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Statement of the problem. Non-for-
mal education is an important component
of the education system in any country, as
it provides the opportunity to study outside
the formal school and university, promotes
the development of lifelong competence and
adaptation to a rapidly changing socio-eco-
nomic environment. In the global con-
text, non-formal education plays the role of
a catalyst for innovative approaches to learn-
ing, the introduction of digital technologies,
the development of STEM skills and inter-
disciplinary thinking in the pedagogical and
scientific and technical spheres.

An analysis of the history of the develop-
ment of non-formal education in the USA
and Ukraine during the 20th — 21st cen-
turies allows us to identify both common
patterns and the peculiarities of national
models. In the USA, non-formal education
was formed gradually, starting with voca-
tional and labor training at the beginning
of the 20th century, was integrated into

the adult education system and is actively
supported by federal programs (Adult Edu-
cation, Workforce Development, STEM
Education). In Ukraine, the development of
non-formal education was more fragmented,
under strong political and ideological influ-
ence during the Soviet period, and the cur-
rent stage of its formation is associated with
the independence of the state, European inte-
gration processes and the digital transforma-
tion of education.

Of particular importance in both coun-
tries is the non-formal education of teach-
ers, in particular teachers of mathematics,
physics and related STEM disciplines. It is
implemented through trainings, internships,
online courses, laboratory and experimental
programs that contribute to the formation of
professional competence, digital skills and
an interdisciplinary approach to learning.
An analysis of the historical development
of non-formal education allows not only to
trace the evolution of educational models,
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but also to identify key factors that influence
the integration of STEM into pedagogical
practice and the development of teachers’
digital competence.

Thus, a sciences and pedagogical analysis
of the development of non-formal education
in the USA and Ukraine is a necessary pre-
requisite for the modern concept of STEM
education, digitalization of learning, and
the development of professional competence
of teachers within lifelong education.

Analysis of current research. The scien-
tific and pedagogical aspect of the develop-
ment of non-formal education in US higher
education has been studied in the works of
scholars such as Richard Arum and Josipa
Roksa and although this study is not a study
of non-formal learning itself, the authors
deeply analyze the limited academic effec-
tiveness of American higher education and
emphasize that a significant part of stu-
dent learning takes place outside the formal
curriculum (Arum & Roksa, 2010). This
approach contributes to the understanding
of informal learning in the broader educa-
tional landscape of the US. No less inter-
esting is the recent study which developed
a model and measurement of informal stu-
dent learning for the university environment
(Decius et al., 2022). The authors adapted
the Octagon Model of Informal Learning,
which originated from research on infor-
mal learning in the workplace, to assess
students’ learning activities outside formal
courses including self-educational activi-
ties, exchange of experience with peers,
reflection and intuitive study of the mate-
rial. The model’s validity was found for
self-efficacy and academic achievement,
highlighting the importance of informal
learning for student development in higher
education. Informal learning spaces in US
higher education are explored in the article
by Wu Xianfeng et al. The study examines
how non-formal learning spaces (corridors,
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student areas, cafes, libraries, etc.) can faci-
litate student learning outside the classroom.
The authors identify key characteristics
of the space (comfort, openness, flexibi-
lity, functionality) that influence students’
choice of such areas for learning and inter-
action (Wu et al., 2021). Recent research
(2020-2025) continues to recognize non-
formal learning as a key component of
the student experience, which is associ-
ated with academic success, self-efficacy,
engagement, and other learning outcomes
(Chandler et al., 2025; Johnson & Majew-
ska, 2022; Almeida & Morais, 2025). In par-
ticular, recent work recognizes the need for
scientific tools to measure non-formal learn-
ing and emphasizes its connection with for-
mal learning and hidden learning, as known
as aspects that are not always obvious in tra-
ditional curricula, because a significant part
of student learning is unmeasured non-for-
mal curriculum activities that need to be
systematically recognized and measured in
an academic context. Informal learning, in
support of student learning, can be an impor-
tant component of a successful educational
ecosystem. Traditional higher education
does not cover all paths of student learning,
and therefore research into non-formal learn-
ing should be a priority.

Wide attention, within the framework of
the study of informal education, in the US
educational environment has the National
Survey of Student Engagement (NSSE),
which is a standardized tool for assessing
student involvement in the educational pro-
cess including informal learning activities
(learning with peers, independent projects,
participation in extracurricular activities,
etc.). NSSE covers millions of students from
over a thousand universities in the US and is
considered a basic source of data on student
learning engagement. Such research cre-
ates an empirical basis for assessing the part
of student learning that does not belong




to the formal course, but has an impact on
success and involvement (Evidence-Based
Improvement in Higher Education, 2026).
Organizational approaches to non-formal
learning (within departments, centers and
projects) are studied in the Center for Infor-
mal Learning and Schools (CILS) (Center
for Informal Learning and Schools, 2026).
This NSF—funded center in the US is mostly
engaged in research on informal learning in
the natural sciences outside of school and
university contexts. And although the focus
of the research is mostly on museums, sci-
ence centers, etc., the work of CILS estab-
lishes methodological and conceptual
foundations for understanding non-for-
mal learning as a real educational practice
that affects the acquired knowledge and
skills. The main contribution is the crea-
tion of institutional approaches and theoret-
ical frameworks that can be adapted also to
higher education (for example, non-formal
science education in STEM disciplines).
Scientific and pedagogical reviews of
the university education system that empha-
size the limitations of formal approaches and
stimulate attention to non-formal learning
as a separate phenomenon and in the con-
text of higher education, adult education,
professional development of teachers and
integration with formal education were stud-
ied in the works of N. Shalova, O. Korbut,
I. Stavytska who consider informal edu-
cation as an alternative or complementary
form to formal education that contributes to
the development of professional and social
competencies and adaptation to the dynamic
demands of the labor market (Shalova et al.,
2023). The authors emphasize that non-for-
mal education should not be considered as
“less important”, but on the contrary, as
a set of learning experiences outside for-
mal courses that can be systematized. In
the works of L. B. Luk’yanova in the mono-
graph “Adult Education in Ukraine: Current

Status and Development Prospects” which
considers non-formal education as a com-
ponent of continuous adult education,
which is a logical continuation of formal
adult education and an integral element of
the educational path throughout life (Luki-
anova, 2020). It is noted that the Ukrainian
adult education system is currently frag-
mented, and non-formal education requires
legalization, standardization and methodo-
logical support. I. Meleshko, N. Khymay,
N. Nikitina analyze non-formal adult educa-
tion as a response to the needs of the modern
labor market, the growing demand for digital
and professional skills. The authors highlight
key forms of non-formal learning (seminars,
trainings, community courses), noting that
they are often more effective than formal
courses in developing practical competence
(Meleshko et al., 2024). O. V. Anishchenko
considers non-formal education in the broad
sense of adult education, emphasizing
that the success of such forms depends on
the social context, employer support, and
recognition of learning outcomes in profes-
sional qualification systems (Anishchenko,
2022). V. V. Kovtunets, V. M. Zakharchenko,
D. M. Parmenova analyze the conditions for
recognizing the results of non-formal learn-
ing in higher education, focusing on the need
to develop a national system for recogniz-
ing such results for integration into formal
education and career trajectories (Kovtunets
et al, 2024). O. A. Dubaseniuk and
O. A. Samoilenko examines various edu-
cational practices in higher education, pay-
ing attention to the combination of formal
and non-formal learning in the education
system, which allows optimizing the edu-
cational process and increasing the profes-
sional competence of students (Dubaseniuk
& Samoilenko, 2020). M. Ostroha, V. Sha-
monia, O. Shershen investigate educational
platforms that provide access to open edu-
cational resources: MIT OpenCourseWare,
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EdX, Coursera, Udemy, EdEra, Prometheus,
and justify that digital educational resources
can be a tool for implementing non-for-
mal education in a modern digital society
(Ostroha et al.,, 2022). Ukrainian scien-
tists and teachers lay the philosophical and
conceptual foundations of understanding
non-formal education, form the basis for
further empirical research; analyze non-for-
mal education in teacher training, empha-
sizing that extracurricular trainings, scien-
tific seminars, workshops and professional
communities contribute to the development
of professional skills that are difficult to
find in formal courses. These works empha-
size the value of non-formal approaches for
the professional development of teachers
and lecturers, particularly in STEM disci-
plines, where constant updating of knowl-
edge is critically important (Ponomarenko,
2019; Rybalko et al., 2023; Dotsenko &
Ovod, 2025).

The purpose of the article. The pur-
pose of the article is to conduct a scientific,
pedagogical and comparative analysis of
the development of non-formal education
in the USA and Ukraine during the 20th —
21st centuries, determine its role in the for-
mation and spread of STEM education in
higher education, as well as identify leading
trends, models and mechanisms for integrat-
ing non-formal educational practices into
the system of teacher training.

Methodology and research methods.
The methodological basis of the study is
a systemic, historical-pedagogical, compar-
ative and interdisciplinary approaches that
provide a comprehensive study of the devel-
opment of non-formal education in higher
education in Ukraine and the USA dur-
ing the 20-21st centuries in the context of
the formation of STEM education.

The systemic approach made it possible
to consider non-formal education as a holis-
tic educational phenomenon that functions
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in conjunction with formal education, state
educational policy, socio-economic factors
and technological development. The histori-
cal-pedagogical approach was used to identify
the stages of the evolution of non-formal edu-
cation, the transformation of its goals, forms
and content in accordance with social needs
and scientific and technological progress.

The comparative approach provided
a comparison of the Ukrainian and Amer-
ican experience in the development of
non-formal education, in particular regard-
ing regulatory and legal support, institutional
models and practices of integrating STEM
components into the training of pedagogical
specialists. The interdisciplinary approach
allowed us to involve the provisions of ped-
agogy, philosophy of education, sociology,
educational policy and STEM studies for
a deeper analysis of the problem under study.

The following methods were used in
the research process: analysis, synthesis,
generalization and systematization — to pro-
cess scientific sources of Ukrainian and for-
eign authors; historical-logical analysis — to
establish the patterns of development of
non-formal education; comparative-peda-
gogical analysis — to identify common and
distinctive features of non-formal education
in the USA and Ukraine; content analysis
of regulatory legal acts, educational strate-
gies, programs and STEM initiatives; chron-
ological method — to structure the material
according to historical periods. The applica-
tion of a set of these approaches and meth-
ods ensured the scientific validity, objectivity,
and integrity of the research results, as well
as the possibility of formulating generalized
conclusions regarding the role of non-formal
education in the development of STEM-ori-
ented higher pedagogical education.

Presentation of the main material.
The development of non-formal education
as a factor in the development of STEM edu-
cation in higher education in Ukraine and




the USA in the 20th — 21st centuries can be
divided into several stages (see Table 1):

1. Initial stage (1900-1917).

2. The period of revolutions and the early
Soviet stage (1917-1930s).

3. The Great Depression and World War
I1 (1930-1945).

4. Post-war industrialization (1945—-1960s).

5. Late Soviet period (1970-1980s).

6. Independence and  transformation
period (1991-2004).

7. European integration and digital stage
(2005-2013).

8. Institutionalization and the modern
stage (2014-2025).

At the beginning of the 20th century
(1900-1917), non-formal education on
Ukrainian lands was formed in the absence
of its own statehood and being part of
the Russian and Austro-Hungarian empires.
The main forms of non-formal education
were educational societies, folk universi-
ties, reading rooms, self-education circles,
whose activities were of a national-cultural
and civic nature. A special role was played
by the organizations “Prosvita”, pedagogi-
cal circles, Sunday schools for adults, where
knowledge of mathematics, natural sciences,
and technical basics of crafts was dissemi-
nated. Non-formal education of this period

Table 1

The development of non-formal education in the USA and Ukraine in the STEM-
education context (the 20 — 21°)

USA: STEM Ukraine: ke Ukraine: STEM
Period USA: key features component/ feature.s ofy component/
of development pedagogical d pedagogical
. . evelopment . .
integration integration
i Elementary
Educational and Initial knowledge of Society mathematics and
. mathematics, natural |.. . . .
1900-1917 professional . . Prosvita”, folk  |natural sciences;
— : ) sciences, technical . g SCIC
circles, workers skills: teacher universities, popularization of
schools trainin Sunday schools  |science (the beginnings
g of STEM)
Courses for adults, | Teacher training, Ei?ﬁii; (;Zﬁi)lzls Technical education,
elimination of integration of 2 applied mathematics
1917-1930 illiteracy; workers’ |applied STEM for working and physics; formation
: ’ youth, technical p > aLy
circles knowledge circles of engineering thinking
Community service
Non-formal . .
programs (CCC, . Engineering and
WPA); trainin education performed | Advanced technical training;
of une’m love (% an adaptive and training courses; hvsics mechan%:s
1930-1945 adults; VI())CEi};iOI’lal compensatory technica} houses; re)le}(,:tricéll en ineerir,l ;
retrair;ing' military- function, mass training for prototypes 0% STEMg’
technical Erainin complementing industry labora}t]ories
ME I the formal system
of the population
Technology Physics, engineering, tSta}tllo.ns of young Engineering and
buildings, science |digital tools; echnicians, technical projects;
1945-1960 lub SgT’EM . ? hips pioneer houses, interdi .pl. ] éTEM
laboratorics tcachers  |scienceand | g REPTRE
technology clubs
. In-depth study . Experimental projects;
Olympiads, of physics and Extracurricular intg cation of ph Jsics ’
1970—1980 electives, STEM mathematics; clubs, Olympiads, an d%n athemat?cs}‘]
workshops for development methodological ’
teachers of logical and seminars ?ri\é%?g?i?;;f skills
algorithmic thinking plnary
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Continuation of table 1

USA: STEM Ukraine: ke Ukraine: STEM
Peri USA: key features component/ - ey component/
eriod . features of .
of development pedagogical development pedagogical
integration P integration
Online courses, Mathematics Public Beginning of STEM
international hvsics. computer organizations, integration: digital
1991-2004 |programs, PRYSICS, comput international technologies, applied
. science, beginning of | .
professional STEM dicital i projects, teacher | mathematics and
- igital literacy S )
trainings training courses | physics
Bologna process, | Digital STEM International .
MOOCs, STEM tools, laboratory programs ST?‘[ZI 121 r‘t?(J)f;‘:g,ries
2005-2013 |laboratories, simulations, (Tempus, intger discinlina ta,sks
research computational Erasmus), online for teacherirs Ty
internships methods platforms
STEM integration |Digital badges, Activation of iSn"lt“frl(;/gslcaib(l)irI?;orles,
in teacher training, |micro-credentials, online courses, . pnary
2014-2019 : P projects, digital
maker spaces, computational trainings for tools for phvsics and
coding bootcamps | thinking teachers mathemalt)ic}s/
o Digital platforms,
Mass digitalization Full integration online STEM Full STEM integration:
and distance courses, S -
. of STEM, . digital laboratories,
20202025 |learning, Al ine. d normative deline. STEAM
tools, STEM programming, data | ..o pition modeng,
) g
: science, modeling projects for teachers
environments of non-formal
education

served as a compensation for limited access
to formal education and contributed to
the formation of elementary scientific ideas.
In the United States, in the early 20th cen-
tury, informal education was formed mainly
through vocational schools, worker’s clubs,
and community educational organizations.
The main goal was to spread basic knowl-
edge in the labor, technical, and scientific
fields, which became the foundation for
future STEM programs. At the same time, in
the pedagogical context, the first courses for
training teachers of mathematics and natural
sciences appeared within the framework of
public and professional societies.

The period of the Revolution and
the early Soviet stage (1917-1930s) was
characterized by attempts to create a national
education system, within which non-formal
education was considered a means of elim-
inating illiteracy and spreading scientific
and technical knowledge among the popu-
lation. In the 1920s and 1930s, non-formal
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education in Soviet Ukraine became wide-
spread through: workers’ faculties (rab-
faks), schools for workers’ and peasant
youth, technical minimum courses, scien-
tific and technical circles. At the same time,
it was ideologized and tightly controlled by
the state, which limited autonomy and vol-
untariness as key features of non-formal
education. In the United States, the devel-
opment of non-formal education during
this period was focused on adult vocational
training, the elimination of illiteracy, and
the involvement of citizens in scientific and
technical activities. Teachers were given
access to seminars and short-term courses
for advanced training.

The period of the Great Depression and
World War II (1930-1945) was character-
ized by profound socio-economic transfor-
mations that directly affected the education
systems in both countries. In the context of
resource shortages, population mobiliza-
tion, and the reorientation of the economy




to industrial and military-technical needs,
non-formal education became an impor-
tant mechanism for rapid training, primar-
ily in areas that are today defined as STEM
(science, technology, engineering, mathe-
matics). In the USA in 1930-1945, non-for-
mal education played a compensatory and
innovative role, complementing the for-
mal education system with the following
key characteristics: active development of
public technical training programs (work-
shops, evening classes, extension programs);
the spread of on-the-job training in indus-
try, engineering, mechanics, and electrical
engineering; the involvement of universi-
ties in extracurricular training of engineers,
technicians, and physicists for the defense
industry; support for popular science edu-
cation through science museums, radio pro-
grams, and public lectures that contributed
to the formation of engineering and scien-
tific thinking (Batyuk, 2025). As a factor
in the development of STEM education in
higher education, non-formal education in
the United States contributed to: the devel-
opment of applied physics and engineer-
ing knowledge; the formation of technical
competencies necessary for aviation, radar
technologies, and weapons production;
the formation of a culture of scientific and
technical literacy among the population,
which became the basis of the post-war
STEM breakthrough (Batyuk & Zherno-
vnykova, 2025).

In Ukraine (as part of the USSR), non-for-
mal education as an element of ideologized
industrialization in 1930-1945 developed
within the framework of the Soviet educa-
tional and ideological model, strictly subor-
dinated to state goals. Key characteristics:
the functioning of workers’ faculties (lab-
faks), technical circles, advanced training
courses; mass involvement of young peo-
ple in industrial training at enterprises, espe-
cially in the fields of mechanical engineering,

energy, and metallurgy; development of mil-
itary-technical training through voluntary
societies (DTSAAF and its predecessors);
use of non-formal education as a tool for
the rapid elimination of technical illiteracy.
As a factor in the development of STEM edu-
cation in higher education, non-formal edu-
cation in Ukraine contributed to: the dissem-
ination of elementary knowledge in physics,
mechanics, mathematics; the formation of
technical skills for the needs of the military
economy; practical orientation of learning
without the development of critical thinking
and scientific autonomy.

After World War 1II (1940-1960s),
non-formal education in Ukraine was closely
linked to the processes of industrialization
and reconstruction. The main emphasis was
on improving the skills of workers, technical
training, dissemination of engineering and
natural science knowledge. Houses of tech-
nology, stations of young technicians, sci-
entific and technical societies were formed,
which can be considered the predecessors
of modern STEM centers. In the pedagogi-
cal environment, advanced training courses,
seminars,  methodological  associations
developed as forms of non-formal education
of teachers. In the United States, the role
of technology houses, science clubs, and
STEM laboratories for students and teach-
ers has increased. The emphasis has been
on training specialists for engineering and
science. The emergence of NASA and NSF
programs has opened up opportunities for
physics and mathematics teachers to master
modern scientific methods and digital tools
(Batyuk, 2025).

In the late Soviet period (1970-1980s),
non-formal education functioned mainly
within the framework of the system of out-
of-school education, advanced training
courses, mass popular science programs.
A characteristic feature of the period was
the combination of formal and out-school
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education, although the latter was not rec-
ognized as an autonomous sphere. Technical
Olympiads, clubs in mathematics, physics,
and electronics became widespread, laying
the foundation for the future STEM move-
ment. In the United States at this time, state
support for career and technical education,
including advanced training and adult edu-
cation programs, was institutionalized (Neff,
1974; Knowles, 1980; Perkins, 1984).

After Ukraine gained independence
(1991-2004), non-formal education began to
develop in the context of democratization and
decentralization. Public educational organiza-
tions, international educational projects, and
retraining courses for teachers and special-
ists appeared. However, there was no legis-
lative recognition of non-formal education,
which hindered its institutional development.
During this period, non-formal education
played the role of an adaptation mechanism
to socio-economic changes. In the United
States, digitalization and interdisciplinary
learning are on the rise in non-formal edu-
cation. The emergence of online courses and
professional STEM training for teachers has
allowed for the integration of classical mathe-
matics and physics with computer science and
engineering (Batyuk, 2024).

After Ukraine joined the Bologna Process
(2005-2013), the development of adult edu-
cation and non-formal learning intensified.
The role of trainings, short-term courses, and
international programs Tempus, Erasmus
increased. Non-formal forms of professional
development of teachers began to spread
in the pedagogical sphere, in particular in
mathematics, physics, and computer science.
Prerequisites were laid for the implementa-
tion of STEM approaches (Drop in educa-
tion, 2018). In the US, non-formal education
is becoming an integrated system of profes-
sional development, including STEM pro-
grams, laboratory simulations, digital train-
ing, and research internships for teachers.
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The period after 2014 became a turning
point for the development of non-formal
education in Ukraine. There was an increase
in the role of civil society, the active imple-
mentation of online education, the emer-
gence of educational platforms Prometheus,
EdEra. Non-formal education increasingly
focused on a competency-based approach,
digital technologies and interdisciplinarity,
which became the basis for the development
of STEM education (Law of Ukraine “On
Higher Education”, 2014; Law of Ukraine
“On Education”, 2017). In the US, STEM
non-formal education is becoming a strate-
gic part of teacher training, with clear reg-
ulatory and financial support (American
Innovation and Competitiveness Act, 2017).
Digital badges, microcredentials, maker
spaces, coding bootcamps, computational
physics are being introduced (Batyuk, 2024).

The history of the development of
non-formal education during the years of
Ukraine’s independence, 1991-2025, testi-
fies to its evolution from spontaneous educa-
tional initiatives to a strategically important
component of the national education sys-
tem. At the current stage, non-formal edu-
cation plays a key role in the training and
professional development of teachers, par-
ticularly in the context of digital transfor-
mation and STEM education (Yurchenko &
Semenikhina, 2023; Batyuk, 2025; Resolu-
tion of the Cabinet of Ministers of Ukraine,
2021; Order of the Ministry of Education
and Science of Ukraine, 2022).

The current stage, which can be distin-
guished from 2019 to 2025, has brought to
the educational environment such challenges
as digitalization, STEM and education in
times of crisis. In 2019-2025, the develop-
ment of non-formal education in Ukraine
took place in the context of the COVID-19
pandemic and a full-scale war. This has led
to the rapid digitalization of educational pro-
cesses, the mass distribution of online courses




and the growing role of non-formal education
for teachers, the development of individual
educational trajectories and the improve-
ment of the educational process, the recog-
nition of learning outcomes of non-formal
and informal education in the formal edu-
cation system, confirmation of professional
qualifications, the recognition at the levels
of complete general secondary education
of learning outcomes obtained through for-
mal and/or informal education in educational
entities located abroad, the recognition in
higher and professional pre-higher educa-
tion of learning outcomes obtained through
non-formal and/or informal education, etc.
(Resolution of the Cabinet of Ministers of
Ukraine, 2025; Order of the Cabinet of Min-
isters of Ukraine, 2025; Order of the Min-
istry of Education and Science of Ukraine,
2025). Non-formal education has become
a key tool for professional support for teach-
ers, the implementation of STEM approaches,
and the development of digital, mathematical
and natural competences.

Conclusions and prospects for fur-
ther research. The study showed that
informal education is a significant factor
in the development of STEM education in
higher education in Ukraine and the USA,
performing the function of a flexible sup-
plement to the formal training of future spe-
cialists and pedagogical personnel. During
the 20th — 21st centuries, informal education
transformed from episodic educational ini-
tiatives into a systemic component of contin-
uous professional development, especially in
STEM fields that require rapid updating of
knowledge and skills.

It was established that in the USA, infor-
mal education in the university environment
developed on the basis of academic auto-
nomy, partnership with research institutions
and industry, which contributed to the active
integration of project-based learning, research
programs, massive open online courses and

professional communities in STEM educa-
tion. This provided stable mechanisms for
updating the content of training and increas-
ing the competitiveness of graduates.

In Ukraine, non-formal education in
higher education has historically been
shaped by state educational policy and
socio-economic challenges, and at the cur-
rent stage it is acquiring the characteristics
of an open educational ecosystem, which
includes STEM centers, educational plat-
forms, public initiatives and international
projects. It has been proven that informal
STEM practices contribute to the develop-
ment of practical competencies, interdisci-
plinary thinking and professional mobility of
higher education students.

A comparative analysis showed that com-
mon features for both countries are an orien-
tation towards the practical orientation of
learning, interdisciplinarity and partnership
interaction, while the differences are due
to the level of institutional support, fund-
ing and regulatory recognition of the results
of informal education. At the same time,
the American experience confirms the fea-
sibility of systematically integrating infor-
mal STEM education into the development
strategy of universities, which is a promising
direction for the modernization of Ukrainian
higher education.

Prospective areas of further scientific
exploration are in-depth study of the mech-
anisms of institutional recognition of
the results of informal STEM education in
higher education; analysis of the effectiveness
of digital and online forms of informal STEM
education in the training of future teachers
and lecturers; development of models for
the integration of formal and informal educa-
tion in STEM teacher training; research into
the impact of informal education on the for-
mation of STEM competencies, innovative
thinking and professional identity of stu-
dents; comparative analysis of the experience
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of other countries in order to adapt the best
international practices to the conditions
of the Ukrainian higher education system.
Implementation of the above areas will con-
tribute to improving the quality of STEM
education, developing a culture of lifelong
learning and integrating Ukrainian higher
education into the global educational space.
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barok JI. B. Hedopmanbna ocBita sk
yuHHUK po3BUTKY STEM-ocBiTu y Bumiii
mkoji Ykpainu ta CIIA

VY cTarTi 311CHEHO HAyKOBO-TIEIarOT 1 IHHMA
1 KOMIIapaTMBHUI aHalli3 PO3BUTKY Hedop-
MmaibpHOi ocBiTi y CIIA Ta B Ykpaini Bopo-
noBK XX—XXI cromite 3ami1sf BU3HAYCHHS

ii poni y ctaHoBineHHI Ta po3BUTKY STEM-
OCBITH Y B} MIKOJ1. AKTyaJabHICTb 10CIH1]I-
JKEHHsSI 3yMOBJIEHa 3pPOCTAaHHSM 3HAYYIIOCTI
HeQOpMaIPHIX OCBITHIX MPAKTHK y (OpMY-
BaHHi STEM-kommnerenTHOCTeH 3m00yBa-
9iB BHUINOI OCBITH B yMoOBax Iudposizallii,
IIBUAKOTO OHOBIICHHS HAyKOBO-TEXHOJIOTIY-
HUX 3HAHb 1 MEPEXOAY A0 MOEN HAaBYAHHS
BIPOJIOBXK KUTTS.

MeTon10710T1YHY OCHOBY JIOCHIPKEHHS CTa-
HOBJIATh CUCTEMHHMH, 1CTOPUKO-NIEAAroridHuM
1 KOMIIapaTUBHUN MiAXoAu. Y poOOTI BUKOpHC-
TaHO METOIM aHaji3y Ta y3araJbHEHHS HayKo-
BHX JDKEpell, KOHTEHT-aHaIli3 HOPMaTHBHO-TIpa-
BOBUX JIOKYMEHTIB, IOPIBHSIbHO-TIEAATOTTYHUI
1 XpOHOJIOTTYHUH aHaI3.

V pe3ynbTari JOCTIKEHHS BCTaHOBJIEHO,
mo y CIIA nedopmansHa ocBita hopmyBa-
Jacs K I[iTiCHA Ta IHCTUTYIIHHO MATpUMaHa
CHCTEMa, 5IKa 3 oyaTrky XX CTOJITTS OXOILIIO-
Basia nmpodeciiiHi IIKOIU, OCBITHI TOBapHCTBA
1 TPOMAaJIChbK1 1HIIIAaTHBY 3 €JIEMEHTAMHU TPH-
POIHMYO-MATEMAaTHYHOI MiJrOTOBKH. Y Jpy-
rii mojoBuHi XX CTOMITTSA 3a MIATPUMKH
¢enepanpHUX Opranizaiiii BinOynacs akTHBHA
inrerpanis STEM-kommnonenra, a y XXI cto-
JITT1 — PO3BUTOK IUPPOBUX KypcCiB, OHIAMNH-
miatopm i mporpam miABUIIEHHS KBaTidika-
uii memaroris.

B Vkpaini po3BuTOK HehopManbHOI
OCBITM MaB eTalHUU XapakTep: BiJ Ipo-
CBITHUIBKUX (opM moyarky XX CTONITTA
Ta TEXHIYHUX TYPTKIB PaISIHCHKOTO TIepi-
ony no cydacHux STEM-ueHTpiB, oHiaiiH-
miarhopM 1 MUKIMCUUIUTIHAPHUX TPOTpPaM
s negaroriB. ChopMynb0BaHO BHCHOBOK,
mo CIIA wmaioTe cTabilbHy CHUCTEMY Mif-
TpuMKu HepopmanbHoi STEM-ocBiTH, Tonal
K B YKpaiHi Llell mpolec € MOCTYNOBUM, aje
CTpaTeTiuHO 3HAYYIIUM JJId MOJepHi3allii
BUILIOT OCBITH.

Kniouosi  cnosa: wHepopmaibHa OCBITa,
STEM-ocBita, Buma ocBitra, STEM-
KOMIIETEHTHOCTI, HeTlepepBHE HaBYaHHSI, OPIB-
HsUTbHA Tefiarorika, Ykpaina, CILIA.
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Batyuk L. V. Non-Formal Education
as a Factor in the Development of STEM
Education in Higher Education in Ukraine
and the USA

The article provides a scientific, pedagog-
ical and comparative analysis of the devel-
opment of non-formal education in the USA
and Ukraine during the 20th-21st centuries
in order to determine its role in the forma-
tion and development of STEM education in
higher education. The relevance of the study
is due to the increasing importance of non-for-
mal educational practices in the formation
of STEM competencies of higher educa-
tion students in the context of digitalization,
rapid updating of scientific and technological
knowledge and the transition to a lifelong
learning model.

The methodological basis of the study is
a systematic, historical, pedagogical and com-
parative approach. The work uses methods of
analysis and generalization of scientific sources,
content analysis of regulatory documents,
comparative pedagogical and chronological
analysis.
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The study found that in the USA, non-formal
education was formed as a holistic and institution-
ally supported system, which since the beginning
ofthe 20th century has included vocational schools,
educational societies and public initiatives with
elements of natural and mathematical training. In
the second half of the 20th century, with the sup-
port of federal organizations, the STEM compo-
nent was actively integrated, and in the 21st cen-
tury, digital courses, online platforms and teacher
training programs were developed.

In Ukraine, the development of non-formal
education was staged from educational forms
of the early 20th century and technical circles
of the Soviet period to modern STEM centers,
online platforms and interdisciplinary programs
for teachers. It was concluded that the USA
has a stable system of support for non-formal
STEM education, while in Ukraine this pro-
cess is gradual, but strategically significant for
the modernization of higher education.

Key words: non-formal education, STEM
education, higher education, STEM competen-
cies, lifelong learning, comparative pedagogy,
Ukraine, USA.
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