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AHOTANIA
IOpuenxo Kamepuna Bonooumupiena. ®opmyBaHHS TOTOBHOCTI MalOyTHIX
YYUTENIB MPUPOJHUYO-MATEMATHIHUX JUCHUIUIIH JIO 3aCTOCYBAaHHS TEXHOJIOTiH
STEM y npodeciitniif misuiibHocTi. — KBamidikamiiina HaykoBa Ipallsi Ha MpaBax
pyKoIHCY.
Hucepramisi Ha 3100yTTS HAyKOBOTO CTymHeHs mJokTopa (diumocodii 3i
cnermianbHOoCcTi 015 Tlpodeciitna ocBita (nudposi TexHoisorii). — CyMmchKuin

Jep:kaBHUM neparoriynuid yHiBepcuteT iMeH1 A. C. Makapenka, Cymu, 2025.

Jucepraiiito mpucBsiYeHO mpobdsiemi (GopmMyBaHHS TOTOBHOCTI MaMOyTHIX
YUHUTEIIB MpUpoaHudo-MaremMaTuunux guciuiunid (BIIMJ]) nmo 3actocyBanHA
texHosorii STEM 'y mnpodeciiiHiil TIAIbHOCTI, sIKa BHUSBIEHA Ha OCHOBI
CYNEpPEeYHOCTEH: MK CYCIUIBHOIO 3aTpe0yBaHICTIO MPUPOJHUYO-MATEMATHYHOT
OCBITH Ta HEJOCTAaTHIM PiBHEM MPUPOJHUYO-MATEMATUYHOI MIATOTOBKU MOJIOAI B
ymoBax 33CO; MiX MOTEHLIATIOM OCBITHBO-MPO(ECIMHUX MporpaM MiArOTOBKU
BIIMJI Ta HemOCTaTHHOIO iX OpPIEHTOBAHICTIO Ha (OpMyBaHHS TOTOBHOCTI
MmaiioyTHix BIIM/I no 3actocyBanns Texnosoriit STEM y npodeciitHiil AiabHOCTI;
MDK 00 €KTMBHOIO TIOTPEOOI0 CYCHUIbCTBA B YUMTENSAX, SIKI 3AaTHI 10
BIpOBapKeHHS TexHosorii STEM, Ta O0OMEXEHICTIO YSBJICHb NP0 MOJEl
dbopmyBanHs rotoBHocTi MailOyTHIX BIIM/I 1o 3acTtocyBanns texnosoriit STEM y
npodeciiiHiii  isTIBHOCTI, BIACYTHICTIO PO3POOJIECHOTO TEOPETUKO-TIPAKTUIHOTO
CYNpOBOY TaKoro (hopMyBaHHS.

JIOCSITHEHHST ~ METH  JIOCHIJKEHHS  MIAMOPSAKOBAHO  TOCIIOBHOMY
BUPIIIEHHIO I’ TH 3aBAaHb TOCITIKCHHS.

Jlns  BUpIIIEHHS TEPIIOro 3aBJaHHS JOCHIDKCHHS (BUSBUTH CTaH
pO3pOOICHOCTI MPOOJIeMH TIATOTOBKM MAWOYTHIX YYUTENIB MPUPOTHUYO-
MaTeMaTUYHUX AUCIUILUIIH 10 3acTocyBaHHs TexHojorii STEM y nmemaroriunii
TEOopii Ta MPAKTHI[l) BAKOPUCTAHO TEOPETUUHI METOIM HAYKOBOTO Mi3HAHHS - aHAJI3
1 y3araJibHEHHS HayKOBOI JIITEPATypH Ta OCBITHbO-MPOQECIITHUX MporpaM. 30Kpema,

B’HCOBaHO, 10 CUCTEMA HpO(l)GCifIHOT OCBITH CTHKAETHCS 3 YNCIICHHUMH BUKJINKaMU,
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M0 MIATBEPIKYIOTh O00’€KTH HAyKOBUX PO3BIIOK OCTaHHIX I1'ITH POKIB:
KOMITApATUBHUN aHAJ13 3aKOPIOHHUX MPAKTUK IMATOTOBKH BUYUTEIIB, TOCIIHKEHHS
CKJIQJIHUKIB X mpodeciiiHoi miaroToBKy, GOpMyBaHHIM TOTOBHOCTI BUUTENIB J0
MIEBHOTO POy MpodeciifHOl AiSIbHOCTI, BUKOpUCTaHHs [T y miArOTOBI BYUTEINIB
PI3HUX CHEIIaJbHOCTEH, a TaKOXK KOMIETEHTHICTh BuutTens. Cepea KIIOYOBUX
npoOsieM BIA3HAYEHO HEJOCTAaTHIO TMPAKTUYHY OpPIEHTOBAHICTh MpodeciitHol
niarotoBku BIIM/I, aktyanbHicTh QopMyBaHHA HaBUYOK Bukopuctanus IT mms
HaBYaHHSA Ta parMeHTapH1 YSBJICHHS BUUTEIIB PO 3B’ S3KM MK TUCHUIUTIHAMU B
MeXax OCBITHIX IMPOrpaM iXHbOI MIATOTOBKU. CHcTeMaThu3anis BUSBICHUX TPo0eM
COpusja YCBIAOMJICHHIO HAyKOBISIMH ULUIAXIB IX BHUPIIIEHHS, CEpel SKUX
MIPOBIIHUM ChOTOJIHI BBOXKAETHCSI aKTUBHE yNpoBakeHHsT STEM-0cBiTH sk Taity3i,
AKa TMOEAHYE MPUPOJIHUYO-MATEMATUYHI HAYKH, 1HXKEHEPIIO 1 MaTEeMaTUKy, YUM
3a0e3neyye pO3BUTOK MDKIPEAMETHHUX 3B’SI3KIB Y MOJIOAI Ta HABHYOK
BUKOPHUCTAHHSA HUMHU CYyYaCHHUX TE€XHOJIOTIH.

JIns BUpILMIEHHST JPYroro 3aBJaHHS JOCHIKEHHsS (OXapaKTepu3yBaTH
texHosorii STEM sk KITIOYOBOTO TOHSTTS JIOCTIIKEHHsS])) BUKOPHUCTaHO
TEPMIHOJIOTIYHHMIA aHaJli3, 3a PE3yIbTaTaMH SIKOT'O BCTAaHOBJICHO, 1110: STEM-ocBita
— 1€ OCBITHIA mpoIec, SKUM 0a3yeThCs HA MDKIUCIUIUTIHAPHOMY ITiIXO1
(iHTerparii mpupOJHUYNX HAYK, TEXHOJOTIH, THXKEHEPil, MAaTeMaTUKH Ta OCBITH) 1
CIPSMOBAaHUHN HA PO3BUTOK HABUYOK YCIIIIHOTO BHUPIMICHHS MPAKTUYHUX 3aBIAHb
pi3Hux HaykoBux ramysed; STEM-texHomnorii sk iHcTpyMmeHT peanizaiii STEM-
OCBITH — II€ JABOIiCT€ MOHATTS, sike Bkirovae: (1) cydacHi TexHOJOril s
po3B’si3yBaHHS 3ajad (HayKoBe OOJaJHAHHS Ta I1HCTPYMEHTH, KOMIT'IOTEpPHI
TEXHOJIOT1i Ta mporpaMHe 3a0e3MeyeHHs, 1HKeHEpHI IHCTPYMEHTH Ta Martepiaj,
MaTeMaTW4yHl ~ METOAM Ta  auropuTtMu) Ta  (2) MeTogu  oprasizauii
MDKJIUCHUIUIIHAPHOTO HaBYaHHS (MPOEKTHUH METOJA, METOJ 3aHypEHHS, METO[
MOJICTIOBaHHS).

Ha ocHoBI y3arajgbHeHHs npakTuK ynpoBakeHHss STEM-ocBiTu goBeneHo,
IO ycminHe BUKopuctanus TexHonoriii STEM maitOyTHiMu BUMTENsIMU 0a3y€eThes

Ha BOJIOJIIHHI TEXHOJIOTTYHUX 1HCTPYMEHTIB 1 BMIHHSX IHTETPYBaTH iX Yy MpPOIEC
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HAaBYaHHSA Ta CHOPSIMOBAaHO HAa PO3BUTOK KPUTHYHOTO MUCIICHHS YYHIB TMPHU
CaMOCTIfHOMY BHUpIIIEHHI TPOOJIEM Ta WPAKTUKO-OPIEHTOBAHE OI[IHIOBAHHS
3100yBayiB OCBITH Yepe3 MPOEKTH Ta MPAKTUIHI pOOOTH.

3a pesynapratamu a”amizy OIIl migrotoBkum wmaibytHix BIIMJ] no
3actocyBanHsa TexHosorii STEM y mnpodeciiiHiii JisSiIbHOCTI BHSABIECHO iX
oomexenictb moao STEM-opieHTOBaHOT mpodeciiiHOi MiArOTOBKH. 30KpeMa,
BUsIBIIEHO He3HayHY KinbKicTh OIIII 3 OCBITHIMM KOMIOHEHTaMH, II0 OPIEHTOBaH1
Ha omaHyBaHHs TexHosorid STEM. JlogaTkoBo npoBeeHe ONMUTYBAHHS BUUTEIIB
BIIM/J] CyMcbkoi 001acTi 10JaTKOBO MPOJIEMOHCTPYBAJIO OOMEKEHICTh YSIBJICHb
BunTeniB npo STEM-ocBiTy 3aranom ta Bukopuctanus texHosorii STEM y ixHii
npodeciiiHiil AisUIbHOCTI, 30KpeMa. Tomy, 3Bakaroun Ha KOHIEMNIio pO3BUTKY
IPUPOAHUYO-MAaTEMAaTUYHOI OCBITH, mapagurmy HVYII Ha MibkaucuumiiHapHe
HABYaHHS Ta HAsSBHUM JTOCBiJ ynpoBakeHHs TexHomorid STEM, sikuil BiATBOpEHO
y HAyKOBO-TIEAAroriyHOMY JUCKYypci, 00rpyHTOBaHO noTpeOy BaockoHaneHHs OIIIT
nigroroBku BIIMJI 3 meToro 3a0e3neunTH iXHIO TOTOBHICTh JO 3aCTOCYBaHHS
texHosoriit STEM y npodeciitHiil aisuIbHOCTI.

JIns BUpIIEHHS TPETHOTO 3aBAaHHS JOCHIKEHHS (YTOYHUTHU CYTHICTb
MOHSTTS! «TOTOBHICTh MAaHOYTHIX YYUTENIB MPUPOTHUUO-MATEMATUIHHUX TUCIIUILIIH
1o 3acrocyBaHHsi TexHojorii STEM y mpodeciiiHiii IISIbHOCTI» Ta BU3HAUYHUTH
HOro CTPYKTYpY) BUKOPUCTAHO TE€PMIHOJIOTIYHHMM 1 CTPYKTYPHO-JIOTTYHHMM aHaji3
MPOBITHUX TOHITh JTOCHIIKCHHS («TOTOBHICTHY JO PI3HUX BHUIIB JiSTIBHOCTI
BUUTENS), HA OCHOBI SIKOTO OYJIO YTOYHEHO MOHATTS «TOTOBHICTh MaMOyTHIX
BUUTENIB TPUPOTHUYO-MATEMATUIHUX JUCIUIUIIH 10 3aCTOCYBaHHS TEXHOJOTI1H
STEM y mnpodeciifHiii TISIBHOCTI» - II€ OCOOWCTICHA SAKICTh, SKa TOEIHYE
MIParHeHHs 0 PO3BHUTKY B YYHIB HABUYOK PO3B’S3yBaTH MPAKTUYHI MPOOIEMH 3
BUKOPHUCTAaHHSIM MDKIUCHUIUIIHAPHUX 3B’SA3KIB 1 TEXHOJIOTIH, CIeliaibHI 3HAHHS
npo STEM ta yminns BukopuctoByBatd STEM-TeXHOJIOTIi B OCBITHBOMY IPOLIECI,
a TaKOXX YMIHHS 3J1MCHIOBATH pPeQJIEKCil0 MO BIAHOIICHHIO 0 YMPOBAKCHHS

STEM-texnonoriit y npodeciiitiii JisIbHOCTI. Y CTPYKTYpl 3a3Ha4€HOi TOTOBHOCTI
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BUOKPEMJICHO YOTHPHU CKIIATHUKH: OCOOMCTICHUHN, 3HAHHEBUMN, TIPAKCEOJIOTTYHANA Ta
pedaeKCUBHUI KOMITOHCHTH.

OOGrpyHTOBaHO, 1m0 (QopMyBaHHA TroTOBHOCTI MaioyTtHix BIIMJI no
3actocyBaHHA TexHoJoriit STEM y npodeciitniii TisTbHOCTI — 1€ CKJIAHHMI MpoIiec,
CIIpsIMOBaHMN Ha po3BUTOK y MaiOyTHix BIIMJ| 3HaHb, yMiHb, HAaBHYOK Ta
0COOMCTICHUX SIKOCTEH, HEOOX1THUX ISl opraHizaiii npouecy HaBuanHa B 33CO,
sike 0a3yeThCs Ha MDKIUCIMIUTIHAPHIN OCHOBI 3 BukopuctanusMm pizHux IT. e
IpOLEC BKIIOYAE SIK TEOPETHUYHE, TaK 1 NPAaKTUYHE HABYaHHS, IO JI03BOJIE
MalOyTHIM BYUTENSM €()EKTUBHO BUKOPUCTOBYBATH MIKIIPEIMETHI 3B A3KH IS
dbopMyBaHHS B y4YHIB CUCTEMHOTO, KPUTUYHOTO 1 TBOPYOTO MUCIICHHS, HABUYOK
BUPIIIEHHS IPO0JIEM Ta KOMaHIHOI pOOOTH.

JInst  BUpILIEHHS YETBEPTOrO 3aBlaHHs JOCHIKEHHS (po3poOutu i
TEOPETUYHO OOIPYHTYBAaTU MOJENb (DOPMYBaHHS TOTOBHOCTI MalOYTHIX yUWUTEIiB
IPUPOAHUYO-MATEMAaTUYHUX TUCUUIUIIH 10 3acTtocyBaHHs TexHosorii STEM vy
npodeciifHiil AisUTbHOCTI) BUKOPUCTAHO METOJ] MOJICJIFOBAaHHS, HA OCHOBI SIKOTO
pO3pOOJICHO 1 TEOPETUYHO OOIPYHTOBAHO MOJeTh (OpPMYyBaHHS TOTOBHOCTI
MalOyTHIX YYHUTENIB MPUPOJHUYO-MATEMATHYHUX TUCUUIUIIH 10 3aCTOCYBaHHS
texHosorii STEM y mpodeciitHiii aisnpHOCTI. Mozenb € BIIKPUTOIO IJIICHOIO
CUCTEMOIO CTPYKTYpHUX (IIIJTLOBUHM, OpraHizaliifHO-TIearoriYH1i, KOHTPOJIBHO-
OI[IHIOBAJLHUM Ta PE3yJbTaTUBHUN) OJIOKIB, Kl 3HAXOJATHCS y B3a€EMO3B’S3KY 1
B3a€MO/IIT Ta CIIPSAMOBAHI Ha YJIOCKOHAJICHHS NMPO¢eCciiHOT MATOTOBKH BYUTEIIB 3
MeTO0 (opMyBaHHS B HUX TOTOBHOCTI JO0 3acTocyBaHHs TexHojorii STEM vy
npodeciiHIN TisITBHOCTI. Y MOJIeIl BpaXOBaHO: METOAOJIOTIUHI 3aca/H IiArOTOBKU
ManoyTHiX BIIM/] (cuctemumii, akCc1010TI4HIN, KOMIIETEHTHICHUMN, TISUTbHICHHM Ta
iH(popMaliiiHO-IMPpoBUii) Ta crneuu(piyHl NPUHLUANKA HaBYaHHA (TIPUHLIMM
ynpoBamkeHHss STEM-texHosorii y HaBYaHHS, NPOEKTHO-OPIEHTOBAHOTO
HaBYAHHS; ONTUMAJILHOTO MOEJIHAHHS 1HAUBIIYAIbHOI 1 KOJEKTUBHOI AISJIBHOCTI,
HABYaHHS 4Yepe3 JAOCIIKeHHS, KPUTUYHOTO MUCJEHHS 1 pediiekcii); BIZOUTO eTanu
(oprasnizariiHo-1HMOpMAIITHUH, 3MiCTOBO-OTPAIITHUH, pe3yJabTaTUBHUN),

MIPOTATOM SIKUX Bi10yBasiocs opMyBaHHS TOTOBHOCTI.
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KirouoBum B peanizariii moeni € aBTopcebkuit crieukypce « Texnonorii CTEM
y mpodeciiHid IISIbHOCTI BUMTENS», pO3paxoBaHUM HA 4 KpPEAWTH, B SIKOMY
nepeadayeHo BUKOPUCTAHHS TPAAWLIMHUX Ta I1HHOBAIWHUX (opM  (JIeKIrli-
KOHCYJbTAIll, TPAKTUYHI 3aHATTS, CaMOCTiiHa poboTa, MalcTep-KiIacH,
IHIUBIAyallbHa poboTa 3  1HGOpMalIMHO-IIMGPOBUMH pecypcaMu), METOIIB
(pOEKTHMIA METOJI, METOAM IHTEPAKTUBHOI rpynoBoi B3aemoii («CBiToBe Kadey,
«Meron 3aManbOBYBaHHS Ta 3alMCyBaHHS 1ei» Ta «MalcTepHs MailOyTHBOTO»),
METO/I KOMIT'FOTEPHOI CUMYJIALi, KeWc-MeToA) 1 3aco0iB HaBUaHHS (E€JIEKTPOHHI
OCBITHI pecypcH, HayKOBO-Ioc1aH1 3aBaanHs, STEM-npoekTn).

JIisi BUKOHAHHS IT'SITOTO 3aBJAHHS JIOCHIPKEHHSA (€KCIePUMEHTAIbHO
nepeBIpUTH €PEKTUBHICTH MOJIeTi (OpMYyBaHHS TOTOBHOCTI MalOYTHIX YYUTENIB
IPUPOAHUYO-MATEMATUYHUX JUCUUIUIIH 10 3acTtocyBaHHs TexHosorii STEM vy
npodeciiiHiil AisUIbHOCTI) BUKOPUCTAHO EMITIPUYHI METOJM HAYKOBOTO IMi3HAHHS.
Byno po3po6iieHO JiarHOCTUYHUM anapar, 3aBJISIKU IKOMY CTajla MOKJIMBOIO SIKICHA
XapaKTepUCTUKa CPOPMOBAHOCTI KOMIIOHEHTIB TOTOBHOCTI. 30KpeMa, KpUTEPIsIMU
TOTOBHOCTI BUCTYIIMJIM MOTHUBAIlIHHUM, KOTHITUBHUH, TISIbHICHHUH, OIIIHIOBAIBLHUN
3 BIANOBIAHUMHU moKa3HUKH «MotuBanis ycmixy (y BrpoBamkeHHi STEM)y,
«OO613naHicTh y ramy3i STEM», «KoMriekcHi MIKIPEAMETHI 3HaHH, «YMIHHS
BripoBapkyBat STEM», «3patHicTh n0o peduekciin. s moka3HukiB Ai0paHO
METOJMKH 1X BUMIPIOBaHHS, 10 JO3BOJUJIO SAKICHO 1 KIJIBKICHO OXapaKTepu3yBaTu
piBHi rotoBHocTi BIIMJI no 3acrocyBanusi TexHomorii STEM y mpodeciitaiit
JISITBHOCT1: HU3BKUM, CepeTHIN, BUCOKUM.

Ha ocHOBI 1iarHOCTUYHOTO armapary cTajia MOKJIMBOIO €MITIpUYHA MepeBipKa
¢()eKTUBHOCTI PO3pO0JICHOT MOJACH Yepe3 MNeAaroriyHuii eKCIEepUMEHT, SKU
BiOyBaBca mnpotsarom 2021-2024 wu.p. [Ho excnepumentansHoi rpynu (EID),
CTYJIGHTH SIKOi HaBUalMCA 3a aBTOPCHKOIO Mojeiuto, yBivmwio 49 oci6. [o
koHTpoJbHOT TpynH (KI') — 54 ocobu.

Byno npoBeneHo aBa BUMIpIOBaHHS MOKa3HUKIB roTOBHOCTI BuuTeniB EI' Ta
KTI" no 3actocyBanns texnonoriit STEM y npodeciiiniii AissibHOCTI: IEpBUHHE, Ha

noyaTtky ekcrnepumeHty (2021) ta BTOpuHHE (2024) nns 3’sCyBaHHS JWHAMIKU
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piBHiB roTtoBHOCTI Y KI' Ta EI'. CTaTtucTrunuii aHami3 pe3ynbTariB MeAaroriyHoro
eKCIIEPUMEHTY MiATBEPAUB €(EeKTUBHICTh pPO3pobieHoi Moxeni ¢GopMyBaHHS
roroBHOCTI MaitoyTHix BIIM/I 1o 3actocyBanus texnoznoriit STEM y npodeciitaiit
nisutbHOCTI. HailO1mpIoro po3BUTKYy HaOyB 3HAHHEBHI KOMIIOHEHT TOTOBHOCTI 3a
noka3zHukoM «O013HaHicTh y Tairy3i STEM» (28,5%), HaiimeHITy, ajie CTaTUCTUYHO
3HAUYyNly, OWHaMIKy 3aikcOBaHO I TOKa3HUKA «3IaTHICTH 10 peduieKciin
pedaeKcuBHOTO KOMITOHEHTY ToToBHOCTI (20,5%). BBakaemo, mo Takomy
3pOCTaHHIO MOKA3HUKIB CHpHUsUIH po3pobienuit creukypce «Texnonorii STEM y
npodeciiiHiil AiSUIBHOCTI BUUTENS» Ta 00paHi GopMHU, METOIH 1 3aCO0M HaBYAHHS.

HayxoBa HOBH3HA pe3yJbTaTiB MOJISATAE B TOMY, I110:

- BIIEpIIIE pO3pO0IIeHO, TEOPETUYHO OOIPYHTOBAHO Ta
€KCIIEPUMEHTAJIbHO MEPEBIPEHO €(PEeKTUBHICTh MOjEl (hOPMYyBaHHS TOTOBHOCTI
MalOyTHIX YYHUTENIB NPUPOJHUYO-MATEMATUYHUX IUCUUIUIIH JI0 3aCTOCYBAaHHS
texHosorii STEM y npodeciiiniii TissIbHOCTI;

— 0XapaKTEPU30BaHO MOHATTS «TexHoJorii STEMy;

— YTOYHEHO CYTHICTh TIOHATTS «TOTOBHICTh MAalOYyTHIX Y4YWTENIB
MPUPOJTHUYO-MATEeMAaTUIHUX JIHUCIMIUIIH 10 3acTocyBaHHs TexHosorii STEM vy
npodecifHiil AiSTBHOCT», PO3KPUTO HMOTO CTPYKTYPY B €IHOCTI OCOOMCTICHOTO,
3HAHHEBOTO, MPAKCEOIOTTYHOTO, pe(IEKCUBHOTO KOMIIOHEHTIB;

- MOJAJIBLIOTO PO3BUTKY HAOYJIM HayKOBI IMOJIOKEHHS TEOPIi 1 MPAKTUKHU
niaroroBku MaOyTHiX BIIM/I 10 3actocyBanHs TexHonorii STEM y npodeciiiniii
JUSTTBHOCTI; HAYKOBI1 YSIBJIEHHS PO CYTHICTb, CTPYKTYPY, KpUTEpiaJibHI Ta pPIBHEBI
o3Haku roToBHOCTI MaitOyTHix BIIMJI no 3acrocyBannst texnosorii STEM y

npodeciiHii AiSTBHOCTI.

Kawouosi caoBa: wmaitdytHi yuuteni, STEM-texHosorii, mpupoaHuyo-
MaTeMaTU4Hl JUCLIMIUIIHU, TOTOBHICTh M0 3acTocyBaHHsA TexHojorii STEM,

niaroroBka puntenis, I'T, mpodeciiina ocsiTa.
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ABSTRACT
Yurchenko Kateryna Volodymyrivna. Forming the pre-service science and
math teachers’ readiness to use STEM technologies in their professional activities.
— The qualifying scientific work on the rights of the manuscript.
Dissertation for Doctor of Philosophy degree in specialty 015 — Professional
Education (digital technologies). — Sumy State Pedagogical University named after
A. S. Makarenko, Sumy, 2025.

The dissertation is devoted to the problem of forming the pre-service science
and math teachers’” (PSMT) readiness to use STEM technologies in their
professional activities, which was identified based on contradictions: between the
public demand for science and mathematics education and the insufficient level of
science and mathematics training of young people in general education; between the
potential of educational and professional programs for the training of PSMT and
their insufficient focus on the formation of PSMT' readiness to use STEM
technologies in their professional activities; between the objective need of society
for teachers capable of implementing STEM technologies and the limited
understanding of models for forming the readiness of PSMT to use STEM
technologies in their professional activities, the lack of developed theoretical and
practical support for such formation.

Achieving the research goal is subordinated to the consistent solution of five
research objectives.

To solve the first task of the study (to identify the state of development of the
problem of training PSMT for the use of STEM technologies in pedagogical theory
and practice), theoretical methods of scientific knowledge were used - analysis and
generalization of scientific literature and educational and professional programs. In
particular, it has been found that the vocational education system faces numerous
challenges, which is confirmed by the objects of scientific research of the last five
years: comparative analysis of teacher training practices, research on the

components of their professional training, the formation of teachers' readiness for a
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certain type of professional activity, the use of IT in the training of teachers of
various specialties, as well as the competence of teachers. Among the key problems
are the insufficient practical orientation of PSMT training, the relevance of
developing skills in using IT for learning, and the fragmented perceptions of teachers
about the links between disciplines within their training programs. The
systematization of the identified problems contributed to the scientists' awareness of
ways to solve them, among which the active implementation of STEM education as
a field that combines natural sciences, engineering, and mathematics is considered
to be the leading one today, which ensures the development of interdisciplinary
connections among young people and their skills in using modern technologies.

To solve the second task of the study (to characterize STEM technologies as
a key concept of the study), the author uses a terminological analysis, which has
established that STEM education is an educational process based on an
interdisciplinary approach (integration of natural sciences, technologies,
engineering, mathematics and education) and aimed at developing skills for
successful solution of practical problems in various scientific fields; STEM
technologies is a tool for implementing STEM education is a dual concept that
includes: (1) modern technologies for solving problems (scientific equipment and
tools, computer technologies and software, engineering tools and materials,
mathematical methods and algorithms) and (2) methods for organizing
interdisciplinary learning (project method, immersion method, modeling method).

Based on the generalization of STEM education implementation practices, it
is proved that the successful use of STEM technologies by future teachers is based
on the possession of technological tools and the ability to integrate them into the
learning process and is aimed at developing students' critical thinking in independent
problem solving and practice-oriented assessment of students through projects and
practical work.

The analysis of educational and professional programs (EPPs) for training
PSMT to use STEM technologies in their professional activities revealed their

limitations in terms of STEM-oriented professional training. In particular, a small
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number of EPPs with educational components focused on mastering STEM
technologies were found. Additionally, a survey of PSMT in the Sumy region further
demonstrated teachers' limited understanding of STEM education in general and the
use of STEM technologies in their professional activities in particular. Therefore,
taking into account the Concept of Development of Science and Mathematics
Education, the paradigm of the New Ukrainian School for interdisciplinary learning,
and the existing experience of implementing STEM technologies, which is
reproduced in the scientific and pedagogical discourse, the need to improve the EPP
of PSMT training to ensure their readiness to use STEM technologies in their
professional activities is substantiated.

To solve the third task of the study (to clarify the essence of the concept of
"PSMT readiness to use STEM technologies in professional activities" and
determine its structure), the terminological and structural-logical analysis of the
leading concepts of the study (“readiness" for various types of teacher's activities)
was used, based on which the concept of "PSMT readiness to use STEM
technologies in professional activities” was clarified - it is a personal quality that
combines the desire to develop students' skills to solve practical problems using
interdisciplinary The structure of this readiness includes four components: personal,
knowledge, praxeological and reflective components.

It is substantiated that the formation of PSMT readiness for using STEM
technologies in professional activities is a complex process aimed at developing the
knowledge, skills, abilities, and personal qualities necessary for organizing the
learning process in schools on an interdisciplinary basis using various IT. This
process includes theoretical and practical training, allowing future teachers to
effectively use interdisciplinary connections to develop students' systematic, critical,
and creative thinking, problem-solving, and teamwork skills.

To solve the fourth task of the study (to develop and theoretically substantiate
a model for the formation of PSMT readiness to use STEM technologies in
professional activities), the modeling method was used, based on which a model for

the formation of PSMT readiness to use STEM technologies in professional
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activities was developed and theoretically substantiated. The model is an open
integral system of structural (target, organizational and pedagogical, control and
evaluation, and result) blocks that are interconnected and interact and are aimed at
improving the professional training of teachers to form their readiness to use STEM
technologies in professional activities. The model takes into account the
methodological principles of training future paramedics (systemic, axiological,
competence, activity, and information and digital) and specific principles of learning
(the principle of introducing STEM technologies into education, project-based
learning, the optimal combination of individual and collective activities, learning
through research, critical thinking, and reflection); it reflects the stages
(organizational and informational, content and evaluation, and result) during which
the formation of readiness took place.

The key to the model's implementation is the author's unique course "STEM
Technologies in Teacher's Professional Activity," designed for four credits, which
provides for the use of traditional and innovative forms (lectures, consultations,
practical classes, independent work, master classes, individual work with
information and digital resources), methods (project method, methods of interactive
group interaction ("World Cafe," "Method of sketching and writing down ideas,"
and "Workshop of the Future™), computer simulation method, case method) and
teaching aids (electronic educational resources, research tasks, STEM projects).

To fulfill the fifth objective of the study (to experimentally test the
effectiveness of the model of PSMT readiness for the use of STEM technologies in
professional activities), empirical methods of scientific knowledge were used. A
diagnostic apparatus was developed, which made it possible to characterize the
formation of readiness components qualitatively. In particular, the criteria of
readiness are motivational, cognitive, activity, and evaluation with the
corresponding indicators "Motivation for success (in the implementation of
STEM)," "STEM awareness,"” "Comprehensive interdisciplinary knowledge,"
"Ability to implement STEM," and "Ability to reflect.”" Their measurement methods

for the indicators were selected, allowing them to qualitatively and quantitatively
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characterize the levels of PSMT readiness to use STEM technologies in professional
activities: low, medium, and high.

Based on the diagnostic apparatus, it became possible to empirically test the
effectiveness of the developed model through a pedagogical experiment that took
place during the academic year 2021-2024. Forty-nine people were included in the
experimental group (EG), whose students studied according to the author's model.
The control group (CG) included 54 people.

Two measurements of the indicators of EG and CG teachers' readiness to use
STEM technologies in professional activities were conducted: primary, at the
beginning of the experiment (2021), and secondary (2024) to determine the
dynamics of readiness levels in CG and EG. The statistical analysis of the results of
the pedagogical experiment confirmed the effectiveness of the developed model of
PSMT readiness for using STEM technologies in professional activities. The most
significant development was in the knowledge component of readiness according to
the indicator "STEM awareness" (28.5%). The smallest but statistically significant
dynamics were recorded for the indicator "Ability to reflect" of the reflective
component of readiness (20.5%). We believe this growth was facilitated by the
developed unique course "STEM Technologies in Teacher's Professional Activity"
and the chosen forms, methods, and means of teaching.

The scientific novelty of the results is that:

- for the first time, developed, theoretically substantiated, and
experimentally tested the effectiveness of the model of formation of PSMT readiness
to use STEM technologies in professional activities;

— characterizes the concept of "STEM technologies™;

— clarifies the essence of the concept of "PSMT readiness to use STEM
technologies in professional activities" and reveals its structure in the unity of
personal, knowledge, praxeological, and reflective components;

— scientific provisions of the theory and practice of training PSMT to use

STEM technologies in professional activities; scientific ideas about the essence,
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structure, criteria, and level of PSMT readiness to use STEM technologies in

professional activities were further developed.

Keywords: pre-service teachers, STEM technologies, science and
mathematical disciplines, readiness to use STEM technologies, teacher training, IT,

professional education.



18

LIST OF AUTHOR’S PUBLICATIONS
Research works,

in which the main scientific results of the thesis are published

Articles in professional scientific journals of Ukraine

1. Yurchenko K. Zakordonnyi dosvid ta perspektyvy rozvytku STEM-

osvity v ukrainskykh shkolakh. Naukovyi visnyk Uzhhorodskoho universytetu.
Seriia: Pedahohika. Sotsialna robota, 2022. Vypusk 1 (50). S. 337-339.
https://doi.org/10.24144/2524-0609.2022.50.337-340.

2. Khvorostina Yu.V., Yurchenko A.O., Yurchenko K.V. Rol

kompiuternoi animatsii na urokakh matematyky pry vyvchenni temy «Pobudova

hrafikiv funktsii metodom heometrychnykh peretvoren». Visnyk nauky ta osvity
(Seriia «Filolohiiay, Seriia «Pedahohikay, Seriia «Sotsiolohiiay», Seriia «Kultura i
mystetstvoy, Seriia «lIstoriia ta arkheolohiiay), 2023. Ne 1(7). S. 644-659.
https://doi.org/10.52058/2786-6165-2023-1(7)-644-659.

3. Yurchenko K. V., Semenikhina O. V. STEM-osvita na vidkrytykh

osvitnikh  platformakh. Naukovi zapysky. Seriia: Pedahohichni  nauky.

Kropyvnytskyi: Tsentralnoukrainskyi derzhavnyi pedahohichnyi universytet imeni
Volodymyra Vynnychenka, 2023. Vypusk 208. S. 282-287.
https://doi.org/10.36550/2415-7988-2023-1-208-282-287.

4. Mulesa P., Yurchenko K. Mathematics teacher training results through

the prism of stakeholders opinions. Pedahohichni nauky: teoriia, istoriia,
innovatsiini tekhnolohii, 2023. Ne 2 (126). S. 389-938.
https://doi.org/10.24139/2312-5993/2023.02/389-398.

5. Yurchenko K. Readiness of science & math teachers to apply stem

technologies in professional activities according to the cognitive criterion indicators.
Osvita. Innovatyka. Praktyka, 2024. Vol. 12, No 7. S. 102-108.
https://doi.org/10.31110/2616-650X-vol12i7-015.



https://doi.org/10.24144/2524-0609.2022.50.337-340
https://doi.org/10.52058/2786-6165-2023-1(7)-644-659
https://doi.org/10.36550/2415-7988-2023-1-208-282-287
https://doi.org/10.24139/2312‐5993/2023.02/389‐398
https://doi.org/10.31110/2616-650X-vol12i7-015

19

Articles in a foreign journal

6. Semenikhina O., Yurchenko K., Shamoniia V., Khvorostina Y.,

Yurchenko, A. STEM-Education and Features of its Implementation in Ukraine and
the World. 2022 45th Jubilee International Convention on Information,
Communication and Electronic Technology, MIPRO 2022 — Proceedings, 2022. Pp.
690-695. https://doi.org/10.23919/MIPR0O55190.2022.9803620.

7. Yurchenko A., Yurchenko K., Proshkin V., Semenikhina O. World

Practices of STEM Education Implementation: Current Problems and Results.

International Journal of Research in E-Learning, 2022. Vol. 8(2). Pp. 1-20.
https://doi.org/10.31261/IJREL.2022.8.2.05.

Research works, which certify the approbation of the materials of the thesis
8. Yurchenko K.V. Tekhnolohii STEM ta yikh vykorystannia v
osvitnomu protsesi. Informatsiini tekhnolohii v profesiinii diialnosti : materialy X1V
Vseukrainskoi naukovo-praktychnoi konferentsii. Rivne : RVV RDHU, 2021. S.
188-189.
9. Yurchenko K. Suchasni trendy u pidhotovtsi vchyteliv pryrodnycho-

matematychnykh dystsyplin. Naukova diialnist yak shliakh formuvannia
profesiinykh kompetentnostei maibutnoho fakhivtsia (NPK-2021) : materialy
Mizhnarodnoi naukovo-praktychnoi konferentsii, 9 hrudnia 2021 r., m. Sumy. Sumy
: FOP Tsoma S.P., 2021. S. 180-181.

10.  Yurchenko K., Yurchenko A. Zastosuvannia STEM-tekhnolohii dlia

rozrobky interaktyvnykh flash-dodatkiv. Problemy ta innovatsii v pryrodnycho-
matematychnii, tekhnolohichnii i profesiinii osviti: zbirnyk materialiv Khll-yi
Mizhnarodnoi naukovo-praktychnoi onlain-internet konferentsii, m. Kropyvnytskyi,
01 lystopada — 16 lystopada 2021 roku / Vidp. red. M. I. Sadovyi. Kropyvnytskyi:
RVV TsDPU im. V. Vynnychenka, 2021. S. 47-48.

11.  Yurchenko K. STEM-proiekty na urokakh matematyky v ZZSO.

Suchasni naukovo-metodychni problemy matematyky u vyshchii shkoli: materialy


https://doi.org/10.23919/MIPRO55190.2022.9803620
https://doi.org/10.31261/IJREL.2022.8.2.05

20

Vseukrainskoi naukovo-metodychnoi konferentsii, 23 — 24 travnia 2022 r. K.:
NUKhT, 2022. S. 130-132.
12.  Yurchenko K.V., Yurchenko A.O. Rozrobka vebresursu yak

navchalnoho proiektu STEM-osvity. Informatsiini tekhnolohii i avtomatyzatsiia:

Materialy XV mizhnarodnoi naukovo-praktychnoi konferentsii (20-21 zhovtnia
2022 r., Odesa), Vydavnytstvo ONTU, 2022 r. S. 129-132.
13.  Yurchenko K. V., Yurchenko A. O. Problemne navchannia yak STEM-

tekhnolohiia dlia pidvyshchennia navchalno-piznavalnoi diialnosti uchniv ZZSO.

The 2nd International scientific and practical conference “Modern problems of
science, education and society” (April 24-26, 2023) SPC “Sciconf.com.ua”, Kyiv,
Ukraine. 2023. pp. 626-628.

14.  Yurchenko K.V., Yurchenko A.O. STEM-tekhnolohiia yak instrument

pidhotovky maibutnikh vchyteliv matematyky. Problemy matematychnoi osvity

(PMO - 2023): materialy mizhnarodnoi naukovo-metodychnoi konferentsii, m.
Cherkasy, 6-7 kvitnia 2023 r. Cherkasy: Vyd. vid. ChNU im. B. Khmelnytskoho,
2023. S. 220-221.

15.  Yurchenko K. Vidkryti osvitni resursy v STEM-osviti. Aktualni

aspekty rozvytku STEAM-osvity v umovakh yevrointehratsii: zbirnyk materialiv
Mizhnarodnoi naukovo-praktychnoi internet-konferentsii (m. Kropyvnytskyi, 21
kvitnia 2023 roku). Kropyvnytskyi : DonDUVS, 2023. S. 311-312.

16.  Yurchenko K. V., Yurchenko A. O. Ohliad poniattia STEM-osvity u

naukovii literaturi. Vektory rozvytku nauky, osvity, tekhnolohii i suspilstva v

umovakh hlobalizatsii: zbirnyk tez dopovidei mizhnarodnoi naukovo-praktychnoi
konferentsii (Poltava, 19 zhovtnia 2023 r.): u 2 ch. Poltava: TSFEND, 2023. Ch. 1.
S.36-37.

17.  Yurchenko K. Hotovnist uchyteliv do zastosuvannia STEM-

tekhnolohii u svoii profesiinii diialnosti. Naukova diialnist yak shliakh formuvannia
profesiinykh kompetentnostei maibutnoho fakhivtsia (NPK-2023) : materialy
Mizhnarodnoi naukovo-praktychnoi konferentsii, 7-8 hrudnia 2023 r., m. Sumy,
Ukraina. Sumy : SumDPU im. A. S. Makarenka, 2023. S. 71-72.



21

18. Yurchenko K. Tsyfrovi tekhnolohii u rozvytku matematychnoi

hramotnosti uchniv. Akademichna kultura doslidnyka v osvithomu prostori:
yevropeiskyi ta natsionalnyi dosvid: zbirnyk materialiv VII Mizhnarodnoi naukovo-
praktychnoi konferentsii (m. Sumy, 17-18 travnia 2024 roku) / za red. O. M.
Semenoh. Sumy : Vydavnytstvo SumDPU imeni A. Makarenka, 2024. S. 183-185.

19.  Yurchenko K. V., Yurchenko A. O. Pryntsypy realizatsii systemy

pidhotovky maibutnikh uchyteliv do zastosuvannia STEM tekhnolohii u profesiinii
diialnosti. Informatsiini tekhnolohii v sotsiokulturnii sferi, osviti ta ekonomitsi :
materialy 111V Mizhnarodnoi naukovo-praktychnoi konferentsii studentiv i
molodykh uchenykh. / M-vo osvity i nauky Ukrainy; Kyiv. nats. un-t kultury i
mystetstv. Kyiv : Vydavnychyi tsentr KNUKIiM, 2024. S.143-145.



22

SMICT

Po3ain 1. MPOBJIEMA MIAIOTOBKU MAWBYTHIX YUUTEJIIB
MNPUPOAHNYO-MATEMATHYHUX JUCHUIIJITH

J10 3BACTOCYBAHHS TEXHOJIOI'T STEM

Y NEJATOI'TYHINA TEOPII TA IPAKTHIIL .........ooooveceeeceeen, 33

1.1. AkTyasbHi npo0JieMH MiArOTOBKY BYUTEJIIB NMPUPOIHAYO-

MATEMATHYHMX JTHCIIHIIIIIH .......oiieeeeeeeeeeteeeeeeeseeeeeeesaeseeeeesasessessnseeseennnees 33
1.2. Texnouorii STEM Ta anaJi3 HasiBHUX NPAKTHK iX BUKOPUCTAHHA . 46

1.3. IIpakTu4HUi1 cTaH PO3P00JIeHOCTI MPOOJIeMH MiATOTOBKU BYUTEJIIB

10 3aCTOCYBAHHSA STEM-TEXHOIOTIH .........ccooiiiiiiiiiiiiiii e 65
BUCHOBKH 10 PO3MITY L.....ooiiiiiiiiiiiii it 78

Po3aia 2. MOJAEJIOBAHHS ITPOIIECY ®OPMYBAHHSI TOTOBHOCTTI
MAMWBYTHIX YUUTEJIB IPUPOJHUUYO-MATEMATUYHUX
JIMCITUILIIH IO 3ACTOCYBAHHS TEXHOJIOI'TH STEM

Y TPO®ECIHHIM JISITIBHOCTL. ..o, 81

2.1. CyTHICTB i CTPYKTYpPa FOTOBHOCTI MAMOYTHIX YYUTE/IIB IPHUPOAHUYO-
MaTeMATHYHUX JUCHMILIIH 10 3acTOCyBaHHA TexHoaorii STEM

Y HPOQECIHHIA TIATIBHOCT ........vviiiiiiieiiiiie e 81

2.2. MeToaoJ10riuHi miaxoam 10 (popMyBaHHA rOTOBHOCTI Mail0yTHIiX
BUYMTEJIiB IPUPOAHUYO-MATEMATHYHNX JMCLIMILIIH 10 32CTOCYBAHHS

TexHOJ0Tiii STEM y npo@eciiHiil JifIBHOCTI ..........coocvveiiiiiiiiie e 98

2.3. Moaeab ¢popMyBaHHS TOTOBHOCTI MAHOYTHIX YYMTeiB NIPUPOJHNYO-
MaTeMATHYHUX JUCHHUILIIH 10 3acTOCYBaHHA TexHoJorid STEM

Y HPOMECIHHIM TIATIBHOCT .......coivviiiiiiiiiiciie e 118

BUCHOBKH 10 PO3IILY 2.....ooiiiiiiiiiiiiiieiiiie sttt 158



23

Po3nin 3. EKCIEPUMEHTAJIBHA IIEPEBIPKA EOEKTUBHOCTI
MOJIEJII ®OPMYBAHHSI TOTOBHOCTI MAMBYTHIX YUUTEJIIB
IMPUPOJHNYO-MATEMATHYHUX JUCHUIIJITH

J10 3BACTOCYBAHHSI TEXHOJIOI'T STEM

Y MPO®ECIHHIN JISITIBHOCTL..........coooooeeeeeeeeeeeeeeeeeeeee e, 161
3.1. liarTHOCTUYHUI ANAPAT TOCIIIAEHHS ......eveeeniiieeiiieeeeiieeesieeesseneeeeneeas 161
3.2. Onuc eTaniB NeJaroriYHOT0 eKCHEPUMEHTY ......ccovvvvrerveeesivenesseeeessnes 172

3.3. CtaTuCTHYHUI aHAJI3 pe3yJIbTATIiB NeAaroriuyHoro ekcnepuMenTy... 179

BUCHOBKHM /10 PO3MITY 3.....oiiiiiiiiiiiiie ettt e e 202
123 (085 0253 1N TR 205
CIINCOK BUKOPUCTAHMUX JKEPEJL ............ccooooiiiiiiieec e 209

JHOIATRH ... e 255



HEPEJIIK YMOBHHUX CKOPOYEHb

STEM - Science, Technology, Engineering, Mathematics
BIIM/I — BuuTes NPUPOIHUYO-MATEMAaTUIHUX JUCITUTIIIH
EOP — enekTpoHHI OCBITHI pecypcu

3BO — 3akiaay BHIIOI OCBITH

33CO — 3aknaau 3arajabHO1 cCepeaHbOT OCBITH

IKT — inpopMaiiitHO-KOMYHIKAI[1iiH1 TEXHOJIOT1i

IT — inpopMariiiHi TEXHOJIOT1i

HJI3 — HayKoBO-10CIIIHI 3aB/IaHHS

OIIII — ocBiTHBO-TIpOdeciitHa mporpama

I13 — nporpamue 3a0e3neueHHs
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