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STATE MANAGEMENT OF THE DEVELOPMENT
OF STEAM EDUCATION IN THE CONTEXT OF THE DIGITAL
TRANSFORMATION OF SOCIETY

Anomayisn. Y cmammi  00CniONCEHO  0COOIUBOCHI  0EPIHCABHOZO  YNPABTIIHHS
pozeumkom STEAM-oceimu 6 ymoeax yugposoi mpanchopmayii  cycninbcmaa.
IIpoananizosaro meopemuuni 3acaou STEAM-oceimu six inme2posanoi ocgimuboi Mooeri,
opieHmosaHnoi Ha hopmyearns komnemenmuocmei XXI cmonimms, 30Kpema KpumuiHo2o
MUCTEHHS, KPeamueHOoCmi, yugpoeoi epamomnocmi ma HABUHOK MINCOUCYUNTIHAPHOT
83aemo0ii. Busznaueno enmue yughposizayii Ha MmoOepHi3ayilo O0CeIimHIX cucmem i
mparnchopmayiio ynpasnincokux nioxoodis y cehepi ocsimu. Pozensanymo xonyenmyanvii
MOOeli 0epIHCcaBHO20 YNPAGIIHHA OCBIMOI0, THCMPYMEHMU OCEIMHbOIL NONIMUKU MA POlb
0epoicasu y 6npoeaoIHCeHtI IHHOBAYIUHUX OCBIMHIX NPOSPAM. ¥Y3a2anbHeno MidCHAPOOHULL
0oceio possumky STEAM-oceimu na npuknaoi CILLA, Iliedennoi Kopei, Dinnanoii ma
Cineanypy, wo 003601UN0 BUOKPEMUMU eDEeKMUBHI NPAKMUKU CMpameiuHo20
VIPAGIIHHSA, YUDpPosizayii ma napmuepcmea Midxc 0epicasoro, OI3HecOM 1 HAYKOBUMU
yemanosamu. Ocobaugy yeazy NpuoileHo aHanizy O0epiHCABHOI NOMIMUKU DPO3GUMK)
STEAM-ocsimu 6 ymosax yughposizayii, 30Kpema 6UKOPUCIAHHIO YUDposux niamgopm,
EdTech-mexnonoeziii, mexanizmie ghinancyeanns ma iHCMumyyitiHoi nNiOMpumMKY OCEIMHIxX
iHiyiamue. Busnayeno ocHosHi npoonemu eénpogaddicerusi STEAM-oceimu, ceped sikux
HEPIBHOMIPHICIb YUuGhposoi iHppacmpykmypu, HedoCmamHs ni020moeka nedacoiuHux
Kaopis, YNPasiiHCbKi bap’epu ma clabka KOOPOUHAYIs MIdC 0epaicasoro, Oi3HecoM |
3aknadamu ocgimu. OOTPYHMOBAHO NEPCNEKMUBHI HANPAMU 800CKOHANEHHS 0EPAHCABHOO
ynpaeninua STEAM-ocsimoro, wo nepedbauaioms po36UMOK O0epHCABHO-NPUBANHO20
napmuepcmed, yugposizayito ynpasiiHCbKUX npoyecis, nioguujerHs asmoHoMii 3aKiaoie
0C8imuU ma BNpOBAdICEHHs THHOBAYIUHUX MOOenel OC8IMHbOI Noaimuxu. 3pooieHo
BUCHOBOK, w0 eghexmusHne Oepocasne ynpasninua STEAM-oceimoro ¢ eadxcnusum
YUHHUKOM — (DOPMYBAHHS ~ KOHKYPEHMOCHPOMONCHO20 — JIIOOCbKO2O — Kanimany ma
3abe3neueHHs Cmanio2o po38UmKY CYCNiIbCMEd 8 YMO8ax Yu@posoi eKOHOMIKU.

Kmouosi cnosa: STEAM-ocsima, oepoicasre ynpaesninms, yugposa mpancgopmayis,
yughposizayis oceimu, 0CGIMHS NOAMUKA, IHHOBAYILIHA OCBIMA, KOMNEeMeHMHICHUU NiOXi0,
EdTech, yugposi mexnonoeii, oceimui pegpopmu, 1100coKutl Kanimai.
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Abstract. The article examines the features of state management of the
development of STEAM education in the context of the digital transformation of
society. The theoretical foundations of STEAM education as an integrated educational
model focused on the formation of 21st century competencies, in particular critical
thinking, creativity, digital literacy and interdisciplinary interaction skills, are
analyzed. The impact of digitalization on the modernization of education systems and
the transformation of management approaches in the field of education is determined.
Conceptual models of state management of education, educational policy tools and the
role of the state in the implementation of innovative educational programs are
considered. The international experience of the development of STEAM education is
summarized using the example of the USA, South Korea, Finland and Singapore, which
allowed us to identify effective practices of strategic management, digitalization and
partnership between the state, business and scientific institutions. Particular attention
is paid to the analysis of the state policy for the development of STEAM education in
the context of digitalization, in particular the use of digital platforms, EdTech
technologies, financing mechanisms and institutional support for educational
initiatives. The main problems of implementing STEAM education are identified,
including the unevenness of the digital infrastructure, insufficient training of teaching
staff, management barriers and weak coordination between the state, business and
educational institutions. Promising directions for improving state management of
STEAM education are substantiated, which include the development of public-private
partnerships, digitalization of management processes, increasing the autonomy of
educational institutions and the implementation of innovative models of educational
policy. It is concluded that effective state management of STEAM education is an
important factor in the formation of competitive human capital and ensuring the
sustainable development of society in the context of the digital economy.

Keywords: STEAM education, public administration, digital transformation,
digitalization of education, educational policy, innovative education, competency-
based approach, EdTech, digital technologies, educational reforms, human capital.

The current stage of society’s development is characterized by rapid digital
transformation, which covers all spheres of life, including education. Changes
associated with the introduction of artificial intelligence, big data, robotics and digital
platforms, form new requirements for the content and organization of the educational
process. In this context, STEAM education (Science, Technology, Engineering, Arts,
Mathematics) acquires strategic importance as an integrated approach aimed at
developing innovative, critical and interdisciplinary thinking of education seekers. The
relevance of the study is due to the need for effective public management of the
implementation of STEAM education in the context of digitalization, which determines
the competitiveness of national educational systems.

The development of the innovation economy and the fourth industrial revolution
is leading to an increasing demand for specialists who are able to work at the
intersection of different fields of knowledge. STEAM education meets these
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challenges, as it forms the competencies necessary to solve complex problems, work
with technologies and create innovative products. The modern labor market requires
not only narrowly professional knowledge, but also creativity, digital literacy and
teamwork skills, which is directly provided by the STEAM approach.

The effective implementation of STEAM education largely depends on state
educational policy and management mechanisms. The state is a key actor in shaping
education development strategies, providing financing, regulatory and legal regulation,
and coordinating interaction between educational institutions, business, and scientific
institutions. The conditions of digital transformation require state administration to be
flexible, innovative, and focused on the long-term development of human capital.

The purpose of the study is to analyze the features of public management of the
development of STEAM education in the context of the digital transformation of
society and identify areas for its improvement.

STEAM education is a modern integrated educational model that combines
science, technology, engineering, art, and mathematics into a single interdisciplinary
learning system. Its key idea is to move away from fragmented teaching of academic
disciplines and towards a comprehensive approach focused on solving real practical
problems.

Unlike the traditional subject-based model of education, STEAM education forms
a holistic vision of the world, where knowledge from different fields is integrated in
the process of learning. Adding an Arts component to the STEM approach emphasizes
the importance of creativity, design, critical thinking and aesthetic perception, which
are necessary for innovative activity.

The key components of STEAM education are: interdisciplinary content; focus
on practical problem solving; project and research learning; development of creative
thinking; use of digital technologies and innovative educational tools.

The digital transformation of society is one of the key factors determining the
modern development of education. It involves the deep integration of digital
technologies into all spheres of life, including the economy, management,
communication and education. In this context, educational systems are undergoing
significant changes, which concern both the content of education and the methods of
its organization.

Among the main manifestations of digital transformation in education, we can
highlight: the introduction of digital educational platforms and online learning; the use
of artificial intelligence and adaptive learning systems; the development of blended
and distance learning; the digitalization of educational content and management
processes; the formation of digital literacy as a basic competence.

In such conditions, education ceases to be a static system of knowledge transfer
and turns into a dynamic environment of continuous learning. STEAM education
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organically fits into this process, as it is based on the use of digital tools, experimental
teaching methods and the integration of technology into the educational process.

Modern educational paradigms are characterized by a transition from a knowledge-
based model of learning to a competency-based and activity-based one. In this context,
STEM and STEAM approaches act as innovative models that ensure the integration of
different fields of knowledge and an orientation towards practical activities.

The integration of STEM/STEAM into modern education is manifested in: the
implementation of interdisciplinary courses; the development of project-based learning
and research activities; the use of problem-based learning; the formation of engineering
and design thinking skills; and close interaction of education with science and business.

In modern educational systems, STEM/STEAM is seen as a tool for preparing
students for the challenges of Industry 4.0, which is based on automation,
digitalization, and innovation. At the same time, the STEAM approach expands the
STEM model, emphasizing the role of the humanities and creative disciplines in the
formation of a holistic personality.

The competency-based approach is the basis of modern educational policy and is
closely related to the processes of digital transformation. Its essence lies in the
transition from the acquisition of theoretical knowledge to the formation of the ability
to apply it in real life and professional situations.

In the context of digitalization, the following groups of competencies are of
particular importance: digital competence (use of digital technologies and media
resources); innovative and creative competence (ability to create new solutions);
communication and collaborative competence (teamwork, digital interaction); critical
and analytical thinking; entrepreneurial competence.

STEAM education directly contributes to the formation of these competencies, as
it is based on practical activities, project-based learning and an interdisciplinary
approach. In the digital environment, the competency-based approach becomes a key
tool for preparing individuals for the conditions of rapid technological change and
uncertainty of the labor market.

State education management is a complex multi-level system that determines
strategic directions for the development of the educational sector, ensures its financing,
regulatory and legal regulation and quality control. In the theory of public
administration, three main models of education management are traditionally
distinguished: centralized, decentralized and mixed.

The centralized model assumes that key management decisions are made at the
state level. It is characterized by a high level of regulation of the educational process,
unified curricula and standards. The advantage of such a model is to ensure a unified
educational policy and equal access to education, but its disadvantage is low flexibility
and slow adaptation to innovative changes.
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The decentralized model, on the other hand, provides for significant autonomy for
regions, communities, and educational institutions. In this system, schools and
universities are given more freedom in shaping curricula, managing resources, and
choosing educational technologies. This model promotes innovation and the rapid
adoption of new approaches, including STEAM education, but it can lead to uneven
quality of education.

The mixed model combines elements of centralization and decentralization. The
state determines strategic goals, standards and framework conditions, while
educational institutions receive autonomy in the implementation of the educational
process. This model is the most common in modern European countries, as it allows
combining the unity of educational policy with innovative flexibility.

The implementation of state educational policy is carried out through a system of
instruments that provide regulation, stimulation and support for the development of
education. The main instruments include: regulatory and legal regulation (laws, strategies,
education standards); financial mechanisms (state funding, grants, subventions);
institutional instruments (ministries, education quality agencies, educational centers);
information and analytical management systems; professional development programs for
teachers; international cooperation and participation in grant programs [1].

In the context of the development of STEAM education, innovation policy tools
are of particular importance, in particular, support for educational startups, digital
platforms, new-type laboratories, and intersectoral partnerships between the state,
business, and scientific institutions.

The state plays a key role in the formation and implementation of innovative
educational programs, as it is it that determines the strategic priorities for the
development of the education system. In the case of STEAM education, public
administration acts as a catalyst for innovation, creating regulatory, financial and
organizational conditions for its implementation.

The main functions of the state in this process include: forming a strategic vision
for the development of education; developing educational standards and framework
programs; ensuring financing for innovative projects; supporting the digitalization of
education; coordinating interaction between educational institutions, business and
science; monitoring and evaluating the effectiveness of educational reforms.

The role of the state in ensuring equal access to innovative education, in particular
STEAM approaches, is also important, which allows reducing educational inequality
between regions and social groups.

Strategic management in education involves long-term planning of the
development of the education system, taking into account socio-economic,
technological and cultural changes. Its goal is to form a competitive, innovative and
adaptive education system [4].
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The key elements of strategic management are: defining strategic goals for the
development of education; analyzing the external and internal environment;
developing state educational strategies; implementing a system for monitoring and
evaluating results; and managing changes in the education system.

In today’s digital transformation, strategic education management must take into
account the rapid development of technologies, changing labor market requirements,
and the need to form new competencies. STEAM education in this context is
considered one of the key areas of strategic development, contributing to the formation
of innovative human capital.

Of particular importance is the adaptability of strategic management, i.e. the ability of
state educational policy to respond quickly to changes in the external environment. This
involves the implementation of flexible management mechanisms, digital monitoring tools,
and broad involvement of stakeholders in the decision-making process [2].

Let us analyze the international experience of implementing STEAM education.
In the United States of America, STEAM education is developing as part of a national
innovation policy aimed at supporting the competitiveness of the economy. A key role
is played by government agencies (in particular, NSF) and the active participation of
the private sector. A characteristic feature is close cooperation between schools,
universities and technology companies (Google, Microsoft, IBM), which invest in
curricula, laboratories and educational startups. The main emphasis is on project-based
learning, the development of entrepreneurial skills and innovative thinking [5].

In South Korea, STEAM education is part of the state strategy for human capital
development. Implementation is coordinated by national structures, in particular the
Korea Foundation for the Advancement of Science and Creativity (KOFAC). The state
provides regulatory regulation, program funding, and teacher training. A distinctive
feature is the systematic implementation of STEAM at all levels of education and a
strong focus on technological development and an innovative economy.

Finland is one of the leaders in the implementation of interdisciplinary learning,
where STEAM education is implemented through phenomenon-based learning.
Instead of individual subjects, students study real phenomena, integrating knowledge
from different fields. The education system is based on a high level of school autonomy
and trust in teachers. The main focus is on the development of critical thinking,
creativity and independence of students.

Singapore demonstrates a model of highly effective centralized education
management, where STEAM education is integrated into the national Smart Nation
strategy. The state is actively investing in digital infrastructure, artificial intelligence
in education and teacher training. The education system is clearly structured, with a
high level of standardization and monitoring of results. At the same time, digital
platforms and adaptive learning technologies are being actively implemented.
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Analysis of international experience allows us to highlight a number of key trends
in the development of STEAM education: the active role of the state in shaping
educational development strategies; partnership between education, business and
science; integration of digital technologies into the educational process;
interdisciplinary nature of learning; orientation towards the development of 21st
century competencies (creativity, critical thinking, communication, collaboration)
(Table 1).

State policy for the development of STEAM education is formed within the
framework of general strategies for the digital transformation of education and human
capital development. In most countries, it is enshrined in national educational
strategies, innovative development programs, and digital economy concepts.

Such documents usually define long-term goals, including: modernization of
educational content, integration of digital technologies into the educational process,
development of a competency-based approach, and training of personnel for Industry
4.0. STEAM education in these strategies is considered a key tool for shaping the
innovative potential of society.

Table 1.
Comparative analysis of the implementation
of STEAM education in different countries

STEAM The role of
Country Implementation Key features Main highlights
the state
Model
USA Innovative partnership | Regulator + Active business | Project-based
investor participation learning,
(through (Google, entrepreneurship,
grants and Microsoft), innovation
programs) flexibility of
schools
South Korea | Centralized state The leading Systematic Technological
role of the implementation | development,
state of STEAM at all | national innovation
(KOFAC) levels of strategy
education
Finland Decentralized Minimal Phenomenon- Critical thinking,
interdisciplinary intervention, | based learning creativity,
high school integration of
autonomy disciplines
Singapore Centralized digital Strong public | Smart Nation, Digitalization,
model administration | digital platforms, | efficiency,
Al in education | standardization

Source: [5;6].

Of particular importance are state education reform programs that include
updating educational standards, introducing interdisciplinary courses, and supporting
experimental educational projects.
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The digital transformation of education is implemented through a set of tools that
change both the content and the organization of the educational process. The main tools
include: digital educational platforms and learning management systems (LMS); electronic
textbooks and interactive educational materials; distance and blended learning technologies;
artificial intelligence for personalizing learning; educational data analytics systems
(learning analytics); virtual and augmented educational environments [3].

In the context of STEAM education, these tools allow for practice-oriented learning,
modeling of real-world situations, and development of research skills among learners.

Educational technologies (EdTech) play a key role in implementing STEAM
education in a digital era. They provide access to innovative teaching methods, digital
resources, and global educational opportunities.

Digital platforms allow: to organize interactive and flexible learning; to implement
interdisciplinary STEAM projects; to ensure cooperation between students, teachers, and
experts; to integrate gamification and simulation models into the learning process.

The effective development of STEAM education requires stable funding and
developed institutional support. The state is the main source of funding for educational
reforms, but alternative mechanisms, including public-private partnerships and
international grant programs, are becoming increasingly important.

The main areas of financial and institutional support include: financing the
modernization of educational infrastructure; support for STEAM laboratories and
innovation centers; training and advanced training of teaching staff; development of
digital educational resources; support for research and innovation projects in schools
and universities.

International organizations and cooperation programs also play an important role,
contributing to the exchange of experience, the implementation of best practices, and
the integration of national education systems into the global educational space.

One of the key challenges in implementing STEAM education is the uneven level
of development of digital infrastructure between regions and individual educational
institutions. In many cases, schools lack sufficient technical equipment, stable access
to the Internet, modern computer classes and laboratories.

This unevenness leads to educational inequality, where students’ opportunities to
participate in STEAM projects differ significantly depending on their place of
residence and the level of funding of the educational institution. As a result, the digital
transformation of education is taking place in a fragmented manner, which reduces the
effectiveness of state policy in this area.

Another significant challenge is the insufficient level of training of teachers to
implement STEAM approaches. Many teachers are traditionally oriented towards the
subject-based model of teaching and do not have sufficient skills in integrating
disciplines, using digital technologies, and organizing project-based learning.
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In addition, the rapid development of technology requires the professional
development of teaching staff. The lack of systematic training of teachers limits the potential
for implementing STEAM education and slows down educational reforms [§].

The implementation of STEAM education is often complicated by the presence
of managerial barriers in educational institutions. These include excessive bureaucracy,
rigid regulation of curricula, limited school autonomy, and insufficient flexibility in
managerial decisions.

In such conditions, educational institutions do not always have the opportunity to
quickly implement innovations, change curricula, or experiment with new learning
formats. This reduces the adaptability of the education system to the requirements of
the digital economy and innovative development.

Effective implementation of STEAM education requires close cooperation
between the state, business and educational institutions. However, in practice, there is
often a lack of coordination between these stakeholders [7].

Business is not always involved in the formation of educational programs, and
educational institutions do not have sufficient mechanisms for systematic cooperation
with industry. The state, in turn, does not always provide effective platforms for such
partnership.

As aresult, a gap arises between the needs of the labor market and the content of
education, which reduces the effectiveness of training specialists within the STEAM
approach.

One of the key areas for improving public governance of STEAM education is
the expansion of public-private partnerships. In modern conditions, it is the interaction
of the state, business, and educational institutions that ensures the rapid implementation
of innovations, the renewal of the material and technical base, and the increase in the
practical orientation of education.

Involving the private sector allows for the integration of real-world technology
cases into the learning process, the creation of joint laboratories, the financing of
educational startups, and the provision of internships for students. This model
contributes to a closer connection of education with the needs of the labor market and
the innovative economy.

A promising direction is the implementation of digital education management
strategies, which involve the use of modern information technologies for planning,
monitoring and evaluating educational processes.

Such strategies include: creating unified digital educational ecosystems; using big
data analytics to make management decisions; implementing artificial intelligence
systems in education management; developing electronic document management and
digital services for educational institutions.
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Digitalization of management allows for increased efficiency and adaptability of
the education system, which is important for the development of STEAM education.

An important direction of reform is to expand the autonomy of educational
institutions. Granting greater independence to schools and universities in shaping
curricula, allocating resources, and choosing educational technologies contributes to
the development of innovation and flexibility of the education system.

Autonomy allows educational institutions to more quickly implement STEAM
approaches, adapt the educational process to the needs of students and the regional
labor market, and implement their own innovative projects. At the same time, it is
important to ensure an effective system of quality control and accountability.

The prospects for the development of STEAM education are also associated with
the transition to innovative models of educational policy based on flexibility,
adaptability, and result orientation.

Among such models, we can highlight: the policy of open innovation in
education; network models of management of educational systems; project-oriented
state policy; the model of lifelong learning.

These approaches allow us to respond more quickly to changes in the
technological environment, integrate new educational practices, and ensure the
sustainable development of STEAM education.

Further scientific research should be directed at studying the effectiveness of
specific models of implementing STEAM education in different countries, assessing
the impact of digital technologies on the quality of education, as well as analyzing the
mechanisms for integrating STEAM approaches into the system of vocational and
higher education. Special attention should be paid to studying the role of artificial
intelligence, virtual educational environments, and big data analytics in the
transformation of educational systems.
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STEAM-OCBITA B YKPAIHI: .
BII TEXHIYHUX BAP’€EPIB 10 HUPPOBUX MOXKJ/INBOCTEHA

Anomayia. ¥ cmammi po3zensanymo ocodnusocmi enpogaoicenns STEAM-ocsimu
6 Ykpaiui 6 ymosax cyuachux sukiukie ma mpancgopmayiu. Ilpoananizoeano ocHo8Hi
mexHiyHi ~ bap’epu,  30KpeMa  HePIBHOMIpHICMb  MamepialbHO-MEeXHIYHO2O0
3a0e3neuents wWKii, nompedy 6 ni02omosyi neoazocivHux Kaopie i mpyoHouwi
Midcoucyuniinaproi  inmeepayii. Oorpynmosano sHauenus STEAM-ocsimu sk
YUHHUKA (OpMYBaAHHS THMENeKMYalbH020 NOMEHYIany KpaiHu ma niOKpecieHo
HeoOXIOHICMb CHIBNpayi Midic 0epaicasor, Oi3HecoM i 0CBIMAHAMU 0Nl CMBOPEHHS
IHHOBAYIIHO20 OCBIMHBO2O CePedosUA.

Knrouosi cnosa: STEAM-oceima, yughposizayis oceimu, inHo8ayii, 0c8imHi
MEexXHO02II, 8IpMYyaibHi Jnabopamopii, Midcoucyuniinapue HABYAHHA,
KOMNEeMeHMHICHUL ~ niOXI0,  OUCmanyitine HABYAHHSA,  OCBIMHI  naam@opmu,
IHmeneKmyaibHul Kanima..

Annotation. The article examines the features of the implementation of STEAM
education in Ukraine in the context of modern challenges and transformations. The
main technical barriers are analyzed, in particular, the uneven material and technical
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