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Resume:

The article considers trends in
STEM-education, globally and in
Ukraine. It reports that the general
civilization tendency of the 21st
century, which determines the
development of humankind, is NBIC-
convergence (convergence of nano-
, bio-, information and cognitive
technologies), which is the core of
the sixth technological way. It is
revealed that the world political and
scientific  elite consider NBIC-
convergence as the new dominant of
scientific and technological progress;
the measures taken in the countries
with powerful economics aimed at
the formation and development of
the sixth technological way are
highlighted. = The thesis that
education is designed to satisfy the
order of economy and production for
fundamentally new, universal STEM-
educated qualified specialists is
substantiated, which led to the
modernization of educational
systems of leading countries of the
world based on STEM-education.
The issues of realization of STEM-
education in secondary school and
out-of-school education in Ukraine
are covered. The theoretical and
methodological ~ foundations  of
STEM-education in the elementary
school of the scientific and
pedagogical project “The Intellect of
Ukraine” are defined: a post-
classical paradigm of education,
which presupposes an organic
combination of technocracy with
humanistic priorities and cultural-
centricity as a methodological base;
formation of the basics of innovation,

mathematical, information and
communication, environmental
competencies, as well as

competencies in the field of natural

sciences, technology as a
conceptual goal; the
fundamentalization of education,

continuity, integrated subject-based
learning on a cross-disciplinary and
project-based approach, learning
based on one's own discoveries and
its practical focus, in-depth study of
English as a characteristic feature.
The results of the experimental
realization of STEM-education in the
elementary school of the scientific
and educational project “The Intellect
of Ukraine”, aimed at the formation of
interconnected STEM-competencies
of students (mathematical, research
and inventive, technological,
informative competencies) as a unity

of cross-conceptual, conceptual,
operational, axiological
competencies. The educational

programs of the mathematical and

AHoTauis:

FaBpuw IpuHa, Ywmaposa Bikropis.
YnpoBaaXeHHs STEM-ocBiTn
B NOYaTKOBIM LIKOMi B yMOBax HayKoBO-
neparoriyHoro MPOEKTY «lHTenexr
YkpaiHun».
Y cratti  npoaHanizoBaHO  CBITOBi  Ta
BiTYM3HSAHI  TeHdeHuii po3sutky STEM-
OCBITW. BcraHoBneHo, wo
3aranbHoUMBINi3aUiiHoW TeHAeHUie
XXI cTonittl, ska BM3HAYaE€ pPO3BUTOK
nacTBea, € NBIC-koHBepreHLuis
(KoHBepreHuis HaHo-, 6io-, iIHdopMaLifHKX i
KOTHITUBHMX TEXHOMOri), O CTaHOBUTb
A0po  6-ro TeXHOmMoriYyHoro  yknagy.
3’acoBaHo, wo NBIC-koHBepreHLuis
pO3rnagaEeTbCA CBITOBOK MOMITUYHOK Ta
HayKOBOK €EriTol SK HoBa [AOMiHaHTa
HayKOBO-TEXHIYHOrO mporpecy. BkasaHo
3axoaun, SKi 34IMCHIOITBCA B KpaiHax i3
MOTYXXHOK EKOHOMIKOK | CrnpsiMoBaHi Ha

CTaHOBIEHHA n PO3BUTOK 6-ro
TexHomoriyHoro  yknagy. OO6rpyHTOBaHO
Tesy npo Te, WO OCBiTa MOKMMKaHa
33[0BOSIbHATM  3aMOBJIEHHSI  €KOHOMIKM

1 BUPOOHMLUTBa Ha MNiArOTOBKY MPUHLIMMOBO
HOBUX, YHiBepcanbHux STEM-ocBi4eHunx
KBanigikoBaHux axisuiB, O 3yMOBWUIO
MOZEPHI3aLil0 OCBITHIX CUCTEM MPOBIOHUX
KpaiH cBiTy Ha 3acagax STEM-ocsiTu.
BucsitneHo nutaHHa peanisauii  STEM-
OCBITM B 3aKnafax 3aranbHoi cepeaHboi Ta
no3aLukinbHOI OcBiTU B YkpaiHi. BusHavyeHo
TeopeTuko-meTogonoriyHi  3acagn STEM-
OCBITM B MOYATKOBI LUKOMi B ymOBaXx
HayKOBO-NeJaroriYyHoro MpoeKTy «lHTenekT
YKkpaiHu»: nocTHeKknacuyHa napagurma
OCBiTM, WO nepegbayae  opraHiyHe
noeaHaHHs TEXHOKpaTU3My 3
ryMaHiCTU4HUMMN npioputetTamm Ta
KyNbTYPOLIEHTPUYHICTIO, — AK
mMeTogonoriyHa 6a3a; 3acBOEHHS1 YYHSIMU
OCHOB  iHHOBALjMHOCTI, MaTeMaTU4HoI,
iHpopMaLiiHO-KOMYHIKaLiHOT, eKONOoriYHOT
KOMMETEHTHOCTEW, @ TakoX HabyTTs HUMK
KOMMETEHTHOCTi B ranysi npupoaHUYmX
HayK, TexHikm i  TexHomorin—  sK
KOHLenTyanbHa MeTa; dyHAameHTani3auis

OCBITH, HenepepBHICTb, iHTerpoBaHe
HaBYaHHA 3a Temamum Ha 3acajax
MiKaMCLMNNiHapHOro Ta NPOEKTHOTO

niaxodiB, HaBYaHHS Ha OCHOBI BMACHUX

BiOKPUTTIB Ta noro npakTnyHa
CNpPSAMOBAaHICTb,  MOrMMOreHe  BUBYEHHSA
aHMmincbkoi  MOBM—  §IK  XapakTepHi
BnacTMBocTi.  BuceitTneHo  pesynbtatu
ekcnepumMeHTanbHoi  peanisauji  STEM-
OCBITMU B MOYATKOBIN LUKOMI B yMOBaXx

HayKOBO-NEeAAaroriyHoOro NpoeKTy «IHTenekT
YKkpaiHu», cnpsMoBaHOi Ha ¢bopMyBaHHS

B32EMOMOB’A3aHNX STEM-
KOMMETEHTHOCTEN LUKOMSpiB
(MaTemaTuyHoi, [ocniaHNLBKOT i
BUHAXIAHULBKOI, TEXHOOriYHOI,

iHdbOpMaTUYHOI KOMNETEHTHOCTI) SIK EAHOCTI
HaCKPIi3HWX KOHLENTyanbHOI, CTpaTeriyHoi,
KOTHITVBHOI, OMEepauiHoi, aKCionorivyHoi
KOMMeTeHTHocTeW.  HaBegeHo  OCBITHI
nporpaMnM MaTemMaTU4HOI | MPUPOAHMYOT
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AHHOTauusA:

FaBpuw WpuHa, VYwmaposa Bukropus.
BHeapeHue STEM-o6pa3oBaHus B
HayanbHOM LUKOMe B YCNOBUAX Hay4HO-
neparornyeckoro  npoekta  «MHTennekt
YKpauHbI».

B ctatbe npoaHanuavpoBaHbl  MWPOBblE U
OTeYeCTBEHHble TeHAeHumMn passuTtus STEM-
obpasoBaHus. YcTaHoBneHo, 4yTO

obueumBnnmM3aumMoHHon TeHaeHumnen XXI Beka,
KOTOpasi onpefensieT pasBuTMe 4YernoBevecTBa,
sBnsetcs NBIC-koHBepreHUus (KOHBepreHuusi
HaHo-, 61O-, NHCPOPMALIMOHHBIX N KOTHUTUBHBIX
TEXHOMorvin),  coctaensawwas sgapo  6-ro
TexHorornyeckoro ykrnaga. BbisiBneHo, 4TO
NBIC-koHBepreHums paccMmaTpuBaeTcst MMPOBOM
NONUTUYECKON W HAy4YHOM 3MUTOW Kak HoBas
OOMWHaHTa Hay4YHO-TEXHWYECKOro mporpecca.
MpvBeaeHbl NpUMepbl MEPONPUSATUIA, KOTOpble
NpPOBOASATCSI B CTPaHax C MOLLHOW 9KOHOMUKOM 1
HanpaBsneHbl Ha CTaHOBMEHWe U pa3BuTue 6-ro
TexHorornyeckoro yknaga. ObocHoBaH Te3uc o
TOM, 4TO 06pasoBaHue NpM3BaHO yOOBMNETBOPSThL
3aKkasbl 3KOHOMMKM W NPOM3BOACTBA  Ha
noaroToBKy NPUHUMINANLHO HOBbIX,
yHMBepcarbHbIX STEM-o6pa3oBaHHbIX
KBanMUUMPOBaHHbLIX  CreuuanucTos, yTo
obycnoBuno moaepHusaumio obpasoBaTernbHbIX
cuCTeM BefyLUmMX CTpaH Mupa Ha ocHoBe STEM-
obpasoBaHus. OcBeLLEeHbI BOMPOChI peanusauum
STEM-o6pa3oBaHvsi B 3aBedeHusix  obLuero
CpefHero U BHELUKONMbHOrO obpasoBaHusi B
YkpauHe. OnpegeneHsl TEOPETUKO-
meTogornoruyeckue ocHosbl STEM-06pasoBaHus
B HayanbHOM LIKOME B YCINOBUSIX Hay4HO-

negarormM4eckoro npoekTa «MHTennekt
YKpauHbl»:  MOCTHEKNaccuyeckass napagurma
obpasoBaHus, npegycmaTpuBatoLLas
opraHM4eckoe codeTaHue TexHokpaTMaMa C
ryMaHUCTUHECKUMMN npuoputeTamm 7
KyTNbTYPOLIEHTPUYHOCTBIO, — Kak
meTogonorndeckas 6asa; opmMupoBaHue Y
yyawmxcsi OCHOB VMHHOBALMOHHOCTM,
MaTemMaTU4ecKon, MH(OPMALMOHHO-
KOMMYHWKaLMOHHOW, 3KOINOrn4eckomn
KOMMETEHTHOCTEW, a TakKe KOMMETEHTHOCTU B
obrnacTu  ecTeCTBEHHbIX HayK, TeXHUKU 1
TEXHOMOMI — KaK  KOHUeNnTyanbHas  uernb;
dyHOaMeHTanm3auus obpasoBaHusi,
HernpepbIBHOCTb, WHTErPMpPOBaHHOE ObByyeHve
yyawmxcs Temam Ha OCHOBE

MEXAMUCLMNIIMHAPHOTO U MPOEKTHOTO NMOAXOAOB,
0byyeHne Ha oCHOBe COBCTBEHHBIX OTKPLITUN U

ero npakTn4yeckasa HanpaBllieHHOCTb,
yrny6neHHoe n3y4vyeHue aHIMMIACKOro A3blka — Kak
XapaKkTepHble CBOWCTBa. npe,D,CTaBJ'IeHbI

pe3ynbTaTtbl 3KCMEPUMEHTamNbLHON peanusaumm
STEM-o6pa3oBaH/si B HayarnbHOW LUKOME B

YCMOBUAX  Hay4HO-MeJarornyeckoro  rpoekta
«MHTEennekT YKpauHbl», HanpaBleHHOro Ha
OpMMpOBaHNE  B3aUMOCBSI3aHHbIX ~ STEM-
KOMMETEHTHOCTEN LUKOMNbHUKOB
(maTemaTtunyeckon, nccnenoBaTensbCcKon "
n3obpeTaTenbcKon, TEXHOMOMM4eCKoMm,
VMH(OpMaTUYECKOM KOMMETEHTHOCTW) Kak
eavHcTBa CKBO3HOW, KOHLeNnTyarnbHow,
onepaLynoHHOW, aKCMOoNorn4yeckomn
KOMMETEHTHOCTEW. MpviBeaeHbI npymepsbl

oGpaaoBaTeanux nporpamMmm B maTtemMaTtnyeckomn
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natural educational branches, which
make up the semantic block of
experimental work, are given;
educational technologies that allow
to realize the subject content of
STEM-education in  elementary
school in the educational
environment of the scientific and
educational project “The Intellect of
Ukraine”: multi-disciplinary
integration, enhancement of the
natural learning process, the
presentation of learning in cohesive
units, interactive educational
technology and critical thinking,
reading and reflection.

Key words:

NBIC-technologies; NBIC-
convergence; STEM-education;
elementary school; interdisciplinary
integration; mathematical education;

OCBITHIX ~ ranyseW, WO  CTaHOBNATb
3MicTOBUIA  BNOK  eKCNepuMMEHTarnbHOI
po60TK; OCBITHI TEXHOMOTII, LLIO Aat0Th 3MOry
peanidyBat npegmeTHu 3micT STEM-
OCBiTMU B MOYaTKOBIA LUKONI B yMOBaXx
OCBITHLOMO cepefoBuLLa HayKoBO-
nearoriyHoro NpPoekTy «IHTenekT YkpaiHu»
(TexHonoris mixkaucumnniHapHoi iHTerpadii,

TexHororis 36arayeHHs OCBITHBOIO
npouecy, TexHororis L{iNTKOBUTOrO
3aCBOEHHSA HaBYanbHUX OOVHWLb,
iHTEepakTUBHI  OCBITHi ~ TexHonorii  Ta
TexHororii KPUTUYHOTO MUCIEHHS,

TEeXHOroris pauioHansHoro HVITaHHH).

Knrou4osi cnoBa:
NBIC-TexHonorii; NBIC-koHBepreHuisi;
STEM-ocBiTa; novaTkoea LKona;
MikavcumnniHapHa iHTerpauis;
MaTeMaTu4yHa OCBiTa; MPUPOLHNYA OCBITa.

N ecTecTBEHHON 06pa3oBaTenbHbIX OTpachisix,
KOTOpble COCTaBMSOT coaepaTenbHbI 6ok
3KCMepPUMEHTarbHOM paboTbl; 06pasoBaTenbHbIX

TEXHOMOIUN, NMO3BONSIOLLMX peanusoBaTb
npegmeTHoe copepxaHne STEM-o6pasoBaHus B
HavanbHon LuKone B YCNoBmsAX
obpasoBaTenbHon cpenpl Hay4Ho-
negarormM4yeckoro npoekTa «MHTennekt
YKpauHbl»  (TEXHOMOTUS  MEXANCLMMINHAPHON
VHTerpauum, TexHornorus oboraiyeHus
obpasoBaTenbHOro  npouecca,  TexXHONnorus
NOJIHOro yCBOEHUSA y4ebHbIX eaviHuL,

WHTEpPaKTUBHbIE o6paaoBaTeanb|e TexHonorum
n TexHonornm KPUTUHECKOIo MbILUIEHNA,
TEeXHOnorna paunuoHanbHOro l-IT(EHI/IFl).

KnioueBble cnoBa:

NBIC-TexHonorun; NBIC-koHBepreHumsi; STEM-
obpa3oBaHue; HavarnbHas LKona;
MeXaucumnIMHapHas MHTErpauus;
mMaTemMaTnyeckoe obpasoBaHune; obpaszoBaHue.

natural sciences education.

Introduction. A broad program of reforms has
been introduced in Ukraine, in response to the sharp
political and economic challenges facing the nation.
In reforming of the educational system some
important steps have been taken. However, this
process is quite uneven and slow. It needs
strengthening in response to economic and
technological development.

A generally accepted trend of the XXI century,

which defines human development, is NBIC-
convergence (convergence of nanotechnology,
biotechnology, information technologies and

cognitive science). This is central issue to the sixth
technological structure. A complete merger of NBIC-
technologies, with union, mutual penetration, and
synergistic enhancement as a result of convergence,
is driving significant changes in the demand for skills
and sharpening the need for strong and balanced
skill-sets across all areas. Education is required to
meet the demands of economy and production for
fundamentally new, cross-disciplinary experts. These
must be able not only to develop and operate
advanced equipment and technology, but also hold
interdisciplinary skills and abilities that allow them
to create new technologies, equipment and materials
needed in almost all areas of production.

Despite educational reforms and implementation
of state educational standards and programs, the
content of education in Ukrainian schools needs
further improvement. It is still implemented in line
with the needs and realities of the economy and
production of former (industrial) technological
structures. This 1is highlighted in particular
conclusions of the World Bank report on the
condition of Ukrainian education “Key quantitative
indicators of Higher educational system in Ukraine”
(2019): “however, skills demanded by the expanding
sectors are different than those supplied by the
education system” and “education is not contributing
its full potential to the wider economy” (Gresham, &
Ambasz, 2019, p. 4; p. 11).

The Ukrainian education system has to change
radically and constantly to keep pace as a driving
force of economic growth of the state. These changes
should be in the direction of specialization and from
inter-disciplinarity to multi-disciplinarity.

These trends are embedded in national
development strategies of STEM-education in the
USA, EU, Japan, China, South Korea, Singapore and
others.

Analysis of the latest investigations and
publications. Issues around STEM-education are
actively included in the range of scientific and
educational investigations of domestic scholars.

Conceptual and theoretical aspects of introducing
STEM-education in Ukraine are being investigated
by N. Morse, K. Postova, O. Patrykeev, N. Polihun,
L. Slipuhina, O. Stryzhak, 1. Chernetskiy, and others.
A separate cluster of investigationsis centred on
scientific publications on teaching methods for
natural sciences and mathematical disciplines in
secondary education institutions, in the context of
STEM-education: physics (O. Voronkin,
0. Kuzmenko), geography (O. Ishchenko,
N. Goncharova), chemistry (O. Grechyn), biology
(L. Danilenko), mathematics (T. Lytvynenko) and
others. Professional competence of teachers in the
STEM-education system is being investigated by
N. Goncharova. Experience of implementing of
STEM-education in the EU and the USA is revealed
by O. Kovalenko. Features of STEM-education of
preschoolers are studied by K. Krutiy, I. Stetsenko
and others.

Scientists report that a STEM-oriented approach
to learning is important in the innovation of Natural
Sciences and Mathematics. It is based on an
interdisciplinary approach to the construction of
disciplines and individual teaching elements
(integrated education according to certain topics or
current problems) and aims “to form key
professional, social and personal competencies in
young people, that determine their competitive
88
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ability in the labor market: the ability and
commitment to solving complex problems, critical
thinking, creativity, cognitive flexibility,
collaboration, management, implementation of
innovation and so on” (STEM-osvita: Problemy ta
Perspektyvy, 2018).

The purpose of this article is to analyze global and
domestic trends of STEM-education, to identify
theoretical and methodological foundations and to
provide intermediate results of experimental
realization of STEM-education in the elementary-
school scientific and educational project “The
Intellect of Ukraine”.

The theoretical basis of research. The first decade
of the XXI century is marked by understanding of
needs in STEM-educated skilled professionals
(Science, Technology, Engineering, Mathematics).
These professionals should possess not only
theoretical knowledge but also practical skills with
complex technological objects. Researches revealed
significant problems and contradictions. The
traditional educational system does not meet the
requirements and needs of education for training of
specialists of XXI century, particularly those who
related to science, technology, engineering and
mathematics. At the same time, there is a decrease in
motivation to study STEM-subjects and in the choice
of mathematics related professions. There is lack of
ability to solve real problems that require the
knowledge and applications of STEM-subjects
(Stryzhak, Slipukhina, Polisun, & Chernetskyi, 2017).

This led to a reduction in the number of qualified
STEM-trained professionals. The World’s state
leaders, political figures and representatives of
business think that there is a shortage of STEM-
workers. National security and competitiveness of
countries are perceived to be at risk. Brad Smith,
Microsoft’s general counsel and executive vice
president, said at a press briefing that the lack of
qualified job applicants is “approaching the
dimensions of a genuine crisis” for tech companies
(Microsoft: Shortage of tech Workers..., 2012).
“... Leadership tomorrow depends on how we
educate our students today — especially in science,
technology, engineering and math,” Barack Obama
said (Science, Technology, Engineering and Math.. .,
2015). Israeli Education Minister N. Bennett (2015)
warns: “If we do not create our own engineers,
scientists, high quality graduates, in 30 years in Israel
there will be neither flourishing hi-tech nor Nobel
laureates, nobody will create “Iron Dome” and
modern medicines” (IIpocBenienune «mo cTangapTam
crieriHazay, 2015).

The need to solve the problems mentioned above
accelerates the need to reform the traditional
educational system, particularly in the direction of
STEM-education, as is observed in the USA and in
other countries.
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Leading countries have developed educational
strategies that offer solutions in STEM-education.
They include various specialized programs for
primary, secondary and higher education. Australia,
England, Scotland and the United States published
national reports which contained recommendations
on reform of STEM-education. Australia, China,
England, Korea, Taiwan and the USA are working on
development of K-12 STEM-curriculum, which is
designed as a set of integrative interdisciplinary
approaches in each of the STEM-subjects. Much
attention in these educational programs is given to the
fact of realizing by pupils / students how STEM-
learning can affect careers in the professions
(Launching the 21st century American Aerospace
Workforce ..., 2008; Pitt, 2009; Project Lead the
Way (PLTW), 2021). France, Japan and South
Africa’s institutions of secondary education and out-
of-school  professional organizations develop
informal programs of STEM-education (summer
camps, after-school activities, competitions, etc.) that
attract the attention of students to STEM-occupations
and provide opportunities for learning different
directions of STEM-education (Preparing Future
Engineers Around the World..., 2011; Reaching
New Frontiers in STEM Education..., 2012).

Using the USA as an example, we characterize the
level of practical implementation of STEM-
education.

In 2005, fifteen leading US business communities
gathered in an informal coalition “Tapping
America’s Potential” (TAP) in search of ways to
preserve the global scientific and technological
leadership of the USA. TAP made the following
commitments: strengthening the motivation of
American students to enter STEM-specialties,
systemic quality assurance of school education in
natural sciences and mathematics, teachers’ training,
provision of financial incentives for gifted students,
and attraction of private businesses to interact with
universities and engineering colleges (Tapping
America’s Potential..., 2008).

In 2011, the National Research Council offered a
new structure of secondary education in natural
sciences, under which in 2013 updated standards of
secondary education in science for students of grades
2-12 were introduced. Items that were standardized:

e Practices. Scientific and engineering skills:

formulating researchable issues and tasks
(engineering); creating and using models;
planning and investigating; analysis and
interpretation of data; the use of
mathematical and computational system;
constructing of explanations (science) and
designing solutions (engineering); building
of arguments based on facts; acquisition,
evaluation and correct interpretation of
information.
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o Content. Basic knowledge of physics,
chemistry, biology, geology, astronomy,
engineering, technology and applied
sciences.

o Crosscutting concepts. Patterns; cause and
effect: mechanism and explanation; scale,
proportion, and quantity; systems and system
models; energy and matter: flows, cycles,
and conservation; structure and function;
stability and change (JlroOmmuckas, 2014,
c. 6-23).

The USA adopted a national program to train
more than 100 thousand teachers in the STEM-
education sphere for the next 10 years (Charting a
Course for Success..., 2018). Only those teachers
who have received appropriate training and
preparation in STEM-disciplines may deliver
teaching under the STEM-concept.

Analysis and synthesis of research and practical
experience helped to isolate the main approaches to
the development of programs to master STEM-
literacy:

1. Extending learning experiences in specific
STEM-subjects, using problem-oriented
learning activities. These analytical concepts
are applied to real world problems in order to
enhance students’ understanding of difficult
concepts.

2. Integrating knowledge from STEM-subjects,
with the purpose of better understanding their
content. This aims to empower the students
in the future to choose a technical or
scientific career.

3. Versatility, providing integrative learning of
STEM-subjects as is done in real conditions.
In this way, scientists can apply their
knowledge to solve the problems of poorly
structured processes which obstruct technical
capabilities. The students can rapidly acquire
skills of highly organized thinking. This
learning is supposed to build on the basis of
projects and technical design, combining
scientific principles, technology, engineering
and math in a single STEM-training
program.

4. Innovation in teaching methods of separate
STEM-subjects and integration in which the
basic concepts of science, technology,
engineering and mathematics are included in
a curriculum are identified clearly as STEM.

Despite the wvariety of available approaches,
almost all scientists are united in the opinion that
STEM-education is a modern educational
phenomenon associated with the understanding of
quality of discipline assurance by students of science,
technology, engineering and mathematics. The aim is
to prepare students for more effective application of
knowledge to solve professional tasks and problems.

Therefore, STEM-education belongs to the
innovative educational systems that fully meet the
global trends of modern education. In developed
countries it is becoming a systematic approach to
introduce STEM-education to the national educational
community, including the practice in schools.

In Ukraine, the modernization of certain sectors of
general secondary education on the basis of STEM-
education, in our opinion, is extremely important.

The Ministry of Education and Science of Ukraine
and the Institute of Education content modernization
have already taken the first steps on the theoretical
and methodological reflection and generalization of
experience on the issue under discussion. The
necessary regulatory and legislative documents
governing proceedings of STEM-education have
been prepared: “Regulations on procedure of
innovative educational activities” (2015) and; “On
the foresight of socio-economic development of
Ukraine for the medium (2020) and long term (2030)
time horizons” (in the context of human capital)
(2016), orders of the Ministry of Education and
Science of Ukraine for implementing STEM-
education in Ukraine in 2016-2018 (2016), the
decision of the Board of Ministry of Education and
Science of Ukraine “On conducting the experimental

work nationwide level on “Scientific and
methodological principles of creation and
functioning of Ukrainian scientific-methodical

virtual STEM-center for 2017-2021” (2017) and
others.

A Memorandum of STEM-education Coalition in
Ukraine was signed in 2015. This is an initiative of
the Center for Corporate Social Responsibility, with
a coalition joining Kyivstar, Syngenta, United
Minerals Group, and NNEGC Energoatom,
Samsung, Ukrainian Nuclear Society, Microsoft
Ukraine, Creative International Children's School,
Kyiv University of Culture and Arts, and others —
16 participantsin in total.

The coalition has accepted 6 key tasks: to prepare
recommendations to the Ministry of Education and
Science of Ukraine concerning the application of
disciplines that are part of STEM-cycle;
implementation of programs to introduce innovative
teaching methods in schools; providing opportunities
for pupils and students to conduct research and
experimental work wusing modern equipment;
creation of information platforms; career guidance;
the development of international cooperation.

STEM-education is getting more and more
popular in Ukraine. Integrated STEM-approaches are
implemented in many schools and out-of-school
establishments (the work of Junior Academy of
Sciences, various programs, contests and
competitions: Intel Techno Ukraine; Intel Eco
Ukraine; Festival of Science Sikorsky Challenge;
research picnics, etc.)
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With the support of MES Ukraine and the Institute
of Education, teaching content modernization
through the scientific and educational project “The
Intellect of Ukraine” is becoming popular in our
country. It aims at improving the technology of
STEM-education in Ukrainian education today.

The investigations of scientists and educators
made it possible to identify theoretical and
methodological foundations of STEM-education in
elementary school through the scientific and
educational project “The Intellect of Ukraine”:

1. STEM-education in primary school should
be based on the post-nonclassical educational
paradigm in which conceptual educational
purposes recognize the conditions for self-
actualization and creative self-identity in a
complex, changing world. The basic ideas of
the national education policy paradigm are
post-nonclassical technocracy in an organic
combination of humanistic priorities and
culture-centricity, representing such typical
features as cultural identity, spirituality,
national consciousness, cultural tolerance,
positive thinking, developed emotional
intelligence, etc. (Ammpymenko, & bymax,
2018).

Continuity: STEM-education begins in the
first grade of elementary school, based on the
STEM-education in the preschool years, and
continues in core high school and throughout
life. Early involvement of the child to STEM-
education does not only promote creative
thinking and formation of research
competence, but also provides socialization
and development of communicative
competence while working as a team.
STEM-education is a “bridge” between the
education of students and their career.
Scientists have estimated that in the future 9
of 10 most popular and highly paid
professions belong to NBIC-section will
require applicants who have a high level of
interdisciplinary competencies in the field of
STEM-subjects.

The purpose of STEM-education in
elementary school is development of students’
interest in subjects in mathematical cycle and
the formation of interrelated competencies,
including conceptual (understanding natural
science and  mathematical  concepts,
operations and relations); strategic (the ability
to formulate and solve scientific, technical and
technological problems); cognitive (the ability
to think logically, to explain, to argue and
capacity for reflection); operating (ability to
do transaction neatly); axiological (the ability
to view an object as useful while being able to
believe in its own effectiveness.)
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5. STEM-education in elementary school is
characterized by:

» Education fundamentalization that gives
in-depth study of subjects of the
mathematical cycle;
integrated training in topics, not subjects,
based on interdisciplinary (STEM-
subjects) and project approaches;
learning from students’ discoveries aimed
at formation of research competence,
mastering algorithms of innovation
strategies in project development;
practical orientation training (based on
knowledge gained in class, students create
prototypes / models of real objects,
processes or products of modern industry);
increased attention to learning English, as
the most significant scientific print and
electronic resources are created in this
language (3aBaneBcbkuit, 2016, c. 3-7)..

Methodology of research

In 2015, experimental work was started in
elementary schools, using the scientific and
educational project “The Intellect of Ukraine”. This
educational project is aimed at forming the
interconnected STEM-competencies of students
(mathematical, research and invention,
technological, IT competencies) as a unity of
conceptual, strategic, cognitive, operational, and
axiological competencies (baunHchka, Yiimaposa,
& Cenepesiuene, 2013). In 2019, an intermediate
section was conducted to determine the level of
formation of STEM-competencies according to the
criteria shown in Table 1.

The grouping of participants in the pedagogical
experiment was carried out according to four levels of
STEM-competencies: high, sufficient, basic, initial.

Experimental work was carried out according to
theoretical and methodological guidelines stated
above. It included the implementation of
technologies of STEM-education in mathematical,
scientific, technological and ITeducational sectors “I
Study the World” (Grade 1, 9 hours a week), “The
Man and the World” (Grades 2-4, 2 hours a week),
“StudyingTogether” (Grades 2-4, 2 hours a week)
and “Eureka” (Grades 2-4, 1 hour a week).

These are the educational programs of the
Mathematics and Natural Sciences education sectors
composing the content block of experimental work.
We have drawn up educational programs according
to the main peculiarity of STEM-education—
fundamentalization. It provides in-depth study of the
subjects of mathematics and natural sciences cycle
beginning from the Ist grade, and knowledge
formation of such crosscutting concepts as patterns,
scale, proportion, value systems, system models,
matter, energy, structure and function, stability and
variability, etc.
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Table 1. The level of formation of STEM-competencies according to the criteria

STEM-competencies
conceptual
relationships
strategic
cognitive
operational
axiological
efficacy

Mathematics education sector

The purpose of mathematics education in our
Project is to form students’ mathematics competence
in the unity of interrelated components (knowledge,
skills, values and attitudes), and other key
competencies; the development of mathematics
skills, logical thinking, creativity, the ability to use
the acquired knowledge in everyday life).

According to the State standard of primary
education, the overall results of mathematics education
in our project includes the ability of students:

1) toinvestigate a situation and isolate problems
that can be solved using mathematical
methods;

2) to model processes and situations, to develop
strategies (plans) of actions for solving
various problems;

3) to evaluate data, process and outcome of
education and solve practical problems
critically;

4) to apply mathematics experience for the
knowledge of the environment.

Following the purpose and objectives of the
mathematics education field, we identify the
following content lines: “Mathematics around me”,
“I study math processes and phenomena”, “Critical
data assessment and own mathematics activity”,
“The world investigation by means of mathematics”.

Following the state standard of primary education,
the goals of the leading content line of “Mathematics
around me” is defined: “the development in students
of grades 1-2 of a sustained interest in mathematics,
understanding of mathematics as part of human
culture, as a method of learning environment,
understanding the importance of mathematics to
further social progress; create conditions for the
formation of logical and abstract thinking of children;
providing their intellectual development”. Achieving
these goals is shown in the ability of children to
recognize the situations in their lives which require
the ability to count objects, to measure quantities,
calculations; to analyze difficult situations in their
lives; to determine a group of interrelated qualities to
solve everyday problems of mathematics content; to
predict the result of arithmetic operations.

The main purpose of the content “I study math
processes and phenomena,” according to the state

Criteria

understanding of natural sciences and mathematical concepts, operations and

the ability to formulate and solve scientific, technical and technological problems
the ability to think logically, to explain reasons, the capacity for reflection

the ability to perform operations neatly and flexibly

ability to consider objectively, simultaneous with the ability to believe in their own

standards of primary education, is defined as
“fundamental mastering by students of a system of
mathematical knowledge and skills needed to continue
mathematics education in elementary school and study
related subjects”. The indicators of achieving these
goals are formed by graduates of the 2nd grade. They
can convert information into charts, tables, schematic
drawings. The students are able to choose a sequence
of actions, to solve the problem situation, to define the
action to solve the problem situation.

The content “Critical data assessment and own
mathematics activity” involves the development of
critical and logical thinking. In second graders it
reveals the ability to determine the adequacy of data
for solving problem situations; to find out the
possibility of using another way of solving the
problem situation; to check the result of arithmetic
tasks; to find mistakes and correct them.

The implementation of the main content “The world
investigation by means of mathematics” — creating the
conditions for the development of mathematics abilities
of students — requires the solution of interrelated tasks
set by the state standard of primary education: the
formation of children's ability to determine the
essential, common and different features of the objects
of the world; to compare them and merge them into a
group on a mutually agreed basis; to count objects; to
compare numbers and organize them; to construct plane
and volumetric figures from hand-made material, to
create layouts of real and imaginary objects; to measure
values with the help of tools and measuring instruments.

These contents are implemented through the
specific subject “Mathematics” and the integrated
course “I Study the World”.

Natural Sciences education sector

Following the state standard of primary education,
the purpose of Natural Sciences education in the
elementary school via the scientific and educational
project “The Intellect of Ukraine” is the formation of
competencies in natural sciences, engineering and
technology, environmental and other key
competencies. These are based on knowledge
mastery and development of skills that ensure
successful interaction with nature; forming the basis
of scientific philosophy and critical thinking;
becoming responsible, safe and environmentally
responsible student behavior in the environment, by
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understanding the principles of sustainable
development. Overall results determined the
following abilities of elementary school graduates:
1) to discover the natural world, gain
experience of research; to wonder, observe,
experiment and simulate; to get pleasure
from knowledge of nature;
to process and systematize information of
natural sciences content obtained from
available sources and reproduce it in various
forms;
to realize the diversity of nature, the
relationship of objects and phenomena that
explain the role of science and technology in
human life, the importance of a responsible
attitude to nature;
to evaluate facts, to combine new experience
with experience gained in the past and use it
creatively to solve problems in the natural
science sector.

Following the purpose and objectives of the
Natural Sciences educational sector we identify the
following content lines: “I am a researcher”, “I am in
the world”, “I am an inventor. ”

The content lines “I am a researcher” and “I am
an inventor” are aimed to implement one of the main
objectives of STEM-education — development of
students’ research competence in  science,
engineering and technology.

Formation of students’ research and inventive
competencies begins in grade 1. It is about ensuring the
ability of candidates to formulate the questions of
scientific nature and engineering problems; to create
and use models; to plan and conduct research; to
analyze and interpret data; to use mathematical tools; to
construct scientific explanations and design engineering
solutions; to build arguments based on facts; to receive,
evaluate and interpret information properly.

All content lines are implemented in an integrated
school subject “I Study the World”.

Technological part of the experimental work
covers innovative educational technologies which, in
terms of the educational environment of scientific
and educational project “The Intellect of Ukraine”,
can realize the objective content of STEM-education
in elementary schools.

Folowing the principle of unity of content and
procedural-activity (methods, forms, means of
educational process) in components of education, and
in accordance with the basic provisions of the
Concept “New Ukrainian School”, the Law of
Ukraine “On Education”, State standard of primary
education in the educational process of 1-2- project's
grades are implemented:

interdisciplinary technology of integration, based
on building integrated disciplines created by
synthesis of scientific knowledge on the basis of the
fundamental laws of science and the resulting

2)

3)

4)
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didactic reflection of extensive natural connections
and relations among the various topics and sections
of discipline and across disciplines in general;

technology of the educational process enrichment
is based on Schoolwide Enrichment Triad Model by
J. Renzulli. According to this model the Project aims
to have a system of rules for students to do the
research of all its components, creating conditions for
the development of students’ personal qualities
(creativity, commitment, perseverance, self-
confidence, etc.), cognitive processes and account
ability for effective teaching and learning activities,
students master the theoretical and practical levels;

technology of complete learning units is based on
methodology of complete mastery in cognitive,
sensory and psychomotor areas by J. Carroll and
B. Bloom, theory of stage formation of mental
actions by P. Halperin, repetition interval method by
H. Ebbinghauz;

interactive educational technology and critical
thinking, work in pairs or groups (“jigsaw”,
“alphabet”, “brainstorming”, ‘“Brownian motion”,
“call”, “tree assumptions”, “dialogue”, “round about”,
“synthesis of ideas”, “small and large questions”,
“teacher”, “six hats”); learning technologies in the
game; discussion (“Karl Popper debate”, “press
method”, “choose the position”, “talk show”); project
method; trainings (psychological training, personal
development training). Their aims are to educate
students in order that they have successful and happy
lives, be proud citizens of Ukraine, active members of
civil society who possess traditional and modern
democratic values, ideas of positive thinking, as well
as to think independently, critically, working in a
team, interacting effectively with others;

rational reading technology which purpose is
development of students’ skills such as reading
comprehension, the ability to express their opinion
orally and in written form, critical thinking, the
ability to justify a position, creativity and ability to
handle a significant amount of scientific and
educational information for a limited time. The main
idea of this technology is systematic work on the
formation of the students’ skills: 1) the technical
component of reading through a set of special
exercises aimed at increasing speed of reading aloud
and improvement of simultaneous perception of the
pieces of text and storing process improvement;
2) the ability to understand, read, interpret and
evaluate information through the exercise “Key
words”, “Questioner”, “Technique of
argumentation”; 3) the ability to retell the text,
highlighting key information, and remembering it to
express it orally and in writing; form their own
opinion on what they read, justifying it through the
complex of exercises, such as “Teacher”, “Brownian
motion”, “Debates”; 4) the ability to create their own
essays, narratives, stories.
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Results of the research.

Analysis and synthesis of the results of experimental
work made it possible to make some conclusions about
the importance of STEM-education technology.
Significant positive dynamics in the formation of
mathematical, research and inventive, technological,
informative competencies in comparison with the
control diagnostics were revealed.

There was a significant increase in the number of
students who, at the stage of the intermediate
diagnosis, demonstrated a high level of STEM-
competencies: conceptual (53,62%), strategic
(39,3%), cognitive (68,2%), operating (54,15%),
axiological (41,5%).

Conclusions and recommendations for further
research. The study made it possible to conclude that
STEM-education in Ukraine reflects trends of
modernization of educational systems in leading
countries, in accordance with the civilizational
challenges caused by the third industrial revolution.
Key changes include, for example, the
fundamentalization of education, its pre-emptive and
interdisciplinary character, the transition from a
supportive learning model to an innovative learning
technology, the integration of natural sciences and
humanitarian knowledge, and so on.

The implementation of STEM-education into the
national educational space is carried out in compliance
with a series of normative documents at three levels
(formal, non-formal and  informal).  The
implementation of STEM-education technology in the
elementary schools via the all-Ukrainian scientific and
pedagogical project “The Intellect of Ukraine” is
assured by grounded theoretical and methodological
provisions and educational programs, developed on
their basis, in mathematical, natural, technological and
informative educational fields.

The results of the experiment to determine the level
of formation of STEM-competencies of students
(mathematical, research and inventive, technological,
informative competencies) proved the scientific
validity of the theoretical and methodological
foundations of implementation of STEM-education in
the practice of elementary school.

Looking forward to further research, we see
teachers’ professional preparation for STEM-
education, their professional development and support
through the creation of professional STEM-
collaborations to disseminate innovative pedagogical
experience in teaching STEM-subjects, to form STEM-
competencies, to motivate students to STEM-careers.
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