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1. O6rpyHTyBaHHS aKTyaJbHOCTi TeMU JucepTalii. [HTeHCMBHUIT PO3BUTOK CYCIIiJIbCTBA Ha No4yaTKy XXI cTOmiTTS,
3YMOBJIEHUI1 3pOCTaHHSIM 00csriB iHpopMallii, nudposisalieo BCix cpep KUTTELiNBbHOCTI JI0JUHN, aKTUBHUM
PO3BUTKOM LITY4YHOTO iHTEJIEKTY, POOOTOTEXHIKM, HAHOTEXHOJIOTIi, 6i0TEXHOJIOTIH Ta iHIMX BUCOKOTEXHOJIOTIYHUX
rajyseii, BUCyBa€e HOBi BUMOTH JI0 MiJrOTOBKU 37100yBayiB OCBiTU. Cy4acHi BUITYCKHUKU 3aKJIaJIiB 3arajabHOI
CepeHbOI OCBITA MaIOTh BOJIOITY BUCOKUM PiBHEM MIKIUCLUIIIHAPHOI KOMIIETEHTHOCTI y cpepi IpHpoAHNINX
HayK, TEXHOJIOTH, iH)KeHepii Ta MaTeMaTUKU, KPUTUYHO MUCJIMTH, NPaloBaTy 3 iHpopMallielo, BUKOPUCTOBYBATU
11(pPOBi TEXHOJIOTII Ta 3aCTOCOBYBATH HAOYTi 3HAHHS /17151 PO3B'SI3aHHS IPAKTUYHUX i CYCHiJIbHO 3HAYYIIUX 3aBHAHb.

®opmysanHs STEM-KoMIIETEHTHOCTI 3100yBayiB 6a30B0i cepeHbOi OCBITH OTPedye KOMILJIEKCHOTO IiX0y,



CIIPSIMOBAHOTO Ha PO3BUTOK YMiHb KOPUCTYBATUCS UU(PPOBAMU OCBITHIMHU pecypcamu, aHajli3yBaTy iH(popmalliio,
IIPOEKTYBATH, MOJIEJIIOBATH, €KCIIEPUMEHTYBATH Ta PO3B'SI3yBaTU [IPAKTUKO-OPi€HTOBAHI 3aBIaHHs. Y IepIIoMY
posgini - «TeopeTnyni nutaHHs popmyBaHHs STEM-KoMneTeHTHOCTI 31,00yBayiB 6a30B0Oi cepeiHbOi OCBITH B
IIpoLieCci HABYAHHS IPUPOSHNYO-MATEMATUYHUX JUCLMILIIHY — IPOBEIEHO aHaJli3 HAyKOBO-TI€JaroriyHoi
siTepatypu. YCTaHOBJIEHO, 110 YKPAIHChKI Ta 3apy06iKHi HayKOBLi PO3KpuIn OKpeMmi acriektu popmyBaHHst STEM-
KOMIIETEHTHOCTI. JJoCimpKeHo MuTaHHs ii 3MiCTy, NpoaHasi3oBaHO Ta y3arajJbHEHO MiAXOAW HAyKOBIIiB 10
BH3HAUEHHS CTPYKTYPHUX KOMIIOHEHTIB, OOI'PYHTOBAaHO CTPYKTYpy STEM-KOMIIETEHTHOCTI, 1110 OXOILJIIOE II'SITh
KOMIIOHEHTIB: MOTUBAL[iMHO-1iHHICHU, 3HAHHEBU, OIlePaLiHO-OisSJIbHICHUI, KOMYHIKQTUBHUN Ta OL[iHHO-
pednexkcuBHuN. BuzHaueHO cyTh 6a30BUX MOHSTH NOCTIIKEHHS «<KOMIIETEHTHICThY», «STEM-KOMIIETEHTHICTh».
3anpornoHOBaHO aBTOPChKE TPAKTYBaHHS MOHATh «STEM-KOMIIeTeHTHICTh 37100yBauiB 6a30B0i cepeHbOi OCBITU» Ta
«(popmyBaHHs STEM-KOMIETEHTHOCTI 37100yBaYiB 6a30B0Oi cepeHbOI OCBITH y IIPOLIECi HABYAHHS IPUPOJAHUYO-
MaTeMaTUYHUX OUCUUILIIH». OGIPYHTOBAHO Nejaroriydi ymosu popmyBaHHsl STEM-KOMIETEHTHOCTI: CTBOPEHHS
possuBasnbHOro STEM-cepenoBuina y4HiB; opraHisauis mbkaucuurutiHapHux STEM-TIDO€EKTIB y mpo1eci BUBYEHHS
IVICLUILIIH IPUPOJHAYO-MaTEMATUYHOTO LIMKIIy; PO3P0O0Ka NUIAKTUYHOIO iIHCTPYMEHTAPilo Ha 3acafiax iHTerparii
Ta IOr0 CUCTEMHE BIIPOBAIPKEHHS. Y APYromy po3fiii — «EKciepuMeHTasbHa [IepeBipKa NMeJaroriyHux yMoB
dopmyBaHHs1 STEM-KoMIIeTeHTHOCTI 3700yBaviB 6a30B0Oi cepeHbOi OCBITH B IIPOLIeCi HABYaHHS TPUPOIHUYO-
MaTeMaTUYHUX IUCLUIUIIH» — YTOYHEHO KpUTepii (MOTHBALIIiHO-11iHHICHUI, KOTHITUBHUM, AislIbHICHUH,
KOMYHIKaTMBHO- pe(JIEKCUBHUI), BU3HAYEHO [TI0KA3HMKU Ta OXapaKTEPU30BaHO PiBHI cpopmoBanocti STEM-
KOMIIETEHTHOCTI (II0YaTKOBUI, CepeHili, IOCTaTHill, BUCOKUIT). EKCIiepuMeHTaIbHO NepeBipeHO e(eKTUBHICTh
OOIPYHTOBAHUX I1€1aroriyHUX YMOB Y IPyIax y4HiB 5-X i 7-x KkiaciB. 3a BciMa KpUTePisIMU BCTAHOBJIEHO [TI03UTUBHY
IVHaMiKy piBHiB cpopmoBaHocTi STEM-komMneTeHTHOCTI. lOCTOBipHICTb pe3yJbTaTiB MiATBEPIKEHO
CTaTUCTUYHOIO OLiHKOIO JAHUX i3 BUKOPUCTAHHIM KpPUTEPIilo y3romkeHocTi [TlipcoHa (02). HaykoBa HOBU3HA
PEe3YJIbTATIiB MOJISITa€ B TOMY, IO BIIEpIe TEOPETUYHO OOIPYHTOBAHO Ta €KCIIEPUMEHTAJILHO IIePEBipeHO
neparoriyHi ymosu popmyBaHHsa STEM-KoMneTeHTHOCTI 37106yBayiB 6a30B0i cepeHbOi OCBITH; YTOUHEHO 3MiCT
noHsTh «STEM-KOMIIETEHTHICTD 30,00yBaviB 6a30B0Oi cepeiHbOI OCBITUY», «popmMyBaHHsI STEM-KOMIIETEHTHOCTI
37100yBayiB 6a30BOi cepeIHbOI OCBITH Y NPOLECi BUBYEHHS JUCLUTIIIH IPUPOTHNYO-MATEMATUIHOTO LIUKITY»;
cTpyKTypy STEM-KOMIIETEHTHOCTI IIJISIXOM BUOKPEMJIEHHS! IT'SITU KOMIIOHEHTIB; KpuTepii cpopmoBanocti STEM-
KOMIIETEHTHOCTI, [IOKa3HMKU Ta PiBHi iX c()OPMOBAHOCTi; KOHKPETU30BAHO NPOLElypy BU3HAUYEHHS PiBHIB
cpopmosanocti STEM-komneTeHTHOCTI. Habyny nmogasnbmoro po3BUTKY OpraHizaliiiHo-MeTOgUYHi 3acaau
dopmyBaHHs STEM-KOMIIETEHTHOCTI Ha 3acafiaX MDKIMCUMILIIHAPHOI iHTerpanii, IpOEKTHO-A0CHiTHUIIBKOI Ta
IIPaKTHMKO-OPi€HTOBAHOI [isIBHOCTI, CHCTEMHOTO BUKOPUCTAaHHS LU(PPOBUX OCBITHIX pecypciB, LUPPOBUX
J1abopaTopil, CUMYJIITOPIB, 3aC06iB MOJIE/IIOBAHHS T TEXHOJIOTIHM IITYYHOrO iHTeNeKTy. [IpakTUYHa 3HauymiCTh
TI0JISITA€ Y BIIPOBAKEHHI N1€1AarOriYHMX YMOB B OCBITHIO JisJIBHICTD 3aKJIafiB 3arajIbHOI CEPENHbOI OCBITH,
PO3pOOJIEHHI KOMILJIEKCY IOCiAHULBKUK, TBOPUUX, iIrPOBUX, IPAKTUKO-OPi€HTOBAHUX IPOEKTIB, iHCTPYKTUBHO-
METOIMUYHUX KapT 14151 STEM-ekcriepuMeHTyBaHHS Ta METOJUYHUX PEKOMEHIalliil 1J1s1 BUMTeliB. PesyabTaTn
BIIPOBA/I)KEHO Y TPhOX 3aKJIaax 3arajbHOi CEpeHbOi OCBITU 3MiiBCbKOI MiChKOI pajiy UyryiBCbKOro paioHy
XapkiBcbKoi o6s1acTi, XapKiBCbKOMY HalliOHAJIbHOMY IefaroriyHomy yHiBepcurerti imeHi I. C. CkoBoponu Ta
LleHTpasIbHOYKPaiHCBKOMY J€p’KaBHOMY YHiBEPCUTETI iMeHi Bosiogumupa BUHHMYEHKa. Y3arajbHeHi Ta
CHACTEMaTU30BaHi HAyKOBI II0JIOXKEHHS I pe3yJIbTaTh MOXKYTb OyTH BUKOPUCTaHI BUKJIAJa4aMy 3aKJIafiB
IiCIAaUIIIIOMHOI BUIIOI OCBITH AJ1s1 MifBUIIEHHs KBasidikalii Ta nepemniaroToBKy yIUuTeiB IPUPOSHNYO-
MaTEMaTUYHOrO IMKILY, & TAKOX JOCIIIHUKAMH, SIKi 3a/IMalOThCSI TUTAHHSIMU 3arajbHOI CEPEIHbOI OCBITH.

2. Justification of the relevance of the dissertation topic. The rapid development of society in the 21st century,
driven by increasing volumes of information, digitalization, and advances in artificial intelligence, robotics,
nanotechnology, biotechnology, and other high-tech fields, imposes new requirements on education. Graduates of
general secondary education institutions must demonstrate interdisciplinary competence in natural sciences,
technology, engineering, and mathematics, think critically, work with information, use digital technologies, and
apply knowledge to practical and socially significant problems. STEM competence formation requires an
integrated approach that develops students’ ability to use digital educational resources, analyze information,



design, model, experiment, and solve practice-oriented tasks. In the first chapter — “Theoretical Issues of Forming
STEM Competence of Basic Secondary Education Students in the Process of Learning Natural Sciences and
Mathematics” - scientific and pedagogical literature on the research problem is analyzed. Ukrainian and
international scholars have explored certain aspects of STEM competence formation. The content and structural
components of STEM competence have been examined, and its structure has been substantiated, comprising five
components: motivational and value-based, knowledge-based, operational and activity-based, communicative, and
evaluative and reflective. The basic concepts “competence” and “STEM competence” have been defined. The
author’s interpretations of “STEM competence of basic secondary education students” and “formation of STEM
competence of basic secondary education students in the process of learning natural sciences and mathematics”
have been proposed. The pedagogical conditions have been substantiated: creating a developmental STEM
environment; organizing interdisciplinary STEM projects in natural sciences and mathematics; and developing an
integrated didactic toolkit and implementing it systematically. In the second chapter - “Experimental Verification
of the Pedagogical Conditions for Forming STEM Competence of Basic Secondary Education Students in the
Process of Learning Natural Sciences and Mathematics” - the criteria (motivational and value-based, cognitive,
activity-based, and communicative and reflective), indicators, and levels of STEM competence formation (initial,
intermediate, sufficient, and high) have been specified. The effectiveness of the pedagogical conditions was
experimentally tested among Grade 5 and Grade 7 students. Positive changes in STEM competence formation were
established across all criteria. The reliability of the results was confirmed using Pearson’s chi-square test (02).
Scientific novelty and theoretical significance of the research results is that: for the first time, the pedagogical
conditions for forming STEM competence among basic secondary education students have been theoretically
substantiated and experimentally verified. The content of the concepts “STEM competence of basic secondary
education students” and “formation of STEM competence of basic secondary education students in the process of
learning natural sciences and mathematics” has been clarified. The structure of STEM competence has been
refined by identifying five components, together with the criteria, indicators, and levels of competence formation.
The procedure for determining these levels has been specified. The organizational and methodological foundations
of STEM competence formation have been further developed through interdisciplinary integration, project- based
research, practice-oriented activities, and the systematic use of digital educational resources, digital laboratories,
simulators, modeling tools, and artificial intelligence technologies. The practical significance of the research
results is that: the pedagogical conditions have been implemented in general secondary education institutions.
Research, creative, game-based, and practice-oriented projects, instructional and methodological guides for STEM
experimentation, and methodological recommendations for teachers have been developed. The results have been
implemented in three general secondary education institutions of the Zmiiv City Council in Chuhuiv District,
Kharkiv Region, H. S. Skovoroda Kharkiv National Pedagogical University, and Volodymyr Vynnychenko Central
Ukrainian State University. The research findings may be used by postgraduate education institutions to improve
the qualifications and retrain natural sciences and mathematics teachers. The materials are also valuable for
researchers studying general secondary education.
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Cdepa ynpaBiiHHS: [lepkagminicrpauis

Inentudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I10-6aThKOBI:
1. JIynmapeHko CsiTsiaHa €BreHiBHa

2. Svitlana Y. Luparenko

KBasigikanis: n. nex. u., npodecop, 13.00.01
InenTudikarop ORCID ID: 0000-0002-3111-5340
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKUil HAlliOHATLHUT TIEJJArOTIYHMIt YHIBEPCUTET iMeHi
I'. C. CkoBopomu

Kopg 3a €IPIIOY: 02125585

Micue3Haxoa>KeHHS: ByJ1. AT4eBCbKUX, XapKiB, XapKiBCcbkuil p-H., 61002, Vkpaina
dopma ByacHOCTI: [lepxasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

BaacHe IlpizBume Im'st I10-6aThKOBI:

1. fIximoBa Mapuna EMisniiBHa

2. Maryna E. Yakimova

KBasigikanis: n.nen.n., npodecop, 13.00.09
InenTudikarop ORCID ID: 0009-0000-7609-403X
JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOH: XapKiBCbKUil HalliOHAMbHUT TIEJJATOTIYHMIt YHIBEPCUTET iMeHi
I'. C. CkoBopomu

Kopg 3a €IPIIOY: 02125585
Micue3Haxoa>KeHHS: ByJ1. AT4eBCbKUX, XapKiB, XapKiBCcbkuil p-H., 61002, Vkpaina

dopma ByacHOCTI: [lepxasna



Cdepa yIIpaBJIiHHﬂ: MiHicTepcTBO OCBiTH 1 HayKU YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZOMOCTi
BsiacHe IIpi3Buie Im'sa ITo-6aTbKOBI
TOJIOBH pajgu

Byache IlpizBuie Im's ITo-6aTbKOBI
rOJIOBYIOYOTO Ha 3acCiiaHHi
BignoBigasbHUMH 3a HiATOTOBKY

00JIiKOBUX JOKYMEHTIB

Peectpartop

KepiBHuk Bigainy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOi

OisSIIBHOCTI

Cobuenko TergHa MukoJsaiBHa

Cob6uenko Tetsgna MukosaiBHa

HoBosokin AHTOH Bosiogumuposuy

Opuenko TersiHa AHaTOJIiBHA

IOpuenko TeTsHa AHaTOJiiBHA



