teaching specific natural science disciplines. The development of the
cognitive component is manifested in the systematic and conscious nature of professional knowledge, an understanding
of the essence of the STEM approach, the ability to substantiate interdisciplinary connections, explain natural science
principles, select information and digital resources, and apply knowledge to analyze complex learning situations.

The operational-activity component characterizes the practical readiness of future science teachers to implement
STEM technologies in their professional activities and involves the development of a range of pedagogical, research,
experimental, technological, and communication skills. Its essence lies in the ability to transform acquired theoretical
knowledge into specific ways of organizing educational activities aimed at active exploration of natural phenomena,
conducting research, and solving practical problems. The distinctive characteristics of this component include the
need to master various methods and technologies of STEM learning, particularly problem-based and inquiry-based
learning, experimental learning, project-based learning, heuristic learning, and practice-oriented learning.

Future teachers should be able to organize observations, laboratory investigations, measurements, modeling of
natural processes, construction of educational objects, and work with digital laboratories and specialized software.
Particular emphasis should be placed on the ability to organize productive interaction among participants in the
educational process, ensure teamwork, coordinate research tasks, guide students towards independent information
seeking, hypothesis testing, and the reasoned formulation of conclusions. At the same time, future teachers should
be able to create safe conditions for experimental activities, use educational equipment efficiently, and adapt practical
tasks to students’ educational capabilities.

The impact of the operational-activity component is manifested in the ability to apply STEM technologies in practice,
conduct educational experiments, use digital tools, organize research and teamwork activities, solve interdisciplinary
tasks, and ensure the practical orientation of science teaching. The design-methodological component reflects a
future teacher’s ability to purposefully design a STEM-oriented educational process, develop methodological support
for integrated learning, and determine the content, forms, methods, technologies, and means of implementing
interdisciplinary educational tasks. It characterizes a teacher’s readiness to independently design learning situations
in which natural science knowledge is integrated with mathematical, technological, and engineering approaches
to activity. lts distinctive feature lies in the need to combine subject-specific and methodological training with
pedagogical design skills. Future teachers should be able to identify an educational problem, formulate objectives
and expected learning outcomes, select interdisciplinary content, develop STEM tasks, determine the sequence of
research activities, and establish criteria for assessing students’ performance.

A leading area of implementation of this component is the development of original STEM projects, integrated
lessons, educational research cases, practical tasks, and methodological scenarios in natural science disciplines. For
example, future geography teachers may design tasks involving the geoinformation modeling of natural processes;
biology teachers may develop research projects focused on studying ecosystems; and chemistry teachers may
construct experimental tasks investigating the properties of substances and environmental safety.

The ability to select information and digital resources, laboratory equipment, software, and educational materials
in accordance with the subject content, educational objectives, and resource capacities of an educational institution is
of particular importance. Design and methodological activities also involve anticipating potential difficulties, identifying
ways to differentiate tasks, taking into account students’ individual educational needs, and planning the assessment of
learning outcomes.

The development of the design-methodological component is manifested in the ability to develop STEM-
oriented lessons, design interdisciplinary projects, create original methodological materials, make informed choices
of pedagogical technologies, and ensure the coherence of the content-related, organizational, and technological
components of the educational process.

The reflective-evaluative component characterizes a future teacher’s ability to systematically analyze their own
professional activities, evaluate the effectiveness of the STEM technologies applied, assess the quality of achieved
educational outcomes, and identify areas for further professional improvement. Its content encompasses self-analysis,
self-assessment, critical reflection on pedagogical experience, evaluation of learning activities, and adjustment of
selected methodological decisions. The specific nature of this component in the context of STEM education lies in the
need to evaluate not only the final outcome of a learning project but also the entire process of its implementation. Future
teachers should be able to analyze how effectively students formulated research problems, put forward hypotheses,
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conducted experimental activities, used digital tools, interacted in teams, and presented their findings. It is also important
to emphasize proficiency in various methods of assessing STEM activities, including pedagogical observation, analysis
of research reports, assessment of project outcomes, self-assessment, peer assessment, portfolios, and reflective
discussions. This makes it possible to determine not only the level of mastery of educational components but also the
dynamics of the development of students’ research, communication, creative, and practical skills.

The reflective-evaluative component also involves the ability to critically assess one’s own methodological
decisions, identify difficulties encountered during the implementation of STEM tasks, and determine the reasons
for the insufficient effectiveness of particular technologies. An important characteristic is an orientation towards
continuous professional learning, self-development, the study of innovative teaching practices, and the improvement
of one’s own methodological expertise.

The development of the reflective-evaluative component is manifested in the ability to objectively analyze the
outcomes of pedagogical activities, carry out self-assessment, determine the effectiveness of the STEM technologies
applied, use feedback, and adjust methodological approaches. These aspects are presented in greater detail in Table 1.

Table 1

Content characteristics of the components of readiness of future science
teachers to apply STEM-technologies in professional practice

Readiness Component

Brief Content Characteristics

Motivational and Value-
Based

Reflects professional motivation, interests, values, and positive attitudes
towards STEM education and the use of innovative teaching technologies.

Cognitive

Encompasses knowledge of STEM education, interdisciplinary integration,
natural sciences, teaching methods, and digital technologies.

Operational and Activity-
Based

Involves the practical application of STEM technologies, research methods,
experimentation, modelling, and project-based learning.

Design and
Methodological

Encompasses the ability to design STEM-oriented lessons, develop
interdisciplinary projects, and select appropriate teaching methods, tools,
and resources.

Reflective and Evaluative

Involves self-assessment, analysis of teaching effectiveness, evaluation of
learning outcomes, and improvement of professional practice.

Information and digital
competence of the

The ability to navigate in the information space, receive infor-mation and
operate with it in accordance with one's own needs and the requirements of

teacher a modern high-tech socie-ty.

*Source: Developed by the author based on a theoretical synthesis of the structural characteristics
of future science teachers’ readiness to apply STEM technologies in professional practice.

Thus, the content of the professional training of future science teachers for the application of STEM technologies
should encompass not only the acquisition of relevant knowledge and technological tools but also the development of
sustained professional motivation, practical skills, methodological competence, and the ability to engage in reflective
improvement of pedagogical activities. The interrelationship between the identified structural components ensures the
integrity of this process and facilitates the transition from theoretical familiarization with STEM technologies to their
conscious, substantiated, and systematic application in teaching.

The interaction of these components creates the prerequisites for developing comprehensive professional readiness
to organize research-based and practice-oriented learning. Their consistent development throughout professional
training contributes to the formation of a teacher capable of effectively implementing STEM approaches, fostering
students’ research and creative abilities, and ensuring that the educational process meets contemporary requirements.

CONCLUSIONS AND PROSPECTS OF FURTHER RESEARCH

Contemporary transformations in the system of higher pedagogical education necessitate rethinking the essence
and content of the professional training of future science teachers, particularly in the context of implementing STEM
technologies. In scientific research, professional training is viewed as a holistic, multifaceted process aimed at transforming
the educational environment. «In the context of STEM education, these skills acquire particular importance, as they ensure
the future teacher’s ability to integrate knowledge of natural sciences, technology, engineering, and mathematics, as
well as to organize students’ research and project activities» (Martin, 2025). Therefore, understanding the structure of
professional training as an integrative system is of particular importance. «The use of innovative STEM-based learning
technologies will contribute to the more effective development of students’ critical thinking skills and cognitive interests,
encourage them to demonstrate imagination and creativity, and develop their ability to analyse problem situations quickly»
(Chervinska, 2017). The structure of the professional training of future science teachers is considered as the unity and
interrelationship of social, psychological, and pedagogical aspects implemented in the learning process.

The prospects for further research are focused on developing a structural-functional model for the professional
training of future science teachers to apply STEM technologies in their professional activities.
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