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Abstract. Every year, despite our desires and preferences, innovative processes take place in the world, new tech-
nologies are created that permeate all spheres of social life. Thus, the last couple of years have been marked by
the emergence of 3D printers, the creation of supermarkets of the future, modernization of production through ro-
botic prefabricated systems, testing of robot buses, the development of virtual reality and artificial intelligence and
more. Various innovations also affected the education system of Ukraine. Forms, methods, teaching aids, the role
of teacher and student, curricula and assessment systems are changing. With the modernization of the educational
process, new directions in education appear. Yes, today you can hear about mixed, inverted, mobile, social lear-
ning, video scribing, cloud technologies, inverted classroom, storytelling, start-up challenge, etc. Due to the spread
of coronavirus infection and the introduction of quarantine, distance education has become relevant. Thus, at the
present stage there is a global reform of Ukrainian education, aimed at changing conceptual priorities, finding ways
to integrate into the European education system. One of the promising areas is the introduction of STEM-educa-
tion, which provides for the integration of natural sciences, which focuses on the development of new technologies,
mathematical calculations, innovative thinking. In this context, there is a reorientation of the educational process to
the development of personality, and such a reorientation involves the improvement of the entire education system,
and consequently the teaching methods of individual disciplines, including natural sciences. To do this, it is necessary
to calculate the conditions and stages of implementation of STEM-education in the educational process of general
secondary education in Ukraine, which in the future should meet the needs of the country for well-trained engineers
and specialists in STEM education.
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approach, applied learning.

Introduction. STEM-education (S — science —
natural sciences, T — technologies, E — enginee-
ring, M — mathematics) [1] — innovative direction
in the world education system, which is now being
actively implemented in the educational space of
Ukraine.

The acronym STEM defines the characteristics
of didactics, the essence of which is manifested in a
combination of interdisciplinary practices focused
on approaches to the study of natural sciences and
mathematics.
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At the same time, STEM actively includes a
set of creative, artistic disciplines, united by the
general term Art (designation of the appropriate
approach — STEM and Arts). Modern areas of
STEM and arts are industrial design, architecture,
industrial aesthetics and more. Recently, European
scientific discussions have emphasized the impor-
tance of all disciplines, the use of interdisciplinary
approaches STEAM (letter A — All — all) and the
combination of science with other disciplines stu-
died at school.

In European scientific discourse, adding the
English letter A to the abbreviation STEAM (A —
all — all) emphasize the importance of all
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disciplines (arts, humanities and social sciences).
That is, the emphasis is on strengthening the links
and interactions between science, creativity, entre-
preneurship and innovation, as well as the study
of natural sciences through other disciplines and,
conversely, the study of other disciplines through
the natural sciences [2; 3].

At one of the STEM exhibitions of the Western
Australian Department of Education, among more
than 400 participants, the letter A was interpreted
as Agricultural Studies and is agricultural research,
not art [4].

Analysis of information and scientific sour-
ces allows us to distinguish other abbreviations
STEM. Thus, according to the type of integra-
tion in educational institutions around the world,
ecoSTEM (eco — environmental research, pro-
jects in which students’ knowledge is used to solve
problems in real life), E-STEM (E-environmen-
tal — learning through environmental education),
STEMM additional M — medicine — medicine,
M — management — management) [5; 6].

STEM-education is a category that determines
the relevant pedagogical process (technology) of
formation and development of mental and cog-
nitive and creative qualities of youth, the level
of which determines the competitiveness in the
modern labour market: the ability and willingness
to solve complex problems (problems), critical
thinking, creativity, cognitive flexibility, coopera-
tion, management, innovation. STEM-education is
based on interdisciplinary approaches in the con-
struction of curricula of different levels, individual
didactic elements, to the study of phenomena and
processes of the world, solving problem-oriented

problems.
The use of the leading principle of STEM-edu-
cation — integration allows to modernize the

methodological principles, content, volume of edu-
cational material of natural sciences and mathe-
matics, technological of the learning process and
the formation of educational competencies of a
qualitatively new level. It also contributes to bet-
ter preparation of young people for successful em-
ployment and further education, which requires
different and more technically complex skills, in
particular with the application of mathematical
knowledge and scientific concepts.

The main purpose of STEM-education is to
implement state policy taking into account the
new requirements of the Law of Ukraine “On

Education” [7] to strengthen the development of
scientific and technical direction in educational and
methodological activities at all educational levels;
creating a scientific and methodological base to
increase the creative potential of youth and pro-
fessional competence of scientific and pedagogical
workers.

The main key principles mentioned in the New
Ukrainian School concept are: communication in
state and foreign languages, mathematical literacy,
competences in science and technology, informa-
tion and digital literacy, lifelong learning, social and
civic competences, entrepreneurship, culture and
etc. environmental literacy and healthy living, har-
moniously included in the system of STEM-educa-
tion, creating a basis for successful self-realization
of the individual as a specialist and as a citizen [8].

The purpose of the article. The purpose of re-
search work of scientists of the National Academy
of Pedagogical Sciences — to analyse the main con-
ditions for the introduction of STEM in the educa-
tional process of schools in Ukraine and its impact
on the formation of key and subject competen-
cies in students. The study is based on a pedago-
gical experiment that lasted for two years (2018-
2020) [9].

Analysis of studies and publications. Over the
past five years, Ukrainian scientists have conduc-
ted a number of studies that define the conceptual
and categorical apparatus and the essence of the
basic concepts of STEM education [10]. Formation
of educational STEM-environment (V. Bykov) [11].
Formation of key and subject competencies of
students by robotic means of STEM-education
(N. Morse) [12]. Methodical recommendations for
the development of STEM-education in general
secondary and out-of-school education institutions
have been developed (. Vasylashko, O. Patrikeeva,
O. Lozova, N. Burkina) [13]; methodical recommen-
dations on introduction of STEM-education in the
conditions of integration of formal and non-formal
education of gifted students (N. Polikhun, K. Pos-
tova, I.Slipukhina, G. Onopchenko, O.Onopchen-
ko) [14]. STEM as a modern polytechnic education
is considered by V. Sipii [15]. T. Zasekina and T. Naza-
renko are engaged in the integration of natural sci-
ences on the basis of STEM-education through the
introduction of the course “Natural Sciences”.

Researchers of the Department of Geogra-
phy and Economics of the Institute of Pedagogy
of the National Academy of Pedagogical Sciences
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of Ukraine working on the content of “Concepts of
teaching geography of Ukraine in primary and se-
condary school” and “Concepts of economic edu-
cation in gymnasiums and lyceums of Ukraine”
took into account STEM education trends [16; 17].

As we can see, there is a sufficient scientific and
practical-methodical base for the development
and implementation of STEM education in educa-
tional institutions.

Presentation of the basic research material and
substantiation of the obtained scientific results.
The introduction of STEM-training on the basis of
personality-oriented, activity-based and compe-
tence-based approaches should take place within
the current legislation without the expectation of a
full transition to the second generation of the State
Standard of basic and complete general secondary
education and new curricula. It is expedient to do
this in order to understand the directions of edu-
cational reforms and, at the same time, to make
the teaching of students better and more modern
today. These approaches should be introduced
gradually in both primary and specialized schools.

In their work, teachers use a glossary of terms,
which was created by State Scientific Institution
“Institute for Modernization of Education” in order
to promote and harmonize understanding of the
concept of STEM, scientific and methodological
approaches to the development of STEM-educa-
tion [18].

A special form of end-to-end STEM-learning is
integrated lessons / classes, which are aimed at
establishing interdisciplinary links that contribute
to the formation of students’ holistic, systematic
worldview, the actualization of personal attitudes
to the issues addressed in the lesson.

Integrated lessons can be conducted in two
ways:

* by combining similar subjects of several subjects;

e through the formation of integrated courses
or separate special courses by combining the
curricula of such courses / subjects.

In order to involve students in practical activi-
ties, it is desirable to expand the range of orga-
nizational forms, teaching methods, methods
of educational interaction and give priority to
learning material in the process of excursions,
quests, competitions, festivals, hackathons,
workshops and more.

During the implementation of educational
projects, a number of different levels of didactic,

educational and developmental tasks are solved:
new knowledge, skills and abilities that will be
needed in life are acquired; develop motivation,
cognitive skills; the ability to independently navi-
gate in the information space, to express their own
judgments, to show competence is formed. Design
and research activities contribute to the formation
of social competencies, allows you to go through
a technological algorithm from the emergence of
an innovative idea to create a commercial pro-
duct — a start-up, as well as learn to present it to
potential investors. In the long run, this contributes
to the change of value priorities and worldview of
young people towards the formation of responsi-
ble, socially active, socially and patriotic balanced
behaviour.

Conditionally in the implementation of STEM-
education, considering this category as an innova-
tive technology, we can distinguish the following
stages:

e organizational and preparatory, exploratory:
study of the state of implementation of STEM-
education in Ukraine and the development of
this problem in the scientific and methodological
literature; selection of scientific and practical ma-
terials, electronic resources, formation of regula-
tory framework, etc;

e conceptual-diagnostic: definition and substan-
tiation of the basic terms of STEM-education;
creation of a glossary of terms that define the
essence of the concept of STEM-education; deve-
lopment and approval of legal documents (Con-
cepts of STEM-education, Standard regulations
on STEM-center, Standard regulations on equip-
ping teaching aids and equipment of classrooms
and STEM-laboratories, etc.);

e formative: approbation of the best world me-
thods and technologies of STEM-education in
educational institutions in order to check their
effectiveness;

¢ analytical-generalizing: generalization of re-
sults of approbations and introduction of STEM-
education methods in the educational space of
Ukraine, definition of advantages and disadvan-
tages, preparation of reports.

In August 2015, the STEM-education depart-
ment of DNU “Institute for Modernization of the
Content of Education” was established, which
has a number of tasks. The implementation of
STEM-education ideas is carried out by invol-
ving students in various contests, competitions,
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tournaments. Thus, scientific picnics, robotics fes-
tivals, all-Ukrainian competitions “Robot traffic”,
competitions on modeling of “smart” devices
“STEAM-House”, programs-competitions “FIRST
LEGO-league”, “FIRST LEGO-league-junior”, are
actively held in Ukraine etc.

The action plan for the implementation of
STEM-education in Ukraine for 2022 provides for
the establishment of STEM-centers / laboratories
on the basis of secondary schools (regional support
schools), out-of-school educational institutions,
research laboratories with appropriate material,
technical, scientific and methodological base, spe-
cialists for the organization of effective education-
al and research and project activities. The work of
STEM centers / laboratories should be regulated by
the current Regulations and be aimed at suppor-
ting and developing STEM education.

The effectiveness of STEM-training, the in-
troduction of innovative methods of the New
Ukrainian School, depends on updating the mate-
rial and technical base of both the subjects of the
natural-mathematical cycle and the educational
institution as a whole. Educational, modern infor-
mation tools, measuring systems contribute to the
motivation of research, intellectual and creative
activities of students, the development of cogni-
tive interest and the formation of subject compe-
tencies, while creating appropriate conditions for
the development of specialized training.

The process of implementation of educational
STEM-projects involves active interaction with par-
ents and communities.

Observing the events taking place in the world
and in Ukraine related to the pandemic and qua-
rantine due to the 2019 coronavirus, we consider
the creation of the Virtual STEM—Canter (Virtual
STEM-centre MANLab) in 2020 to be quite relevant.
Today the Virtual STEM-centre of the Small Academy
of Sciences of Ukraine — STEM-laboratory MANLab
offers distance and day professional methodical
and technological assistance in the organization of
STEM-training of student youth of Ukraine.

Conclusions

Studying the experience of different countries
in the implementation of STEM-education, we
note that there is no single clear understanding of
this term and its definition is given very different-
ly. However, everyone agrees that this technolo-
gy, paradigm, system, methodology, as it is called,

teaches to live in real life, think critically, apply the
latest advances in science and technology, form
the skills of the XXI century and much more.

Favourable conditions for the introduction of
STEM education have been created in Ukraine. Today
we see only the introduction of elements of this in-
novative direction. There is a need to create training
programs in the areas of STEM and their approval at
the state level, building a network of STEM-centres.

The popularization of STEM areas is also carried
out through publishing activity and participation
in various activities of scientists, teachers-practi-
tioners, methodologists, graduate students, doc-
toral students.

Analysis of the latest scientific and methodolo-
gical publications, research shows that STEM has
attracted the attention of the Ukrainian public.
A significant number of conferences, seminars,
round tables, webinars at the national and inter-
national level testify to the relevance of the in-
troduction of STEM education. Participants in the
educational process share experiences, advanced
ideas, the use of STEM-technologies on the pages
of thematic groups in social networks.
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ETAMW TA YMOBMU BMPOBAOXEHHA STEM-OCBITU B YKPATHI

AHomauyia. LLljopoky, He3eaxcarouu Ha Hawi 6axcaHHA ma enodobaHHs, y ceimi 8idbysaromscsa iHHosayiliHi npoye-
CU, CMBOpPIIMbCA HOBI MexHO02il, AKi NMPoHU3yrMb yci cghepu cycninbHo20 ¥umms. TaK, OCMAHHI POKU 03Ha-
MeHysanucsa noseoto 3D-npuHmepie, cmMeopeHHAM cyrnepmapKkemis matibymHbo20, ModepHi3ayieto supobHUYMEa
30 0ornomozoto pobomu3zosaHux 36ipHUX cucmem, mecmysaHHAM Pobomu308aHUX aemobycie, po36UMKOM 8ipmy-
a/1bHOI peasnbHoCmi ma wmy4yHo20 iHmenekmy mouwo. Pi3Hi HO8o088e0eHHA MOpPKHYyAUcA U cucmemu oceimu YKkpai-
HU. 3MiHIOMbCA hopmu, Memodu, 3acobu HABYAHHS, pPOsb 84yuUMensa U y4yHA, HABYAAbHI NPO2PAMU Mma cucmemu
OUIHIOBAHHA. 3 MOOepHI3ayieo HaBYA1bHO-8UXOBHO20 MPOUECY 3’A87AI0MbCA HOBI HAMPAMU 8 oceimi. TaK, HUHI
MOX}CHA rovymu rpo 3miuiaHe, nepesepHyme, MobinbHe, couiasbHe HA8YAHHS, 8i0eockpalibiHe, XMapPHi mexHos10-
2ii, nepesepHymuli Knac, cmopimeniHe, cmapman-4eaneHOX moujo. Yepes nowiupeHHs KOpoHABipycHOI iHpeKyil
ma eeedeHHA KApaHMUHY cmasna aKkmyasnsHo OucmaryiliHa ocgima. Ome, Ha cyyacHomy emari 8i06yeaemocsa
27106asbHA pegopma YKPAiHCbKOI ocgimu, CripaAMo8aHa HaA 3MiHYy KOHUEenmyasabHUX npiopumemis, nowyk wisxie
iHmezpauyii 8 eaponelicbky cucmemy oceimu. OOHUM i3 nepcrieKmMusHUX Hanpamie € 8rnposadxceHHs STEM-ocgimu,
AKa nepedbayae iHMezpayito NpupoOHUYUX HAYK i OPIEHMYEMbCA HA PO3BUMOK HOBUX MEXHOM02il, MamemamuyHi
PO3PAXyHKU, iHHOBAUilIHE MUCAEHHA. Y UboMy KOHMeKCcmi 8i0byeaembcs nepeopieHmauyis Hag4yanbHO20 rpouecy
Ha po38uMoK ocobucmocmi, MPUYOMY MAKa repeopieHmauis nepedbavyae 800CKOHANEHHSA BCieEl cucmemu ocgimu,
a omce, i MemoOUKU BUKAAOAHHA 0esKuUxX OUCYUI/iH, 30Kpema npupooHuYux. [1s ybo2o HeobxioHO po3paxysamu
ymosu U emanu enpoeadxeHHA STEM-oceimu 8 Ha84a1bHO-8UX0BHUL NMPOYEC 3a2asbHOI cepedHboi ocsimu YKpai-
HU, AKa 8 nepcrnekmuei Mae 3a008071bHAMU riompebu KpaiHu y 0obpe nidecomoesneHux iHxceHepax ma crneyiaaicmax
3i STEM-ocsimu.

Knruoei cnoea: STEM, STEAM, STREAM, STEM-oceima, iHHosauiliHi memoou, Hoea yKpaiHCbKa WKOsa, Komiie-
meHmHicHul nioxio, npuknadHe HaB8YAHHS.

T. . HasapeHko, H. A. loH4aposBa, B. B. Cunuit

3TANbI U YCNOBMNA BHEAPEHUA STEM-OBPA3OBAHUA B YKPAUHE

AHHOmMayusA. Kaxcobili 200, HECMOMPA HA HAWU XeAAaHUA U Npucmpacmus, 8 Mupe npoucxooam UHHOBAUUOHHbIe
Mpoyeccsl, co30aomcsa Ho8ble MexHO102UU, NPOHU3bLIBaoWUE 8ce cghepbl 0bwecmeeHHOU Hu3HuU. TaK, nocaedHue
2006l 03HaMeHoBasUCL roseneHUem 3D-nipuHmepos, co3daHuem cyrnepmapkemos b6ydyuje2o, modepHusayuel
Mpou3soocmea ¢ MoMouwblo PobOMU3UPOBAHHbLIX COOPHLIX CUCMeM, MmecmuposaHuem pPo6oMuU3UPOBAHHbIX
asmobycos, paszsumuem 8UpMyasabHOU pPeasbHOCMU U UCKYCCMBeHH020 UHmesnekma. PasHbele HO8088e0eHUA
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3aMmpoHynu u cucmemy 06pa308aHUSA YKpauHsl. U3meHAaromca gpopmMol, Memoobl, ciocobbl 06y4eHUs, posib yYumens
U y4eHuka, oby4yarowjue npoz2pammel u cucmems! oyeHku. C modepHuszayueli yyuebHO20 npoyecca 803HUKAOM
Hoeeliwue HanpasneHus 8 06pa308aHUU. TaK, CE200HA MOMHO YCAbIWAMbL O CMeWdaHHOM, fepesepHymom,
MOBUMLHOM, coyuasnbHOM o06yyeHuu, eudeocKpalibuHee, 067a4HbIX MEXHOs02UAX, NepesepHymMomM Ksadcce,
cmopumesnsnuHze, cmapman-4enneHoxax u m. 0. M3-3a pacnpocmpaHeHus KOpoHAasupycHol UHpeKyuu u sgedeHus
KapaHmMuHa cmasnao akmyasnsHbiM OucmaHyuoHHoe obpazosaHue. Takum o0b6pa3om, HA cospeMeHHOM 3marie
npoxooum enobanbHAs pepopmMa YKPAUHCKO20 0bpa308aGHUSA, HAMPABAEHHAA HA U3MEHEeHUEe KOHUernmyasabHbiX
npuopumemos, NMouck nymeli uHMezpayuu 8 esponelickyro cucmemy obpazosaHud. OOHUM U3 nepcrekKmMu8HbIX
HanpasneHull asnaemcs sHedpeHue STEM-o06pa3o8aHusA, Komopoe nodpaszymesaem UHMe2Payu ecmecmeeHHbIX
HAQyK U opueHmMuUpyemcsa HQ paszsumue HOBbIX MexHos02ull, mamemamuyeckue pacyemsl, UHHOBAUUOHHOE
MblwneHue. B amom KoHmekcme npoucxodum nepeopueHmMayus y4ebHo20 npouecca Ha passumue aAUYHOCMU,
npuyemM makaa nepeopueHmauyua rnpeonosgzaem ycogsepuieHcmesosaHue 8cell cucmemsl 06pPA308GHUA,
a cniedosamesibHO, U MemMOoOUKU rpenodasaHus omoesibHbiX OUCYUI/IUH, 8 MOM YUC/e ecmecmeeHHbIX. [a4 3moao
HeobxoduMo paccHumameo yca08uA U amanel BHedpeHuA STEM-0b6pa3osaHus 8 yyebHO-8ocrumamesnsHsili npoyecc
obuwe2o cpedHezo 0b6pPaA308aHUA YKPAUHbLI, KOmopoe 8 rnepcrekmuge 00/AXHO ydossemeopams nompebHocmu
CMpPAaHbI 8 XOPOWO M10020MOB/aAeHHbIX UHMeHepax u cneyuaaucmax STEM-obpazosaHus.

Knroueevie cnoea: STEM, STEAM, STREAM, STEM-obpa3oeaHue, UHHOBAUUOHHbIE Memoobl, Hoeasa yKpauHcKas
WKO/1a, KOMMemeHMmMHOCMHbIl nodxo0, NpuKaadHoe obyyeHue.

INFORMATION ABOUT THE AUTHORS

Nazarenko T. H. — D. Sc. in Pedagogy, Senior Researcher, Head of the Department of Teaching Geography and
Economics, Institute of Pedagogy of the NAES of Ukraine, Kyiv, Ukraine, geohim@ukr.net; ORCID ID: https://orcid.
org/0000-0001-7354-5245

Honcharova N. O. — PhD in Pedagogy, Senior Researcher of the Sector of innovative activity forms and methods
of STEM-Education Department’s, State Scientific Institution «Institute of Education Content Modernization»,
Kyiv, Ukraine, leobet@ukr.net; ORCID ID: https://orcid.org/0000-0002-2120-4542

Sipii V. V. — PhD in Pedagogy, Senior Researcher Leading researcher of the Department of Biological, Chemical
and Physical Education, Institute of Pedagogy of the NAES of Ukraine, Kyiv, Ukraine, sipiy@ukr.net; ORCID ID:
https://orcid.org/0000-0003-4825-1426

IHPOPMALIA NPO ABTOPIB

HasapeHKko TetaHa leHHagiiBHa — A-pKa ned. HayK, CTaplua HaykoBa CNiBpPobITHMLUA, 3aBiAyBayKa Biaainy
HaBYaHHsA reorpadii Ta eKoHoMiKK, IHcTUTYT neparorik HAMH YkpaiHu, m. Kuis, YKpaiHa, geohim@ukr.net;
ORCID ID: https://orcid.org/0000-0001-7354-5245

FoHuapoBa Hatania OnekcaHgpiBHa — KaHA. nej. HayK, CTaplla HayKoBa CMiBPOBITHULA CEKTOPY iHHOBALLIMHMX
dopm Ta MeToAiB AifANIbHOCTI NeAaroriyHMX npauisHuUKiB Bigainy STEM-ocsitu, AHY «IHCTUTYT MoaepHi3aLii 3micTy
ocBiTU», M. Ku1iB, YKpaiHa, leobet@ukr.net; ORCID ID: https://orcid.org/0000-0002-2120-4542

Ciniih Bonogumup BonoaMmupoBuY — KaHg,. nes. Hayk, NpoBigHWIA HayKOBWIA CNiBPOBITHUK BiaAiny 6ionorivHoi,
XiMiYHOT Ta pisnyHoi ocBiTH, IHCTUTYT Nneparoriku HAMH YKpaiHu, sipiy@ukr.net; ORCID ID: https://orcid.org/0000-
0003-4825-1426

MHO®OPMALUA OB ABTOPAX

HasapeHko T. . — pg-p nea. HayK, CTapwuii Hay4yHbl COTPYAHWK, 3aBeaylowas Kadbenpoi npenogaBaHuUs
reorpadum n sKOHOMUKK, NHCTUTYT negarornkn HAMH YKpauHbl, r. Knes, YKkpaunHa, geohim@ukr.net; ORCID ID:
https://orcid.org/0000-0001-7354-5245

FoHuapoBa H. A. — KaHA. nea. HayK, CTapLlUMi HayYHbIA COTPYAHMK CEKTOPA MHHOBALMOHHbIX GOPM U MeToA0B
[eATeNbHOCTM Neparormyeckmx paboTtHMkos otaena STEM-o6pasoBaHua, THY «MHCTUTYT MoaepHU3auumn cogep-
KaHua obpasoBaHuaAy, . Kues, YKpauHa, leobet@ukr.net; ORCID ID: https://orcid.org/0000-0002-2120-4542

CunuiA B. B. — KaHZA. neA. HayK, BeAylWi HayyHbl COTPYAHMK OTAeNa 6MOSOrMYeckoro, XMMMUYECKoro
n dmsmyeckoro obpasosaHus, MHCTUTYT nesarornkm HATMH YkpauHbl, r. Kues, YKpauHa, sipiy@ukr.net; ORCID ID:
https://orcid.org/0000-0003-4825-1426

CraTTa Haginwna o pesakuii / Received 15.11.2021

ISSN 2618-0529 (Print) 103



