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EDUCATIONAL PROGRAMS AND UNIVERSITY RANKINGS

The article provides a comprehensive analysis of the development of STEM
education in the United States of America in a historical perspective (1940-2026)
using pedagogical, institutional, and quantitative approaches. The study is aimed at
identifying patterns in the formation and expansion of STEM educational programs at
leading US universities, as well as determining their role in the formation of an
innovative educational ecosystem.

The methodological basis of the study is a combination of historical-
pedagogical, comparative, statistical, and bibliometric methods. Particular attention
is paid to the use of the Classification of Instructional Programs system USA as a tool
for standardized classification of educational programs, which allows for their
quantitative and structural analysis. The results of ranking US universities by the
number of implemented STEM programs as of 2026, taking into account specialty
codes (CIP) presented. It was established that the leading positions are occupied by
both elite research universities and large state higher education institutions, which
provide mass training of specialists in the fields of science, technology, engineering
and mathematics.

Reviewed the graph of the evolution of STEM programs in the USA, the main
stages of their development were determined: from the initial formation in the middle
of the 20th century to intensive growth in the 2 1st century, caused by digitalization, the
development of artificial intelligence and interdisciplinary research. It is proved that
the number of STEM programs is an important indicator of the development of the
educational environment, reflects the level of innovation of universities and their ability
to adapt to the needs of the labor market.

From a pedagogical and scientific point of view, it is substantiated that modern
STEM education is transforming into an interdisciplinary system focused on the
formation of 2 1st century competencies of educators and learners, critical thinking and
innovative potential of education seekers. The combination of tabular and graphical
analysis allowed us to form a holistic picture of the structural and dynamic
characteristics of the development of STEM education in the USA.

The results of the study can be used to improve educational policy Ukraine,
develop new curricula, as well as conduct comparative research and adapt best
practices of STEM education in an international context.
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bamwk JI. B. Eeonwuia STEM-océimu y CLIA: ananiz incmumyuiiino2o
PO3ROOITLY 0CBIMHIX RpoZpam I pAaHdICY8AHHA YHIgepcumemis. Y cmammi
npeocmasieHo KomniekcHut ananiz pozeumcy STEM-oceimu y Cnonyuenux [lImamax
Amepuru 6 icmopuynii nepcnexmugi (1940—2026) 3 sukopucmaunsam nedazo2iuHozo,
IHCMUMYYIitiH020 ma KiIbKICHO20 nioXo0is. /{oCnioxcenHs cnpsamMosane Ha 8UsEIEeHH S
3aKoOHOMIpHOCmell Yy Gopmyeanui ma pozwupenni oceimuix npoepam STEM y
nposionux yuieepcumemax CIIIA, a maxodic euznauenus ixHvboi poii y GopmyearHi
IHHOBAYIUHOI OCBIMHBOI eKOCUCmeEMU.

Memooonociunoo  0CHOB010  Q0CNIOJNHCEHHA €  NOEOHAHHA  ICIMOPUKO-
neoazo2iyuHux, NOPIGHAILHUX, CMAMUCIMUYHUX ma OIOIiOMempUdHUX Memodis.
Ocobnusa ysaea npuoinaemscsa gukopucmannto cucmemu Knacugirxayii naguanvHux
npoepam CLILIA sax incmpymenmy cmanoapmu308aHoi Kiacugikayii ocimHix npozpam,
Wo 00360/1€ NPOBOOUMU iX KINbKICHUU ma cmpykmypHuu auaniz. Ilpedcmaesneno
pe3yiemamu paudxcyeanns yHieepcumemis CLLA 3a xinekicmio enposadcernux STEM-
npoepam cmavom Ha 2026 pix 3 ypaxysauwHsm kKodieé cneyianenocmeti (CIP).
Bcmanosneno, wo nposiowi  nosuyii  3aumaromv  AK  elimHI  Q0CAIOHUYLKI
VHigepcumemu, max i 8eIUKi 0epicasHi 3aKaaou 8uuioi oceimu, sKi 3abe3neyyonv
macogy nid2omosKy ¢haxieyie y eamy3sax HAyKu, MeXHONO02ll, IHJceHepii ma
Mamemamuxu.

Poszensanymo epaghix esontoyii STEM-npoepam y CIIIA, euznaueno 0OCHOBHI
emanu ix po3eumk). 6i0 NoYamKo8020 Gopmysanus 6 cepeduni 20 cmonimms 00
iHmeHCcU8Ho020 3pocmants y 21 cmonimmi, CHpUdUHEeH020 Yu@dposizayicto, po3eUMmMKoOM
WMy4Ho20 IHMeNeKmy ma MIdNCOUCYUNTIHAPHUMU O0CaiOdceHHAMU. JlosedeHo, wo
Kinokicmo STEM-npocpam €  8adiciueum NOKAZHUKOM — PO3GUMKY  OCBIMHbLO2O
cepedosuuia, 8i00Opax)cae piseHv IHHOBAYIUHOCMI YHIGepcumemie ma ixXHio
30amuicms adanmy8amucs 00 nomped puHKy npayi.

3 neodazoeiunoi ma Hayxkoeoi mouku 30py obrpyumosaro, wo cywacua STEM-
oceima mMpanchopmyemovcs 6  MINCOUCYUNTIHAPHY —CUCMEM), OpPIEHMOBAHY HA
Gopmysanns komnemenmuocmet 21 cmonimms y 6UK1a0ayie ma y4Hie, KpUmMuyHo20
MUCTeHHs ma IHHOBAYIUH020 nomenyiany 3000ysauie oceimu. [locoHanHs mabauyHo2o
ma epagiuHo2o ananizy 003601UN0 CHOpMy8amu YiliCHy KApmuHy CMPYKMYpPHUX ma
ounamiynux xapaxmepucmux pozeumxy STEM-oceimu ¢ CILIIA.

Pe3ynomamu oocnioocenns moxcymos 6ymu UKOPUCAHT 01 B0OCKOHANEHHS
0CBIMHbOI nonimuku YKpainu, po3poOKu HOBUX HABUANLHUX NPOSPAM, A MAKONC
npoeedeHHs: NOPIBHANbHUX O00CNIOJCeHb ma adanmayii nepedosozo 0oceioy STEM-
0C8imu 8 MidHCHaAPOOHOMY KOHMEKCMI.
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Knwuoei cnosa: STEM-npocpama, euwa oceima, yuigepcumem, OC8IMHI
npoepamu, Knacugirayii nasuanvnux npoepam, Cnonyueni [llmamu Amepuxu,
Ykpaina.

Introduction. In the current conditions of global transformations, digitalization
and intensive development of the scientific and technological sphere, the higher
education system is undergoing significant changes, which necessitate a rethinking of
its goals, content and organizational models. A special place in these processes is
occupied by STEM education (Science, Technology, Engineering, Mathematics),
which is a key factor in the formation of human capital and ensuring the innovative
development of society. In this context, the experience of the United States of America
is extremely important, since it is this country that has formed one of the most effective
models of integration of education, science and technology.

The formation of STEM education in the USA has a long history, covering the
period from the middle of the twentieth century to the present (Batyuk, 2025; Cheng
& Kinoshita, 2024; Li & et al., 2020; Bentley, 2021; Kelley & Knowles, 2016;
Marginson & et al., 2013; Sanders, 2009). During this time, significant changes have
occurred in the structure of educational programs, the content of training, and
approaches to training specialists. From the initial dominance of individual disciplines
(mathematics, physics, engineering), the system has gradually transformed into a
comprehensive interdisciplinary model that meets the challenges of the modern
knowledge economy. This evolution is clearly visible in the dynamics of the growth of
the number of STEM programs in the United States from 1940 to 2026 (Batyuk, 2026).
From a scientific and pedagogical point of view, the number of STEM programs is an
important indicator of the development of the educational environment. It reflects the
level of diversification of educational offers, the degree of integration of new
knowledge into the educational process, and the ability of universities to adapt to
changes in the labor market. The growth in the number of programs indicates the
expansion of educational opportunities for students, the formation of individual
educational trajectories, and the development of an interdisciplinary approach to
learning.

An important tool for analyzing the structure of STEM education in the United
States is the Classification of Instructional Programs system, developed by the National
Center for Education Statistics (Classification of Instructional Programs, 2026). This
system provides a standardized classification of educational programs, which allows
for their comparative analysis, determination of the sectoral structure of specialist
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training, and assessment of the dynamics of the development of educational areas. The
use of CIP is particularly relevant in the context of STEM education research, since it
allows for quantitative and qualitative identification of relevant programs by field of
knowledge in the United States of America.

In this context, the analysis of US universities ranked by the number of
implemented STEM programs is of particular scientific significance, which makes it
possible to assess the institutional capacity of higher education institutions to provide
training for specialists in various fields of science and technology. This approach
allows not only to identify leaders in the field of STEM education, but also to identify
patterns in the development of educational programs, their structural diversification
and compliance with modern labor market challenges and creates a basis for identifying
effective models of organizing STEM education, determining the prospects for its
development and substantiating the possibilities of adapting the American experience
in other educational systems.

Thus, the relevance of the study is due to the need for a comprehensive analysis
of the development of STEM education in the USA, taking into account historical
dynamics, the institutional structure of universities and classification approaches to
educational programs. This approach allows not only to systematize the current state
of STEM education, but also to identify key trends in its development, which is
important for the formation of effective educational policy and conducting further
scientific research.

Aim and tasks. The purpose of the article is to conduct a systematic analysis of
US universities ranked by the number of implemented STEM programs in the period
1940-2026, using the CIP classification system, as well as to determine the main trends
in the development of STEM education in historical and modern perspectives.

To achieve this goal, the following tasks are envisaged:

1. To analyze the evolution of STEM education in the US in the period 1940—
2026.

2. To reveal the essence and possibilities of using the CIP system for classifying
educational programs.

3. To rank US universities by the number of STEM programs, taking into account
CIP codes.

4. To identify the main trends in the development of STEM education based on
graphical and tabular analysis.

5. To substantiate pedagogical and scientific conclusions regarding the
transformation of educational models in the STEM field.

Creative Commons Attribution
NonCommercial 4.0 International

26



Teopiss ma memoouxa nagyanns ma suxoeantsi. 2026 p. Bunyck 60, ISSN 2312-0657 (Print), ISSN 2312-8046 (Online)

The object of the study is the US higher education system, and the subject is the
structure and dynamics of STEM educational programs in leading universities.

The proposed study is aimed at a comprehensive understanding of the
development of STEM education as an important factor in the innovative development
of society, which allows for the formation of scientifically sound approaches to
improving educational systems in a global context.

Methods of research. The methodological basis of the study is a complex of
general scientific and special methods that provide a comprehensive analysis of the
development of STEM education in the USA, in particular the process of ranking
universities by the number of implemented educational programs in the period 1940—
2026. The following methods were used in the study: theoretical research methods
(methods of analysis, synthesis, generalization and systematization of scientific
literature were applied to study the current state of development of the problem of
STEM education, determining its essence, structure and main approaches to the
classification of educational programs, which allowed to form the theoretical basis of
the study and substantiate the conceptual and categorical apparatus); historical and
pedagogical research method for analyzing the evolution of STEM education in the
USA in the period 1940-2026, which made it possible to identify the main stages of its
development, identify key trends and factors influencing the transformation of
educational programs; a systemic approach (used to consider STEM education as a
holistic multi-level system that includes educational programs, universities, public
policy, and the labor market, which ensured the complexity of the study and the
possibility of establishing relationships between its components); a comparative
research method for comparing US universities by the number of STEM programs,
which allowed them to be ranked and identify institutional features of the development
of educational programs; a statistical research method for processing quantitative data
on STEM programs, their distribution by universities, and development dynamics over
time, which allowed us to substantiate the results of the study on the basis of empirical
data; a classification analysis method based on the use of the Classification of
Instructional Programs system, which provides a standardized grouping of educational
programs by fields of knowledge and made it possible to identify STEM directions,
carry out their structural analysis, and make a correct comparison between universities;
a graphical research method for visualizing the results of the study, in particular,
constructing a graph of the evolution of STEM programs in the USA for the period
19402026, which allowed us to clearly reflect the dynamics of the development of
educational programs and identify the main trends in their growth; a tabular research
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method for presenting the results of the ranking of US universities by the number of
STEM programs, taking into account CIP codes; a bibliometric research method for
analyzing scientific publications in the Scopus and Web of Science databases, which
allowed us to determine the level of research on the problem, the main scientific trends
and directions for the development of STEM education.

Results. The problem of the development of STEM education in the USA is the
subject of active research in modern scientific discourse, covering pedagogical, socio-
economic, institutional and technological aspects. In the scientific literature, STEM
education is considered as an integrated educational model aimed at the formation of
interdisciplinary competencies, innovative thinking and the ability to solve complex
practical problems. An analysis of scientific publications shows that research on STEM
education in the USA can be conditionally divided into several thematic areas:

a) theoretical foundations of STEM education;

b) educational policy and state regulation;

¢) institutional development of universities;

d) pedagogical technologies and teaching methods;

e) bibliometric and statistical research on STEM.

A significant contribution to the development of the theoretical foundations of
STEM education in the USA was made by such researchers as Mark Sanders (Sanders,
2009), Hui-Hui Wang et al. (Wang & et al., 2011), Rodger W. Bybee (Bybee, 2013),
John Ritz et al. (Ritz & et al., 2015), Todd R. Kelley and J. Geoff Knowles (Kelley &
Knowles, 2017), Brendan Bentley (Bentley, 2021), Lijun Cheng and Riew Kinoshita
(Cheng & Kinoshita, 2024) and others. In their works, STEM education is considered
as a new educational paradigm that integrates natural sciences, technology and
engineering into a single learning system.

A significant number of scientific publications are devoted to the analysis of
STEM education in the United States in the context of educational policy. In particular,
studies by the National Science Foundation emphasize the importance of state support
for STEM areas, which contributes to the development of an innovative economy and
the training of highly qualified personnel (Batyuk, 2025). Researchers emphasize that
the effectiveness of STEM education depends on the ability to integrate theoretical
knowledge with practical skills. In this context, the use of digital technologies,
laboratory research and innovative educational environments in higher education
institutions is of particular importance. The works of American researchers emphasize
the role of universities as key institutions of the STEM ecosystem. In particular, leading
universities, such as the Massachusetts Institute of Technology (Massachusetts Institute
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of Technology, 2026), Stanford University (Stanford University, 2026) and the
University of California, Berkeley (UC Berkeley, 2026), are considered as centers of
innovation generation and development of new technologies. A separate area of
research is devoted to the analysis of the structure of STEM education through the use
of classification systems, in particular the Classification of Instructional Programs
(New CIP Codes Added to DHS STEM Designated Degree Program List, 2023, 2026).
Scientific works emphasize that CIP is a key tool for standardizing educational
programs and provides the possibility of their quantitative analysis.

From a pedagogical point of view, STEM education is considered as an
innovative learning model based on the integration of disciplines, active learning and
the use of modern technologies, highlighting the following key approaches:

— Problem-Based Learning;

— Project-Based Learning;

— Inquiry-Based Learning;

— Interdisciplinary approach.

The issue of quantitative analysis of STEM programs in the US higher education
system 1is a relatively new but important area of scientific research that is actively
developing. In modern literature, this area is considered at the intersection of pedagogy,
educational policy, educational economics and scientometrics, demonstrating that
interest in quantitative ranking of universities by STEM indicators has increased
significantly after 2000, which is associated with:

— the development of the knowledge economys;

— the digitalization of education;

— global competition of universities;

— the growing role of innovative technologies.

Studies show that the USA occupies a leading position in the formation of STEM
scientific discourse: about 70-75% of publications in leading journals belong to
American researchers. This confirms the dominant role of American universities in the
development of STEM education (Batyuk, 2024).

In the modern period of globalization and digitalization, research focuses on the
growth of the number of STEM programs; interdisciplinarity; digital technologies;
artificial intelligence. According to analytical reports, the share of STEM degrees in
the United States has increased from approximately 29% in 2000 to more than 35—40%
in the 2020s, which indicates an intensive expansion of educational programs (Batyuk,
2024).
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An analysis of scientific publications allows us to identify several main
approaches to the study of university rankings by STEM programs:

1) Institutional approach. In this direction, universities are considered as centers
for the generation of STEM programs. Studies analyze the number of educational
programs; the diversity of CIP codes; the level of interdisciplinarity. Leading
universities such as Massachusetts Institute of Technology, Stanford University,
University of California, Berkeley occupy leading positions in most publications.

2) Quantitative (scientometric) approach. This approach is based on NCES
statistical data; the use of CIP codes; analysis of the number of programs and degrees.
Researchers emphasize that the classification of programs is carried out by the
universities themselves, which creates a certain variability in the data.

3) Bibliometric approach. Modern works actively use tools for analyzing
scientific publications, in particular VOSviewer. Bibliometric studies show an increase
in the number of publications after 2010; the dominance of digital learning, Al, data
science topics; a high level of interdisciplinarity.

4) The role of public policy and institutions. Statistics show a significant increase
in the number of students in STEM fields and the expansion of master's programs in
2020-2026. The main conclusions of the publications:

— state funding stimulates the expansion of STEM programs;

— universities adapt educational programs to the needs of the economy;

— there is an integration of education and scientific research.

5) Pedagogical aspect of research. STEM programs are considered a tool for
forming 21st century competencies; a means of integrating theory and practice; the
basis of innovative learning. Studies emphasize that the growth in the number of STEM
programs increases the accessibility of education; contributes to the individualization
of learning; forms new educational trajectories. At the same time, there are problems,
namely: unequal access to STEM education; shortage of teachers; high level of student
dropout.

Scientific gaps in the main approaches to research on STEM programs and
STEM education are associated with:

1. The absence of long-term (1940-2026) comprehensive research.

2. Limited use of CIP for ranking universities.

3. Insufficient integration of graphical (dynamics) and tabular (structure)
analysis.

4. Insufficient comparative analysis between universities of different types.
Thus, the analysis allows us to highlight the following key problems:
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1) Scientific interest in STEM education in the USA has a steady growth trend.

2) Ranking universities by the number of STEM programs is a new but
promising area of research.

3) The Classification of Instructional Programs system is a key tool for
quantitative analysis of educational programs.

4) Leading US universities form the core of STEM education and determine
global educational trends.

5) Further research should be aimed at a comprehensive analysis of the structure
and dynamics of STEM programs.

The generalized ranking of US universities by the number of STEM programs
and areas is a complex analytical construct that reflects not only quantitative indicators
of educational activity, but also deep transformations of the higher education system.
Unlike classical rankings based on scientific productivity or academic reputation, this
approach involves assessing the institutional ability of universities to generate and
scale educational programs in the field of STEM.

The methodological basis of such a ranking is the number of accredited STEM
programs (bachelor's, master's, PhD); the level of interdisciplinarity; the dynamics of
the expansion of educational areas; the volume of funding for research and educational
innovations; the integration of education with scientific and industrial ecosystems.

The formation of the modern ranking of US universities by the number of
educational STEM programs is the result of a long historical evolution, which is
conventionally divided into five key stages.

Stage 1. Pre-war and military-industrial stage (1940—-1960).

During this period, the development of STEM education was closely linked to
the military-industrial needs of the United States (Batyuk, 2025). Leading technical
universities focused on training engineers, physicists, and specialists in the field of
applied sciences. It was then that the foundation of future leaders of the rating was laid
- universities with a powerful engineering school.

Stage II. Space Race and scientific expansion (1960—-1980).

After World War II and in the conditions of the Cold War, the US Government
allocated additional funds for scientific developments, and state funding for science
increased. Scientific works of this period emphasized the role of universities as centers
for training scientists. During the Space Race (Mann, 2023), the number of STEM
programs grew rapidly. Federal investments have stimulated the development of
physics, mathematics, and aerospace engineering (Batyuk & Zhernovnykova, 2025).
Universities are beginning to actively expand their curricula, which is becoming the
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first large-scale stage of STEM diversification (Batyuk, 2025). By the 1970s, US public
universities began to dominate the training of STEM specialists, providing over 70%
of doctoral degrees in science and engineering.

Stage III. The Digital Revolution (1980-2000).

The emergence of computer science significantly transformed the educational
landscape. Universities such as the University of Illinois Urbana-Champaign became
centers of innovation related to the development of computer technology and networks,
including early Internet projects (Batyuk, 2025). This led to an exponential growth in
the number of STEM programs (Batyuk, 2024). During this period, a systematic
approach to the classification of educational programs was formed. It was then that the
Classification of Instructional Programs (CIP) system was developed, which became a
key tool for analyzing educational programs. Studies emphasize that its
implementation allowed: to standardize educational areas; to conduct statistical
analysis of programs; to conduct comparative research of universities.

Stage IV. Integration of STEM as an educational paradigm (2000-2015).

At the beginning of the 21st century, STEM is transformed from a set of
disciplines into a holistic educational concept (Zhan, 2022). National initiatives, such
as the National Math and Science Initiative, are emerging to scale up STEM education
(Batyuk & Zhernovnykova, 2025). Universities are beginning to actively integrate
interdisciplinary programs (Batyuk, 2026; Li & et al., 2020).

Stage V. The era of innovation and interdisciplinarity (2015-2026).

The current stage is characterized by the rapid development of new areas, such
as artificial intelligence, bioengineering, robotics. For example, the launch of new
majors such as robotics at leading universities demonstrates a trend toward the
formation of new academic disciplines (Batyuk & Masych, 2025).

There is no single, accurate historical ranking of US universities by the number
of STEM programs implemented from 1940 to 2026 in open sources, as universities
have different program classifications and they are constantly changing (Teichler,
2011; Hallinger & Kovacevi¢, 2019). Therefore, scientific research usually uses proxy
indicators:

—number of STEM majors and departments;

— number of STEM graduates;

— size of research programs and laboratories.

In the United States, all educational programs are systematized using a
standardized federal classification known as the Classification of Instructional
Programs (CIP), which is developed and maintained by the National Center for
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Education Statistics (NCES). This system is a universal tool for identifying, comparing,
and analyzing educational programs within the national system of higher education in
the United States, ensuring the unity of statistical accounting, research activities, and
educational policy. The CIP classification was first introduced in 1980 as a response to
the need for standardization of educational data in the rapidly growing system of
American higher education. Subsequent updates (1990, 2000, 2010, 2020) reflected
structural changes in science, technology, and the labor market (United States
Department of Education, National Center for Education Statistics, 2003; New CIP
Codes Added to DHS STEM Designated Degree Program List, 2023, 2026). Thus, the
CIP is a dynamic system that adapts to the transformations of the educational and
scientific space, including the emergence of new interdisciplinary fields such as data
science, cybersecurity, and artificial intelligence.

Structurally, the CIP is based on a hierarchical principle, which implies a multi-
level organization of educational programs (Berry & et al., 2023). Each specialty has a
six-digit code, where:

— the first two digits indicate a broad field of knowledge (for example, 14 -
engineering, 11 - computer science, 26 - biological sciences);

— the next two digits define a subfield;

— the last two digits specify the specialization.

For example, code 11.0701 corresponds to the specialty "Computer Science",
and 14.1901 corresponds to the specialty "Mechanical Engineering". Such detailing
allows not only to identify the program, but also to analyze its place in the broader
structure of knowledge. It is important to emphasize that CIP performs not only a
classification, but also an analytical function. It is widely used by US federal agencies,
in particular the U.S. Department of Education, to collect statistical data, form
educational policy and forecast labor market needs. Thanks to CIP, data comparability
between universities, states and time periods is ensured, which is critically important
for conducting educational research and international comparisons.

CIP is of particular importance in the context of the development of STEM
education. In the USA, the concept of STEM is defined precisely through the
corresponding groups of CIP codes, which include Engineering (14), Computer
Science (11), Biological & Biomedical Sciences (26); Mathematics & Statistics (27),
Physical Sciences (40), as well as a number of interdisciplinary areas (in particular
30.x, 15.x, etc.), which reflects the current evolution of STEM (DHS STEM
Designated Degree Program List, 2024; New CIP Codes Added to DHS STEM...,
2026). Therefore, the number of STEM programs = the number of programs with
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STEM-CIP codes. This allows for accurate identification of STEM programs and their
quantitative analysis at the university, state, and national levels.

Thanks to CIP, it became possible to form such tools as the list of STEM
specialties, which is used by the U.S. Department of Homeland Security to determine
programs that give the right to extended employment for international students (STEM
OPT). This demonstrates that CIP has not only academic, but also applied significance,
influencing migration policy and global student mobility. In addition, the CIP system
is actively used in bibliometric and scientometric studies. It allows you to group
publications, educational programs and scientific areas according to a single
classification basis, which is a necessary condition for building knowledge maps, in
particular in the VOSviewer software (Waltman & et al., 2010). Thus, CIP is an
important tool for integrating educational and scientific data.

In today’s conditions of digitalization of education, the role of CIP is growing
even more. New codes are emerging that reflect the development of such areas as
artificial intelligence; big data and analytics; cybersecurity; interdisciplinary STEM
research. This indicates that the classification is not static, but is constantly updated in
accordance with the challenges of the 21st century. At the same time, such dynamism
creates certain challenges for scientists, teachers and educators, which are associated
with the need to harmonize data from different years. As a result, the CIP system is a
fundamental element of the institutional architecture of higher education in the United
States. It ensures the standardization of educational programs; the possibility of
quantitative analysis of STEM education; integration of education, science and the
labor market; support for state educational policy. Thus, the use of CIP as an analytical
tool allows not only to systematize educational programs, but also to gain a deeper
understanding of the structural transformations of modern higher education, which is
especially important in the context of global competition and the development of
STEM ecosystems. Table 1 presents a generalized ranking of US universities with the
largest number of educational programs in STEM specialties and areas by 2026.
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Table 1.
US Universities Ranked by the Number of STEM Programs (2026) with CIP Codes.
University Type of Estimated Main STEM- Main STEM fields
educational number of CIP codes
institution STEM
programs*
Massachusetts Institute Technical 200+ 14, 11, 26, Engineering, Al,
of Technology 27,40, 30.7 | Physics, Biotechnology
Stanford University Research 180-220 11, 14,26, | Computer science (IT),
30.7 Robotics,
Bioengineering
University of Public 170-210 14, 26, 40, 27 Engineering, Data
California, science, Materials
Berkeley Science, Physics
University of Michigan public 160-200 14, 11,26, | Robotics, Biomedicine,
30.7 Al
Georgia Institute of technical 150-190 14,11, 15, Aerospace, IT,
Technology 30.7 Industrial engineering
Carnegie Mellon technological 140-180 11, 14, 30.7 Computer science,
University Robotics, Al
Purdue University technical 140-170 14,15, 26 Aviation, Mechanical
engineering,
Nuclear engineering
The Pennsylvania State public 140-170 14, 11, 26, Materials science,
University 15,30.7 Engineering
Arizona State public 140-170 11, 14, 26, Sustainability
University 30.7 engineering,
Space science
The University of public 130-160 14,11, 26 Engineering,
Texas at Austin agriculture, IT, Oil and
gas engineering
Texas A&M public 130-160 14,01, 26 Energy, Engineering,
University Agricultural sciences
University of Florida public 130-160 14,26, 11, Engineering,
30.7 Space technology
University of public 120-150 11, 26,27 Al Data science,
Washington Medicine, Oceanology
University of Illinois technical 120-150 14, 11, 40 Electrical engineering,
Urbana-Champaign Computer engineering
University of research 110-140 26,11, 14 Bioengineering,
California, San Diego Oceanography
Columbia University private 100-130 14, 26, 27 Applied sciences
Harvard University private 90-120 26,27, 40 Biomedicine,
Nanotechnology
California Institute of | specialized 80-100 40,12,27 Physics, Space

Technology

*The assessment includes bachelor’s, master’s and PhD programs in STEM.
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Based on the historical and institutional analysis, several groups of universities
can be distinguished that form the core of the ranking.

1. Global leaders in STEM education. This group includes universities with the
maximum number of STEM programs and a high level of innovation:

— Massachusetts Institute of Technology (Massachusetts Institute of Technology,
2026);

— Stanford University (Stanford University, 2026);

— University of California, Berkeley (UC Berkeley, 2026).

Their leadership is due to a combination of several factors: a large number of
educational programs, a wide range of CIP codes and a high level of research activity.
These universities cover almost all key STEM fields, including the latest trends, such
as artificial intelligence, robotics and bioengineering, which largely explains their
dominance in the ranking. Their key characteristic is the combination of a large number
of programs with a strong scientific base and integration with industry.

2. Large-scale public universities. This group includes universities with a large
number of programs and students:

— University of Michigan (University of Michigan, 2026);

— The University of Texas at Austin (The University of Texas at Austin,2026);

— Texas A&M University (Texas A&M University, 2025);

— The Pennsylvania State University (The Pennsylvania State University, 2026);

— Arizona State University (Arizona State University, 2026);

— University of Florida (University of Florida, 2026);

— University of Washington (University of Washington, 2026).

These universities are characterized by a significant number of STEM programs,
which is explained by their large-scale institutional structure, a large number of
faculties and students, as well as extensive campus systems. An important feature of
this group is the combination of classic STEM disciplines with new interdisciplinary
directions, which is reflected in the widespread use of CIP codes of category 30.x. Their
advantage lies in the mass nature of STEM education and a wide range of
specializations. Arizona State University deserves special attention, which
demonstrates an innovative approach to the development of STEM education. The
university is actively implementing interdisciplinary programs focused on sustainable
development, digital technologies and data analytics. This indicates a transition from
the traditional STEM model to an integrated educational ecosystem, where the
boundaries between individual disciplines are gradually blurred.

3. Technological and specialized universities.
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— Georgia Institute of Technology (Georgia Institute of Technology, 2026);

— Carnegie Mellon University (Carnegie Mellon University, 2026);

— Purdue University (Purdue University, 2026).

These universities are characterized by a high concentration of STEM areas and
specialization in high-tech industries, especially in the fields of engineering and
computer science. Despite a somewhat smaller total number of programs compared to
large universities, these institutions have a high specialization and a significant impact
on the development of individual technological industries.

A separate category is made up of universities with a narrow but deep STEM
specialization, in particular the California Institute of Technology (Caltech, 2026).
Although the number of programs in such universities is relatively smaller, their
contribution to the development of science is extremely significant. This demonstrates
that a quantitative indicator does not always directly correlate with quality or scientific
impact.

The addition of universities such as Pennsylvania State University and the
University of Florida to the table more fully reflects the role of large multidisciplinary
institutions in shaping the US STEM ecosystem. These universities have significant
potential in the fields of materials science, biomedicine and engineering, and are also
actively integrating new technological directions, which is confirmed by the expansion
of the spectrum of CIP codes.

From a scientific and historical point of view, in the early stages (1940—-1960),
universities were dominated by engineering programs (CIP 14), which were associated
with the military-industrial complex. In the 1980s, there was a rapid growth of
computer science (CIP 11), which became the basis of digital transformation. In the
2000s, biological sciences (CIP 26) gained active development, and in the last decade
there has been a rapid growth of interdisciplinary directions (CIP 30.x), such as data
science and artificial intelligence.

Thus, the analysis of the table allows us to conclude that the current leadership
of universities in the STEM field is determined not only by the number of programs,
but also by their structural diversity, interdisciplinary nature and ability to adapt to new
technological challenges. The use of the CIP system provides a reliable methodological
basis for such an analysis, allowing universities to be compared on a single
classification platform.

According to Table 1:

1. Technical universities (MIT, Georgia Tech, Caltech, CMU) have the highest
concentration of educational STEM specialties.
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2. Large public universities offer the largest number of different programs.

3. Many universities from this list are among the top 20 in terms of the number
of STEM graduates in the USA, in particular Penn State, UC Berkeley, Texas A&M,
Purdue, Arizona State.

4. The STEM leadership of the USA is also confirmed by world rankings, where
MIT, Stanford, Harvard, Caltech occupy leading positions.

Thus, the largest number of STEM educational programs in the USA has
historically been implemented in their educational programs by universities such as
MIT, Stanford, UC Berkeley, Georgia Tech, Purdue, Texas A&M and Michigan, which
is explained by their status as research universities, significant federal funding and
cooperation with technology corporations. Among the key factors shaping the
leadership of the implementation of STEM education in US universities, it is necessary
to highlight:

1. Federal support of the US government and funding for education. Federal
investments play a key role in the development of STEM programs, contributing to the
creation of new educational courses and research centers.

2. Integration of education and science. Leading universities combine teaching
with research, which allows creating new educational directions.

3. Interdisciplinarity. Modern STEM programs integrate different fields of
knowledge, forming new educational models.

4. Global competition of universities. STEM education is considered a key factor
in economic development and innovation in higher education.

In conclusion, Table 1 demonstrates that STEM education in the United States
is developing according to the model of a scalable innovation ecosystem, where both
elite research universities and large public institutions play a leading role. This
confirms that effective STEM education is the result of synergy between the
quantitative growth of programs, their qualitative diversification and the integration of
science, education and industry.

The current stage of development of STEM education (2020-2026) is
characterized by the exponential growth of educational programs; the development of
digital technologies; the growth of demand for STEM specialists; the expansion of the
STEM education market, which is demonstrating significant growth rates. There is also
a strengthening of the role of universities as centers of innovation and technological
development.

Figure 1 shows a timeline of the evolution of STEM educational programs in the
United States from 1940 to 2026.
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Figure 1. Timeline of the evolution of STEM educational programs in the
United States (1940-2026).

At the initial stage 1940-1955 (see Figure 1), relatively slow dynamics are
observed, which is explained by the dominance of highly specialized engineering and
military-technical programs, focused mainly on the needs of the war economy of the
Second World War and post-war reconstruction. At this time, STEM as an integrated
concept had not yet been formed, and educational programs existed mainly within
individual disciplines.

In the period 1955-1970, the graph demonstrates a noticeable acceleration of
growth, which is directly related to the scientific and technological rivalry within the
framework of the Cold War and the consequences of the Space Race (Mann, 2023). An
important factor is the role of US federal policy, in particular the activities of the
National Science Foundation, which since the 1950s and 1960s has invested in the
creation of new curricula and educational models, which contributed to the institutional
growth of STEM fields. The activation of state funding through the National
Aeronautics and Space Administration (National Aeronautics and Space
Administration, 2026) and the National Science Foundation (National Science
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Foundation, 2026) stimulated the development of university programs in the fields of
physics, mathematics, engineering and space technology.

The next stage 1970s—1990s is characterized by stable and more uniform growth.
During this period, there is an institutionalization of scientific education, the expansion
of engineering specialties and, most importantly, the emergence of new areas related
to computer technology. The formation of computer science as an independent field
has significantly influenced the structure of STEM education, which is reflected in the
gradual increase in the curve of the graph.

In 1990-2010 there was a sharp increase in the number of STEM programs,
which was due to the digital revolution, globalization of the economy and the transition
to an information society. Universities are actively implementing programs in
information technology, biotechnology and engineering of new materials. It was during
this period that the modern understanding of STEM as an integrated educational
paradigm was formed.

The most intensive development occurred in 2010-2026, when the graph
demonstrates almost exponential growth. This is due to the implementation of national
STEM strategies, the development of interdisciplinary programs and the rapid spread
of such areas as artificial intelligence, data analysis, robotics and quantum
technologies. Educational programs are becoming more flexible, integrated and
focused on the innovation economy.

Thus, the graph of the evolution of STEM programs in the USA reflects the
transformation from fragmented scientific and technical education to a comprehensive,
interdisciplinary system that meets the challenges of the 21st century. The general trend
indicates a steady growth in the role of STEM education as a key factor in the scientific
and technological development of the state.

Discussion. The relevance of this study is determined by the need for a
comprehensive analysis of the development of STEM education through a combination
of quantitative (tabular) and dynamic (graphic) indicators. In particular, the table «US
Universities Ranked by the Number of STEM Programs (2026) with CIP Codes»
reflects the institutional distribution of educational programs; the figure «Timeline of
the evolution of STEM educational programs in the United States (1940-2026)»
demonstrates the historical dynamics of development; and descriptive analysis allows
interpreting the data obtained from a pedagogical and scientific point of view.

The generalized ranking of US universities by the number of STEM programs is
a reflection of the historical development of education; state policy and technological
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progress. The leadership belongs to universities that have a wide range of programs;
integrate education and research; actively implement innovations.

From a pedagogical perspective, the number of STEM programs in universities
1s an indicator not only of the educational offer, but also of the level of development of
the educational environment capable of ensuring the formation of 2Ist century
competencies. The increase in the number of programs indicates the diversification of
educational trajectories, the integration of new knowledge and the adaptation of
universities to the requirements of the labor market.

The figure «Timeline of the evolution of STEM educational programs in the
United States (1940-2026)» for the period 1940-2026 demonstrates a gradual but
uneven growth in the number of educational programs. The initial stage (1940-1960)
is characterized by relatively slow development, which is explained by the limited
number of educational areas and the dominance of classical sciences. However, since
the 1960s, there has been an intensification of the development of STEM education,
which 1s associated with state investments in science and education, as well as with the
formation of an institutional research base.

Particularly intensive growth occurs in the period 1980-2000, which correlates
with the development of information technologies and computer sciences. At this time,
a new paradigm of education is being formed, focused on digital competencies. In the
future (2000-2026), there will be an exponential growth in STEM programs, driven by
the development of artificial intelligence, biotechnology, data science, and other
innovative industries. At the same time, modern research confirms the growth of
student participation in STEM fields and the increase in the number of educational
programs, especially at the master’s level.

A tabular analysis of US universities allows us to identify the structural features
of the development of STEM education at the institutional level. Leading universities,
such as the Massachusetts Institute of Technology, Stanford University, and the
University of California, Berkeley, are characterized by the largest number of STEM
programs and a wide range of CIP codes. This indicates their ability to provide
comprehensive training for specialists in various fields of science and technology.

At the same time, large public universities, such as Pennsylvania State
University, Arizona State University, and the University of Florida, play an important
role in ensuring the mass availability of STEM education. Their activities are aimed at
expanding access to education and training a large number of specialists for the national
economy.
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From a scientific point of view, the combination of tabular and graphical analysis
allows us to form a holistic picture of the development of STEM education. The table
reflects the structural (static) aspect, while the graph reflects the dynamic
(evolutionary) aspect. Together, they create a comprehensive analysis model that
allows us to:

— assess the scale of development of STEM programs;

— identify key stages of their evolution;

— identify leading universities and their role in the STEM ecosystem.

A comprehensive study of STEM education in the USA using the CIP
classification system, tabular ranking of universities, and graphical analysis of the
evolution of educational programs allows us not only to systematize existing
educational practices, but also to determine strategic directions for the development of
education in the context of global transformations. As a result, STEM education
appears as a key element of the modern educational paradigm, ensuring the innovative
development of society, and its analysis through the prism of quantitative and
qualitative indicators opens up new opportunities for scientific research and
educational reforms.

Conclusions. The combination of graphical (dynamic) and tabular (structural)
data analysis, as well as the use of the Classification of Instructional Programs
classification system, made it possible to achieve a high level of generalization and
scientific validity of the research results, to form a holistic picture of the evolution,
institutional features and pedagogical and scientific patterns of the development of
STEM education in universities in the United States of America.

First of all, it was established that the development of STEM education in the
USA has a clearly expressed evolutionary nature and occurs under the influence of
external (socio-economic, political, technological) and internal (institutional,
pedagogical) factors. Analysis of the figure «Timeline of the evolution of STEM
educational programs in the United States (1940—2026)» showed that the number of
educational programs grew unevenly, passing through several key stages. The initial
period was characterized by relatively slow development, which was due to the
dominance of traditional scientific disciplines and limited capabilities of educational
systems.

The next stage (1960—1980) is associated with a significant increase in the
number of STEM programs, which was a consequence of active state support for
science and education, as well as the development of research infrastructure. During
this period, STEM education begins to take shape as a systemic phenomenon, rather
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than a set of individual disciplines. The period 1980-2000 is especially significant,
when there is a rapid development of information technologies, which led to the
emergence of new educational programs in the field of computer science and
programming. The most intensive stage of development of STEM education is
observed in the 21st century (2000-2026), which is confirmed by a sharp increase in
the number of educational programs. This is due to the development of digital
technologies, artificial intelligence, biotechnology and interdisciplinary research.
Thus, the evolution graph of STEM programs reflects not only quantitative growth, but
also qualitative transformation of the educational system, moving from a disciplinary
to an integrated model of learning.

From a pedagogical and scientific point of view, it has been established that the
growth in the number of STEM programs is an important indicator of the development
of the educational environment. It indicates the diversification of educational
trajectories, the expansion of opportunities for individualization of learning and the
integration of the latest scientific achievements into the content of education. At the
same time, it is important to note that quantitative growth should be accompanied by
qualitative improvement of educational programs, in particular, the introduction of
innovative pedagogical technologies, the development of critical thinking and the
formation of interdisciplinary competencies.

Analysis of the table «US Universities Ranked by the Number of STEM
Programs (2026) with CIP Codes» allowed us to identify key patterns in the
development of STEM education at the institutional level. In particular, it was found
that the leading positions are occupied by universities with a high level of research
activity and a wide structural diversification of educational programs. These include
institutions such as the Massachusetts Institute of Technology, Stanford University and
the University of California, Berkeley. Their leadership is explained not only by the
number of programs, but also by the ability to integrate different fields of knowledge
and implement innovative educational approaches.

At the same time, a significant role in the development of STEM education is
played by large public universities such as Pennsylvania State University, Arizona State
University and the University of Florida. Their contribution is to ensure the mass
availability of STEM education, the accessibility of educational programs and the
training of a significant number of specialists for the economy. This allows us to
conclude that there is a two-component model for the development of STEM education
in the USA:

— elite research universities — as centers of innovation;
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— large public universities — as the basis for mass training.

An important result of the study is the confirmation of the effectiveness of using
the Classification of Instructional Programs system as a tool for classifying and
analyzing educational programs. Thanks to CIP, it became possible not only to
standardize educational areas, but also to carry out their quantitative comparison,
determine the structure of STEM education and identify trends in its development. Of
particular importance is the growing role of interdisciplinary programs (CIP 30.x),
which reflect modern trends in the integration of science and technology.

The combination of tabular and graphical analysis allowed us to form a
comprehensive model for the study of STEM education. The table reflects a static
cross-section of the system (the structure of programs and their distribution among
universities), while the graph demonstrates the dynamics of development in time. This
approach is methodologically sound and can be recommended for further research in
the field of educational science.

From a pedagogical point of view, the results of the study indicate the
transformation of the educational paradigm from the traditional subject model to a
competency-based and interdisciplinary one. STEM education is becoming not only a
set of academic disciplines, but also a holistic system for the formation of innovative
thinking, the ability to solve complex problems and adapt to rapid changes.

It has been established that modern STEM education in the USA functions as an
innovative ecosystem based on the interaction of universities, the state and business.
Such a model ensures the effective integration of education, science and practice,
promotes the development of innovations and increases the country's competitiveness
at the global level.

The practical significance of the results obtained lies in the possibility of their
use for improving educational policy, developing new curricula, as well as for
conducting comparative research in an international context. The application of the
obtained conclusions for the modernization of the education system in Ukraine taking
into account the best practices of the USA is especially relevant.

Prospects for further research include an in-depth analysis of interdisciplinary
STEM areas; studying the impact of digital technologies on the educational process;
developing models for integrating STEM education in different countries; studying the
quality of educational programs along with their quantitative characteristics.

Thus, the results of the study confirm that STEM education is a key factor in the
development of modern society, and its effectiveness is determined by a combination
of the quantitative growth of educational programs, their qualitative diversification,
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and institutional support. The use of the Classification of Instructional Programs
system, the analysis of universities, and the study of the dynamics of program
development allow us to form a scientifically sound basis for further research and

educational reforms.
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