ISSN 3083-6514 (Print), ISSN 3083-6522 (Online)

BUIIIA TA YHIBEPCUTETCBKA OCBITA

UDC 37.0(477+73)+378+37.016:53+37.012+378.4
DOI https://doi.org/10.12958/3083-6514-2026-2-8-27

Batyuk Liliya Vasylivna,

Candidate of Biological Sciences, Associate Professor,

Associate Professor of the Department of Physics and Chemistry,
H. S. Skovoroda Kharkiv National Pedagogical University,
Kharkiv, Ukraine.

Lbatyuk@hnpu.edu.ua

https://orcid.org/0000-0003-1863-0265

Masych Vitalii Vasylovych,

Doctor of Pedagogical Sciences, Professor,

Head of the Department of Physics and Chemistry,

H. S. Skovoroda Kharkiv National Pedagogical University,
Kharkiv, Ukraine.

masych@hnpu.edu.ua
https://orcid.org/0000-0002-8943-7756

THE FORMATION OF STUDENTS’ SUBJECT COMPETENCE IN PHYSICS
IN THE CONDITIONS OF STEM EDUCATION IN UKRAINE AND USA

The current stage of higher education development is characterized by the active implementation
of a STEM-oriented approach, which is due to the needs of a high-tech society and the need to
train specialists capable of interdisciplinary activities, critical thinking and solving complex applied
problems. In this context, the formation of students’ subject competence in physics as a basic
component of STEM education is of particular importance.

Physics as a fundamental science provides a theoretical basis for the development of technologies,
engineering and innovations, which determines its key role in the structure of STEM competencies.
At the same time, modern requirements for the training of specialists involve not only the acquisition
of theoretical knowledge, but also the development of research, analytical, computational and
communicative skills that ensure the ability to perform effective professional activities.

An analysis of the practice of functioning of higher education institutions shows that the process
of forming subject competence in physics in Ukraine is at the stage of modernization. Despite the
presence of strong fundamental training, there is insufficient integration of STEM approaches, limited
use of modern digital technologies, as well as uneven implementation of research and project-based
teaching methods.

In comparison, the USA has formed a more flexible and practice-oriented STEM education system,
which is based on clearly defined learning outcomes, active involvement of students in research
activities, and integration of the educational process with the requirements of the labor market. This
necessitates the understanding and adaptation of best foreign practices in the domestic educational
system.

Thus, the relevance of the study is determined by the need for a deep analysis of the features of
the formation of subject competence of students in physics in the conditions of STEM education,
the identification of common and distinctive features of the educational models of Ukraine and the
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USA, as well as substantiation of directions for improving the national higher education system in
accordance with modern challenges and international trends.

This is of particular importance for Ukraine in the context of post-war reconstruction, which
requires the development of critical thinking, practical skills, and a close combination of theoretical
knowledge with real challenges. Given the rich experience of the United States in the field of
innovation, such studies open up the opportunity to understand how the integration of physics with
other disciplines contributes to the formation of creativity and competitiveness, which can become a
valuable basis for improving the Ukrainian education system. Ukraine needs specialists who are able
to create innovative solutions in the fields of engineering, programming, and science. The development
of a developed STEM education system is a determining factor for the formation of highly qualified
personnel. An analysis of how physics in the United States is combined with engineering, technology,
and mathematics in curricula compared to Ukrainian realities contributes to the formation of creativity
and interdisciplinary vision, helping students adapt to the requirements of the modern world and the
rapid development of innovative technologies. Given the current trends in teaching physics and the
peculiarities of the educational process, the importance of developing competencies becomes a key
aspect in the formation of a personality, proposes a concept of integrating theoretical knowledge with
practical STEM tasks to stimulate the active intellectual and personal development of students. In
this context, the study of physics goes beyond the simple mastery of basic concepts, focusing on the
ability to apply them in real practical tasks. Therefore, such research can become an important tool for
the strategic improvement of the Ukrainian higher education system, aimed at meeting modern global
standards and strengthening the country’s innovative potential.

In modern scientific and pedagogical research, the formation of subject competence in physics in
higher education institutions is considered as a component of a broader process of developing STEM
competencies, which includes the integration of knowledge, skills and abilities in an interdisciplinary
context (Batyuk, 2025c). Researchers emphasize that STEM education is not just a combination of
disciplines, but a learning paradigm focused on interdisciplinarity, practical application of knowledge,
solving real problems, developing critical thinking and an engineering approach (Barna, Kuzminska
& Semerikov, 2025; Batyuk & Masych, 2025a). In this context, physics acts as a basic discipline that
provides the foundation for the formation of a scientific worldview and research skills.

In Ukraine, STEM education is at the stage of active development and modernization. The main trends
are the introduction of the STEM concept (from 2020), updating educational standards, integrating
STEM courses into curricula, and using digital technologies. Modern Ukrainian research focuses on
the need to update the content of education, integrate innovative technologies, and form innovative and
research competence. In particular, it has been established that the formation of competence effectively
occurs under the conditions of modeling, experimental activities, the use of STEM projects, and the
introduction of digital tools (Bondarenko & Kryvylova, 2024). Some studies prove that the digital
integration of physics contributes to the development of professional competencies, digital literacy,
and engineering thinking of future specialists (Batyuk, 2026b). At the same time, researchers note such
problems as insufficient material and technical base, fragmented implementation of STEM, insufficient
level of teacher training, and limited integration between disciplines.

American studies demonstrate the systemic nature of STEM education, which is manifested in state
support and financing, the presence of a clear regulatory framework, integrated educational programs,
and orientation to the needs of the labor market (Batyuk, 2025b). The key approaches to implementing
STEM education in the USA are problem-based learning, project-based learning, engineering design
approach, active use of laboratories and digital technologies. This ensures the formation of applied
knowledge in physics, research skills, and the ability to innovate in students. Comparative studies
show both common features and significant differences (Boichenko & Boichenko, 2019). Among the
common features, the following should be highlighted:
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— STEM is a priority of the educational policy of both countries;

— Orientation on the formation of competence, not just knowledge;

— Integration of science, technology, engineering, and mathematics;

— Development of students’ research activities.

Among the differences, it is necessary to highlight:

— Level of implementation (in Ukraine — separate stages of development, in the USA — systemic,
institutionalized);

— Methodology (in Ukraine — partially integrated, in the USA — project, engineering,
interdisciplinary);

— Technological base (in Ukraine — high level, in the USA — limited);

— Teacher training (in Ukraine — needs improvement, in the USA — systemic);

— Integration of physics (in Ukraine — partial; in the USA — full STEM-integration).

Analysis of modern scientific works allows us to identify key research trends:

1) transition from subject-based to competency-based teaching of physics;

2) strengthening the role of digital technologies;

3) integration of physics with engineering and IT;

4) development of STEM laboratories and educational ecosystems;

5) orientation towards the formation of 21st century skills.

Promising research areas include the development of models for the formation of subject
competence in the STEM environment; adaptation of American experience to Ukrainian conditions;
creation of methods for integrated teaching of physics; development of digital STEM platforms. The
analysis of research shows that the formation of subject competence of students in physics in the
context of STEM education is a strategically important direction for the development of education in
both Ukraine and the USA. The American model is characterized by systematicity, integration and
a high level of practical orientation, while the Ukrainian system is at the stage of transformation,
gradually adopting effective STEM practices. The comparative analysis confirms the feasibility of
adapting innovative approaches from the USA, strengthening interdisciplinarity, and developing
digital infrastructure, which in general will contribute to improving the quality of education and the
formation of competitive specialists.

The purpose of the article is to conduct a comparative analysis of the features of the formation
of students’ subject competence in physics in the conditions of STEM education in higher education
institutions of Ukraine and the USA based on the study of their theoretical principles, structural
components, implementation models and regulatory support in order to identify common trends and
differences.

The methodological basis of the study is the provisions of the competency-based, systemic and
interdisciplinary approaches, which provide a holistic understanding of the process of forming subject
competence of students in physics in the context of STEM education.

The materials of the study were scientific works of domestic and foreign researchers devoted to
the problems of STEM education and the formation of subject competence; regulatory and legal
documents of Ukraine in the field of education, regulating the competency-based approach and the
implementation of STEM education; international framework documents and analytical materials,
which determine the current trends in the development of STEM competence; methodological
recommendations and standards for the training of physics specialists in higher education institutions
in Ukraine and the USA.

To achieve the goal of the study, a set of interrelated methods was used theoretical methods
(analysis, synthesis, generalization, systematization) — to process scientific sources, determine the
essence of the concept of «subject competence in physicsy, identify its structural components and
substantiate the role of STEM education; comparative-pedagogical (comparative) analysis — to
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compare approaches to the formation of STEM competence in physics in Ukraine and the USA,
identify common features and differences in educational models; structural-functional analysis — to
build a model of the formation of STEM competence in physics and determine its main components
(target, content, methodological, technological, activity, evaluation and effective); analysis of
regulatory documents — to study the features of the regulation of STEM education and the competency
approach at the national and international levels; method of generalizing pedagogical experience — to
identify effective practices for the formation of STEM competence in higher education institutions.

The use of these methods allowed for a holistic analysis of the research problem, to substantiate
the features of the formation of subject competence of physics students in the conditions of STEM
education, and to identify areas for its improvement, taking into account international experience.

STEM education in Ukraine is currently being actively formed as a priority of the reform of
science and mathematics education, including in higher education (On approval of the Strategy for
the Development of Higher Education in Ukraine for 2022-2032, 2026). It is defined by the Concept
for the Development of STEM Education in Ukraine (until 2027) and is focused on increasing the role
of disciplines such as physics in the formation of competence of future specialists (On approval of the
action plan for the implementation of the Concept for the Development of Science and Mathematics
Education (STEM Education) until 2027,2021). STEM approaches are more integrated into individual
disciplines and project modules than as a single national educational framework with clear standard
competences.

In the USA, STEM education has a long history of regulatory support: federal programs,
autonomous accreditation of universities, funding for scientific research, practical alignment of
educational programs with labor requirements (Batyuk, 2026a). Many universities have their own
standardized learning outcomes (expected results) for physics programs that define knowledge, skills,
and competence. For example, the «Phys21 report» describes a set of competences in modern physics
as «analytical skills, computational tools, teamwork, communication, etc.» (Phys21: Preparing
Physics Students for 21st Century Careers, 2016).

The formation of students’ subject competence in physics is a one of key task of modern higher
education, especially in the context of the development of STEM education as an integrative educational
approach. Subject competence in physics is considered as an integral characteristic that includes
a system of knowledge, skills, abilities, experience of activity, and value orientations necessary
for understanding physical phenomena and applying the laws of physics in professional activities.
Table 1 lists the framework documents that regulate the formation of students’ subject competence in
physics in STEM education in Ukraine and the USA.

A comparative analysis of the framework documents regulating the formation of students’ subject
competence in physics in STEM education in Ukraine and the USA indicates the presence of both
common strategic guidelines and significant differences in approaches to organizing the educational
process (see Table 1).

First of all, the higher education systems of both countries differ in the type of management. In
Ukraine, it is predominantly centralized, which is manifested in the significant role of the state in
determining educational standards, teaching content, and requirements for results. In contrast, in
the USA, the system is decentralized, where the autonomy of universities, as well as professional
organizations and accreditation institutions, play a key role.

Regulatory and legal support in Ukraine is based on basic legislative acts in the field of education
and national standards that regulate the competency-based approach and determine program learning
outcomes. An important element is the national qualifications framework, which is coordinated with
European educational structures. Inthe USA, there is no single national regulatory document that would
regulate STEM education, but there are numerous strategic initiatives, as well as recommendations
from professional associations that determine the content and quality of training.
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Table 1

Comparative analysis of framework documents of the formation of students’ subject
competence in physics in STEM education in Ukraine and USA

Criterion

UKraine

USA

Type of education system

Centralized, regulated by the state

Decentralized, autonomy of universities

Basic laws in the field of
education

Law of Ukraine «On Education» (Law of Ukraine
«On Education», 2026), Law of Ukraine «On
Higher Education» (Law of Ukraine «On Higher
Education», 2026)

Lack of a single federal law; regulation at
the state and institutional levels (Batyuk,
2026a)

National Qualifications
Frameworks

The National Qualifications Framework (NQF)

is aligned with the EQF (National Qualifications
Framework, 2020; National Qualifications
Framework, 2026; Zakharchenko et al., 2017; Law
of Ukraine «On Amendments to Certain Laws of
Ukraine on Improving Educational Activities in the
Sphere of Higher Education», 2020; On approval
of the National Qualifications Framework,

2026; The European Qualifications Framework.
European Union, 2026; On the establishment of
the National Coordination Center of the European
Qualifications Framework for Lifelong Learning in
Ukraine, 2023)

Lack of a single NQF; use of institutional
frameworks (Batyuk & Zhernovnykova,
2025; Otero, 2015)

STEM strategy

Concept of STEM education development

until 2027 (On approval of the action plan

for the implementation of the Concept for the
Development of Science and Mathematics
Education (STEM Education) until 2027, 2021)

National Science Foundation — STEM
Education Strategic Plan (A STEM
Education Strategic Plan, 2025); Federal
STEM initiatives (Batyuk, 2026a)

International integration

Bologna Process (Bugrov et al., 2014; Khaidari,
Zasluzhena & Yukhnovets, 2024), EQF (The
European Qualifications Framework. European
Union, 2026), QF-EHEA (The framework of
qualifications for the European Higher Education
Area, 2018)

Partial integration; orientation towards
global rankings and research standards

Educational standards
(physics)

Developed at the level of higher education
institutions and the Ministry of Education and
Science of Ukraine (Approved standards of higher
education, 2026; On approval of Methodological
recommendations for the development of higher
education standards, 2025; Methodological
recommendations for the development of higher
education standards, 2017)

American Physical Society (Phys21, 2016),
American Association of Physics Teachers
(AIP, 2026; Physics in 21st Century
Science Standards: The Role of Physics in
the NGSS*, 2017; Physics in 21st Century
Science Standards: The Role of Physics in
the NGSS#*, 2026; Calmer, 2019; The State
of State Science Standards, 2012)

Accreditation of
educational programs

National Agency for Quality Assurance in Higher
Education (On approval of the Regulations on
accreditation of educational programs for training
higher education applicants, 2024; Stukalo,
Trebenko, Knysh & Shylina, 2025)

ABET (Accredited Programs, 2026)

Approach to determining
competence

Determined by state education standards
(Rashkevych, 2016; On approval of
Methodological recommendations for the
development of standards of vocational (vocational
and technical) education using a competency-based
approach, 2021)

Determined through learning outcomes
at the program level (Fischer & Kauertz,
2021; Rajapaksha & Hirsch, 2017)

Orientation of STEM
competence

Mostly theoretical, with gradual practical
integration

Practically oriented, integrated with
industry

Role of research

Limited by resources, gradually integrated

Key element of education (research-based
learning)

Digital and computational
competence

Developing, but unevenly (Batyuk &
Zhernovnykova, 2018)

Is a mandatory component of STEM
training

Global landmarks

Organization for Economic Co-operation and
Development, UNESCO

Organization for Economic Co-operation
and Development (OECD future of
education and skills 2030, 2019; OECD,
2023), UNESCO (UNESCO, 2025)
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A significant difference is the approach to standardizing STEM competence. In Ukraine, it
is implemented through state education standards, which establish general requirements for the
training of applicants. In the USA, the main emphasis is on formulating learning outcomes at the
level of educational programs, which provides greater flexibility and adaptability to the needs
of the labor market (Setting the National Standard for Undergraduate Physics Education, 2026;
Batyuk, 2026b).

An analysis of STEM strategies shows that in Ukraine they have a holistic state character and are
aimed at the gradual integration of STEM approaches into the education system. In the USA, the
development of STEM education is supported by national initiatives implemented through cooperation
between government agencies, universities, and the private sector (Batyuk, 2025a; Physics and 21st
Century Science Standards: The Role of Physics in the NGSS*, 2017).

An important aspect is the role of professional organizations and standards in the field of physics.
In Ukraine, they are at the stage of formation and are mainly implemented through educational
programs of individual institutions. In the USA, professional associations play a leading role in
defining competence, curriculum structure, and requirements for training physicists (Batyuk &
Masych, 2025b).

Accreditation of educational programs also differs: in Ukraine it is carried out by national bodies,
while in the USA it is carried out by independent accreditation agencies that set high quality standards
for STEM education (Science Education in the United States: Standards and Challenges, 2026;
Batyuk, 2025b).

Regarding the content of competence formation, in Ukraine there is a predominantly theoretical
orientation with the gradual introduction of practical elements. In the USA, on the contrary, a practice-
oriented approach dominates, which involves the active involvement of students in research activities,
the use of modern technologies and the development of applied skills (American Physical Society,
2026; Hestenes, Megowan-Romanowicz, Popp, Jackson & Culbertson, 2011).

Computational and digital competence are recognized as important in both systems, but the
level of their integration differs significantly: in the USA they are an integral part of the educational
process, while in Ukraine their implementation still requires systemic development. At the same
time, both countries are guided by international educational standards and recommendations of
leading organizations, which contributes to the unification of approaches to the formation of
STEM competence in the global educational space (Soroko & Shymon, 2025; Batyuk, 2025a;
Cosgrove & Cachia, 2025; Digital Competence Framework for Citizens of Ukraine, 2023; Sala,
Punie, Garkov & Cabrera, 2020; DeCoito, Fazio & Gichuru, 2024; Vuorikari, Kluzer & Punie,
2022). Thus, the results of the comparative analysis allow us to state that the effectiveness of the
formation of STEM competence in physics largely depends on the consistency of the regulatory
framework, the level of autonomy of educational institutions, the degree of integration with the
scientific environment and the orientation towards practical learning outcomes. The use of best
practices from the USA can become an important factor in the modernization of the Ukrainian
higher education system.

In the context of STEM education, physics is a fundamental discipline that provides a scientific
basis for engineering, technology and mathematical modeling. Accordingly, the formation of subject
competence involves not only the acquisition of theoretical knowledge, but also the development of
the ability to interdisciplinary thinking, research activities and the use of digital technologies.

In Ukraine, the process of forming subject competence in physics is carried out in the context of
the modernization of the educational system and the implementation of a STEM-oriented approach.
The main regulatory guideline is the Concept of the Development of STEM Education in Ukraine
until 2027, which defines the integration of natural and mathematical disciplines, the development of
critical thinking and practical skills.
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The characteristic features of the Ukrainian model are:

— Dominance of fundamental training: significant attention is paid to the classical sections of
physics (mechanics, electrodynamics, quantum physics), which provides a deep theoretical foundation.

— Gradual integration of STEM approaches: the use of interdisciplinary tasks, project learning
and STEAM elements.

— Limited material and technical base: complicates the implementation of experimental and
research components.

— Uneven implementation of innovations: depends on the resources of a particular higher
education institution.

Despite the above difficulties, the Ukrainian system demonstrates the potential for development
through the integration of digital technologies, participation in international educational programs
and adaptation of European standards.

In the USA, the formation of students’ subject competence in physics is carried out in the conditions
of'a developed STEM ecosystem that combines education, science and industry. Educational programs
are focused on achieving clearly defined learning outcomes that cover both subject knowledge and
professional competence.

Key characteristics:

— Practice-oriented approach: significant attention is paid to laboratory research, experiments and
real cases.

— Integration of computational methods: programming, modeling and data analysis are an integral
part of physics education.

— Developed research activities: students are actively involved in scientific projects, grants,
internships.

— Formation of soft skills: communication, teamwork, scientific writing and presentation of
results.

The American model is focused on training specialists capable of working in a high-tech economy,
which ensures high competitiveness of graduates. Table 2 presents a model for the formation of
students’ subject competence in physics in STEM education in Ukraine and the USA.

Table 2
The conceptual model for the formation of students’ subject competence in physics in STEM
education in higher education institutions in Ukraine and USA

Model Component Ukraine USA

Target component Formation of fundamental knowledge in Formation of comprehensive STEM
physics, development of scientific thinking, | competence, orientation towards practical
gradual integration of STEM application and the labor market

Regulatory framework Concept of STEM education development, Federal STEM initiatives, accreditation
Law «On Higher Education», national standards (ABET), recommendations of
standards professional associations

Content component Classical sections of physics (mechanics, Integrated STEM content: physics +
electrodynamics, quantum physics) with programming + engineering + data analysis

elements of interdisciplinarity
Methodological component | Lectures, practical classes, laboratory work, | Project-oriented learning, problem-based

elements of project learning learning, research methods

Technological component Partial use of digital technologies, limited Wide use of digital platforms, simulations,
access to modern equipment modern laboratory equipment

Activity component Solving problems, performing laboratory Research activities, internships, participation
work, course projects in startups and scientific projects

Assessment component Exams, tests, tests, knowledge assessment Assessment by learning outcomes: portfolio,

projects, presentations, peer-review

Result component Formed theoretical knowledge, basic research | Comprehensive STEM competence, readiness

skills for professional activity

14
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The conceptual model for the formation of students’ subject competence in physics in STEM
education in higher education institutions in Ukraine and USA is a multi-component system that
covers target, content, methodological, technological, activity, evaluation and result aspects of the
educational process (see Table 2).

First of all, the target component of the model determines the strategic guidelines for student
training. In Ukraine, it focuses on the formation of fundamental knowledge in physics and the
development of scientific thinking, while in the USA the emphasis is shifted to the formation of
comprehensive STEM competencies focused on practical application and labor market needs.

An important role is played by the regulatory framework that determines the framework for the
implementation of the educational process. In Ukraine, it is represented by national documents that
regulate the development of STEM education and higher education in general. In the USA, regulatory
support is more extensive and includes accreditation standards, recommendations of professional
associations and state initiatives in the field of STEM.

The content component of the model reflects the structure of educational material. The
Ukrainian system is traditionally based on classical physics sections with the gradual introduction
of interdisciplinary elements. In contrast, in the USA, the content of education is integrated and
combines physics with programming, engineering and data analysis.

The methodological component determines the approaches to the organization of education. In
Ukraine, traditional forms of education (lectures, practical and laboratory classes) with partial use of
project methods prevail. In the USA, innovative approaches are widely used, in particular problem-
based learning, project-oriented learning and research methods.

No less important is the technological component, which reflects the level of use of digital
resources and equipment. In Ukraine, this component is at the stage of development and is often
limited by the resources of a particular educational institution. In the USA, it is characterized by a
high level of technological integration, including the use of modern laboratories, simulations and
digital platforms.

The activity component is associated with the practical implementation of knowledge. In Ukrainian
higher education institutions, it is represented mainly by the performance of laboratory work, solving
problems and course projects. In the USA, the activity component is more applied in nature and
includes students’ participation in scientific research, internships, startups and interdisciplinary
projects.

The assessment component demonstrates approaches to determining the level of competence
formation. In Ukraine, exams and control forms of knowledge testing traditionally dominate. In the
USA, assessment is based on the achievement of learning outcomes and includes portfolios, project
work, presentations and peer evaluation.

The result component is the outcome component, which reflects the final results of training. In
Ukraine, this is, first of all, formed theoretical knowledge and basic research skills. In the USA, the
result is formed complex STEM competence that ensure readiness for professional activity in a high-
tech environment.

Separately, it is worth highlighting the professional orientation, which in Ukraine is traditionally
aimed at scientific and pedagogical activities, while in the USA it covers a wide range of careers in
STEM fields and involves close interaction with industry.

Thus, a comparative analysis of the model shows that the Ukrainian system has a strong theoretical
basis, but requires further development in the direction of practical orientation, technologization
and integration with international standards, which has already been effectively implemented in
the USA.

Table 3 presents the characteristics of the main components of students’ subject competence in
physics in STEM education in Ukraine and USA.
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Table 3
Component composition of students’ subject competence in physics in STEM education in
higher education institutions in Ukraine and USA

Competence category Ukraine USA

Fundamental knowledge of Knowledge of classical sections of physics | Comprehensive coverage of mechanics,

physics + integration with engineering problems electromagnetism, quantum physics,
(often depends on the university program) | thermodynamics according to learning

outcomes

Analytical skills Solving physical problems, but their Deep analytics, modeling, mathematical
practical application is often limited due to | modeling of phenomena, data evaluation in
access to equipment / laboratories real situations

Research skills Projects and laboratories develop Emphasis on independent research,
scientific thinking, but often without clear | experimental design, data processing,
standardized assessment participation in grant research

Computational competence Partially included, but heterogeneously, High integration of programming, numerical

depends on the program (ICT/digital skills | modeling, data analysis in physics courses
in STEM are still in the expansion stage)

Soft skills (communication, Emphasis on soft skills begins in Clearly emphasized in learning outcomes:
teamwork) STEAM projects/workshops, but it is not presentations, publications, group work,
a mandatory component of all physics scientific communications
programs
Professional orientation Orientation towards a scientific career Physics prepares for a wide range of careers:
or teaching (physics as a fundamental R&D, IT, energy, finance etc., with the
education) inclusion of internships and practicums

Generalization of the main of students’ subject competence in physics in STEM education in
higher education institutions in Ukraine and USA allows us to identify several key components that
form the holistic training of a modern specialist in the field of natural sciences (see Table 3).

These include fundamental knowledge, analytical, research, computational competence, as well as
soft skills and professional orientation.

First of all, fundamental knowledge in physics forms the basis of subject competence. They
include a deep understanding of the basic laws and theories of classical and modern physics. In
Ukrainian higher education institutions, this component is characterized by a high level of theoreti-
cal training, while in the USA it is combined with practical application and clearly defined learning
outcomes.

An important component is analytical competence, which include the ability to mathematically
model, solve problems and interpret physical phenomena. In Ukraine, the emphasis is on traditional
problem-solving, while in the USA, methods of real-world data analysis, computer modeling, and
interdisciplinary approaches are more widely used.

Component of research competence reflect students’ ability to conduct experiments, formulate
hypotheses, and analyze results. In the Ukrainian system, they are formed mainly through laboratory
and coursework, but in the USA, this activity is more systemic, including student participation in
scientific projects, grants, and interuniversity research.

Computational competence which involves the use of modern digital tools, programming, and
numerical methods, are becoming increasingly important. In the USA, these skills are integrated
into most physical courses and are mandatory, while in Ukraine, their implementation is uneven and
depends on the educational program.

A separate group is made up of social and communicative competence (soft skills), which include
the ability to work in a team, carry out scientific communication, and present research results. In the
USA, these skills are an integral part of educational outcomes, while in Ukraine they are formed
mainly within individual projects and are not always systemic in nature.

The final element is professional orientation, which determines the readiness of the graduate for
implementation in the STEM field. In Ukrainian practice, it is often limited to scientific and pedagog-
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ical activities, while in the USA, training is focused on a wide range of careers, including engineering,
IT, analytics, and innovative industries.

The decentralized US educational system, where standards depend on a specific university or
program (although national frameworks also exist) and a significant difference in the preparation of
applicants, namely, the different level of previous school affects the success of US students in physics
programs, which forces faculties to develop supporting courses, is a certain challenge and limitation
in the acquisition of physics competence in US universities.

Therefore, the analysis shows that the structure of students’ subject competence in physics in
STEM education in higher education institutions in Ukraine and USA is similar in both countries, but
differs in the level of practical implementation, integration of modern technologies, and orientation
to the needs of the labor market.

The formation of students’ subject competence in physics in the context of STEM education is a
complex multidimensional process that combines fundamental scientific training, the development
of research skills, computational skills and socio-communicative competence, and depends on
educational policy, resource provision and methodological approaches.

It was found that STEM education is an effective tool for the modernization of physics education,
ensuring the integration of knowledge in physics, mathematics, engineering and information
technologies. This contributes to the formation of a holistic scientific worldview of students, the
development of critical thinking, the ability to solve complex interdisciplinary tasks and adaptation
to modern challenges of a technological society. The analysis of regulatory and legal support showed
that in Ukraine the formation of students’ subject competence in physics in STEM education is
mainly centralized and is regulated by state education standards, national qualifications frameworks
and strategic documents for the development of STEM education. At the same time, the USA has
a decentralized model in which professional organizations, accreditation agencies and university
autonomy play a key role, which allows for rapid adaptation of educational programs to the needs of
the labor market and scientific and technological development.

A comparative analysis has shown that the Ukrainian higher education system is characterized by
a strong fundamental training in physics, which ensures in-depth mastery of theoretical knowledge.
However, its weaknesses remain insufficient practical orientation of training, limited integration of
computing technologies, uneven implementation of STEM approaches and limited opportunities for
the implementation of students’ research activities.

In contrast, in US model of forming of students’ subject competence in physics in STEM education
in higher education institutions is more flexible, practice-oriented and technologically rich. It is based
on clearly defined learning outcomes, active use of project and research learning, integration of
programming and data analysis, as well as close cooperation with industry. This ensures the formation
of comprehensive competence that meet the requirements of the modern labor market and contribute
to the professional mobility of graduates.

It was established that both educational systems are guided by international framework documents
and global trends in the development of education, in particular the recommendations of international
organizations that focus on the development of 2 1 st century competencies, interdisciplinarity, digitalization
and lifelong learning. This creates the prerequisites for the unification of approaches to the formation of
students’ subject competence in physics in STEM education in the global educational space.

Based on the generalization of the research results, the feasibility of modernizing the system of
training students in physics in Ukraine was substantiated by developing clear standards of students’
subject competence in physics in STEM education in higher education institutions, strengthening
practice-oriented learning, integrating computing technologies and digital tools into the educational
process, expanding the possibilities of students’ research activities, as well as intensifying cooperation
between higher education institutions with scientific institutions and employers.
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A comparative analysis formation of students’ subject competence in physics in STEM
education in higher education institutions in Ukraine and USA shows that the Ukrainian system has
a strong fundamental foundation, but requires further modernization in the direction of practical
orientation, digitalization and integration with international standards. The lack of a standard
framework document that would clearly formulate of students’ subject competence in physics
in STEM education in higher education institutions in Ukraine, limited laboratory resources,
limited access to the latest equipment and software, military conflict and the impossibility of
fully integrating international experience into all universities, all this creates the challenges
and limitations for Ukraine. Increasing the effectiveness of the formation of students’ subject
competence in physics in STEM education in higher education institutions is possible provided
that fundamental scientific training is harmoniously combined with innovative educational
technologies and an orientation to practical results. The use of best practices from the USA will
contribute to improving the quality of specialist training and their competitiveness in the global
labor market.
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Batwok JI. B., Macu4 B. B. ®opMyBaHHsA npeIMeTHOI KOMIIETEHTHOCTI CTYAeHTIB 3 Qizuku B
ymoBax STEM-ocBiTu B Ykpaini Ta CLLIA

VY crarTi 37ificHeHO KOMIIapaTUBHUN aHaji3 (OpMyBaHHS MIPEIMETHOI KOMIIETEHTHOCTI CTY/JICHTIB
3 ¢izuku B ymoBax orpumanas STEM-ocBitu y 3akiaaax Bumioi ocBity Ykpaiau ta CLIA. Po3kpuro
TEOpPEeTUYHI 3acaau (OpMyBaHHS KOMIIETEHTHOCTI SIK IHTETPaTUBHOI XapaKTEPUCTHKH, L0 MO€]-
HYy€ CHUCTeMYy 3HaHb, yMiHb, HABHYOK, JOCIITHUIBKUHA JOCBIJ 1 COLIaIbHO-KOMYHIKaTUBHI SKOCTI.
OOrpyHTOBaHO poib (i3uku K 0a30Boi auctumiing y cTpykrypi STEM-ocBith, mo 3a0e3neuye
(hopMyBaHHS HAyKOBOTO MUCIICHHS, 3AaTHOCTI 10 MOJICJIFOBAHHS Ta PO3B’3aHHS MPHUKIATHUX 3a/1a4.

[IpoananizoBano ocobmuBocTi GopmyBanns STEM-komnereHTHOCTEH 3 (i3uku B YKpaiHi, ae
JIoMiHye (yHAaMEHTaJlbHA TEOPETUYHA MiATOTOBKA 3 MOCTYHNOBOIO 1HTETPALE€I0 MIKIUCIUILTIHAP-
HUX MiIXofiB, a Takok y CILIA, ne ocBiTHIN Mpolec XapaKkTepU3y€eThCsl MPAKTUKO-OPiEHTOBAHICTIO,
[IMPOKUM BHUKOPUCTAHHSAM JOCIIHUIBKOTO Ta MPOEKTHOTO HABUYAHHS, IHTErpalli€ro nudpoBux Tex-
HOJIOT'1H 1 YITKOIO OPi€HTAIII€0 HA PE3yIbTaTi HaBYaHHS.

Y poborti y3araapbHeHO CTPYKTypy oCcHOBHHX STEM-kommeTeHTHOCTeH 3 (i3ukH, 1m0 BKIIOYAE
(dbyHIaMeHTaNbHI 3HAHHS, aHAJTITHYHI, JOCHITHUIBKI, OOYUCITIOBAIbHI KOMIETECHTHOCTI, 8 TaKOX
M’sIKi HAaBHUKH 1 ipodeciiiny opienTanito. [IpencraBieno Mmoaens (opMyBaHHS IUX KOMIIETEHTHOC-
TEeM, SIKa OXOILIIOE L[IJIbOBUH, 3MICTOBHI, METOAUYHUN, TESXHOJOTTYHUHN, TISIbHICHUH, OLIIHIOBAIbHUM
1 pe3yJbTaTUBHUN KOMIIOHEHTH, Ta 3/1MCHEHO iX MOPIBHSIBHUN aHaJi3 y KOHTEKCTI JBOX OCBITHIX
CHCTEM.

OxpeMy yBary npuaiJIeHO aHaji3y HOpMaTuBHO-IIpaBoBoro 3abesnedeHHss STEM-ocBitTH, BKITIO-
Yaro4yM HalllOHAJIbHI Ta MIXKHAPOJIHI PAMKOBI JOKYMEHTH, 10 PErIaMEHTYIOTh ()OpMYBaHHS KOMIIe-
TEHTHOCTEW. BusiBineno cninbHi TenaeHuii po3Butky STEM-ocBiTH, 30KpeMa Opi€HTAIiI0 Ha MiX-
JTUCIUIUTIHAPHICTD, MU(POBI3AII0 Ta KOMIIETCHTHICHUHN MIiAXiJl, & TAKOK BH3HAUYEHO BiIMIHHOCTI,
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OB’ s13aHi 31 CTyIIEHEM MPAKTUYHOI CIIPSMOBAHOCTI, PIBHEM CTaHJIApTH3allli Ta IHTErpali€lo 3 pUH-
KOM TIpalii.

Pe3ynbraru mociipKeHHs 3aCBIIUYOTh HEOOX1THICTh MOIAJIBIIIOT0 BJOCKOHAJICHHS TTpotiecy (hop-
MYBaHHS MPEIMETHOT KOMIIETEHTHOCT] CTY/ICHTIB 3 (13MKH B YKpaiHi MIISTXOM MOCUJICHHS MTPaKTHY-
HOI CKJIaJIOBOT HABYaHHS, 1HTErpallii CydacHUX TEXHOJIOTIH Ta BUKOPUCTAHHS €(EKTHBHUX MiXKHa-
POIHUX MPAKTHK.

Knrouosi cnosa: STEM-ocBiTa, BUIla 0CBiTa, 3aKJ1a]l BUIIIO1 OCBITH, YHIBEPCHUTET, KOMIIETCHTHICTh
3 ¢izuku, STEM-komrierenTHOCTI, Ykpaina, CIIA.

Batyuk L. V., Masych V. V. The formation of students’ subject competence in physics in the
conditions of STEM education in Ukraine and USA

The article provides a comparative analysis of the formation of subject competence in physics of
the students in the conditions of receiving STEM education in higher education institutions of Ukraine
and USA. The theoretical principles of the formation of competence as an integrative characteristic
that combines a system of knowledge, skills, abilities, research experience and socio-communicative
qualities are revealed. The role of physics as a basic discipline in the structure of STEM education
is substantiated, which ensures the formation of scientific thinking, the ability to model and solve
applied problems.

The features of the formation of STEM competences in physics in Ukraine, where fundamental
theoretical training dominates with the gradual integration of interdisciplinary approaches, as well as
in the USA, where the educational process is characterized by practice-orienteers, extensive use of
research and project-based learning, integration of digital technologies and a clear focus on learning
outcomes, are analyzed.

The paper summarizes the structure of the main STEM competences in physics, which includes
fundamental knowledge, analytical, research, computational competencies, as well as soft skills
and professional orientation. A model for the formation of these competencies is presented,
which includes target, content, methodological, technological, activity, evaluation and outcome
components, and their comparative analysis is carried out in the context of two educational systems.

Special attention is paid to the analysis of the regulatory and legal support of STEM education,
including national and international framework documents regulating the formation of competencies.
Common trends in the development of STEM education are identified, in particular, the orientation
towards interdisciplinarity, digitalization and a competency-based approach, and differences related
to the degree of practical orientation, level of standardization and integration with the labor market
are also identified.

The results of the study indicate the need for further improvement of the process of forming
subject competence in physics of the students in Ukraine by strengthening the practical component of
training, integrating modern technologies and using effective international practices.

Keywords: STEM education, higher education, higher education institution, university, competence
in physics, STEM competence, Ukraine, USA.
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