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The article considers the essence and potential of STEM-education, the implementation of which
is important for the training of specialists of the new generation and socio-economic development of
our country. The core of the basic concepts of STEM-education as a new direction in education is
revealed, the appearance of the acronym "STEM" is covered, its meaning is discussed, and the
conceptual field of its synonymous categories is analyzed. The main advantages of this area and
the main issues of STEM-approach implementation in the domestic education system are clarified.
The experience of the world's leading countries (including the USA, Great Britain, and Canada) in
the implementation and development of STEM-education is analyzed. The conclusion about
efficiency of activity of the establishments of the general secondary education focused on STEM-
technologies is made. The necessity of improving the education system of Ukraine focusing on the
experience of STEM programs implementation in the above-mentioned countries is substantiated.
Possibilities of application of STEM-technologies in the New Ukrainian School (NUS) are defined (at
an initial stage of training in particular). The conclusion is made about the need to restructure the
whole learning process, which presupposes moving away from the teacher-centered model of
learning, giving students initiative, stimulating their activity, activating development of critical
thinking and creativity. It is noted that the role of teachers in STEM-education is changing, which, in
turn, raises the issue of training and retraining of teachers who could work in this direction and
transfer the process of STEM-education from individual to mass. The need to provide educational
institutions with appropriate material resources (LEGO designing sets, computers, new generation of
textbooks, etc.) has been confirmed.
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STEM-IIAXIA B OCBITI TA IIIATOTOBKA BYHTEAS OO0 HOro
BITPOBAIXKEHHS

O. €. AHTOHOBAa, O. B. AHTOHOB, H. M. IToAimyxk

Y cmammi npoananisosaHo cymHicme ma nomeHuyian STEM-oceimu, 6nposaois<eHHst sKoi
CMUMYJII0E 3POCMAHHSL paxisyie HO80I 2eHepauii ma aKmugi3ye COUIANbHUUL Mma eKOHOMIUHUL
pozsumor Oepxasu. IIpedcmaeneHo pisHOMAHIMHICMbL MmepmiHono2iuHo20 noas STEM-oceimu sik
nepcneKkmugHoi 0c8imHbOI MexHONo2ll, NPOCMEIKEeHO ICMOPUUHUIL WIJISLX NOsI8BU Ma pPO3BUMKY
axporimy “STEM”, po3kpumo 1io20 3HAUEHHSI Ma NPOAHANI308AHO 1i020 CUHOHIMIUHI KAmMez0pii.
BusHaueHO OcHO8HI nepegazu ma npobremu enposadxerHs STEM y cucmemy oceimu YrxpaiHu.
ITpoaHanizosaHo 0oceid npogidHux Kpain ceimy (3okpema CIIA, Benuxoi Bpumatii ma Kanaou) y
enposaodsxkeHHi ma pozsumky STEM-oceimu. 3pobneHo 8UCHOB0K npo egexmueHicmos OisibHOCMi
3aKn1adie 3azanbHOi cepedHboi oceimu, opienHmogarux Ha STEM-mexHonozii. O6TpyHMO8AHO
HeoOXiOHIcMb YOOCKOHANIEHHS. cucmemu oceimu YKpaiHu, opieHmymouucoe HaA 00ce8i0 peanizauil
npoepam STEM y nposgioHux OJepxasax ceimy. BusnaueHo moxcnusocmi zacmocyeaHHsi STEM-
mexHonozitl 'y Hosill ykpaiHcbKili KO, 30Kpema HO nouamwko8omy emani HA8UAHHS. 3pobreHo
BUCHOBOK npo  HeobxiOHicmb  nepebydosu  8Cb020  npouecy  HABUAHHS,  B8i0x00Yy 810
guuUMeneyeHmpo8aHoi Mooel Op2aHi3ayii Ha8UAHHS, HAOAHHS YUHSIM [HILIAMUSU, CMUMYJIO8AHHSL
ix akmueHocmi, po38UMOK KPUMUUHO20 MUCIEHHSI Ma KpeamueHocmi. 3a3HaueHo HA 3MIHI poJu
guumenss 8 ymosax STEM-oceimu, wo, Yy ce0w0 uepey, AKMYanizye NUMAHHS ni020mosKku ma
nepeniozomosku guumeJiig, 30amHUX Npauoeamu Yy ybomy Hanpsami ma peanisyeamu STEM-ocgimy
Yy Mmacosili wroni. IliomeepoxeHo HeobXiOHicmb 3abe3neueHHs 3aKnadie oceimu 8i0nogioOHUMU
MAMEPIATEHUMU PECYPCaMU (KOHCMPYKMopamu, Komn’'romepamu, KHUKKAMU HOB020 NOKONIHHS
mowo).

Knrouoei cnoea: KOHKYpEHMOCNPOMOIXKHUI ¢paxigeub, npupodHuua oceima, STEM-oceima,
STEM-nioxio y HaeuaHHi, STEM-mexHono2ii, npoekxmHi mexHoN0zll, nidzomosxa i nepenidzomoskKa
suumenst.

Introduction of the issue. The reform
of the education system of Ukraine, caused
by the need to ensure the growth of its
competitiveness in the economic sphere,
the total digitalization of social life, the
development of the latest technologies
require qualitatively new approaches to the
organization of the educational process. At
the current stage of human development,
the stated goals can be achieved only based
on effective interaction of science,
education, and innovative technologies in
all spheres of society. However, we must
admit that for now society is experiencing a
shortage of specialists who are ready to
participate in innovative processes and
ensure its stable development.

We consider STEM to be a relevant
direction for the modernization of science
and mathematics education as it comprises
a focused approach to learning that
stimulates the increase in the motivation of
young people to study subjects of the

ITIocTaHoBKa mpobaemu. PedhopmyBanHs
CHUCTEMH  OCBiTH  YKpaiHH, 3yMOBA€HE
HeoOXimHiCTIO 3abesredyeHHs 3pOoCTaHHS il
KOHKYPEHTOCIIPOMOXKHOCTI B €KOHOMIYHIN
ccepi, ToTasbHa IMQPOBi3allid CYCIiABHOTO

KUTTS, PO3BHTOK HOBITHIX TEXHOAOTIH
BUMAaramTh {KICHO HOBHX MigxoAiB MO0
opraxizariii =~ OCBITHBOI'O IIPOLIECY. Ha

Cy4acHOMY eTarli PO3BUTKY AIOACTBA IOCATTH
3a3HadYeHuxX IliAell MOXKHA AHIIle Ha OCHOBI
epekTHBHOI  B3aeMomii HAyKW, OCBITH,
iHHOBaILIIHMX TEXHOAOTIH y BCiX cdepax
KUTTS cycmiabcTBa. OOHaAK MOPUXOIUTHCH
BU3HaBaTH, 110 IIOKH CYCITIABCTBO BiIdyBae
nedinuT daxiBlliB, TOTOBUX OpaTH y4acTh B

iHHOBaLiHUX mporecax i 3abe3reyyBaTu
Horo crabiAbHUI PO3BHTOK.

AKTyaABHUM  HaOpsMOM  OCy4aCHEHHs
[IPUPOAHUYO-MaTeMaTHIHOT OCBiTH

BBakaemo STEM - opieHTOBaHUM HifxXid 10
HaBYaHHS, SKUH CTHMYAIOE IIiABHIIIEHHHA
MOTHBAaIlii MoAoAi [0 BUBYEHHS IIpeIMETiB
IIPUPOAHIYO-MATEMATHYHOTO LTUKAY,
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science and mathematics cycle, allows us
to realize the high demand for workers in
the production sphere who can set and
perform tasks in the fields of IT,
engineering, nanotechnology, medicine, etc.

Current state of the issue. The foreign
experience represented by the works of
H. Gonzalez, J. Kuenzi, D. Langdon,
K. Nichols and others is extremely useful
and socially significant for the education
system of Ukraine. A. Kelly, O. Misk,
H. Fleishman, F. Hees, and others can be
singled out among US scientists who have
devoted their work to STEM education. In
their opinion, STEM education is an
important and promising direction of
innovative education, the purpose of which
is to form the ability to effectively apply
acquired knowledge in  professional
activities, solving social problems, and
personal self-realization through improving
critical thinking skills.

The foreign experience of implementing
STEM education and the possibility of its
introduction into the education system of
Ukraine is presented in the studies of
V. Antonov, M. Boichenko, V. Boichenko,
O. Buturlina, N. Polihun, K. Postova,
I. Slipukhina, H. Onopchenko,
O. Onopchenko, I. Khudetsky, and others.
Various aspects of the introduction and
use of technologies based on the STEM-
approach in educational institutions are

considered in the works of Ukrainian
researchers N. Valko, V. Kamyshin,
O. Lisovoi, V. Osadchyi, S. Semerikov,

O. Stryzhak, O. Strutynska, and others.

Outline of unresolved issues brought
up in the article. At the same time, the
theoretical and technological foundations
of the implementation of STEM education
in teacher training remain insufficiently
studied.

Aim of research is to study the essence
and advantages of STEM education,
summarizing the foreign experience of its
implementation in institutions of general
secondary education and determining the
features of the use of STEM technologies in
teacher training in Ukraine.

Results and discussion. The analysis of
research by scientists and regulatory
documents on the issue allows us to state
that STEM education is a modern

[I03BOASIE pPeaai3yBaTH BHCOKHMM 3aIllUT Ha
MIpalliBHUKIB BHUPOOHMYOI cdepH, 3mAaTHUX
CTaBHUTH 1 BUKOHYBaTH 3aBIaHHHA y TaAy35X
IT, imkeHepii, HaHOTEXHOAOTIH, MeIWUIIMHI
TOLIO.

Anaai3s OCTaHHIX  ZJOCAiZIKeHBb i
myOaikauii. HagzBuuaiiHO KOPHCHHM Ta
COILliaABHO 3HAYYyIIMM A9 CHUCTEMM OCBITH
Ykpainu € 3apyOizKHIH JOCBIfI,
npencraBaeHuit  poboramu  X. [oHcaaseca,
x. Kyensi, /. Aeurgona, K. Hikoaca Ta iH.
Cepen HaykoBiiiB CIIA, gki IpUCBATHAU CBOi
npawi STEM-ocBiti, MOXKXHa BHOKPEMUTH
A. Keaai, O. Mick, TI'. ®aetinniman, d. Xeec Ta
iH. Ha ix nymky, STEM-ocBiTa € BasKAUBUM i
IIEPCIIEKTUBHUM HAaIIPSIMKOM iHHOBAIliliHOI
OCBITH, MeTa SIKOIO IIoAdrae y (popMyBaHHI
30ATHOCTI [0 e(EKTUBHOIO 3aCTOCYBaHHS
HaOyTHX 3HaAHb Y IIPO(pecifiHiil AiIABHOCTI,

BUpILIeHH] COLTIaABHUX Ipobaem,
0COOHCTICHIM caMopeaaizartii yepes3
TIOAIMIIIIEHHS HAaBHYOK KPUTHYHOTO
MHUCAEHHSI.

BapybizkHuit mocBing peaaizarii STEM-
OCBITH Ta MOXKAUBOCTi HOr0 BIPOBAXKEHHS V
CHUCTEMY OCBITH YKpaiHU IIpeacTaBACHUH y
nocaimkenHsx B. AntoHoBa, M. BodiueHko,
B. Botiuenko, O. Byrypainoi, H. [ToaixyH,
K. ITocroBoi, I. Cainyxinoi, I'. OHOIYEHKO,
O. Onomruenko, . Xymenpkoro Ta iH. Pizni
aCreKTU BIIPOBaKEHHS ¥ BHKOPHCTAHHS
TEXHOAOTIEET Ha ocHoBi STEM-migxomy B
3aKAQaxX OCBITH pPO3TAFHYTO B poboTax
YKpaiHChKHUX JOOCAITHUKIB H. Baarko,
B. Kamummunaa, O. AicoBoro, B. Ocamguoro,
C. CemepikoBa, O. Crpuxaxa,
O. CTpyTHHCBKOI Ta iH. Bopgnouac,
TEOPEeTUYHi i TEeXHOAOTIYHI 3acaau peaaizartii
STEM-ocBiTH y  MHiATOTOBIIL  BYHTEAIB
3aAUIIAIOTHECH HEAOCTATHHO BUBYEHHMU.

MeTo!0 cTaTTi CTaAO0 BUBYEHHS CYTHOCTI
Ta nepeBar STEM-ocBiTH, y3arasbHEHHS
3apybizKHOTO HOCBiay ii peaaizartii y 3akaagax
3araAabHOi CepenHBOi OCBITH Ta BU3HAYEHHS
ocobAMBOCTEH 3aCTOCyBaHHS STEM-
TEXHOAOTIH y IiATOTOBILII BUUTEAS B YKpaiHi.

BuKAazn OCHOBHOIO MaTepiaay. AHaai3
[OOCAIPKEHb HAYKOBIIIB Ta HOPMaTUBHUX
JOKYMEHTIB 3 IpobAeMU JO3BOASIE
crBepmkyBatu, 1m0 STEM-ocBita - 1€
cydacHe re/1aroriyHe TIOHSTTS, dKe
XapakTepu3ye  II€IaroridyHy  TEXHOAOTIIO,
CIpssMOBaHy Ha (OPMyBaHHS i PO3BHUTOK
PO3yMOBUX,  IIi3HABAABHHUX 1  TBOPYHX
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pedagogical concept that characterizes
pedagogical technology aimed at the
formation and development of mental,
cognitive and creative abilities of young

people, which determine their
competitiveness in the modern labor
market, and which is implemented by

applying an interdisciplinary approach in
the development of educational programs
in educational institutions of various levels.

The term STEM is an acronym denoting
the first letters of the following areas of
education: Science, Technology,
Engineering and Mathematics. Note that
Science in this context means the natural
(environmental) sciences, not science in
general, as this concept is interpreted in a
number of domestic scientific works. In its

current formulation, this term was
proposed by the National Science
Foundation (NSF) (USA) to denote the

named disciplines instead of the acronym
SMET. For the first time, the term STEM
appears in the text of the NSF project
called STEMTEC (Science, Technology,
Engineering and Math Teacher Education
Collaborative) in 1997.

However, STEM cannot be understood
only as technical education since this
technology involves the unity of technical
knowledge with the individual's ability to
creatively interpret it. That is why the
content of STEM education combines a
purely  scientific aspect with the
development of a creative component,
which includes disciplines of a creative and

artistic nature (design, architecture,
industrial aesthetics, etc.). As
M. Boichenko notes, "STEM education

without artistic disciplines and creativity is
already yesterday. STEM is transforming
into STEAM (STEM + Art - art) — an
improved version of STEM education into
which art is integrated" [1; 2].

In his research, M. Boichenko notes that
in modern conditions there is a whole
conceptual field, which includes such
concepts as: eSTEM - ecological STEM;
METALS (STEAM + Logic), where Logic is
added to the list of disciplines; MINT -
Mathematics, Information Sciences,
Natural Sciences and Technology; STREM —
natural sciences (Science), technology
(Technology), robotics (Robotics),

3mibHOCTEll MOAOMI, III0 BH3HAYAIOTH iX
KOHKYPEHTOCIIPOMOXKHICTE Ha Cy4dacHOMY
PHUHKY IIpalli, i sKa peaidyeThcs IIAIXOM
3aCTOCYBaHHS MiKIVCIIUIIAIHAPHOTO IIiIXOLy
y Ppo3po0I1i HaBYaAbHHX IIPOTPaM y 3aKAazax
OCBITH Pi3HOTO piBHS.

Tepmin STEM saBasie co00r0 akpoHiM, IO
Io3HAYaE IIepIi AiTepH TaKUX HaIpPsSIMiB
ocBiTHM: mHOpupomHU4Yi Hayku  (Science),
TexHoaorii (Technology), iHxeHepHa crpaBa
(Engineering) Ta maremaruka (Mathematics).
3ayBaxkuMo, II0 Mg Science y AaHOMY
KOHTEKCTi PO3yMIIOTbCA camMe MIPUPOTHUI
HayKH, a He HayKa B LIIAOMY, SIK TAYMa4YHUTBbCH
e MOHSTTHd y HHU3Ll BITYH3HAHHUX HAyKOBHUX
npanb. Y cydacHOMy OpMyAIOBaHHI Iie#
TepMiH Oyao 3amporioHoBaHO HartioHaabHOIO
dyHoamiero npupomHuyux Hayk (National
Science Foundation - NSF) (CILA) masa
IIO3HAYEHHS Ha3BaHHUX MOUCLHUIIAIH 3aMiCThb
akpoHiMmy SMET. VYmnepme tepmia STEM
3ycTpidaeTbcsa y TeKcTi mpoekty NSF mim
Ha3zBoro STEMTEC (Science, Technology,
Engineering and Math Teacher Education
Collaborative) y 1997 porii.

Opunak mig STEM He MoXHa pPoO3yMiTH
AUINIE TEXHIYHYy OCBiTy, OCKIABKH IId
TEXHOAOTIS Tependadae €OHICTh TEeXHIYHHX
3HAHb i3 3AATHICTIO OCOOHCTOCTI A0 TBOPYOI
ix imreprperamnii. Came Tomy y 3micti STEM-

OCBiTM i3 CyTO HayKOBHM  AaCleKTOM
IIOEMHYETHCI PO3BUTOK KpeaTHuBHOI
CKAQIOBOI, gKa  OXOIIAIOE  JHUCIIUIIAIHU
TBOPYOTO  Ta  XYOOXKHBOIO  XapakTepy
(omn3atin, apxiTeKTypa, iIHOyCTpiasbHAa

ecTeTHKa TOIO). 9K 3a3Hadae M. BoitueHKo
"STEM-ocBiTa 6€3 MHCTEIBPKUX AUCLIMIIAIH i
KpeaTUBHOCTI — IIe BXe BYOpAIlHiHd [OeHb.
STEM Ttpancgopmyerbca y STEAM (STEM +
Art — MwucTenTBO) — BIOCKOHAA€Ha Bepcis
STEM-ocBiTH, B 9Ky iHTETPOBaHE MHCTEIITBO"
[1; 2].

Y cBoemy gmocaimkenHi M. BoiiueHKo
3a3Ha4ae, L0 y CydaCHUX yMOBax Ma€ Miclie
IiAe TIOHATTEBE IIOA€, [0 SKOIO HaAeXKaThb
Taki TIOHATTI, 9K: eSTEM - ekoAoriuyHuit
STEM; METALS (STEAM + Logic), ne mno
nepeaiky  OMCIIMIIAIH  JIOJA€THCI  AOTIiKa
(Logic); MINT - maremaruka (Mathematics),

iHpopmaTukra (Information Sciences),
npuponunyi Hayku (Natural Sciences) Tta
texHoaorii  (Technology); STREM -
opupomHUdi Hayku  (Science), TeXHOAOTII
(Technology),  pobGotorexuika  (Robotics),
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engineering and mathematics
(Mathematics); STREM - where instead of
mathematics, the letter M stands for
multimedia  technologies (Multimedia);
STREAM - science, technology, robotics,
engineering, art and mathematics; STEAM
— where AM is applied mathematics
(Applied Mathematics); GEMS (Girls in
Engineering, Math, and Science) - involves
the involvement of girls in the study of
engineering, mathematics and natural
sciences; STEMM - Science, Technology,
Engineering, Mathematics and Medicine;
AMSEE - applied mathematics (Applied
math), natural sciences (Science),
engineering and entrepreneurship
(Entrepreneurship) [1; 2].

Thus, today the concept of STEM covers
almost all natural and mathematical
sciences, combining them into a single
whole to strengthen the natural and
scientific = component in educational
programs with an emphasis on innovative
technologies, which are used even when
studying creative, artistic disciplines.
Moreover, in some foreign countries,
musicians are taught not only to own a
musical instrument, but also to be able to
use various computer programs to create
musical works, since learning is
understood as a way of expanding
consciousness and changing reality. STEM
education in a number of foreign countries
is a set of educational courses or special
educational programs aimed at preparing
students for further education after
finishing school and successful
employment, in  particular in the
engineering and technical field. Young
people get the opportunity to
simultaneously master theoretical
knowledge (terminology, rules, laws, etc.)
and check their effectiveness in practical
activities (development  of  scientific
projects, models, constructions, etc.). In
this way, STEM education forms in
students the skills and abilities necessary
to ensure their competitiveness in the
modern labor market.

From the above, we can conclude about
the need to implement the STEM approach
in education by building educational
disciplines based on an interdisciplinary
approach. At the same time, the emphasis

IH>)KEHEepHa  cIIpaBa (Engineering) Ta
Mmarematuka (Mathematics); STREM - ne
3aMiCTb MaTeMaTuKH aAitepa M o3Haudae

MyAbTHMeifiHi ~ TexHoaorii  (Multimedia);
STREAM - npupomHndi Hayku (Science),
TexHonorii  (Technology),  pobororexHika
(Robotics), imxkenepHa crpasa (Engineering),
MUCTELITBO (Art) Ta MaTeMaTHKa
(Mathematics); STEAM - me AM - 11e
IPUKAQTHA MaTeMaTHKa (Applied

Mathematics); GEMS (Girls in Engineering,
Math, and Science) — nepenbadae 3asydeHHs
OiBYaT [0 BHUBYEHHS iHXKEHEPHOI CIIpaBH,
MaTeMaTHKU Ta IpUpoaHNYNX HayK; STEMM
— HOpuUpogHUYi Hayku (Science), TeXHOAOTII
(Technology), IH>KEeHEepHAa cIipaBa
(Engineering), maTemaruka (Mathematics) Ta
MmemunuHa (Medicine); AMSEE — mpuraagHa

Mmarematuka (Applied math), mpupomHMdi
HayKU (Science), iH)KeHepHa  cIIpaBa
(Engineering) gl HiATTPUEMHUIITBO

(Entrepreneurship) [1; 2].

9k  BUAOHO, cbOTOmHI TIIoHATTd STEM
OXOIIAIOE Matike BCi IPUPOTHUIO-
MaTeMaTH4HI HayKH, ITOEAHYIOYH iX B €QUHE
Iine A9 IIOCHA€HHS B HaBYaAbHUX
IIporpamax IIPUPOTHUIO-HAYKOBOTO
KOMIIOHEHTY 3 AaKIIEHTOM Ha iHHOBalliiiHi
TEXHOAOTI], sIKi BUKOPHCTOBYIOTb HaBIThb IIPU
BUBYE€HHi AWCIIUIIAIH TBOPYOTO, MHUCTEIIEKOTO
copssMyBaHHsI. Tak, y OedKUX 3apyOiKHHX
KpaiHaxX My3HUKaHTiB HaB4YalOTh HE AHIIIE
BOAOITH My3WYHUM IHCTPYMEHTOM, aae H
BMITH 3aCTOCOBYBaTHU pi3HOMAaHITHI
KOMITIOTEPHI IIporpaMU [OAs CTBOPEHHS
My3W4YHHX TBOpiB, OCKIABKM HaBYaHHS
po3yMieTbCcd ~ SK  CIIOCIO  pO3UINpPEHHS
cBimomocti i 3miHu peaspHOcTi. STEM-ocBiTa
y HU3LI 3apyOixKHUX KpaiH sgBAde CcODOIO
CYKYITHICTb OCBITHIX KypcCiB abo creriaabHHX
HaBYaABHUX IIporpaM, CIPSMOBaHUX Ha
[iATOTOBKY Y4YHIB [0 IIOJAABIIOL OCBITH ITiCASI
3aBEPILEHHS LIKOAH Ta BZ1IaAOTO
IIpalleBAAIITYBaHHA, 30KpeMa B iHXKEHEPHO-

TEeXHIYHIN raays3i. Moaons oTpUMy€E
MOXKAUBICTB OZHOYAaCHO OBOAOIBaTH
TEOPETUYHUMH 3HAHHSIMHU (TepMiHOAOTId,

IpaBHAQ, 3aKOHU TOILO) Ta MepeBipaTu ix
MIEBICTHb y MPaKTUYHIH OiIABHOCTI (po3pobka
HaAyKOBUX IIPOEKTIB, MojeAed, KOHCTPYKIIiH
To1to). Takum ynHoM STEM-ocBiTa opmye B
VYHIB yMiHHS ¥ HaABUYKH, HEOOXIimHI OAs
3a0e3neyeHHsa IX KOHKYPEHTOCIIPOMOKHOCTI
Ha Cy4aCHOMY PUHKY ITpalli.
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is on strengthening the interaction between
science and creativity, entrepreneurial and
innovative activities. The leading idea of
such an approach can be considered the
postulate of the need to "study natural
sciences through other disciplines and,
conversely, study other disciplines through
natural sciences." This kind of learning
technology allows for the comprehensive
formation of key professional, personal and
social competencies of young people, which
will make them competitive in the labor
market in the future. Such properties
include the ability to solve complex
problems, the presence of developed critical
thinking and creativity, the ability to work
in a team, carry out innovative activities,
etc.) [5]. Under such conditions, the
educational process turns out to be much
more effective, as it turns into a kind of
game that involves modeling, designing,

and experimenting, and therefore is
positively perceived by schoolchildren.

In addition, with regard to the
organization of the educational process,
STEM technologies revitalize the
educational process; increase cognitive
interest; develop flexibility in the

application of knowledge; give much more
freedom of action for the teacher and
students; open opportunities for the
implementation of creative ideas and
ambitious plans; allow you to use and
combine many sources of information,
materials and resources; help save time
and resources; stimulate the development
of independence and responsibility of
schoolchildren, help improve their ability to
learn; allow taking into account the
individual characteristics and psychological
traits of  schoolchildren; encourage
cooperation between the teacher and
colleagues, help to more actively involve the
integration of educational disciplines.

The first experience of implementing
STEM education was carried out in the
USA, where today it covers educational
activities at all levels of education (from
preschool to doctorate) both formal and
informal. Most scientists associate the
emergence of the phenomenon of STEM
education in the USA with the launch of an
artificial Soviet satellite in 1957, but
American researchers G. Gonzalez and

3 BHIIE3a3HAYEHOTO MOXKHA 3poOHUTH
BUCHOBOK IIpo moTpeby y peaaizari STEM-
migxomy B OCBiITI  IIAIXOM  ITOOYZOBU
HaBYaABHUX  [JHUCLIHIIAIH Ha  3acagax
MDKIUCHUTIAIHApHOTO mHmigxomy. [lpm mpomy
aKIIeHT CTaBUTLCA Ha 3MIIIHEHHI B3a€MOIil

MK HayKOIO Ta TBOPUICTIO,
OiATTPUEMHHUIIEKOO TA iHHOBAIiHOIO
misiapHicTIo.  [IpoBigHOIO  ifeer0  Takoro

OiIXOAy MOXKHA BBaXKaTW IIOCTyAaT IIPO
HeoOXiHICTh "BUBYEHHS IPUPOIHUYNX HAYK
yepe3 IHIII  AUCHUIAIHKM i, HaBHaKH,
BUBYEHHS IHIITIX JOUCITUIIAIH qepes
npuponHudi Hayku'. Came Taka TeXHOAOTIS
HaBYaHHS JI03BOASIE KOMIIAEKCHO (DOPMyBaTH
KAIOYOBi (paxoBi, OCOOHCTICHI Ta CoOIliaAbHi
KOMIIETEHIII MOAOMiI, $Ki y IIOJAABIIIOMY
3p0o0AdaTh IX KOHKYPEHTOCIIPOMOXKHHMH Ha
puHKy mnOpaui. [lo TakKux BAACTUBOCTEH
MOJKHaA BiOHECTH 34aTHICTH [0 PO3B’sI3aHHS
CKAQHUX ITpoOAEM, HASBHICTH PO3BHHEHOIO
KPUTHYHOTO MMCAEHHS Ta KpeaTHBHOCTI,
YMiHHS [IpaloBaTy y KOMaHi, 3AiHCHIOBATH
IHHOBaLiWHy OiFABHICTE Ta iH.) [5]. 3a Takmux
YMOB OCBITHIM HpOIleC BUSBASIETHCSA 3HAYHO
€(PeKTUBHIIIINM, OCKIABKHM II€EPETBOPIOETHCH

Ha CBOEpimHY TIpy, sgKa Oepenbdadae
MOJIEAIOBaHHH, IIPOEKTyBaHHSH Ta
E€KCIIEPUMEHTYBaHHA, a TOMYy IIO3UTHBHO

CIIPUHMMAETHCH IIIKOAIPAMH.
Kpim Toro, 3 orasagy Ha opragizaiiiro

OCBITHBOTO IIPOLIECY, STEM-TextHoaorii
II0>KBAaBAIOIOTH OCBITHIN IIPOLIEC;
HiIBUIIYIOTH [i3HABaABHUH iHTEpEC;
BUPOOASIIOTH THYYKICTH Yy  3aCTOCYBaHHI

3HaHb, [JAIOThL 3HA4YHO OiAblre cBOOOMM i
OAS BUUTEAs Ta MHIKOAAPIB; BiAKPUBAIOTH
MOJKAMBOCTI [Adl peaaizalii KpeaTUBHHUX igeH
Ta aMOiTHMIX IIAQHIB; JIO3BOALIOTH
BUKOPHCTOBYBAaTH Ta KOMOIHyBaTH [mIyKe
baraTo mxkepea iHgopwmarli, MarepiaaiB i
PEeCypCiB; AOIIOMAararoTh 3a0INa/PKyBaTH dac

Ta pecypcu; CTHUMYAIOIOTD PO3BUTOK
CaMOCTIHHOCTI Ta BiIIIOBIJAABHOCTI
IIKOASIPIB, OOIIOMAraloTh BIOCKOHAAIOBATH
ixHe BMIHHA BYHUTHUCH; JIO3BOALIOTH

BpaxoByBaTH iHAUBIMyaAbHI 0COOAMBOCTI Ta
IICUXOAOTIYHI PHCH IIKOASIPIB; CIIOHYKAaIOTh

HaAaro/KyBaTH  CIIBHpAaIl0 BYHTEAd 3
KOAETaMH, JIOIIOMAararoThb aKTHUBHIiIIIe
3aay4aTH IHTErpallito HaBYaABHUX
JIUCITHUIIAIH.

[Mepmuitt mocBinm peaaizarii STEM-ocBitu
Oyao 3miticHeHo y CIIIA, me BOHA OXOIIAIOE
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J. Kuenzi [10] insist that the federal
government's attention to science and
technology literacy is much longer and
reaches the roots of the first Congress,
when President J. Washington called for
the development of such a branch of
knowledge as the natural sciences for the
development of the Republic. The
increasing attention of the US government
to STEM education during the second half
of the 20th century is due to the country's
constant struggle for world leadership. It is
STEM-literacy, together with STEM-
professionalism, that American education
policymakers consider to be the leading
competencies of human capital in the
economy of the 21st century.

In the UK, STEM education is the basis
for innovation and technological progress,
as a shortage of skilled professionals in
these fields threatens the country's ability
to develop. That is why the growing need
for STEM specialists has been recognized
by the Labor Market Audit Agency as a
priority area of action. In today's
environment, the UK has seen a significant
increase in interest and investment in
STEM education from a wide range of
stakeholders: government, charities,
professional associations, industry, and the
scientific community. Various
organizations are directing efforts to attract
youth to the STEM field, offering a wide
range of educational offerings, including
numerous STEM-enriched programs in
schools and colleges, professional
development opportunities for teachers,
and the development of educational
resources. An important aspect is the
introduction of appropriate programs for
the professional development of teachers
and measures to expand/enrich the
content of their training with STEM
disciplines [9].

In the field of STEM education, all
students are involved in research-oriented
learning, cooperation with classmates,
open solving of problems arising in the real
world, practical classes in STEM
disciplines, interaction with scientists,
engineers and other specialists. Thus, in
the USA, such opportunities are realized
mainly within the framework of informal,
extracurricular activities (content

CBOTOIHiI OCBITHIO MiFIABHICTH y Me€3Kax YCix

pPiBHIB OCBiTH - Big [OOIIKIABHOTO [0
JOKTOPCBKOrOo, dK (OpMaAbHy Tak i
HeOpPMaAbHY. Biaprricts HAayKOBIIIB

MIOB’A3yIOTh BHUHUKHEHHs (peHoMeHy STEM-
ocBitrm B CIIA i3 3aIlyCKOM IITY4HOIO
PaagHCBHKOIO CyIyTHHUKA y 1957 poiti, ogHak
aMepuKaHCBKi gocaifHuKU [. [oH3asec Ta
[x. Kyensi [10] HamoadraroTb Ha TOMY, IO
yBara (eaepasbHOTO YPsay [0 IIPHUPOTHHYIOL
Ta TEXHOAOTIYHOI TIPaMOTHOCTI € 3Ha4HO
TPHUBAAIIIIOI0 M cdra€e KOPIHHSM IIE€PIIOrO
Kourpecy, xkoau npesuneHT k. BammmHrron
3aKAMKaB PO3BUBATH TaKy I'aAy3b 3HAHb SK
OPUPOOHHUYL HaAyKM  3apaaul  PO3BUTKY
Pecrybaiku. ITocuaeHHs 3k yBaru ypsany CIIA
1o STEM-ocBiTH BIIPOOOBXK APYTOi IIOAOBUHH
XX CTOAITTS 3yMOBAEHE IOCTiHHOIO
0opoTEOOI0 KpaiHM 3a CBITOBY HEPILiCTh.
Came STEM-rpamoTtHicTs pazoMm i3 STEM-
npoecioHaAi3MOM aMEepPHKAaHCBKI  OCBIiTHI
IIOAITHKH BBa>kKaloThb IPOBITHUMHU
KOMIIETEHTHOCTSIMH AIOZICBKOIO KalliTaay y
cchepi ekoHOMiKH XXI CTOAITTS.

Y Beaukiti Bpuranii STEM-ocsita
BUCTyIla€ IIAIPYHTSIM [OAd IHHOBaIliii i
TEXHOAOTIYHOTO IIPOTPECY, OCKIABKM HecTada
KBaAi(hiKOBaHHUX CITelliaaicTiB y 1mx cdepax
Hece 3arpos3y 34aTHOCTI KpaiHU [0 PO3BUTKY.
Came TOMy 3pocratoda morpeba B
criertiasicrax STEM-raay3i BU3HaHa areHIli€0
3 ayouty PHHKY parti (UKCES)
OPIOPUTETHUM HAIIPSIMOM Mifl. Y cydJacHHX
yMmoBax y Beawukiti Bpurasii ciocrepiraerscsa
3Ha4YHe IIiIBUIIIEHHS IHTEPECy Ta iHBEeCTHIIIH
y STEM-ocBiTy 3 00Ky NIIHNPOKOIO KOAa

CTEHMKXOAEPIB: ypany, OaaromiiHUX
oprasisarii, IpopiAbHUX o0’erHAHD,
BUPOOHHIITBA Ta HAYKOBOi rpoMasmu. Pi3Hi
opraHizalii = CIpPSIMOBYIOTH 3yCHAAS  Ha
3aAy4eHHA MOAO]L 10 STEM-raaysi,
IIPOIIOHYIOYH IIMHPOKHM CHEKTP OCBITHIX
IIPOMO3UIIiH, III0 OXOIAIOIOTH YHCAEHHI

nporpaMu 3i 30aradeHHaMm ix 3micty STEM-
KOMIIOHEHTOM y IIIKOAAX 1 KOAeIKax,
MO>KAWBOCTI rpodpecitHoro PO3BUTKY
BUMTEAIB Ta  PO3PO0AEHHS  HaBYAABHUX
pecypciB. BaskauBum acCIIeKTOM €
3alIpOBaKEHHS  BIONOBIAHWUX  IIporpam
IpPOodEeCIHHOrO PO3BUTKY BYHUTEAIB Ta 3aXOiB
i3 posmmmpeHHsa / 30aradeHHs 3MICTy IX
nigroroBku STEM-nucriumnainamu [9].

Y  cdepi STEM-ocBiTMm  Bci  yuHIi
3aAyYalOTBCS [0 JAOCAITHO-OPIEHTOBAHOIO
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enrichment) (for example, summer camps,
visits to natural history museums, math
circles). Extracurricular education is
extremely valuable, first of all, in
maintaining interest in STEM, but it is not
enough, since students spend most of their
time in the educational institution, so
curricular and extracurricular activities in
this direction must be synchronized.

Early involvement in STEM education is
extremely important, as interest in STEM
disciplines most often manifests itself in
elementary school age, and therefore early
immersion in STEM allows for future career
choices related to the subject of interest.
Because engineering is a highly innovative
field, engaging students in engineering
(e.g., robotics, invention competitions, etc.)
can strengthen interest in STEM. However,
involvement in the engineering business
within junior and middle classes of GSE
(general secondary education) institutions
is not widespread enough.

Often, students are underprepared for
enriched content because they have not
had access to the necessary resources or
have not been immersed in a stimulating
educational environment. One of the ways
to overcome this contradiction is the so-

called '"bridge programming": specially
developed ‘'bridge programs" help to
increase the level of the student's

educational achievements in such a way
that it corresponds to his personal
potential, increase the student's confidence
in his abilities, and participate in activities
on a par with classmates who have high
academic achievements [12].

In modern conditions, there are about
100 public high schools in the USA that
specialize in the study of STEM disciplines.
In such institutions students are combined
into groups based on a common interest for
in-depth study of STEM content.
Schoolchildren are involved in quasi-
professional and research activities, where
they get to know role models of STEM
professions, can feel like real STEM
specialists in their workplaces, and even
make  discoveries. Such educational
institutions include charter schools,
magnet schools, boarding schools, and
provide programs for moving a student
from one class in which he is studying to

HaB4YaHHA, CHiBpOOITHUIITBA 3
OMHOKAACHUKaMH, BIOKPUTOTO pPO3B’I3aHHS
npobaeM, 1110 BUHHUKAIOTh V¥ PEAABHOMY CBITi,
OpakTUIHUX 3aHaTh 31 STEM-gucruriaig,
B3aeEMOii 3 VyYEHMMH, IiHXKeHepaMH Ta
inmmMu  daxiBugamu. Tak, y CIIA Taki
MOXKAUBOCTI PpPeaAi3yIOThbCHd TIIEPEBasKHO B
MexKax  He(OPMaABHOI, I103aHaBYaABHOI
MISIABHOCTI (30aradeHHsI 3MICTy) (HaIpHKAam,
AiTHI Tabopw, BiBiqyBaHHS My3eiB
IIPUPOOO3HABCTBA, MaTeMaTHUYHUX IYPTKiB).
INozamkiabHA OCBiTA € HAA3BHUYANWHO IIHHOIO,
HacamIepen, y IIOTpUMaHHI iHTepecy [0
STEM, omHakK HEAOCTATHBOIO, OCKIABKU Y4YHi
POBOASATEH OIABIIICTE YACy caMe B 3aKAaIi

<

OCBiTI/I, TOMY HaB4YaAbHa M II03aHaB4YaAbHa

[IFIABHICTH y IIbOMy Hampsami wMae OyTu
CHUHXPOHI30BaHi.

HanmzBryaliHO  BasKAMBHM €  PaHHE
3aaydyeHHa 10 STEM-ocBiTH, OCKIABKU

inTepec o STEM-mguciunaig HaddacTiie
IIPOSIBASIETHCSI B MOAOZIIIOMY IIKIABHOMY BilTj,
a ToMy paHHe 3aHypeHHsS B STEM mosBoage
3pobuTH B MaMlOyTHROMYy BHOIp mpodoecii,
IIOB’s13aHOI 3 IIpeaMeToM iHTepecy. OCKiABKH
IHXKE€Hepid € Taay33io, y 4K akKTHBHO
3alIpOBaKYIOThCS  iHHOBAllil, 3aAy4eHHS
LIKOASIPIB 0 IHXKEeHEepPHOi CIIpaBUu
(HaTpuKAaL, poboTOTEXHIKH,
BUHaXiIHUIIBKUX 3Maradb TOIIIO) MOIKe
aMmirtHUTH  iHTepec mo STEM. Opnak,
3aAy4eHHd [0 iHXKEHEpPHOi CIIpaBU B MexKax
MOAOAIIHX 1 cepenHix KaaciB 3akaaniB 3CO e
HE JOCUTH IIOIIHNPEHHM.

Yacto YUHI € HEI0CTaTHBO
[iATOTOBAEHUMM [0 30aradyeHoro KOHTEHTY,
OCKIABKM BOHHM HE MaAu [JOCTYIy [0
HeoOXiTHUX pecypciB abo He OyAu 3aHypeHi
o CTUMYAIOBAaABHOTO OCBITHBOTO
cepenoBumia. OgHUM 3i INIASIXIB HOOOAAHHS
TaKoi CyIIepedyHOCTi € TakK 3BaHE «MiCTKOBE
nporpamyBanHs»  (bridge  programming):
CIIeIliaAbHO PO3PO0AEHI «IIPOrpaMH-MiCTKU»
[OTIOMAararTh HiABUIIATH piBeHb
HaBYaAbHUX [OCATHEHb YYHSA TAKHUM 4YHHOM,
mobd BiH BignoBimaB #Horo ocobucricHOMy
IIOTEHIaAy, MIABHUIIUTH BIIEBHEHICTb yYHI y
CBOIX MOKAHMBOCTSIX, & TAKOXK OpaTH y4acTb y
[iSIABHOCTI Ha PiBHiI 3 OHOKAACHUKAMM, SKi
MaloTh BHCOKi HaB4YaAbHI JOCATHEHHS [12].

B cyuacHux ymoBax y CIIA d¢yHKItioHy€e
6an3pk0 100 mep:KaBHUX CEPEeHIX IIKiA, SKi
CIIelliani3yIoThcsl Ha  BuBYeHHI STEM-
OUCIIUIIAIH. Y TakKMxX 3aKAafiaX y4HIB
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another during the school day to enrich the
content of education (pull-out programs).
About 47,000 schoolchildren receive their
education in these educational institutions,
most of whom are students at senior
secondary schools [11].

Thus, as evidenced by the analysis of
foreign experience, STEM education is a
rather promising direction, as it allows
students to fully reveal their own potential.

In Ukraine, the STEM approach is used
in schools and extracurricular education
throughout the country, which is
associated with increasing the motivation
of schoolchildren to study subjects of the
natural and mathematical cycle. In
addition, in recent times, high demand in
the  production sphere for highly
professional workers in the fields of
engineering, IT, construction,
nanotechnology, aircraft construction, and
others should be expected.

STEM  programs, which integrate
technology, mathematics, and natural
sciences, are aimed primarily at middle and
high school students, as well as those
pursuing higher education. However, the
STEM-approach can be implemented in
primary grades and even in preschool
education institutions. This process should
be carried out by gradually increasing the
share of independent activity of students in
learning. Thus, in elementary school, the
teacher stimulates students to search
under his guidance; in elementary school,
it becomes possible to independently
conduct research within the curriculum
(using the appropriate algorithm, go
through all the described stages of
scientific research and obtain a new fact);
high school is characterized by the
possibility of independent research on
topics that go beyond the scope of the
program material (students participate in
the work of the National Academy of
Sciences, creative contests, tournaments,
Olympiads, working independently,
sometimes turning to the teacher for
advice; the result of this work, as a rule, is
writing and defense scientific work); and,
finally, at the senior stages of schooling,
students are able to carry out scientific
research on a topic of interest to them,
while achieving a practical result in the

IOEMHYIOTh Y TPYIIM 3a CIIABHUM iHTEpecoM

aas  moranbaeHoro omaHyBaHHa — STEM-
KoHTeHTOM. [IlIKoagIpi  3aAydaroThCcd 10
KBasinpodeciiiHoi Ta JOCAITHUITEKO]

[ISIABHOCTi, Z1e 3HaAaWOMASTBHCS 3 POABOBUMU
mopaeaamu STEM-mipodpeciit, MOXKYyTb BiIIyTH
cebe crpasxkHiME paxiBigamu STEM-raaysi
Ha X poboymx wMicogx, i HaBiTb pPOOUTHU
BigkpuTTd. Taki 3akaagy OCBITH OXOIIAIOIOTH
YapTepHi IMIKOAW, IIIKOAM-MarHiTH, IITKOAH-
iHTepHaTH, a  TakoX  IlepeabadyaroTb
IporpaMm IIepeMIllleHHs Y4YHA 3 KAacy, y
AKOMY BiH HaBYa€TbCS, OO iHIIIOTO IIPOTSITOM
HABYaABHOTO [HS 3 MeETOI 30aradeHHs
3micty HaBYaHH4 (pull-out programs). ¥ mx
HAaBYAABHHUX 3aKA3[axX 3400yBalOTh OCBITY
6an3pK0 47000 HIKOASIPIB, OIABIIICTE i3 SKHX
— Y4Hi cTapImnx cepeaHix mikia [11].

Takym 4MHOM, SK 3acBiguye aHaai3
3apybizkuoro gpocsimy, STEM-ocBita € qocuTh
MIEePCIIEKTUBHUM HaTIPSMOM, OCKIABKU
[03BOASIE YYHAM SKHAUIIOBHIIIE PO3KPUTU
BAAQCHUH ITOTEHIIIAA.

B Ykpaini STEM-miaxi 3aCTOCOBYETECS B
IIKOAAX Ta MO3allKiABHIM OCBITI IO BCiH
TepuTOpii AepxkaBHW, IO IOB'd3aHO i3
OiABUIIEHHAM MOTHUBAIll YYHIBCBKOI MOAOJIL
JO BHUBYEHHd [IPEAMETIB  IIPHPOAHUYO-
MaTeMaTUYHOIo IMKAy. Kpim Toro, ocraHHiMm
4acoM CAil OYiKyBaTH BHCOKHH  3arIuT
BUPOOHUYOI cpepr Ha BHCOKOIIPOQECIHHUX
IpaliBHUKIB y cdepax imxenepii, IT,
OymiBHHIITBA, HAHOTEXHOAOTIH,
aBiaOyayBaHHS Ta iHIITHX.

STEM-1porpamu, gKi IHTErpyIOTh
TEXHOAOTII, MaTeMaTHKy Ta IIPUPOAHUNYI
HayK{, OpI€EHTOBaHiI IepeayciM Ha y4YHIB
CepenlHiX 1 crapmMx KAaciB, a TakKoX
3mobyBadiB BuIoi ocBitH. OpmHak STEM-
migxim wmoxke OyTH peaaizoBaHHE 1 B
IIOYaTKOBUX KAacaxX, i HaBiThb y 3aKAamax

JOIIKiABHOI  ocBiTH, Llei 1mpoiec Mae
3MiMCHIOBATHCS HIASIXOM IIOCTYIIOBOTO
30iABIIIEHHS [OOAI CcaMOCTiMHOI OiIABHOCTI

y4HIB Yy HaB4YaHHi. Tak, y IOYaTKOBIM IITKOAi
BUNUTEAb CTHMYAIOE V4YHIB [0 IIOLIYKOBOI
po06OTH T CBOIM KEpPiBHUIITBOM; B OCHOBHIH
IIIKOAI MOXKAMBHUM CTa€ BXKE CaMOCTiHHe
IIPOBENEHHS HOCAITHUIIBEKOI POOOTH B MezKax
HaBYaAbHOI IIporpaMy (BHKOPHCTOBYIOYH
BiAIOBiAHUN aATOPUTM, IIPOUTH dYepe3 BCi
OIMCaHi eTanmM HayKOBOTO [OCAIKEHHS i
oTpuMatTH HOBHUH akT); cTapla IIKoAa
XapaKTepU3y€ETHCS MOXKAUBICTIO
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form of developing their own Startup.

It is worth noting that STEM education
involves, first of all, a change in the form of
education. The focus of STEM-based
classes is on a practical task (problem) that
makes learning meaningful for students.
They learn to find ways to solve a problem
not in theory, but just now through trial
and error. STEM learning begins with
students learning foundational skills and
then wusing critical thinking to solve a
variety of real-world problems. Starting
from the initial level of education,
specialized tools are used in classes, such
as constructors, computer programs for
graphics and animation, etc. Students
work together in teams and use research
materials to solve a problem. Such an
educational environment allows children to
establish connections between theoretical
concepts and how these concepts are
applied in the real world [7].

The implementation of the STEM
approach in education requires special
training for both the practitioner and the
future teacher since STEM classes are
fundamentally different from a traditional
school lesson. First of all, this is a form of
material submission, which is carried out
using the project method. Students focus
on specific projects, within which they have
to solve a real problem with the help of
technical or engineering solutions, for
example: study the essence of friction,
designing a car or a ramp surface; shoot a
movie (create an animation of the
movement of solar flares or develop
FlipBooks); try yourself as an engineer
(build a simple mechanism for transporting
goods for the city of the future); scientific
and engineering practice (develop models,
make things more powerful or faster, apply

logical thinking and knowledge of
mathematics); master robotics (learn to
manage robots, create the simplest

algorithms, form spatial thinking, think
consistently and algorithmize processes).
Such classes, as a rule, do not fit into
the framework of the traditional class-
lesson system. Their duration goes beyond
40 or 45 minutes, requiring a combination
of school lessons for the couple. Moreover,
students can work on one project for
several classes, and often this work

CaMOCTIMHOTO JIOCAIPKEHHS TEeMATHKH, III0
BUXOOUTL 3a MEXKi IIPOrpaMHOI0 MaTepiasy
(yani OepyThb ydacTtb y pobotri MAH, TBOopumx
KOHKYpCax, TypHipax, oAiMITiaziax,
IPAaIOI0YN CaMOCTiHHO, IHKOAHU
3BEPTAIOYUCh [0 BYUTEAd 3a II0paolo;
pe3yabTatoM 1€l pobOTH, SK IPaBHAO, CTaE
HAIIMCaHHA 1 3aXWCT HayKoBOi pobortw); i,
3PEILTOI0, Ha CTaplIMX eTallax IIKIABHOTO
HaBYaHHS IIKOASIPI CIIPOMOXKHI 3AiCHUTH
HAyKOBE [IOCAI/DKEHHS 3a IIKaBOIO Oad cebe
TEMOIO0, JIOCATAIOYH IIPU IIbOMY ITPaAKTHYHOIO
pe3yAbTaTy y BHIAGAL PO3POOKK BAACHOIO
Startup.

Bapro 3a3znauntu, mo STEM-naByaHHS
nepenbavae, mHepeayciM, 3MiHy opMHU
HaBYaHHd. Y IIEHTPI yBaru 3aHATTS Ha
OCHOBI STEM-TexHoAorii 3HAXOOUTBCS
IpaKTUYHE 3aBAaHH4A (Ipobaema), 110 pOOUTH
HaBYaHHA 3HAYyIIUM [JAS y4HIB. BoHu
HaBYaIOTbCH 3HAXOOUTU IIASXU BUPIIIEHHS
npobaeMH He B Teopil, a IIPoCcTo 3apas
IIATXOM COpob Ta moMHAOK. HaBuauHA i3
3acrocyBaHHSIM STEM-mixoay IIOYHMHAETHCS
3 TOTO, III0 V4YHi OIIAaHOBYIOTH OCHOBOIIOAOXKHI

HaBUYKU, a  [OTiM  BHKOPHCTOBYIOTH
KPUTHYHE  MMCAEHHS A  BUpILIEHHH
Pi3HOMAaHITHHUX peasbHUX IpodAeM.
[TounHarouu 3 MOYATKOBOI AQHKM HaB4YaHHS,
Ha 3aHATTIX BUKOPHUCTOBYIOTBCS
criertianizoBaHi 3acobu, TaKki K
KOHCTPYKTOPH, KOMIIIOTEPHI IIporpamMu 3

rpadiku Ta aHimMaii, TOIIO. Y4YHi IMPaIlfoI0Th
pasoM y KOMaH[axXx Ta BHKOPUCTOBYIOTh
OOCAIMHUIIBKI MaTepiaan [As BUPIIIEHHS
npobaemu. Take  OCBITHE  cepemOBHILE
[I03BOASIE MITSIM BCTAHOBAIOBATH 3B'SI3KH MiXK
TEOPETUIHUMH IIOHATTSAMH 1 THM, SK I
IIOHATTS 3aCTOCOBYIOTECSI B PEAABHOIO CBiTi
[7].

Peanizania STEM-miaxomy y HaB4YaHHI
BHUMaAarae CIIelriaabHOL IIiITOTOBKH SIK
IIPAKTHUKYIOYOTO, TaK i MalibyTHHOTO BUUTEAS,
OCKIiABKH STEM-3auarTsa KapAUHaABHO
BiAPI3HSIOTHCS BiJ TPAAUILHHOIO IIKIABHOTO
ypoky. Ilepemycim, 1e d¢opma mnomaui
Martepiaay, dKa 3MiACHIOETHCS i3
3aCTOCYBaHHA IIPOEKTHOIO METOMy. Y4Hi
30CEPEKYIOTECS Ha KOHKPETHUX IIPOEKTAaX,
y MexkaxX gKHX 3a JOIIOMOIOI0 TEXHIiYHHX abo
iHKEHEpHUX pillleHb MaloTh PO3B’d3aTH
peasbHy MpobAeMy, HaIIPUKAQ: BUBYUTU
CYTHICTB TEPTH, IIPOEKTYIOUH aBTOMOOiAL abo
OBEPXHIO MAHAYyCa; 3HATH (PIABM (CTBOPUTHU
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stretches for a month. The project usually
ends with a presentation, which the
children plan independently, determining
its form.

The  project method involves a
democratic model of communication
between the teacher and the students. At
the same time, the usual role of the teacher
changes, becoming a coach or facilitator,
helping students to organize interaction,
brainstorming, and telling them how and
where to find the necessary information. At
the same time, the teacher should not
impose his ideas on the students or push
them to their conclusions. STEM education
is carried out thanks to the cooperation of

the teacher and the student:
communication, joint research, solving real
problems.

With the STEM approach, the child

acquires greater autonomy, learns to be
independent in making his own decisions,
to take responsibility. At the same time, the
relationship between the student and the
teacher has much less influence on the
learning process. This allows to evaluate
the progress of each child more objectively.

The importance and value of STEM
education also lies in the fact that it
encourages the child to think in an
integrated way when it is necessary to
"extract” information from different fields of
knowledge and creatively process it to offer
something unique and innovative. Even
though STEM education is related to

natural sciences and mathematics, the
integration of other disciplines (art,
Ukrainian language and social and
humanities) allows young researchers to
see that real-world problems are

interdisciplinary and provide unlimited
space for creativity.

Another important feature of STEM
education is teamwork, which involves a lot
of interaction, when there is a need to
convince, negotiate, choose the best option,
so that the solution satisfies everyone.
Such activity forms communicative and
social skills, teaches schoolchildren to
consider the opinions and needs of other
people, contributes to their personal
development and socialization.

It is clear that the teacher must be

aHiMallil0o pyxXy COHAYHUX cHajsaxiB abo
pospobutu FlipBooks); BunpoOyBatu cebe y
poai iHKeHepa (CKOHCTPYIOBAaTH IIPOCTHM
MeXaHi3M [Ad TPaHCIIOPTYBaHHS TOBApPiB JIAS
MicTa MafiOyTHBOIO); HAyKOBa Ta iHXKEHepHa
IIpakTHKa (po3po0UTH MomeAi, 3pobuTH peyi
HOTYKHIIITUMU a00 IIBUAIINMH, 3aCTOCYBaTH
AOTIYHE MHCAEHHS Ta 3HAaHHY 3 MaTeMaTUKU);

olaHyBaTHU POOOTOTEXHIKY (HaBUHUTHCH
KepyBaTHu poboramu, CTBOpPIOBaTHU
HaMIpocTimmi aATOPUTMH, dopMmyBaTH

IIPOCTOPOBE MHUCAEHHS, IIOCAIJOBHO MMCAHUTU
Ta aATOPUTMIZyBaTH IIPOLIECH).

Taxki 3aHATTH, K IPaBHAO, He
BIIUCYIOTBCH Yy PaMKU TPaAUIIHHOI KAACHO-
ypouHoi cucreMu. TpuBaaicTh iX BUXOOUTE 3a
mexki 40 um 45 XBHUAMH, BHMAararodu
IOETHAHHS IIKIABHUX VPOKIB y napu. Biapie
TOTO, y4YHI MOXKYTb IpallfoBaTH Hal OJHUM
IIPOEKTOM KiABKa 3aHATH, & 4acTo I8 pobora
PO3TATYEThCA Ha Micdllb. 3aBEPIIYETHCS
IIPOEKT, 3a3BHYaill, Ipe3€HTAalli€lo, SKy OiTH

IAQHYIOTH CaMOCTiiHO, BHM3HAYaO4YW il
dopmy.
IIpoekTHUH METOL riepenbadae

JEMOKPATUYHY MOJIEAb CITIAKYBaHHSI BUUTEAS
3 yuyHAIMH. [Ipu 11bOMy 3MiHIOETBCS 3BUYHA
pOAb BUHTeAs, SKHH cTae KoydeM abo

dacuaiTaTopom, JorioMarae VIHSIM
OopraHizyBaTH B3a€EMOIIO, IPOBOIUTU
MO3KOBi aTakH, Miika3lye, 9K i Ae 3HalTu
HeoOximHy  iHdopmarliiro. I[Ipp oMy

HacTaBHUK He IIOBHHEH HaB’d3yBaTU YVYIHSIM
cBoi imei UM HamITOBXyBaTH OO CBOIX
BUCHOBKiIB. STEM-HaB4YaHHA 3OiHMCHIOETHCS
3aBOSKU CIIBIOpAlli BYUTEAd Ta YYHS:
CITIAKYBaHHIO, CIIIABHHUM  JOCAi/?KEHHSIM,
BUPIIIEHHIO PEAaABHHX IIPOOAEM.

3a STEM-migxomy auTHHA  HaOyBae
OiABIIIOI ~ aBTOHOMHOCTI, BYHUTBCHI  OyTHU
CaMOCTIHHOIO y IIPUMHATTI BAACHHX PIIIIEHb,
OpaTu Ha cebe BiAIOBiZAABHICTE. [IpHu 1ITBOMY
CTOCYHKH, SIKi CKAAAWCS MDDK y4YHEM Ta
BUHTEAEM, HabaraTo MEHIIEe BIIAMBAIOTH Ha
nporec HaB4uaHHS. lle mo3Boasie oIliHIOBaTHU
IIPOrpeC KOXKHOI JUTUHHU OIABIIT 00’ €KTUBHO.

3HadyeHHa Ta IHHICTE STEM-HaBYaHHA
IIoAsiTa€ Ie ¥ y TOMy, IO CIIOHyKa€ AUTHUHY
10 IHTErpPOBAHOI'O0 MUCAE€HHS, KOAU HEOOXiIHO
«BUTATYBaTH» iH(OpMAaIlifo 3 Pi3HUX rasyse

3HaHb 1 TBoOpYo I ompalboOByBaTH, III00
3alpoIIOHyBaTH 11I0Ch VHIKaAbHE "
HOBaTopcekKe. HesBazkaroum Ha Te, IO

STEM-ocBitTa mOB'siI3aHa 3 MIPUPOLHUYUMU
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prepared to organize such a process.
However, the modern higher school of
Ukraine still provides such training on a
point-by-point basis, which is related to the
state of teachers' awareness of the essence
and possibilities of STEM education.

A special place in the preparation of the
teacher for the implementation of the
STEM approach in education is occupied
by relevant literature. Today, teachers and
parents of students can use educational
books for children dedicated to the STEM
approach in their activities. First of all, this
is a line of books for children 8-12 years
old, launched by the "Talent" publishing
house under the slogan "STEM education
begins at home" [4]. Among them are books
by Colin Stewart ("Amazing Atoms and the
Chaos of Matter" and "Magnificent
Numbers and Cool Calculations") and Nick
Arnold ("Fantastic Powers and Incredible
Machines" and "Tools, Robotics and Lots of
Gadgets"). The child will also be interested
in Rob Beatty's book "Amazing Science",
which offers experiments that integrate
knowledge from various fields (70
experiments that can be carried out at
home are described). It is also worth
mentioning Mike Barfield's books "Get rid
of this book for science!", "Get rid of this
book again for science" and others.

All the above-mentioned books are
distinguished by a clear structure and
simple explanations of quite complex
phenomena or technologies. Each book
contains interesting facts and experiments.
So, for example, in the book "Tools,
robotics and many gadgets" from the
chapter on speed boats, you can learn
about what the first boats on Earth were
like, how they work, how the propeller
works, what is Newton's third law, who is
the same Newton. You can even build your
own "jet boat" from a plastic bottle, a tube,
vinegar, and baking soda, since all the
ingredients are at hand, and you can do it
at home yourself or with the help of
relatives. At the same time, science and
research in these books are presented as

HayKaMH Ta MaTeMaTHUKOIO, iHTerpariis
IHIMUX AUCIIUIIAIH (MHUCTEIITBA, YKPalHCBKOI
MOBH Ta CyCHiABHO-TYMaHiTapHUX HayK)
[I03BOASIE IOHHUM [OCAiIHUKAM I100a4YUTH, IO
npobaemMu pPeasbHOTO CBITY €
MIXKIUCITUTIAIHAPDHUMU i JIaroTh
HeoOMeKeHHH IPOCTip AAg TBOPYOCTI.

IIle omuicr0 BaXXAWBOIO OCOOAMBICTIO
STEM-HaByaHHs € poboTa B KOMaHi, IO
nepenbadae BEAWKY KIABKICTH B3a€EMO/IIi,
KOAM BHHHKae morpeba IepeKOHyBaTH,
JOMOBASITHCS, OOMpaTH HaMKpalluii BapiaHT,
o0 pimreHHS 3aO0BOABHUAO Bcix. Taka
MISIABHICTB (pOpMy€e€ KOMYyHIKaTHUBHI, COLTiaAbHi
HaBHU4YKH, HaBYa€ IIKOASIPIB BpaxoByBaTH
OYMKY Ta MHOTPeOH IHINX AOAEH, CIIpUse ix
0COOHCTICHOMY PO3BHUTKY i colliaaizartii.

3po3yMmin0, III0 [ Opradizallii Takoro

IIPOLIECY BYHTEAD IIOBUHEH oyt
migroroBaeHUM. OpHak CcydacHa  BHIIA
mIKoAa YKpaiHM IOKH  3A4IiHCHIOE  TakKy

IiATOTOBKY TOYKOBO, II10 ITOB'SI3aHO i3 CTAaHOM
00i3HaHOCTI BHKAQ[AYiB i3 CYTHICTIO Ta
MOKAUBOCTIMH STEM-0CBITH.

Okpeme Miclle y MHiATOTOBIII BYUTEAS 0O
peaaizaiiii STEM-nigxony y HaB4YaHHi I1ocizae
BigmoBigHa aiTepaTtypa. CbOromHi BUHTEAl Ta

OaTbKU y4HIB MaroTh MOZKAUBICTH
3aCTOCOBYBaTHU y CBoiH [iSIABHOCT1
[i3HABaAbHI KHUIKKU JIAS AiTel, IpUCBIYeHi
STEM-ninxony. Ilepemycim, 11e  aiHitiKa
KHIDKOK Jiad mitelt  8-12  pokiB, $Ky

3aro4aTKyBasO BHAABHUIITBO 'Tasaut"' Imim

CAOTaHOM "STEM-ocBita OYHMHAETHCH
Booma" [4]. Cepenm HUX KHIWXKKH KoaiHa
Crioapra ('/JuBOBHXKHI aTOMH Ta XaocC

Marepii' i "HynoBi uyncaa i KpyTi po3paxyHKH'")
Ta Hika ApHoapzma ('PamracTuynHi cuaAM i
HeWMoOBipHi MammmHH' Ta "[HCTpyMeHTH,
poboTu3zaitisa # 6e3aid rapkeTiB"). 3arlikaBUTh
OUTHUHY 1 KHIKKa Poba Birti "[InBoBMzKHA
HaykKa', sKa MPOIIOHyE  MOCAiAH, IO
IHTEeTPYIOTh 3HAHHS 3 Pi3HHX cdep (orHmcaHo
70 eKCIepuMEHTIB, sIKi MOXKHa IIPOBECTU B
OOMAaIllHiX yMoBax). Bapro 3sramatu #
KHIKKU Maiika Bapdisga "Tlo3baBca 1tiel
KHUTH 3apaau Hayku!', "TlozbaBcsa 3HOBY Ii€i
KHUWTY 3apagy HayKu' Ta iHIi.

Bci HazBaHi BUIlle KHUXKKHU BiApPi3HAIOTHECS
YiTKOIO CTPYKTYPOIO i IIPOCTHUMHU
IIOSICHEHHSIMU [OCUTH CKAQIHUX SBUIIL YU
TexHoAorifi. KoxkHa KHHra MICTUTBH IliKaBi
dakTH Ta eKCIIepUMeHTH. Tak, HalIpuKAaLl, Y
KHKII "THCTpymMeHTH, poboTH3aliia i 6e3aid
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the STEM approach suggests: as an
exciting pastime, not dry and complicated.

Therefore, education based on the STEM
approach promotes the development of
critical thinking and creative abilities of
each student.

Conclusions and research
perspectives. The goal of STEM education
is the development of scientific and
technical competencies of young people,
and it is aimed at solving the problem of
insufficient engineering personnel. This is
one of the leading and promising directions
of world education, which involves the
integration of various fields of knowledge
(natural sciences, technology, engineering,
mathematics, etc.), develops interest in
research activities, prepares young people

for a successful competitive life in a
technologically advanced society.
The implementation of the STEM-

approach in practice allows students to be
taught to think critically, quickly and
effectively find the necessary information,
solve complex problems, make responsible
decisions, cooperate in a team, and
creatively present the results of their own
research. At the same time, the basis of
training is a specific task or problem,
which students learn to solve not in theory,
but through practical activities built on the
implementation of a specific project.

So, it can be argued that the
introduction of STEM into the educational
process of a modern school allows students

to develop the most important
characteristics that define a competent
specialist. In  addition, STEM  will
contribute to the construction of a

fundamentally new model of science and
mathematics education, opening up new

opportunities for both students and
teachers.

However, STEM education involves
expanding the range of forms and methods
of learning, methods of educational
interaction, which a modern teacher
should ©possess. To form the key

competencies of students, the teacher

ra/iKeTiB"' 3 PO3MiAy MHPOo MIBUAKICHI YOBHU
MOZKHAa [i3HATHUCS PO Te, SKUMHU OYAU ITepILi
4OBHHU Ha 3eMai, 9K BOHHU IIPalllOIOTh, {K
IIpaioe TpeOHUY TBUHT, Yy HYOMYy IIOAGTaE
TpeTiit 3akoH HpIOTOHA, XTO Takui¥ cam
Hreroron. MoxHa HaBIiTb CKOHCTPYIOBaTHU
BAacHUH "peakKTUBHUH KaTep' i3 IIAACTHKOBOI
MIASINIKY, TPYyOOYKHM, OLITY i XapdyoBOi COMH,
OCKIABKH BCi CKAQIOBI € IIiJI PyKOIO i 3po0uTH
Ile MOXKHa B/IOMa camMoMy abo 3a [I0IIOMOTOIO
pinaux. [Ipu oMy HayKy ¥ JocAiiM y ITUX
KHIDKKAX TIOfIaHO dK Tiependadae STEM-
OiXiA: K 3aXOIIAVBE [I03BiAAs, a He CyxXo U
CKAQIHO.

Orox, HaB4YaHHS Ha ocHOBI STEM-migxomy
CIIpUSE PO3BUTKY KPUTHYHOIO MMCAEHHS Ta
TBOPYMX 3I0HOCTEH KOKHOIO YUIHS.

BHCHOBKH 3 ZaHOTO JOOCAiMKeHHs i

IepCIHEeKTHBH NOAAABIIIHX pO3BimoOK.
Metoio STEM-0CBiTH € PO3BHTOK HAyKOBUX
Ta TEXHIYHUX KOMIIETEeHIlH# Moaomi 1

CIpsIMOBaHa BOHA HAa BHUPIIIEHHS IIPOOAEMU
HEeIOCTaTHOCTI iHkKeHepHUX Kaapis. lle onuH
i3 HOPOBIAHMUX 1 HEPCHEKTHUBHHUX HAIIPSIMIB

CBiTOBO{ OCBiTH, AKUHU repeadbagae
IHTErpallito pizHHX raayse# 3HaHb
(mpupoaHMyi HayKH, TEXHOAOTIS,

IHKUHIPUHT, MaTeMaTHKa TOIIO), PO3BHUBAaE
IHTEpPEeC [0 MOCAIMHUIIBKOI MiSIABHOCTi, TOTy€E
MOAOb [I0 YCITIIITHOTO KOHKYPEHTHOI'O KUTTH
Y TEXHOAOTIYHO PO3BUHEHOMY CYCITIABCTBI.
Peanizamia STEM-migxomy Ha IIpakTHIL
JI03BOASIE HABYUTH YYHIB KPUTHYHO MMCAUTH,
IIBUAKO 1 e(EeKTHUBHO 3HAXOOUTU MOTPIOHY
iH(popMalliro, BUPIIIyBaTH CKAQIHI IIPOOAEMHU,

BIAIIOBITAABHO IpurMaTHu pileHHs,
CIIBIIpaIfoBaT y KOMAaHi, KpeaTUuBHO
IIpe3eHTyBaTU pe3yAbTaTH BAAQCHHX

aocaimkeHb. [Ipr IIbOMy OCHOBY HaBYaHHS
CKAaZla€ KOHKpPETHE 3aBAaHHS 4YM IIpodaeMa,
dKy y4Hi BYaTbCs BHUpILyBaTH He B Teopii, a
IIASIXOM ITPAKTUYHOI MisIABHOCTI, TTOOyIoBaHOl
Ha peaaizailii KOHKpPEeTHOIO IIPOEKTY.

OTxe, MOXKHa  CTBEPIKYyBaTH, 10
BropoBakeHHsa STEM B oOcBiTHIM IIpoiiec
CydacHOI IIIKOAW [03BoAsi€ CPOpPMyBaTH B
V4YHIB HalBasKAUWBIII XapaKTEPUCTHKH, SKi
BHU3HAYAIOTh KOMIIETEHTHOro daxiBid. Kpim
TOTO, STEM CIpUATHME 100y 10Bi
IPHUHIAIIOBO HOBOI MOJEAl IIPUPOAHUYO-
MaTeMaTU4dHOi  OCBiTH, BiZKpUBaE  HOBIi
MOXKAWBOCTI K AL YYHIB, TaK i AT BUUTEAIB.

OnHak STEM-ocBiTa rependagae
pO3LIMpPEeHHA CHEeKTPy ¢opm 1 MeromiB
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should rely on an interdisciplinary
approach, develop a system of integrated
tasks aimed at applying knowledge to solve
specific problems in practical research
situations.

All this actualizes the need for training
and retraining of teachers capable of
working effectively in the field of STEM
education and bringing the process of its
implementation to a mass level. It is also
necessary to strengthen the material and
technical support of educational
institutions with the necessary resources
(designers, robotics, computers, etc.), as

HaBYaHHSI, CIIOCODIB HaBYaABHOI B3a€EMO/II,
SIKUMHU Ma€ BOAOITH Cy4aCHHM BYHTEAb. [ad
dopMyBaHHA KAIOUOBHX KOMIIETEHTHOCTEH

V4YHIB  y4UTEAb  Ma€  CIOHUpaTHCd  Ha
MDKOUCHUTIAIHAPHUH — IMAXid, po3po0AdaTH
CUCTEMY iHTerpoBaHUX 3aB/1aHb,

CIpsIMOBaHUX Ha 3aCTOCYBaHHS 3HAHb OAd
BUPIIlIeHHA KOHKPETHHX  IIpodaeM Yy
IPaKTUIHHUX JOCAITHUIIBKUX CUTYyallidX.

Bce ne akrtyasisye motrpelOy B IIiATOTOBII
Ta  TIEPEMiArOTOBIII  BYUTEAIB, 3JaTHUX
epekTuBHO mpaioBatu y cdepi STEM-
OCBITH 1 JOBecTH IIpoliec ii BIPOBaIKEHHS [10
MacOBOTO piBHSI. HeoOximHO TaKOXK
3MIiITHIOBATH MaTepiaAbHO-TEXHIUHE
3a0e3IIeYeHHs 3aKAAiB OCBITH HEOOXiIHUMHU

well as to improve approaches to
. . ecypcaMu KOHCTPYKTOPaMH
assessment and stimulation of all | PSP . , ( PYKTOP ’
tici ts in STEM education POBOTOTEXHIKOIO, KOMITIOTEpaMH TOIID), a
participants : TAKOXK  VOOCKOHAAIOBATH  INAXOAHM [0

OLIIHIOBaHHS i CTUMYAIOBaHHS BCiX YYaCHHUKIB
STEM-HaBYaHH4.
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