CYKYIHOCTI METO/I0JIOTTYHUX IMIJIX0/IIB, CHCTEMHU HANPSIMIB €BPUCTUYHO-1HHOBALIIHO1
nisbHOCTI. HaciiikoM BIUTMBY 1CTOPUYHO-aHTPOINOIOTIYHUX KOHUEIINA € yTBOPEHHS
y X0/l HaBUYaJbHOTO MPOLECY TAaKUX IHTEIEKTyalbHO-MPOPECIHHUX BIACTUBOCTEU
0COOMCTOCTI, SIK CTUMYJIOBAHHA IIMPUHU MMHCICHHS IHIUBIAYYMY, CTBOPEHHS
CUCTEMHOI'O PO3yMIHHSI pealbHOCTI, T€HEPYBAaHHS TBOPYOI'O XapaKTepy BUPILICHHS
3aBJaHb Y HAYKOBIH, IHKEHEPHIH, TAMPUEMHHUIIBKIN 1 yIPABIIHCHKINA JiSITBHOCTI.
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THE IMPACT OF STEAM EDUCATION ON LEARNERS’ COGNITIVE
DEVELOPMENT: AN ANALYSIS OF GLOBAL PRACTICES

Anomayia. Pozsumox i niocomoeka 3000ys8auie oceimu 0Oe3nocepeoHbo
BNIUBAIOMb HA MAUOYMHE HAYKU, €KOHOMIKU Ma CMAlo20 OC8IMHb020 Npo2pecy
Kpainu. 3anyuenus 3000yeauie ocsimu 0o npaxmux STEAM, wo noeonyromo
NPUPOOHUYT HAYKU, MEXHON021l, IHICeHepilo, MUCmMeymao ma Mamemamuxy, 8ioiepac
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8aJCIUBY pPONL Y (DOPMYBAHHI KAHOUOBUX KOMNEMEHMHOCMeEl CY4acCHO20 CB8Imy,
30KpeMa KOMYHIKAMUBHUX HABUYOK, 30AMHOCMI 00 CHIGNpayi, IHHOBAYIUHO20
MucienHs ma  KpumuuyHoeo auanizy. STEAM-nioxio cnpuse  nioguuyeHHIO
3ayikagnenocmi y HA8UAHHI, MPAHCHOPMYIOUU MEOPEeMUYHI 3HAHHA Y NPAKMUYHO
OpPIEHMOBAHY OIANbHICIMb | O0CAIOHUYbKUL 00C8I0. Bin makodic 3a6e3neyye po3eumox
a0anmueHoCmi 00 WBUOKUX MEXHON02IYHUX 3MIH cyyacHozo ceimy. B Vkpaini yeii
OCBIMHIL HANPAM HAOY8a€e 0edali OLIbULO20 NOUUPEHHS MA THMEe2PYEMbCS HABIMb HA
PIBHI NOYAMKOBOI 0C8IMU.

B nawiti pobomi 6ynu npoananizogaui nposioni misxcHapooui npakmuxu STEAM-
oceimu ma y3a2aibHeHi KI0Y08i BUCHOBKU U000 AKMYAIbHUX OO0CHIOHUYbKUX
acnekmis y yiti cghepi.

Kniouosi cnosa: STEAM-oceima, oceimuiii npoepec, iHHOBAYIUHE MUCTEHHS,
KPUMUYHUU AHAI3, MIZCHAPOOHULL 00CBIO.

Abstract. The development and training of learners directly influence the future
of science, the economy, and the country’s sustainable educational progress. The
engagement of learners in STEAM practices, which integrate science, technology,
engineering, arts, and mathematics, plays a crucial role in developing key
competencies of the modern world, including communication skills, the ability to
collaborate, innovative thinking, and critical analysis. The STEAM approach enhances
students’ interest in learning by transforming theoretical knowledge into practice-
oriented activities and research-based experiences. It also fosters adaptability to the
rapid technological changes of the modern world. In Ukraine, this educational
approach is gaining increasing momentum and is being integrated even at the level of
primary education.

In our study, leading international STEAM education practices were analyzed,
and key conclusions regarding current research issues in this field were summarized.

Keywords: STEAM education, educational progress, innovative thinking, critical
analysis, international experience.

Within the framework of United Nations Sustainable Development Goal 4
(SDG 4), which outlines priorities for the period up to 2030, ensuring high-quality
education is recognized as a central component of sustainable educational development
[1]. In this context, collaborative inquiry-based learning, along with the cultivation of
critical thinking and problem-solving abilities, plays a pivotal role in advancing
sustainable educational practices [2].

Among contemporary pedagogical approaches, Science-Technology-
Engineering-Arts-Mathematics (STEAM) education — an interdisciplinary model
integrating science, technology, engineering, arts, and mathematics has gained
increasing attention [3]. This approach emphasizes continuous inquiry, active
collaboration, and experiential learning, thereby supporting students in developing
competencies essential for lifelong learning [4].

Furthermore, STEAM-oriented programs expand educational opportunities by
fostering engagement across diverse formal and informal learning environments.
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Through sustained emphasis on collaboration and inquiry, these programs encourage
learners to continuously develop their skills and adapt to evolving educational and
societal demands [5].

In a study by Triiltzsch-Wijnen et al. (Austria, Lithuania, Romania, 2022),
researchers investigated the incorporation of robotics into contemporary educational
systems. The findings demonstrated that the implementation of STEAM-based
technologies is actively supported through national educational policies and strategic
initiatives. Moreover, these approaches facilitate the enhancement of children’s digital
literacy, problem-solving abilities, and computational thinking skills [6].

In the study by Kalaitzidou et al. (Greece, 2023), researchers systematized the
robotic tools commonly applied within STEAM education. The authors examined
various categories of educational robotics and evaluated their pedagogical value in the
learning environment. The study findings revealed that the integration of robotic
technologies contributes significantly to the development of students’ technical,
engineering, and creative competencies while simultaneously increasing their
engagement and motivation toward learning. Furthermore, the researchers emphasized
that robotics serves as an effective instrument for implementing an interdisciplinary
approach within STEAM-oriented education [7].

In the study conducted by Dimitra Chaldi et al. (Greece, 2021), educational
robotics was explored within an authentic preschool learning environment to promote
children’s engagement in STEAM education. The researchers employed the
programmable robot Bee-Bot as the primary instructional tool. The pedagogical
intervention was implemented in two stages. A group of 12 preschool children aged 5—
6 years participated in an intensive robotics-based educational program consisting of
16 sessions over a four-week period. During these activities, learners interacted with
the bee-shaped robot Bee-Bot® through play-oriented tasks and collaborative
exercises. The findings demonstrated that STEAM-oriented learning can be effectively
integrated even within speech therapy settings when appropriate educational robotic
tools are applied. The young participants improved their foundational programming
and computer-related knowledge, developed elements of algorithmic thinking through
game-based learning, and simultaneously enhanced their vocabulary acquisition and
communication skills [8].

In the research by Ben Haas et al. (Luxembourg, 2022), scholars developed a
conceptual framework for distance learning in preschool STEAM education that
actively involved parents and integrated modern educational technologies. The
initiative was implemented within the context of early childhood education in
Luxembourg and aimed to strengthen children’s engagement in STEAM-oriented
activities through collaborative and technology-supported learning. The outcomes of
the project demonstrated significant positive effects on children’s educational
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development. In particular, learners showed increased motivation toward studying as
they actively designed and constructed real-world objects using STEAM-related skills
and creative problem-solving approaches. Furthermore, the initiative encouraged
stronger parental involvement in children’s educational experiences, motivating
parents to explore digital learning platforms, participate in experimental activities, and
interact more closely with one another throughout the learning process [9].

In a large-scale project developed by Jannik Henze et al. (Germany, 2022),
researchers aimed to integrate robotics, coding, and artificial intelligence with the
United Nations Sustainable Development Goals within the framework of STEAM
education. The project was grounded in the principles of the SE instructional model,
originally introduced in the 1980s and later elaborated by Rodger W. Bybee in his work
The BSCS 5E Instructional Model and 21 Century Skills [10]. To expand the
traditional structure of the 5E model, the researchers introduced an additional
“exchange/sharing” phase as a sixth component of the instructional process. This
enhancement was designed to strengthen collaboration, reflection, and communication
among participants during STEAM-oriented activities. The findings demonstrated that
the integration of the SE framework with digital creativity tools effectively increased
students’ engagement in STEAM-related disciplines, including robotics,
programming, and artificial intelligence. In addition, the approach contributed to the
development of critical thinking, creativity, and problem-solving abilities. The
incorporation of the sixth phase focused on reflection and exchange further reinforced
metacognitive processes and improved interaction among learners within the
educational environment. Overall, the results confirmed the effectiveness of the
extended SE model as an innovative strategy for integrating STEAM education and
sustainable development concepts into the modern learning process [11].

Within the framework of the Stimulating European Next Generation through
STEAM Education (SENSE) initiative implemented (European Union, 2022 — 2024),
researchers developed a European STEAM methodology aimed at integrating science,
technology, engineering, arts, and mathematics into the educational process. The
project focused on designing innovative teaching strategies and establishing STEAM
laboratories intended to enhance learners’ practical, experimental, and research-
oriented competencies. The implementation outcomes demonstrated that
interdisciplinary integration significantly increases young people’s interest in STEAM-
related fields while also fostering innovative and creative thinking. Furthermore, the
project emphasized the importance of the STEAM approach as an effective instrument
for developing twenty-first-century competencies within the European educational
environment [12].

Conclusion. The conducted analysis of international and European practices
demonstrates that STEAM education serves as an effective tool for developing
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learners’ cognitive, creative, and digital competencies. The integration of
interdisciplinary approaches, robotics, project-based learning, and digital technologies
contributes to the enhancement of critical thinking, innovation, communication
abilities, and collaborative skills. The experience of European Union countries
confirms that the most effective educational models are those combining practical
activities, inquiry-based tasks, and active interaction among participants in the
educational process.

In our opinion, the future development of STEAM education in Ukraine should
focus on the further integration of interdisciplinary approaches across all levels of
education, including primary school, as well as on the systematic preparation of
teachers for working with innovative technologies. Another important direction
involves expanding the use of robotics, digital platforms, and project- and research-
based learning methods. In the long term, these initiatives may contribute to the
formation of a generation of students characterized by advanced innovative thinking
and readiness to meet the challenges of a modern technological society.
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HUP®POBA I'OTOBHICTD ITIEJAT'OT'A
10 POBOTHU B STEAM-JIABOPATOPIAX HY I

Anomayis: y cmammi 00CniodHceHo henomen yughposoi 20moeHocmi nedazoza K
KpUMU4H020 YUHHUKA egekmusnozo @yukyionyeanus STEAM-nabopamopii y
konmexcmi pepopmu HYIII. Aemopom cucmemamu3o08ano nCuxoio2iuii ma mexHiumi
bap’epu, wo euHukaromv ni0 uyac aoanmayii euumenie 00 pobomu 3
BUCOKOMEXHON02TYHUM — oOnaouanuam. Ocobaugy yeazy NpuoileHo KoHyenyii
neoazo2iyHoeo «ckagonouneyy, AKul 3abesneyye nocmynosy mpancgopmayiro
npogeciunoi  poni euumena. OOIpYyHMOBAHO  HeOOXiOHicmb  nepexody  8io
PEenpooOyKmMuBHo20  BUKOPUCMAHHA — YUPDPOBUX  IHCmpymeHmid 00  Mooeii
inmezposaroco menmopcmaa. Pozxpumo ponv mooeni TPACK sax ¢hynoamenmanvroi
KOCHIMUBHOI 6a3zu 015 po3eumky npogeciinoi npoghinbroi oceimu. 3anponoHo8aro
cmpameziuni pekomeHoayii wooo MoO0epHi3ayii npocpam nio8UWeHHs Keanigikayii
neoacociuHux Kaopis. Pezynrbmamu 00cCniodxcenHs nioKpecowoms, wWo yughposa
20MOBHICMb € OUHAMIYHUM CIMAHOM (haxo80i iOKpumocmi 00 IHHOBAYIUHUX GUKTIUKIB
CYUACHO20 OCBIMHBLO2O CePedosULYd.

Knrwouosi cnosa: yugposa comosnicmv, STEAM-nabopamopis, menmopcmao,
mexnocmpec, HYIII, mooenvs TPACK, komnemenmuicHuti nioxio.

Abstract: The article examines the phenomenon of a teacher’s digital readiness
as a critical factor for the effective functioning of STEAM laboratories within the
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