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EVALUATION OF STATE POLICY IN THE FIELD OF
INNOVATION SUPPORT IN STEM EDUCATION IN UKRAINE

Abstract. The purpose of the article was to analyse and evaluate the
state policy in the field of STEM education in Ukraine. To achieve the goal, a
comprehensive approach was used, which included the analysis of scientific
works and regulatory acts, comparative analysis and generalisation of the
obtained data. As a result of the research, it was found that STEM education is
one of the directions of the implementation of innovative activities in
educational institutions of Ukraine. Educational methods and programmes of
STEM education are focused on the development of key competences that are
important in the modern labour market. These competencies include critical
thinking, engineering thinking, the ability to develop and implement
algorithms to solve problems, the ability to effectively collect, process and
analyse large volumes of data, and digital literacy. The Government of
Ukraine, realising the importance of the development of STEM education,
actively supports the implementation of this direction. This is confirmed by a
number of important steps and the adoption of a number of legislative acts. An
important step on the way to large-scale innovation was the adoption of the
Concept of the Development of STEM Education for 2020-2027 in Ukraine.
Successful examples of the implementation of STEM education ideas in
Ukraine are analysed. It was determined that Ukraine already has a global
approach to STEM education at the national level. This approach includes a
number of initiatives aimed at developing STEM competencies and
encouraging young people to pursue STEM research. One of these initiatives
Is the creation of regional and local STEM centres. Under the conditions of
martial law in Ukraine, the use of artificial intelligence becomes especially
relevant. This innovation can help preserve and develop the country's
intellectual resources. The implementation of artificial intelligence and other
modern technologies in STEM education of Ukraine has the potential to make
a significant contribution to improving the quality of education, developing
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innovative potential, and training competitive specialists. In general, the main
strategic directions of state support for STEM education are aimed at the
development of critical thinking, engineering skills and digital literacy among
young people. However, despite a number of successful programmes and
initiatives aimed at developing STEM education, the effectiveness of their
implementation is often limited by insufficient funding, the lack of modern
STEM laboratories, and certain shortcomings in teacher training. An important
aspect is the need to intensify cooperation between public and private
educational institutions, business and communities to create a sustainable
educational ecosystem.

Keywords: STEM education, investments, educational technologies,
provision of scientific potential, analysis of state initiatives.
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Ciniii Bosiogumup BoJsioauMupoBHMY K. M€]1. HAyK, 3aBlAyBad BIAJALTY
OiooriuHOI, XiMiuHOI Ta (i3muHOi OCBITH, [HCTHTYT Tenaroriku HarionamsHo1
akajeMii MenaroriyHuX Hayk Ykpainu, Byia. CiyoBux Crpinbuis, 52-/1,
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OIIHKA I[EP)KABHQi ITOJITHUKHU B I'AJIY3I HIATPUMKHU
IHHOBAIIIA Y STEM-OCBITI B YKPAIHI

AHoTanisi. MeToro crarti 0ysio mpoaHami3yBaTH Ta OIIHUTU JCPIKABHY
nomTtuky y ramy3i STEM-ocBiti B Ykpaini. g qoCATHEHHS IOCTaBIICHOI
MeTH OyJI0 BUKOPUCTAHO KOMIUIEKCHUW MIIX1/, KU BKJIIOYAB aHATI3 HAYKO-
BUX IMpallb Ta HOPMATUBHUX aKTiB, MOPIBHAJIBHUN aHANl3 Ta y3arajbHEHHS
OTpUMaHUX JaHUX. Y Pe3yibTaTi AOCIIJKEHHs Oyno 3’scoBaHo, mo STEM-
OCBITa € OJHHMM 3 HAaIpSMKIB BIPOBA)KCHHS I1HHOBALINHOI IISJIBHOCTI Yy
HaBYaJIbHUX 3aKianax Ykpainu. HaBuanbHi Meroauku Ta nporpamu STEM-
OCBITM OpIEHTOBAaHI Ha PO3BUTOK KIIOYOBHX KOMIETEHTHOCTEH, fAKI €
BOXJIMBUMU Ha Cy4aCHOMY pPHUHKY mpaui. L{i KOMIETEeHTHOCTI BKJIIOYAIOTh
KPUTUYHE MHUCIEHHS, I1H)XEHEPHE MMCIEHHS, 3IaTHICTh pO3pOo0isaTH 1
peai3oByBaTH aJTOPUTMH JJISI BUPIIICHHS 3a7ad, BMIiHHSA e(QEeKTUBHO
30upatu, OOpoOIATH 1 aHali3yBaTU BEIUKI OOCSATHM JaHUX, LHUQPPOBY
IPAMOTHICTh. Ypsia YKpaiHu, YCBITOMIIIOIOYHM BaXJHUBICTh po3BUTKY STEM-
OCBITH, aKTUBHO TIATPUMYE BIIPOBAKCHHS TaHOTO HampsMmKy. Lle miaTBepa-
KYETHCSI PAJIOM BKIMBUX KPOKIB Ta MPUUHATTSAM HU3KU 3aKOHOJ/IaBUMX AKTIB.
BaxxnuBuM KpOKOM Ha NUIAXY J0 IMUPOKOMACIITAOHOI 1HHOBAIl CTajIo
npuitHaTTs Konnenuii po3sutky STEM-ocBitu Ha 2020-2027 poku B YkpaiHi.
[IpoananizoBani ycmimHi npukiaaau peanizamii i1ed STEM-ocBiTu B YKpaiHi.
Busznaueno, mo Ykpaina Bxe mae rinodanbHuit ninxig 1o STEM-ocBiTu Ha
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HallOHAIbHOMY piBHI. Lleil miaxix BKIIOYAa€ HU3KY 1HIIIATUB, CHOPSIMOBAHUX
Ha po3BUTOK KommneTeHli y STEM 1 3aoxouenns monoai 1o STEM-gocnin-
keHb. OJHI€I0 3 TaKuX IHIIIATUB € CTBOPEHHS PETIOHAIBHUX Ta MICIEBHUX
STEM-uentpi. B ymMoBax BO€HHOTO cTaHy B YKpaiHi 0COOJIMBO aKTyaJbHUM
CTa€ BUKOPHUCTAHHS IITYYHOTO 1HTENEKTY. g 1HHOBauis MOXe IOMOMOITH
30eperTd Ta PO3BUBATU IHTENEKTyaJbHI pecypcu KpaiHu. BrpoBamkeHHs
MITYYHOTO IHTEJIEKTY Ta IHIIUX cydacHuX TexHosorii B STEM-ocsity
VYkpainu Mae TOTeHIial 3pOOMTH 3HAYHUN BHECOK Yy IMIJIBUIICHHS SKOCTI
OCBITH, PO3BUTOK 1HHOBAIIIHHOTO MOTEHIIAly Ta MiArOTOBKY KOHKYPEHTO-
CIIpOMOXHUX (haxiBIlIB. 3arajioM, OCHOBHI CTpaTeriyHi HAMpsiMU JEp>KaBHOL
niagTpumMkd STEM-ocBiTH cnipsiMOBaHI Ha PO3BUTOK KPUTUYHOTO MHCIICHHS,
IHKEHEPHUX HABUYOK Ta MHUGPPOBOi TpaMOTHOCTI cepen modomi. Ilpore,
HE3Ba)KAIOYM HAa HU3KY YCHIIIHMX MpPOrpaM Ta IHILIATHB, CIPSIMOBAHHUX Ha
po3Butok STEM-ocBiTH, eekTHBHICTH X peami3amii 4acTo OOMEXYyeThCs
HEJOCTaTHIM (piHaHCYBaHHAM, BiACyTHICTIO cyyacHuX STEM-naboparopiii Ta
NMEBHUMHU HEAOJIKAaMU Y MIiATOTOBII TeJaroriB. BaXJIMBUM acleKTOM €
HEOOXIHICTh AaKTHBI3alli CHIBOpall MDK JEp>KaBHUMH Ta MPUBATHUMU
OCBITHIMHU yCTaHOBaMH, Oi3HECOM Ta TpoMaZamMu MJid CTBOPEHHS CTIAKOL
OCBITHBOT €KOCUCTEMH.

KmrouoBi caoBa: STEM-ocsiTa, i1HBecTHIli, OCBITHI TEXHOJOTIII,
3a0€3IeUeHHS HAyKOBOT'O MOTEHIlialy, aHalli3 Aep>KaBHUX 1HILIATHB.
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General statement of the problem and its connection with important
scientific or practical tasks. One of the tasks of modern educational
institutions is to unleash the potential of all participants in the educational
process and provide them with opportunities to show their creative abilities.
Achieving this goal is impossible without the introduction of variability in
educational processes, which leads to the emergence of various innovative
activities in the educational process that require deep scientific and practical
understanding.

Analysis of recent research and publications. The issue of state
policy in the field of innovative development of STEM education has been
partially considered in different contexts by domestic scholars. Thus, the
experience of implementing STEM education by Ukrainian educational
institutions was considered in the work of N. Donets [1], V. Rohosa [2],
T. Yarmolenko [3], N. Honcharova [4], L. Hrynevych [5] and other scholars
devoted their research to the formation of the STEM education ecosystem in
the context of the labour market transformation and the risks posed by the
fourth industrial revolution.

Based on the study, the authors identified groups of digital tools that are
necessary for the development of the ecosystem and will help to improve the
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effectiveness of STEM education [5]. M. Komar emphasised that innovation is
an important aspect of the modern education system [6]. B. Malitsky, in turn,
stressed that the state of the economy, welfare, national security of the
country, as well as its international position in the modern world directly
depend on the level of development of national science and the ability to use
the latest scientific achievements and high technologies in social, economic
and military practice on a large scale [7]. STEM education is a field of training
specialists who can apply scientific achievements and high technologies in
various spheres of life.

Identification of previously unresolved parts of the overall problem.
A review of recent scientific works has shown that government initiatives in
the process of introducing innovations in STEM education are not yet fully
understood.

Formulation of the objectives of the article (statement of the task).
The purpose of the article is to analyse the state policy in support of
innovations in STEM education in Ukraine to assess its effectiveness and
identify problematic aspects. The objectives of the article are:

e to analyse the features of STEM education as one of the innovative areas;

¢ identify the main areas of state support for STEM education in Ukraine;

e identify key challenges and obstacles to the implementation of
STEM education in Ukrainian educational institutions.

Presentation of the main research material with full justification of
the scientific results obtained. One of the ways to develop educational
institutions is through innovation, which encourages teachers to create and
disseminate new educational products. A pedagogical innovation is a new
product, the result of the process of creating something new that updates
pedagogical theory and practice, ensuring the achievement of educational
goals. One of the areas of innovation in an educational institution is STEM
education. STEM is a popular area of education that includes natural sciences,
technology, engineering and mathematics. It is an educational approach based
on interdisciplinarity and an applied approach, where the natural science
component is strengthened and innovative technologies are introduced.

In Ukraine, STEM education is gaining more and more recognition
every year. The Government of Ukraine, recognising the importance of STEM
education, actively supports the implementation of this area. This is evidenced
by a number of important steps and the adoption of a number of legislative
acts that promote the effective implementation of STEM education, in
particular in general secondary education institutions. The state policy in the
field of education in Ukraine is a component of the national policy, which
includes a set of goals, objectives, principles, programmes and main activities
of educational authorities.
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This policy is aimed at organising scientific and methodological support
for the development strategies of the educational system and is based on
strategic documents for the development of education. For example, on
5 August 2020, the Cabinet of Ministers of Ukraine approved the Concept for
the Development of Science and Mathematics Education (STEM education),
which should be implemented by 2027 [8]. This Concept is aimed at
modernising STEM education and implementing it on a large scale at all
levels of education, establishing partnerships with e mployers and research
institutions, and involving them in the development of science and
mathematics education. According to the Concept of STEM education,
teaching methods and programmes are focused on the development of key
competences that are important in the modern labour market. These
competences include:

1) critical thinking;

2) engineering thinking;

3) ability to develop and implement algorithms to solve problems;

4) Ability to effectively collect, process and analyse large amounts of
data;

5) digital literacy;

6) creativity and innovation;

7) ability to communicate effectively and work in a team.

The competence-based approach to education reflects the phenomenon
of internationalisation of world education. Critical thinking is a universally
recognised competence, the development of which is necessary for Ukrainian
students due to the globalisation of the labour market, informatisation and the
development of civil society. Critical thinking allows students to identify
problems and find ways to solve them, think independently, adapt
successfully, show impartiality, curiosity and flexibility of thinking [6].

Other important legislative acts that contribute to the effective
implementation of STEM education in Ukraine include:

e The Concept for the Implementation of the State Policy in the Field
of General Secondary Education Reform for the Period up to 2029 “New
Ukrainian School”, approved by the Cabinet of Ministers of Ukraine on 14
December 2016, No. 988-p. [9];

e Order of the Ministry of Education and Science of Ukraine No. 188
of 29.02.2016 “On the establishment of a working group for the
implementation of STEM education in Ukraine” [10];

e Letter of the Institute for the Modernisation of Education Content
dated 01.08.2023 No. 1242 *“Methodological recommendations for the
development of STEM education in general secondary and out-of-school
education institutions in the academic year 2023/2024”;
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e Order of the Ministry of Education and Science of Ukraine No. 574
of 29.04.2020 “On Approval of the Standard List of Teaching Tools and
Equipment for Classrooms and STEM Laboratories” [11].

During the years of Ukraine's independence, spending on general
research and scientific support for key industries that ensure the country’'s
economic development and national security has been rapidly declining [7].
The Ukrainian government's priority attention to STEM education is
understandable, as, firstly, the losses caused to the Ukrainian economy by
Russian aggression require extraordinary efforts to eliminate them, especially
in the area of national infrastructure restoration. One of the main threats to the
Ukrainian economy is the significant deterioration of the country's scientific
potential.

The importance of developing scientific potential to enhance global
competitiveness, economic independence and security is driven by the need to
create own scientific developments and implement them in the innovative
industrial sector, the need to generate new knowledge to ensure innovative
development [12]. This creates a need for specialists capable of integrated
scientific and engineering activities. Secondly, significant interest in STEM
education is caused by its innovative nature, in particular in creating an
effective model of cooperation between educational institutions, the state and
business [2].

Since 2015, the STEM Education Department of the State Scientific
Institution “Institute for the Modernisation of Education Content” has been
coordinating the activities of scientists, teachers and specialists in STEM
education. Scientists of the department are involved in the development of
conceptual, regulatory, scientific and methodological foundations of STEM
education. To share experiences, a Facebook group has been created to host
various activities for teachers and researchers. An example of such an activity
is the annual STEM Spring Festival of Ideas and Projects, which publishes
collections of the best projects.

The STEM Education Department was established in 2022 at the
Institute of Pedagogy of the National Academy of Educational Sciences of
Ukraine to provide theoretical and methodological support for the
digitalisation of general secondary education and the introduction of STEM in
Ukraine. The department is conducting an applied research study “Scientific
and Methodological Support for the Implementation of STEM Education
Technology in Gymnasiums”. In the course of the research, scientists
substantiate the didactic and methodological principles of designing and
implementing STEM education, developing its teaching and methodological
support.
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Based on the accumulated experience of implementing STEM
education, the Cabinet of Ministers of Ukraine adopted the Concept for the
Development of Science and Mathematics Education (STEM Education) and
the State Standard of Basic Secondary Education in 2020. In 2021, based on
these conceptual regulatory documents, a Model Curriculum for grades 5-9
was developed, which is being implemented gradually starting in the 2022-
2023 academic year. Among the model curricula is a programme of an
intersectoral integrated STEM course that involves the integration of natural,
technological, informational and social sciences.

Implementation of STEM education in Ukraine requires updating the
existing material and technical base. STEM centres and laboratories are being
set up in educational institutions of different levels that are equipped with such
facilities and have the appropriate specialists to organise research and
development activities. Regional STEM centres in Ukraine are funded
annually by the state to the tune of UAH 900 million. Local STEM
laboratories are created on the basis of general secondary and out-of-school
education institutions, at the expense of local budgets and grant support [3].

One of the key centres that successfully implements STEM education is
the National Centre of the Junior Academy of Sciences of Ukraine. Members
of the Junior Academy of Sciences are actively involved in research and
experimental activities in the field of out-of-school education in Ukraine. One
of the most effective organisational forms of research work with gifted youth
to create an educational environment is the interdisciplinary laboratory
complex MANLab [13]. Here, students have the opportunity to feel part of a
real scientific laboratory, participate in professional research and develop
themselves as young scientists inspired by creative ideas.

The practical steps taken by the Ukrainian government to support the
development of STEM education are reflected in the opening of the Skills of
the Future hub in Cherkasy at the STEM Education and Training Centre of the
Cherkasy Regional Institute of Postgraduate Education for Teachers. The
educational hub is an example of an innovative approach to learning that
meets modern educational requirements and promotes the development of
future competencies.

The STEM centre is equipped with modern equipment, including a 3D
printer, Lego sets, various drones, and a special construction set for modelling
robots capable of performing various tasks. After the full-scale invasion, the
Institute and the STEM Centre started working with IDP children who do not
have the technical ability to access education, and also support teachers in
organising the educational process [14].
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Another example of the practical implementation of innovations in
STEM education in Ukraine is the lessons in Ukrainian educational
institutions where students study artificial intelligence as a tool for solving
global problems. Students create graphic designs for readings, analyse
grammar, discuss investments, read materials from Forbes, and develop
applications. The use of artificial intelligence in education is one of the key
innovations that contributes to the modernisation of the educational process in
Ukraine. Al is increasingly becoming the basis for intelligent management in
educational institutions.

For Ukrainian education in the context of martial law and post-war
reconstruction, this aspect will be particularly relevant due to possible
migration processes that could lead to the loss of intellectual resources. This
raises the question of alternatives and replacement of problematic segments of
the education sector. The speed of the recovery of Ukrainian society will
depend on how quickly and fully this replacement takes place. Therefore,
artificial intelligence will occupy a separate niche with clearly defined
organisational and administrative problems in education [15]. The introduction
of Al in data engineering will contribute to the development of new tools and
technologies that can be used to teach students in modern STEM programmes [16].

Artificial intelligence (Al) and machine learning (ML) have covered
almost all aspects of modern technology. In 2023, the powerful impact of
these phenomena on test automation can lead to rapid progress: increase the
efficiency and accuracy of testing, create intelligent test scenarios, provide
predictive defect analysis, optimise testing, which will lead to a reduction in
manual labour and accelerated test execution [17]. Public policy should
promote the introduction of such technologies to improve the quality of STEM
education.

A necessary and important element of STEM education is a variety of
mass events to engage students, including competitions, tournaments, and
hackathons. Examples of such events include the ORT STEM CUP
International Project Competition among secondary schools that are part of the
World ORT network, held annually since 2016, the SuperUrok All-Ukrainian
Competition, held since 2018, the FIRST LEGO League robotics tournament
of the City Shaper - Shape the City in You season at the Flight Academy of
the National Aviation University (08.02.2020), the hackathon “Team.Hack” of
the Youth Design Bureau “Geek Workspace” at the National Centre “MANU”
(21-23 March 2014, Kyiv) [1]. Holding such events is a key aspect of the state
policy in the development of STEM education in Ukraine.

The most systematic approach in Ukrainian STEM education is the
experimental implementation of innovative models and areas in general
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secondary and out-of-school education institutions under the guidance of
scientific institutions.

Despite the fact that Ukraine has taken a number of significant steps to
develop the education of the future, to form a young generation capable of
creativity and critical thinking, and to lay the foundations for the development
of STEM education, there are certain difficulties in this process. One of the
main obstacles to the introduction of STEM education in Ukrainian
educational institutions is inadequate teacher training and the lack of STEM
laboratories. Other significant obstacles to the active implementation of STEM
education in Ukraine are as follows (Fig. 1):
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Figure 1
Main obstacles to the implementation of STEM education

ome educational

Source: developed by the author based on the analysis of the source [1].

In order to achieve even greater success in innovation, it is necessary to
continue to work on removing existing barriers and expanding opportunities
for all participants in the educational process. As teachers play a key role in
the development of the STEM education ecosystem, they need to be trained in
areas such as interdisciplinary approaches in the educational process, the use
of digital tools to support STEM education, and the application of innovative
pedagogical technologies. It is also important to engage businesses to actively
participate and help create educational interschool STEM centres that support
an integrated STEM approach to teaching and learning [5].

Conclusions. Today STEM education has significant scientific potential,
which requires the creation of STEM laboratories or STEM centres where
research and development activities can be implemented. In Ukraine, STEM
education is supported and implemented through various types of education,
including formal and non-formal education based on STEM centres and
laboratories, competitions, festivals, and hackathons.
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Implementation of initiatives at the state level will help Ukraine create a
strong human resource potential in the technology sectors. This will contribute
to innovative development, economic growth and strengthening the country's
defence capabilities. It is important to understand that investments in STEM
education are investments in the future of Ukraine. We see prospects for
further research in the analysis of international experience and its adaptation to
Ukrainian realities.
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	 знання сучасних підходів до викладання мови й літератури, включаючи технології дистанційного навчання;
	 вміння працювати з електронними ресурсами й онлайн-платформами для навчання;
	 навички роботи з майбутніми філологами з різним рівнем підготовки, включаючи індивідуалізацію освітнього процесу;
	 вміння оцінювати навчальні досягнення здобувачів за допомогою різних методів, включаючи застосування новітніх технологій;
	 гнучкість і відкритість до змін в освітньому процесі, готовність до постійного професійного розвитку.
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