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Abstract

The paper examines the theoretical foundations of STEM education, identifies the role of mathematics as a component of STEM
education, and outlines the features of implementing the STEM approach in higher education in the United States and Ukraine, taking
into account national educational traditions. The comparative analysis was carried out according to the following criteria: the level
of integration of the STEM approach into the mathematical training of students, the complexity of educational programs and courses,
practical orientation, the use of project and research activities, the use of digital technologies and modern teaching methods. Particular
attention is paid to the composition of basic and applied mathematical disciplines, the level of interdisciplinary integration, the flexibility
of educational programs, and the forms of organizing the educational process. It was found that American programs are characterized
by a high level of academic mobility, practical orientation, and extensive use of project activities, while Ukrainian educational programs
provide thorough fundamental mathematical training. It has been established that courses focused on the application of mathematical
methods in specific fields play a significant role in American universities, in particular numerical methods, mathematical modeling,
data analysis, statistics, optimization, and computer mathematics. Such courses are often integrated with programming, engineering
problems, and research projects, which contributes to the formation of students’ practical competencies. A comparative analysis of
undergraduate education at universities in the United States and Ukraine was conducted using the example of programs in the specialty
«Applied Mathematics» and «Mathematics in Educational Institutionsy. This choice is due to the fact that «Applied Mathematicsy is
one of the key areas of STEM education in the United States, as it combines in-depth theoretical training with the practical application
of mathematical methods in natural sciences, engineering, economics, information technologies, and pedagogy. The analysis of
educational programs within these specialties allows for a comprehensive assessment of the level of integration of the STEM approach,
the effectiveness of interdisciplinary connections, and the orientation of training specialists to solve real professional tasks. Based on
the analysis, common and distinctive features of training specialists in mathematics in the context of STEM education were identified,
and possible directions for adapting foreign experience to the conditions of the Ukrainian higher education system were outlined in
order to improve its quality and competitiveness.

Key words: STEM education, STEM mathematics, mathematics, higher education, educational programs, universities in the
USA, Ukraine, comparative analysis.

Introduction. In the current conditions of globalization, digitalization and rapid development of knowledge-inten-
sive technologies, the role of STEM education as a key factor in training competitive specialists in the fields of science,
technology, engineering and mathematics is growing [2; 8; 9]. A special place in the structure of STEM education belongs
to mathematical training, since mathematics is the universal language of scientific knowledge, a tool for modeling, ana-
lyzing and predicting processes in various spheres of human activity.
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Applied mathematics as an educational specialty combines fundamental mathematical knowledge with practical
methods of their application in computer science, engineering, economics, natural and social sciences. In this context, a
comparative analysis of educational programs in applied mathematics in universities of different countries, in particular
Ukraine and the United States of America, which have different traditions, approaches and models of organizing higher
education, is of particular importance [13; 16; 17; 19; 1].

The US higher education system is characterized by the flexibility of curricula, wide possibilities of choosing dis-
ciplines, interdisciplinary integration and orientation on the practical application of mathematical knowledge within the
STEM approach [3]. At the same time, Ukrainian higher education, in particular the H.S. Skovoroda Kharkiv National
Pedagogical University, preserves strong traditions of fundamental mathematical training, which forms a solid theoretical
basis for professional activity and further scientific development.

The relevance of this study is due to the need to understand the possibilities of adapting the best practices of
American universities in the field of STEM mathematics to the Ukrainian educational space, taking into account national
educational standards, pedagogical traditions and labor market needs. Comparison of the content, structure and focus of
curricula allows us to identify common features and fundamental differences in the training of specialists, as well as outline
the prospects for the modernization of mathematical education in Ukraine.

The aim of the work is a comparative analysis of the curricula and content of mathematics courses in educational
institutions at US universities and H.S. Skovoroda Kharkiv National Pedagogical University in the context of STEM
education. To achieve this goal, it is planned to analyze the list and content of basic and applied mathematical disciplines,
determine the level of their practical orientation and interdisciplinary integration, and also assess the possibilities of using
foreign experience in Ukrainian educational practice.

Research results. Mathematics occupies a central place in the structure of STEM education, as it acts as a universal
tool for describing, analyzing and modeling processes in science and technology. It is mathematical methods that provide for
the formalization of scientific knowledge, the construction of algorithms, data analysis and the prediction of research results.

In the context of STEM education, mathematics performs a number of key functions:

— methodological, as it forms logical and abstract thinking;

— instrumental, ensuring the solution of applied problems in physics, engineering, computer science and economics;

— integrative, combining different fields of knowledge within interdisciplinary projects.

STEM mathematics involves shifting the emphasis from the mechanical assimilation of formulas and algorithms
to their meaningful use in real or close-to-real situations. Particular attention is paid to mathematical modeling, analysis
of large data sets, numerical methods and the use of modern software tools.

The concept of «STEM mathematics» in modern scientific and pedagogical research is interpreted as a direction of
mathematical education that integrates fundamental mathematical knowledge with practical and applied aspects of their
use in STEM fields. Unlike classical academic mathematics, STEM mathematics is focused on results, practical feasibility
and interdisciplinary interaction [4].

The characteristic features of STEM mathematics are:

— focus on solving applied and complex problems;

— use of project and problem-based learning;

— integration of mathematical disciplines with computer science, physics, engineering;

— active use of digital tools and mathematical packages.

STEM mathematics contributes to the formation of students’ ability to see mathematical patterns in practical situ-
ations and use mathematical methods as a means of making informed decisions.

The competency-based approach is the methodological basis of STEM mathematics in higher education. Its essence
lies in the formation of not only a system of knowledge, but also the ability to apply this knowledge in professional and
life situations. Within STEM mathematics, mathematical, digital, research and engineering competences are key.

Mathematical competence in the STEM context includes the ability to mathematically think, model, analyze and
interpret results. Digital competence involves the possession of software tools for calculations, visualization and data
analysis. Research competence is formed through the implementation of projects, analysis of experimental data and sub-
stantiation of conclusions [5; 7; 10; 14].

Thus, the competency-based approach ensures the practical orientation of STEM mathematics and its compliance
with the requirements of the modern labor market.

US universities have a flexible structure of study, where undergraduate students choose a specialization (major),
but at the same time can take courses from other fields, including mathematical and STEM disciplines. This provides free-
dom to shape an individual educational path and combine subjects according to interests. American STEM programs are
mostly integrated with practical laboratory, project work and interdisciplinary courses that prepare students for real-world
engineering, science and technology tasks. Higher education is generally more focused on research and innovation — many
universities have active research centers, grant support and close ties with industry.

The Ukrainian education system after the Bologna process switched to degrees (bachelor/master), but the curriculum
is traditionally more standardized and disciplined, with fixed courses for specialties. STEM is gradually being introduced
in Ukrainian universities, but is not always widely integrated into all programs; the emphasis is on fundamental study of
disciplines, rather than on interdisciplinary projects or practical cases.
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Standards and preparation for STEM (including mathematics) in the USA include:

— standardized SAT/ACT tests, which, in particular, contain mathematical sections that affect university admissions,
but this is only part of the assessment;

— in universities, mathematics is a key component of STEM, but courses can be built according to the student’s
choice within the total number of credits;

— preparation for teaching mathematics and STEM in the USA has a deep pedagogical base and training for teachers
that supports modern methods and technologies.

Unlike the USA in Ukraine:

— Ukrainian students often choose mathematics courses according to a more rigorous program, where there is little
independent choice outside the specialty;

— the implementation of STEM education and the integration of mathematics with technology and engineering
continues, but the laboratory infrastructure and student practice are not yet at the same level as in leading US universities.

— despite efforts, artificial intelligence and technology have not yet become a full part of everyday mathematics
education, but are gradually being introduced (e.g. as learning support tools).

Despite a strong system, the US faces challenges with attribution of students in STEM disciplines (losing interest)
and comfort levels for different groups of students. Ukraine is actively reforming STEM training, implementing internation-
al approaches, but a complete transformation requires time and resources. To improve the quality of education, especially
in war and post-war times, the role of international cooperation (teacher visits, exchanges, partnership projects) is very
important, which is reflected in a number of resolutions of the Government of our state on cooperation and exchange of
experience [11; 12].

In the United States, mathematics courses in programs at top US universities, particularly in applied/higher math-
ematics and STEM, are not taught separately, but are integrated with practical cases and projects, with an emphasis on
applications in technology, engineering, and data analysis.

For example, Harvard University (mathematics) [21; 27]. Math 55 is one of the most famous mathematics courses
in the USA. A two-year course for freshmen in algebra, group theory, real and complex analysis — effectively covering
most of university mathematics in 2 semesters. Includes:

1) Abstract algebra (groups, linear spaces);

2) Real and complex analysis;

3) Elements of topology and sometimes differential geometry in problems.

Such a course is often used as a fundamental start for future researchers in mathematics, physics or computer
science.

Other standard mathematics courses at Harvard (and similar universities) include:

1) Analysis I-1II (function theory and integration in generalized spaces);

2) Algebra I-1I (theory of groups, rings, fields);

3) Topology and Differential Geometry.

These courses build the foundation for specializations in mathematics, statistics, data theory, and physics.

In contrast to Harvard University, Stanford University offers Introductory Math Courses [25], which consist of:

1) Math 51-53 — foundational courses for all STEM majors (calculus, linear algebra, discrete mathematics).

2) The program emphasizes the application of mathematics to physics, computer science, and economics.

US universities often have separate majors with a focus on modern applications of STEM mathematics: Applied
Mathematics / Data Science / Statistics as separate bachelor’s/master’s programs at MIT, Stanford, UC-Berkeley, etc.
[26]. These programs include mathematical analysis, numerical methods, statistics, data processing, and modeling, closely
related to engineering, economics, and the IT sector. In Ukrainian universities, educational programs in mathematics and
related areas usually include: Algebra and geometry, higher mathematics, mathematical analysis, linear algebra, differential
equations, mathematical modeling, numerical methods, statistics, etc. Mathematics programs in Ukraine have a classical
academic structure: several mandatory mathematical cycles in the first and second years and specialized subjects in the
senior years. In Ukraine, traditional university mathematics with standard disciplines focused on fundamental knowledge
(analytical mathematics, probability theory, mathematical modeling, etc.) is mainly studied (see Table 1).

Table 1
Mathematics education in higher education institutions at universities in the USA and Ukraine
Aspect USA Ukraine
P (Harvard, Stanford, etc.) (classical universities)
Course level High, often proof-oriented and with elements of | Basic, academically structured list of disciplines
analysis/algebra at early stages (Math 55) (analytic, linear alg., differential equations...)

Main emphasis on theory; practice is more often
derived through separate modeling courses or IT
applications
More often as a separate block (math + IT)
in most universities

Often integrated with computer/applied problems

Practical direction STEM (data, modeling)

Focus on interdisciplinarity | Built into IT, engineering, data science programs

Flexibility of course choice | Higher (broad choice and individual trajectories) Lower (rigid list of required courses)
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In the US, mathematics is often a tool for practical STEM applications — statistics, optimization, data modeling,
which is important for IT and R&D. Courses in the US can be of a higher level of complexity and depth (like Math 55
at Harvard), but also include more broadly applied skills. Ukrainian programs provide strong fundamental training, but
sometimes they can lack modern integration with IT tools and project practices.

Let’s break down specific courses from bachelor’s programs in Applied Mathematics at US universities (Miami
University, Old Dominion University) [22; 23] and make a comparative comparison with typical courses educational
program «Mathematics in Educational Institutionsy» of the first (bachelor’s) level of higher education, bachelor’s degree,
field of knowledge an Education in specialty A4.04 Secondary education (Mathematics) of the H.S. Skovoroda Kharkiv
National Pedagogical University [6].

Miami University, often referred to as Miami of Ohio, is a public research university located in Oxford, Ohio,
United States. It is one of the oldest public universities in the country, founded in 1809 [22]. It is the tenth-oldest public
university in the United States. In the 2026 National University Rankings, the university is ranked 12th in the nation for
undergraduate teaching quality. In fall 2024, the total undergraduate enrollment was 16 816. Miami University is a member
of the University System of Ohio and is classified as a research-intensive university (R2) [15]. The university offers more
than 120 undergraduate programs and more than 70 master’s and doctoral programs.

Miami University, USA, has introduced Applied Mathematics B.S. for students. The main courses according to the
university catalog are basic and applied [20].

Basic / mandatory:

1. Introduction to Linear Algebra (MTH 222) — linear algebra: vectors, matrices, systems of linear equations.

2. Calculus III (MTH 252) — multidimensional integral and differential, vectors, fields.

3. Differential Equations (MTH 347) — ordinary differential equations and their applications.

4. Real Analysis (MTH 441) — theory of real numbers and functions (rigorous analysis).

5. Probability / Probability & Stats (STA 401) — probability and data processing.

Applied / electives:

6. Applied Linear Algebra (MTH 433) — application of linear algebra in data processing, PCA, etc.

7. Numerical Analysis (MTH 453) — numerical methods for solving problems.

8. Introduction to Partial Differential Equations (MTH 455) — basic PDEs and their applications.

9. Optimization / Mathematical Modeling (MTH 432 / 435) — optimization or modeling of real problems.

10. Introduction to Nonlinear Dynamics (MTH/MME 495) — nonlinear dynamics.

The course structure allows for flexible specialization and combining mathematical courses with IT / data / engi-
neering.

Old Dominion University (ODU) is a public research university in Norfolk, Virginia, USA. Founded in 1930 as
the Norfolk Division of the College of William and Mary, it enrolled 23 494 students in 2023. The university offers 175
undergraduate and graduate programs and is divided into seven colleges and three schools. Its name derives from one
of Virginia’s nicknames, «Old Dominion», bestowed upon the state by King Charles II of England for its loyalty to the
crown during the English Civil War. The Carnegie Classification of the University of Virginia places it at «R1: Doctoral
Universities — Very High Research Activity».

Old Dominion University Applied Mathematics includes the following courses:

1. Calculus IV: Introductory Analysis (MATH 317) — real analysis with advanced features.

2. Applied Numerical Methods I (MATH 408) — numerical methods for ODE/PDE algorithms.

3. Applied Mathematics I: Biomathematics (MATH 420) — modeling problems in a bio-context (ODE, modeling).

At most US universities, the list of courses is divided into basic mathematical disciplines (calculus, algebra, differ-
ential equations) and applied / advanced disciplines (numerical methods, modeling, optimization).

According to the educational and professional program «Mathematics in Educational Institutions» in Ukrainian
universities (in particular, in H.S. Skovoroda Kharkiv National Pedagogical University), the following Fundamental
Mathematics courses can be distinguished:

— Mathematical analysis — classical analysis, integrals, series.

— Linear algebra and separately Analytical geometry — vectors, matrices, spaces.

— Mathematical logic — systems, applications.

— Probability theory and mathematical statistics - probability and data analysis.

— Discrete mathematics — logic, algorithms, graphs.

— Algebra and number theory — numerical algorithms for solving problems.

— Computer/practical courses:

— Fundamentals of computer science and programming — basics of writing programs for calculations.

— Practicum of solving construction problems — logic and optimization.

— Projective geometry and image methods — applied IT skills.

— WEB technologies, databases — IT tools and applications.

The educational program in Ukraine includes both classical mathematical disciplines and computer metrics and
practices, but sometimes in a more structured and more academic context, with less selectivity and emphasis on interdis-
ciplinary applications (see Table 2).



Ipogeciiino-npukiadui Ouoaxmuxu Professional and Applied Didactics 15

Table 2
Comparison of the undergraduate curricula of the educational program «Applied Mathematics»
of the USA and the educational program «Mathematics in Educational Institutions»
of the specialty A4.04 Secondary Education (Mathematics) of Ukraine

USA Ukraine
Course Topics - (H.S. Skovoroda Kharkiv National
(Miami/ ODU) . . .
Pedagogical University)

Basic Mathematics Calculus (MTH 252) — Multivariate Analysis Mathematical Analysis (classical course)
Linear Algebra Introduction / Applied Linear Algebra Linear Algebra /Analytical geometry
Differential Equations Differential Equations (MTH 347) Differential Equations
Statistics / Probability Probability (STA 401) Probability Theory and Mathematical Statistics
Numerical Methods Numerical Analysis (MTH 453) Algebra and number theory
Modeling / Applied Subjects Op tmgé%};%év[ Ao;i;ﬁtcliienr;nnar, Mathematical/Computer Modeling, IT Courses
Programming Often elective (CS courses) Programming (Python, C++) integrated

As shown in Table 2, in higher education institutions in the United States of America, the subjects of educational
courses are clearly divided into basic mathematics and applied/computer disciplines, with the possibility of choosing
specializations (optimization, modeling, statistics). There is flexibility of choice - students can choose courses in CS, data
science, optimization, etc. Courses often include projects, modeling, software tool. The curriculum in Ukraine (H.S. Skov-
oroda Kharkiv National Pedagogical University) has a broad fundamental mathematical base (analysis, linear algebra,
statistics, ODE, discrete mathematics). Computer courses and modeling are integrated into the program. Fewer elective
or interdisciplinary courses compared to the US.

Conclusions. The study analyzed the theoretical and practical aspects of implementing the STEM approach
in the mathematical training of students in higher education institutions in Ukraine and the United States of America
using the example of educational programs in the specialty «Applied Mathematics» (USA) and «Secondary Education.
Mathematics» (Ukraine). The analysis allowed us to draw a number of generalized conclusions. It was established that
STEM education is a modern integrated educational model in which mathematics plays a system-forming role, providing
a methodological basis for scientific research, engineering developments and digital technologies. STEM mathematics
is focused on the practical application of knowledge, mathematical modeling and interdisciplinary integration. It was
found that applied mathematics programs in US universities and at the S. Skovoroda Kharkiv National Pedagogical Uni-
versity have a common fundamental core, which includes courses in mathematical analysis, linear algebra, differential
equations, probability theory and mathematical statistics. This indicates the universality of basic mathematical training
regardless of the national educational model. Significant differences in the structure and implementation of educational
programs have been identified. American universities are characterized by a high level of academic flexibility, a wide
selection of applied and interdisciplinary courses, as well as the active use of project and research activities. In contrast,
Ukrainian programs are characterized by a more rigid structure of curricula and the predominance of theoretical training.
It has been proven that STEM-oriented programs in the United States have a pronounced practical orientation, which
is implemented through capstone projects, teamwork, and the integration of mathematical disciplines with computer
science and engineering. In the domestic higher education system, such elements are presented in a limited way and
require further systematic implementation. The feasibility of using the positive experience of American universities
to modernize Ukrainian educational programs in applied mathematics is substantiated, in particular by expanding the
elective component, strengthening interdisciplinary integration, introducing project-based learning, and actively using
digital tools in mathematical training. Thus, the results of the study confirm that the combination of thorough funda-
mental mathematical training inherent in Ukrainian higher education with the practically oriented STEM approach of
US universities can be an effective way to improve the quality of training of specialists in applied mathematics and
their competitiveness in the international labor market.

Prospects for further research are related to an in-depth study of practical mechanisms for implementing the STEM
approach in the mathematical training of students of higher education institutions of Ukraine. An important direction is the
analysis of the effectiveness of integrated STEM courses, interdisciplinary training modules and project-research activities
in the process of training future specialists. Further scientific research can also be aimed at developing models for the
modernization of educational programs taking into account the best practices of US universities and the needs of modern
educational and digital environments.
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IHTEI'PALIA STEM-ITIIAXOAY YV MATEMATHYHY NIIATI'OTOBKY CTYIAEHTIB:
JOCBIJ YHIBEPCUTETIB CIIIA TA YKPATHH

AHnomauisn

VY pobomi pozensnymo meopemuuni 3acaou STEM-oceimu, eusnaueno pons mamemamuxu sax komnonenma STEM-oceimu ma
oxpecnero ocobnusocmi peanizayii STEM-nioxooy y euwiti wikoni CLLIA ma Yxpainu 3 ypaxysanHsam HAyiOHATbHUX OCGIMHIX MPAOUYill.
Tlopisnsanvrutl ananiz 30icHeRo 3a maxkumu Kpumepisimu: pisens inmeepayii STEM-nioxody y mamemamuuny nio2omoseky cmyoenmis,
KOMNIEKCHICMb OCEIMHIX NPO2PAM ma Kypcie, NPAKMuYHa OPIEHMOBAHICMb, GUKOPUCAHHS NPOEKMHOI Ma 00CTIOHUYbKOT OisibHOCHI,
3aCMOCy8anHs YuDPosUX MexHono2ill i cyyacHux memodie nasuanius. Ocobausgy yeazy npuodiieHo ckaiady 6a308ux i NPUKIAOHUX Md-
MmemMamuyHux OUCYUNIIH, PIBHIO MIJCOUCYUNTIHAPHOL IHme2payii, eHyUKoCmi 0C8IMHIX poSpam ma hopmam opeaHizayii HaguaIbHO20
npoyecy. Bcmanoieno, wjo amepukancyKi npocpamu Xapakxmepusylomvcsi GUCOKUM PIBHEM aKaeMiuHOi MOOLIbHOCMIE, NPAKMUYHOIO
OpiEHMayier0 ma WupoOKUM UKOPUCIIAHHAM NPOEKMHOT OisibHOCMmI, MOOI K YKPAIHCHKI OC8IMHI NPpOSpamu 3a6e3neuyonms [PYHmMosHy
@ynoamenmanvry mamemamuyHy nio2omosky. Becmanoseneno, wjo 6 amepukancoKux ynigepcumemax 3HayHy pois 8i0ieparme Kypcu,
OPIEHMOBANT HA 3ACMOCYBAHHS MAMEMAMUYHUX MEMOOI8 Y KOHKPEMHUX 2aY35X, 30KPEeMA YUCETbHI Memoou, Mamemamuine MooenoaH-
HAl, QHAni3 OAHUX, CMAMUCMuKa, onmumizayis ma komn romepua mamemamuxa. Taxi Kypcu 4acmo iHmezpyomscs 3 npocpamyaHHsM,
iHJICeHEePHUMU 3a0auamu Ma OOCTIOHUYLKUMU NPOEKMAMU, WO CRPUE QOPMYSBAHHIO NPAKMUYHUX KOMREMeHMHOCmell cny0eHmis.
IIposedeno nopiensnvHuil ananiz Hasuanns doaxanaspis ¢ ynisepcumemax CLIA ma Ykpainu na npukiadi npoepam 3i cneyianbHocmi
«[Ipuxnaona mamemamuxa» ma «Mamemamuxa 6 3axnadax oceimuy. Taxuil eubip 3ymoenenuit mum, wo «lIpukniaona mamemamuxay
€ 00num i3 kmouosux Hanpamie STEM-oceimu 6 CLLIA, ockinbku noeonye enuboxy meopemuyry ni020mosKy 3 NpakmudHum 3acmocy-
BAHHAM MAMEMAMUYHUX MemOoOi6 y NPUPOOHUYUX HAVKAX, THIICeHePIl, eKOHOMIYL, IHPOpMayitiHux mexHono2isax ma neoazoeiyi. Ananiz
OCGIMHIX NPoOSpPam y Mexicax yux cneyianbHocmetl 0ae 3mMo2y KOMNIeKCHo oyinumu pisens inmeepayii STEM-nioxody, eghexmuericmo
MIHCOUCYUNTITHAPHUX 38 3KI6 MA CHPSMOBAHICMb NIO2OMOBKU (DAXIBYIE HA PO36 SA3AHHS PealbHUX npoghecitinux 3a60ansb. Ha ocnosi
NPOBE0eH020 AHANI3Y BUSHAYEHO CRIIbHI MaA GIOMIHHI pucu nioeomosku gaxisyie 3 mamemamuxu ¢ konmexcmi STEM-oceimu, a maxooic
OKPeCNIeHO MONCTUBL HANPSMU adanmayii 3apy0idcHo20 00C8idy 00 YMO8 YKPAIHCHKOI cucmemu euuoi 0ceimu 3 Memor nioguiyeHts it
AKOCMI Ma KOHKYPEHMOCHPOMOICHOCHIL.

Knrouosi cnosa: STEM-oceima, STEM-mamemamuka, mamemamuka, suwa ocgima, oceimui npocpamu, yrnieepcumemu, CILIIA,
Vkpaina, nopisuanvnui ananis.
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