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NCUXONOro-nEAATroriyHIi OCO6JIMBOCTI ®OPMYBAHHA
STEM-KOMMNETEHTHOCTEN YYHIB BA30OBOI LLKOJIU
3ACOBAMU FrEOIHOOPMALINHUX TEXHONOTIA

AHOTamig. Y cTarTi OOIPYHTOBAHO IICHUXOJOTO-IIEAAroTidHi OCOOIMBOCTI y4YHIB 0a30BOi
IIKOJIM, 1110 BU3HAYAIOTh CTENU(]IKy Ta MCHXOJOTIYHY CIPHSATIUBICTD I[LOTO BIKOBOTO MEPioay IS
¢dopmysanust STEM-koMmnierenTHOCTEH 3acobamu reoindopmarniitnnx texnonorii (I'IT). 3a3naue-
HO, 1110 HAEThCS PO TEOPETHYHO OOIPYHTOBAHE MPUITYIIEHHS, SIKE MOTPEOye MONaIBIIO] eMITipHy-
HOI IIepeBipKH, a HE PO CTPOTO BCTAHOBJICHUH CEHCUTUBHUH IIEpiojl y KIIHIYHOMY PO3YMiHHI I[bOTO
TepMiHa.

Ha ocHOBI TeopeTHUHOT0 aHaji3y BHOKPEMIICHO, 1110 TOTOBHICTH yuHiB 10 ['IT-omocepenko-
BaHOT JIiSUTBHOCTI BU3HAYAETHCSI TPhOMa B3a€EMOIIOB’I3aHMHU YNHHUKAMU: PO3BUTKOM KOTHITHBHOI
3IATHOCTI 10 POOOTHU 3 IPOCTOPOBUMH a0CTPAKIIISIMHE, IIOTPEOOIO B COIiaNIbHII B3a€MOIIi 3 OJTHOJIT-
KaMHM Ta 3pOCTaHHSIM 3HAYyIIOCTi aBTOHOMIT i cCaMOCTIHOCTI.

ABTOpPCHKHMM pe3yJIbTaToM JOCHKeHHs € nudepenmianis Bumor 1o I'IT-onocepenkoBanoi
HABYAIBHOI NISUTPHOCTI 32 IUKJIaMU 0a30BOi IIKOJNH: aJanTalliifHAM MUKIOM (5—6 Kiacu) Ta [u-
KJIOM 0a30BOTo0 MpeMEeTHOro HaByaHHs (7—9 kiacu). JJudepeHiiaiio oTpuMaHo NIISIXOM CHHTE3Y
BIKOBOI mporpecii aMepruKaHChKOT OCBITHBOI paMkn «HaykoBi cTaHZapTH HACTYITHOTO TTOKOJIIHHSD)
(NGSS, Next Generation Science Standards) i3 aBTOPCEKOIO TPHETAITHOIO MOJIEIUTIO BIIPOBA/KECHHS
I'IT B ocBiTHii1 mpouec; 11t qudepeHIialis € pe3ynbTaToM TEOPETUIHOTO CHHTE3Y, a He eMITiPUYHO
BCTAHOBJICHOIO 3aKOHOMIPHICTIO.

OOrpyHTOBaHO, 110 B aJanTalifHOMy LUK NEeJaroridyHo JOIUIBHUMH € 1HTeprpeTaris
TOTOBHUX KapT 1 IapiB JaHWX, BAKOHAHHS 3aBJaHb 32 IHCTPYKII€IO0 Ta po00Ta 3 KOHKPETHO TIpe-
CTaBJICHUMHU IPOCTOPOBUMHU 00’€KTaMH. Y IHKJI 0a30BOr0 MPEJAMETHOTO HABYAHHS MTOCTYIIOBO
CTAalOTh JOCTYIHIIINMH CaMOCTiHHE (OPMYIIOBaHHS T€ONPOCTOPOBUX 3ajad, ONepyBaHHs aod-
CTPAaKTHUMH NPOCTOPOBHMHM MOHSTTSAMHU Ta IMOEJHAHHS KIJIBKOX JDKEpEN AaHUX Il OTPUMaHHS
HOBOTO PE3YJIBTATYy.
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[TokazaHo, 1110 KOTHITUBHA I COLIIaJIbHO-KOMYHIKaTUBHA CKJIaZ0BI PO3BUTKY YUHIB CXOASTHCS
B OJTHOMY BIKOBOMY Jialia30Hi, [0 CTBOPIOE TEOPETHYHI MiJCTaBH PO3NIAAATH 0a30BY IIKOIY SIK
MICUXOJIOTTYHO CIPUSATIAUBHIA Tiepiof s cucteMHoro Gopmysanus STEM-koMmieTeHTHOCTE# 3ac0-
O6amu I'IT y xomaHaHINH NPOEKTHIN AisuibHOCTI. [lepCcneKTHBOI0 MOAANBIINX JOCITIPKEHb € eMITi-
pHUYHA TIepeBipKa 3alpoNOHOBAHOT BIKOBOT JudepeHIiallii B MeKax Me1arorivHoro eKCrepuMeHTy.

Karouogi cioBa: STEM-koMniereHTHOCTI; reoiH(opMaliiiiHi TEXHOJIOTIT; BIKOBI 0COOIMBOC-
Ti; 0a30Ba MIKOJIA; KOTHITUBHUI PO3BUTOK; IMi/UTITKOBUH BiK.

Beryn i mocranoBka mpo6iaemu. Brpoamkenns reoingopmaniiinux texunosorid (I'IT)
B OCBITHII mporec 0a30B0{ IIKOJIHU 3/1€01IBIIOI0 OOIPYHTOBYETHCSI TEXHOJIOTIYHOIO YU TPEIMET-
HO-METOJIMYHOIO JOIIBHICTIO — JAOCTYIHICTIO IHCTPYMEHTIB, BIANOBIIHICTIO 3MICTY HaBYaJbHUX
mporpam, HasiBHICTIO OCBITHIX JtinieH3id. [1o3a yBaroro, ofiHaK, 4acTo JHUIIAETHCS TUTAHHS HE MECHII
MIPUHLIMIIOBE: YM TOTOBUI yU€Hb I[LOTO BIKY MCHXOJIOITYHO i KOTHITHBHO JI0 CaMOT IPUPOJIH JTisUIb-
HocTi, Ky npononye ['IT-cepenoBuiie — onepyBaHHs aOCTPAaKTHUMH ITPOCTOPOBUMH MOJEISIMH,
pobOTy 3 YMOBHMMH MO3HAYEHHSIMH, [100Y/I0BY BUCHOBKIB Ha OCHOBI ILIapiB JaHUX, SKi HE Iijyia-
I0ThCsl O€3M0CePe/IHbOMY UYTTEBOMY CIIPHUHSTTIO. SIKIO METOJIMKA BIPOBAKYETHCS O€3 ypaxy-
BaHHSI BIKOBHX MEX JOCTYITHOCTI TAKOTO MHCJICHHS, ICHY€ pU3UK a00 MEeIarorivyHo MmepeadacHoro
HaBaHTaXXECHH (KOJIM BiJl Y4UHsI BUMAraloTh Olepallii, 10 SKUX BiH ILIe He TOTOBUIi), 00, HaBMaKH,
HeBuIpasianoro crpoiueHHs (koau [T 3BoauThCst 10 po3misiiaHHs TOTOBUX KapT 0e3 CIIOHyKaHHsI
JI0 PO3BHUTKY JAOCTYITHOTO BXKE MUCIICHH).

CymepeyHicTh, sSIKy pO3B'sI3ye€ ISl CTATTS, MOJISITAE B TOMY, 110 METOAKKa BripoBakeHHs [ 1T
y 06a30Bii 1Ko (5—9 Kj1acu) NOKU He Ma€ SIBHOTO IICUXOJIOTO-T1€/IaroriyHOT0 OOIPyHTYBAHHS 1010
TOr0, YOMY CaMe Il BIKOBHIA /iana30H € MPUIATHAM i TICUXOJIOTIYHO CIPHUSTINBUM (2 HE CTPOro
CEHCUTHBHUM Y KJIIHIYHOMY 3HaueHHI LIbOr0 TepMiHa) nepionom uisi popmyBanHs STEM-komrie-
TEHTHOCTEH came B TaKui crocio.

[Tepi HiXk TIEPEXOAMUTH JI0 aHAI3Y BIKOBOI crienn(iku, BAPTO KOPOTKO OKPECIUTH TEOPETHY-
He miArpyHTs, sike noB'sizye STEM-koMIeTeHTHICTb 13 TeoiH(pOpMaliiHUMHU TEXHOJIOTISIMU, OCKLIb-
KM caMe XapakTep LbOro 3B's3Ky BU3HAYaE, sIKI camMe TICHUXOJIOTIUHI MEePelyMOBH € PEelICeBAHTHUMHU
JUTSE [IBOTO TOCII/DKEHHSL. Y cydacHUX qociimkeHHsaX STEM-koMIIeTeHTHICTh BU3HAYAIOTH SIK 1HTE-
IpOBaHy 3aTHICTh 3aCTOCOBYBATH 3HAHHS W YMIHHS 3 IPUPOJHUYMX HAYK, TEXHOJOTIH, IHXeHepii
Ta MaTeMaTHKH JIJIsl PO3B'si3aHHs MbKIUCIMIUTIHApHUX 3a1a4 (Arikan, Erktin, & Pesen, 2022), To6To
HIeThCsl HE TIPO CyMy OKPEMHUX IPEIMETHHX 3HaHb, & PO IUTICHY XapaKTePUCTHKY, 10 BUSBIISETh-
sl came B JisIbHOCTI: poOOTI 3 MOJIEIISIMH, aHaJIi31 i iHTeprpeTalii JaHuX, JOCIIIHUIBKOMY MOLIY-
Ky, po3B'sa3aHHI npoOieM, camocTtiiiHomy crBopenHi nponykry (Portillo-Blanco et al., 2024). T'eo-
iH(pOpMaliliHI TEXHOJIOTIT € peleBaHTHUM IHCTPYMEHTAIbHUM CEpPEeOBHUILEM ISl peanizauii came
TAKOT'O THITY IiSUILHOCTI: poOoTa 3 [IapaMy IeolpoCTOPOBUX JIaHKUX Nependadae X aHasi3 Ta iHTep-
npeTaiito, nodynoBa KaprorpadiuHoro NpoayKkTy € (POpMOI0 CTBOPEHHS ITPOCTOPOBOTO MPOIYKTY,
a caMOCTil{Ha MOCTaHOBKA I'€0IPOCTOPOBOTO JOCIIIHUIBKOTO MUTaHHS — (GOPMOIO TOCIIIAHUIIBKOT
nisutbHOCTI (National Research Council, 2006). ®yHkitioHaTBHUH 3B'5130K, OTIKE, TOJISATAE HE B TOMY,
wo ['IT aBromarnuno Gpopmytors STEM-KoMIIETEHTHICTB, @ B TOMY, 110 KoHKpeTHa ['IT-onepariis
CTBOPIOE JIISUIbHICHY CUTYyaIlio, B siKili peainizyerbest neBHuid Tuil STEM-aisuibHOCTI — 1 came Tomy
MICUXOJIOTTYHA TOTOBHICTB Y4HS JI0 1€ MISUIbHOCTI € MPEIMETOM I[bOTO JAOCIIIXKSHHSL.

AHaJIi3 ocTaHHIX J0ciKeHb | myOaikaniii. KitacnyHoo TeopeTHYHOI0 0CHOBOIO JJIs PO3Y-
MIHHS BIKOBUX M€ aOCTPaKTHOTO MUCIICHHS JINIIAETHCS] KOHUEILISl CTalili KOTHITHBHOT'O PO3BHT-
Ky, 3T1IHO 3 SIKOIO HepeXiJl BiJl KOHKPETHO-OIepaliiHOro MUCIIEHHS 10 (hopMasbHO-OIIepaliiHoro
BiZIOyBaeThcst opieHTOBHO B 11—12 pokiB i TpuBae npotsirom mimiitkoBoro Biky (Inhelder & Piaget,
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1958, pp. 334-336). Came hopmaibHO-OTIEpALIiiHE MUCIICHHS — 3[aTHICTh OIICPYBATH T1IIOTCTHYHU-
MU, HE TPE/ICTABICHUMH 0C3MI0CEPEIHBO B JOCBII KOHCTPYKIIISIMHU — € IICUXOJIOTTYHOI0 MEPeayMO-
BOIO pOOOTH 3 TUM TUIIOM a0CTpaxiiii, ski nporonye I'IT: ymoBHuit MacliTad, cucrema KOOpIUHAT,
Iap AaHKX K OKpeMa KOHLIENTyalbHa OJMHUIIS, BIJIOKpPEMJICHA BiJl BUIMMOTO 300payKEHHSI KapTH.

BoaHouac cyuacHi JOCHIJHUKH HaroJoONIyIOTh, IO BIKOBI MEXI IIbOTO MEPeXoay He CIix
CHpHUIMATH SIK JKOPCTKHI HOPMATHB: TPYAHOLI, 3 SIKHMH CTUKAIOTHCS Y4HI CEPeHbOI LIKOJIH MPH
3aCBOEHHI a0CTPAKTHOTO HAYKOBOTO Marepiajly, HEpIiJKO MOSCHIOKTHCSA HE OpakoM 3Ii0HOCTEH, a
PO30DKHICTIO MK BUMOT'aMHU HaBYaJIbHOI MPOTPaMU Ta peaibHUM PIBHEM KOTHITHMBHOTO PO3BHUTKY
3HAYHOT YaCTHHU YYHIB: JJAJICKO HE BC1 YUHI CEPEIHBOI IIKOJIM MAKOTh MOBHICTIO chopMoBane (hop-
MaJibHO-oOTepaiiiHe MucieHHs (3a: Shayer & Adey, 1981, uut. 3a: Taber, 2025). BiamnosigaHo, BikoBi
OpIEHTHPH, BUKOPHUCTAHI B LIbOMY JIOCJIIJDKEHHI, BAPTO PO3IVISLIATH SIK CTATUCTUYHY TEHJICHILIIO, 1110
norpedye nudepeHIiiioBaHOro MearoriyHoro miXoay, a He sSIK YHiBepCallbHUI MOPITr TOTOBHOCTI.

[TokazoBo, 110 BiKOBHH mepexia 10 (GOopMalIbHO-ONEPALifHOr0 MHUCIICHHS [TPUIIaae Mpax-
THYHO Ha cepeauHy 0a30Boi mikonu (5-9 kiacu, opienToBHO 10—15 pokiB), 110 A€ MiICTaBH PO3-
[JISITH 1IeH Tepiojl He sIK JOBIJIbHO 00OpaHuUH, a K IICUXOJIOTTYHO OOTPYHTOBAHHUIA JIJIsl TOCTYIIOBOTO
YCKJIaIHEHHSI T€OIPOCTOPOBHX 3aB/IaHb.

OckinbKy BikoBUii Aiana3on amepukancbkoi middle school (6-8 kmacu, opienrosno 11-14
POKIB) 1 LMKJI 0a30BOTO MPEIMETHOrO HaBYaHHs yKpaiHChKOi 0a3oBoi mikonu (7-9 kiacu, opieH-
TOBHO 12—15 pOKiB) ICTOTHO NEPETHHAIOTHCS 3a BIKOM Y4HIB 1 32 OCBITHIM cTarycoM (Tiepexis Bij
MOYaTKOBOT / ajanTaniiHol JaHKK /10 OLIBLI CIeliali30BaHOI0 NPEIMETHOTO HABYaHHSI), TOPIBHSIH-
Hs BiKoBOI nporpecii Bumor NGSS 3 yKpaiHCBKUM KOHTEKCTOM € METOJIOJIOTIYHO BUIIPaBIaHUM,
xo4a i He TOTOKHUM. LIs1 BikoBa Jorika HaOyBae orepalioHa i30BaHOroO BioOpa)KeHHs B OCBITHIX
CTaHIapTaxX: aMepHUKaHChKa OCBITHs pamka Next Generation Science Standards (NGSS) nepenbauae
MPOTPECUBHE YCKIJIQJHEHHSI BUMOT JI0 POOOTH 3 MOJAEISIMH Ta JAHMMH 33 BIKOBUMH Jlialla30HaAMH
(K=2, 3-5, 6-8, 9—12). Ha erami 6—8 ki1aciB BUMOI'H J0 MOJIC/IFOBAHHS 1CTOTHO YCKJIQIHIOOTHCS:
HOPSJ 13 BUKOPUCTAHHSIM MOJIEJIeH JUIsl ONUCY i MOSICHEHHS SIBUIL[ aKLIEHT MOCUIIIOETHCS Ha 1X PO3-
poOJICHHI, BAKOPUCTAHHI JIJIsl IPEACTABICHHS HEBUANMUX MEXaHi3MiB, IIPOTHO3YBAHHS T MOSICHEH-
HS B3a€EMO3B’S13KIB MIXK KOMITOHEHTaMu JociimkyBaHoro sieuia (NGSS Lead States, 2013, p. 56).

EmmipryHe migTBEep/pKeHHS PaKTUYHOI PUIATHOCTI CePEeAHBOI MIKOIN JJIsl poOOTH 3 Te-
OIPOCTOPOBUMH TEXHOJIOTIsIMH HanaloTh Mathews et al. (2023), siki Ha BuOipui yunis middle school
(anaor 1uKiy 6230BOTO MPEJIMETHOrO HaBUaHHS) 3a()iKCyBaJIM CTATUCTUYHO 3HAYYIIE OKpaIlaH-
HSl PO3YMIHHS TONOTpaivHUX KapT IcIis cepii 3aHATh 13 3aCTOCYBaHHIM OE3IUIOTHUX JIITAIBLHUAX
amaparis 1 reorpoctopoBoro anaimizy (Mathews et al., 2023, p. 120). JloBroctpokoBuii eheKT paH-
HBOTO 3aJIyYCHHS JI0 IPOCTOPOBOT AisTLHOCTI MiATBEPIKYOThH Peterson et al. (2020): yyacts y mpo-
CTOPOBO OPIEHTOBAaHUX aKTUBHOCTSIX Y TUTHHCTBI Ta pAHHBOMY IJUTITKOBOMY Billi CTIHKO KOPEIIOE
3 piBHEM PO3BHUTKY IMPOCTOPOBOTO MUCIICHHS B CTAPIIOMY ITiUTITKOBOMY Billi (p. 6).

BojHouyac KOrHITUBHA TOTOBHICTH — JIMIIE OJIHA CKJIAJIOBA MICHXOJIOTTYHOI KapTuHH. PaHHIN
MUTITKOBUH BIK XapakTepPH3y€ThCs HE MEHII ICTOTHUMH COLIaJIbHO-KOMYHIKaTHBHUMHU 3MiHAMH.
Krammer et al. (2023) na BuOipui yuHiB i3 cepeaniMm Bikom 10,44 poky (Y MOMEHT mHepexomy 3
MOYATKOBOI /IO CEPEHBOT IIKOJIM) MOKA3yI0Th, 1[0 CaMe Ha I[bOMY BIKOBOMY €TaIli Pi3KO 3pOCTa€e
3HAYYIIICTh CTOCYHKIB 3 OJJHOJIITKAMHU JIJIsI TICUXOJIOTIYHOTO 0J1aroroyyusi, a 3/[aTHICTh HaJIaroKy-
BaTH i MiATPUMYBATH JIpY’KHI CTOCYHKH CTa€ OJHUM 13 MPOBIIHKUX 3aBaaHb po3BUTKYy (Krammer et
al., 2023, p. 115). Ty camy BikoBy crierudiky — 3 oneptsiM Ha KoHuermiito 1. bexa mpo cencuTHBHI
XapaKTEePUCTUKY ITiJJTITKOBOTO BiKy — po3kpuBae ' punboBa (2024): migiTkoBui Bik (11-15 pokiB)
XapaKTePU3YETHCS TOCTPOO MOTPEOO0 Y CHIJIKYBAaHHI 3 OHOIITKAMH, 3aJICKHICTIO B/l IXHBOT TyM-
KH, & TAKOXK BIJIKPUTICTIO /10 pO30y/I0BH KOOIIEPATUBHUX CTOCYHKIB 1 CITUIBHOT COLIaIbHO 3HAYYIIO]
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nisutbHOCTI (3a: bex, 2015, uut. 3a: I'punbosa, 2024, ¢. 61). [Toka30Bo, 1110 B TOMY X JDKEpPEI cepes
CEHCHTHBHHX XapaKTEPUCTHUK MPSMO HA3UBAETHCSI PO3BUTOK (POPMATBLHO-JIOTIYHOTO Ta a0CTPaKTHOTO
MUCJICHHSI — TOOTO KOTHITUBHA M COIiaJbHO-KOMYHIKaTHBHA CKJIQJIOBI BIKOBOI Crieliu(iku 1bOTO
Nepiojly MOCTar0Th He MapajeIbHUMH, a B3AEMOIIOB'SI3aHUMHU TIPOLIECAMH.

3HAYYIIICTh CAMOCTIHHOCTI # aBTOHOMII K OKpeMoOi MOTPeOM IOrO BIKOBOTO IMEPiOay
niarBepkyoTh Tang et al. (2024): mocii/pkeHHsS! Y4YHIB, 3aIy4eHHUX JI0 CAMOCTIITHO 0OpaHuX
STEM-1poexTiB, 1nokasye, 1o MOXIIUBICTb CAMOCTIHHOTO BUOOPY TEMH M HarpsMy JOCIIPKEHHS
€ ICTOTHHM YMHHHMKOM CTIifiKOi HaBYaJIbHOI MOTHBALIIi Ta MOTIMOJICHOTO 3aJyYCHHS 10 MisJIbHOCTI
(Tang et al., 2024, p. 2360).

OTxe, IPOBEICHUI aHATI3 JKEPEN 3aCBIIUYE, 110 MICUXOJIOTIYHA TOTOBHICTh YUHIB 0a30BO1
ko 10 popmyBanus STEM-komnerenTHOCcTel 3aco0amu ['IT BU3HAYA€THCS HE OIHUM, a
IIOHAWMEHIIIE TPhOMa B3a€MOIIOB'SI3aHUMU YHHHUKAMH: KOTHITHBHOKO 3PUTICTIO /Uit pOOOTH 3
IIPOCTOPOBUMH a0CTpaKIisMHU (siKa cama 1o co0l € BapiaTUBHOIO, @ HE JKOPCTKO BIKOBOIO), TIOTPEOOIO
B COIaJIbHIM B3a€EMOIIT 3 OJTHOJITKAMH, 10 POOUTH KOMAHIHY MPOEKTHY (hopMy poOOTH HeE JIHIIe
3pYYHOI0, a TICMXOJIOTIYHO JOIIJILHOI, 1 3pOCTAHHSIM 3HAYYIIOCTI CAMOCTIHHOCTI i aBTOHOMII.
JKonue 3 mpoaHaizoBaHUX JpKepel, OjHaK, He PO3MIIac i TPH YMHHHUKH B €IMHIN cUCTEMI came
crocoBHo crienngiku I'IT-onocepeakoBaHOro HaBYaHHs B yKpaTHCHKii 6a30Biil HIKOII.

MerTa cTaTTi noJsrae B 00IPyHTYBaHHI IICUXOJIOTO-[IEArOTYHIX 0COOIMBOCTEH yUHIB 0a30BOT
IIKOJIH, SIKi 3yMOBJIIOIOTh CHIELU(DIKY i IICUXOJIOTTYHY CIIPUSITIIUBICTD (K TEOPETHYHO OOIPYHTOBAHE,
o moTpedye MmoAanbmoi eMIipuuHOl NePeBipKU, NPUITYLICHHS, a HE CTPOr0 BCTAHOBJICHUH
CEHCHTHBHHMH I1epioJ1) IIbOTro BikoBoro nepiony st popmysanHs STEM-koMreTeHTHOCTEH 3aco0amu
reoiH(pOpMaLiHHUX TEXHOIOT1H.

Jliist nocsrHeHHsT MeTH ¢(hOPMYJIbOBAHO TaKi 3aBAAHHS:

1) pO3KpHUTH BIKOBI KOTHITHBHI OCOOJMBOCTI Y4HIB 0a30BO{ MIKOJIM Y KOHTEKCTI 3aTHOCTI J10
IIPOCTOPOBOI'O Ta A0CTPAKTHOTO MHCIICHHS;

2) BH3HAYMTH, K1 KOMIOHCHTH [ IT-1isIbHOCTI BIAMOBIAAIOTH TOCTYITHOMY Ha KOYKHOMY ITHKJIi
0a30B0i IIKOJIM PIBHIO KOTHITHBHOI'O PO3BUTKY, a sIKi IIOTPEOYIOTH J0IATKOBOI 1earoriaHol
MiATPUMKH;

3) oOrpyHTyBaTH IICUXOJIOTTYHY CHPHSITIMBICTh 0A30BOT MIKOJM SIK Mepioay Uit GpopMyBaHHS
STEM-komnerentaocteit 3acodamu I'IT 3 ypaxyBaHHsIM He M1l KOTHITUBHOT, a i COLIiaJIbHO-
KOMYHIKaTHBHOI CKJIaJI0BOT PO3BHUTKY.

Metoau pocaimkenHsi. J{ociiJDKeHHS TIPYHTYETbCS Ha TEOPETUYHOMY aHamizl W
cucTeMaTH3alii ICUX0JIOro-IeIaroriyHuX JHKEepes 00 BIKOBOI'O KOIHITUBHOI'O Ta COLIAIbLHOTO
PO3BUTKY y4HIB 0a30BOi IIKoJM; 3icTraBHOMY aHaiizi Bumor I'IT-onocepenkoBanoi AisiibHOCTI (3
OISy KOTHITMBHOT CKJIJTHOCTI Olepaltiii 1 XxapakTepy IPakTHYHOI JISUIbHOCTI Y4HST) 3 JIOCTYITHUMH
Ha PI3HUX [UKJIaX 0A30BOI [IKOJIM KOTHITUBHUMH MOMJIUBOCTSIMU; METOJIi TCOPETUYHOTO Y3arajJbHCHHS
JUIsl OOTPYHTYBaHHSI ICUXOJIOTIYHOI CIPUSTIIMBOCTI J0CII/IKYBAHOTO BIKOBOT'O MEPIiOy.

PesyinbTaT Ta 00roBopenHns. Koenimusna comognicms 00 pobomu 3 2eonpocmoposumu
abemparxyismu. Tlepexia Bil KOHKPETHO-OMEPALIHHOTO 710 (HOpMaIbHO-OMEPALiHHOTO MUCIICHHS €
HE OJIHOMOMEHTHOIO IOJIi€I0, @ PO3TATHYTHM Yy 4aci MPOLECOM, SIKUil y 3HAYHOI YaCTHHU YYHIB
3aBEpINYETHCS ICTOTHO Mi3HilIe cepenHbocTaTucTuuHoro opieHtupa (Inhelder & Piaget, 1958, p.
334; 3a: Shayer & Adey, 1981, uur. 3a: Taber, 2025). Lle Mae npsiMe METOIUYHE 3HAYCHHS: YUHI
ajanTarifHoro UKy (5—6 Kiacu), siki JIMIIe BCTYIAIOTh Y el MepexiiHui nepiof, noTpedyBaTuMyTh
3HAYHO OLIBILOT MeAroriyHol MiITPUMKH IIPH pOOOTI 3 a0CTPAKTHUMH T'€OIPOCTOPOBUMH ITOHSITTSIMH
(cuctema KOOpJHMHAT, YMOBHHIA MaciiTal), HI’K Y4HI HMKITy 6a30BOTr0 MPEeIMETHOr0 HaBuaHHs (7-9
KJIacH), B IKUX (OpMaIbHO-OIepalliiiHe MUCICHHS BXKe NepeBakHo chopmoBane. BogHouac
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KOHKPETHI MEXIi I[bOT0 MEPEeX01y JUIsl KOKHOTO OKPEMOTO yUHsI MOKYTh CYTTEBO BIXUIISITUCS Bij
CepeIHbOCTATUCTUYHUX OPIEHTHPIB, 1 HABITh YaCTHHA Y4HIB 7—9 KJaciB MoOe MOTpeOyBaTH
JI0ZIaTKOBOT MIITPUMKH.

Ile y3romkyeThcst 31 CTPYKTYPOIO HAIIOl paHIlIe 3anpolOHOBAHOI TPUETAIMHOI MOJei
prupoBaukennst ['IT B ocBiTHi#l mporec 6aszopoi mkoaun (MykoBiz & Maunpynsk, 2025):
O3HalloMuuii erar, OpieHTOBaHUI Ha poOOTY 3 TOTOBUMH KapTaMH i HANIPOCTINIMMH OIepaLisiMu
B MeXax I'ypTKOBOI poOOTH, MPUPOJHO BiAINOBIAA€E ajanTaliiiHOMy LUKy, KOJH (opMaibHO-
orepaniiHe MUCJICHHs Y4YHIB Jiuiie nounHae Gopmysarucs. HaromicTe JBa HACTYIHI eTanu
MOJIeJIi — IPOEKTHO-IHTErpaliiHui, o nepeadadae CTBOPEHHS YYHSIMH BIACHUX KapTorpadidHmx
MIPOEKTIB Ta IHTErPaLlifo Te0POCTOPOBOrO aHANI3Y 31 3MICTOM CYMIKHMX IIPEIMETIB, 1 aHAIITHKO-
MIPUKJIAJHUH, 1110 BUMarae caMoCTiHHOTO (hOpPMYJIIOBaHHS I'€OIPOCTOPOBOI 3aa4i Ta OlepyBaHHs
KUIbKOMa JDKepelaMu JaHHUX, — CTal0Th KOTHITMBHO JOCTYIHHMH JIMIIE B IUKJII 0a30BOro
MPEIMETHOTO HABYAHHSI, TOCIII0OBHO YCKIIAJHIOIOUYHCH Y HOTO MEXKaX Y Mipy TOTO, SIK (pOpMaIbHO-
orepaiiiiine MUcJeHHs Ha0yBa€ CTIMKOCTI.

Jupepenyiayisn eumoe 0o I'IT-onocepedkosanoi HasuaibHoi disibHOCmi YUuHi6 6a30601 WKOL.
[TopiBHsHHS BiKOBOI 1porpecii ameprkaHcbkoi ocBiTHROT pamku NGSS i BiacHoI TpreTaHoi Mojiedi
BiI0YBA€THCSI 3a CITUTBHUM KPUTEPIEM — PIBHEM KOTHITUBHOI CAMOCTIHOCTI y4HS B poOOTi 3 MOZIEIISIMH
Ta JIAHUMH, @ He 00CSIrOM 3aCBOEHHX NPEMETHHUX 3HaHb: came 3a UM Kpurepiem NGSS ¢ikcye nopir
repexo/y Bij iHTepnpeTalii roToBoi 10 caMOCTIHHOrO Po3po0JIeHHsI MOJIEl, a BjIacHa MOJEb —
Mepexija BiJl penpoayKTUBHOT POOOTH 10 CAMOCTIHHOTO CTBOPEHHS T'€OMPOCTOPOBOIO MPOIYKTY.
BikoBa mporpecis NGSS mnepenbadae MOCTiIOBHE YCKIAIHEHHS POOOTH 3 MOJICIISIMH: BiJ iX
BUKOPUCTAHHS JUIsl OITUCY Ta MOSICHEHHSI SIBUILL 10 OLIBII CAMOCTIHHOTO PO3pOOIIEHHS I 3aCTOCYBaHHS
MoJIeIeit 115 TOSICHEHHST HEBUMMHX MEXaHI3MiB, IPOrHO3yBaHHS Ta IPE/ICTaBICHHS B3a€MO3B SI3KIB
MIDK KOMIOHEHTaMH siBr1iia. OCOOIMBO BUPA3HO TaKe YCKIAIHEHHS BUMOT IIPOCTEKYETHCS HA PiBHI 6—
8 xiaciB (NGSS Lead States, 2013, p. 56), 1110 METOJIOJIOTIYHO CITiBBIJTHOCHTHCS 3 IIUKJIOM 0a30BOr0O
MPEIMETHOT0 HaBYaHHS yKpaiHChKOT 0a30B0T 1IKOJIHM. 3iCTaBJIEHHS LIOTO BIKOBOT'O II0POTa 3 BIACHOO
TPUETAITHOI0 MOJEIUII0 T0Ka3ye: O3HaWOMYMH eTam Mojeli, W0 mnependavyae MepeBaKHO
IHTEpIpeTaLlilo TOTOBUX KapT 1 BAKOHAHHS 0a30BHX OIEpalliid, CIIBBIAHOCUTBCS 3 HIDKYUMHU PIBHAMU
CKJIQJTHOCTI pOOOTH 3 MOJIEJISIMU; HATOMICTB JIBa HACTYIIHI €TaIHu 3arpornonoBanoi Hamu mozeni ['1T-
JISUTBHOCTI — MPOEKTHO-IHTErpaliiHUi 1 aHATITUKO-NPUKIAIHUN — nepe0ayaroTh MOCTYHOBUIA
Mepexia BiJ CTBOPEHHsI BJIACHOTO TI'EOMPOCTOPOBOrO MPOAYKTY IO IOCTAHOBKH JOCIIIHUIIBKOT
3aja4yi Ta poOOTH 3 KUIbKOMA JUKEpEeJIaMH JIaHHX, L0 Y3TrOJDKYEThCS 3 YCKIJIQJHEHHSM BHMOT JI0
MoO/IeJIfoBaHHs Ha piBHI 6—8 kiaciB NGSS.

Came 1ie 3ictraBieHHs BikoBoro mopora NGSS i3 KOrHITUBHOIO CKJIAJHICTIO €TaIliB BIaCHOT
MOJIeITi ¥ Ja€ mijicTaBu JIsl HaBeIeHOT Aaii nud)epeHiyiarii.

B apanraniiinomy 1ukdii (5—6 kiiacu) JOCTYITHUMH €:

e iHTEpIIpeTallis TOTOBUX KapT 1 MapiB JaHUX;

® BHKOHAHHS 3aBJIaHb 32 JCTAIbHOI0 IHCTPYKIIIETO;

® poOoTa 3 KOHKPETHUMH, HAOUHO MPECTABICHUMH IPOCTOPOBUMHU 00'€KTaMHU.

VY nmkiti 6a30BOro npeaMeTHoro HapdaHHs (7—9 Kiiacu) MOCTYHOBO CTAIOTh JOCTYITHIINMHU:

® camocTiiiHe (hOpMYJTFOBaHHS I'€OITPOCTOPOBOT JOCIIIIHUIIBKOT 3a/1aui;

e orepyBaHHs aOCTPaKTHUMHU KOHLEMLISIMH (TOXHOKa JpKepesa JaHuX, MaciiTaboBaHa
HEBIIMOBIIHICTH);

® [10€/IHAHHS KUIBKOX JDKEPEIT JaHUX Ul OTPUMaHHs HOBOTO Pe3yJIbTary.

YTO4YHMMO CITIBBIIHOIIICHHS 11i€1 TBOPIBHEBOT MudepeHInialiii 3 TpueranHow Moxeuto 2025 p.:
O3HaMOMYMiA eTar MoJielli MOBHICTIO BIANOBIJA€ aAanTaliiiHOMy IMKIY, TOI SIK IepejiueHi BHIIe
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BMIiHHSI MKy 0a30BOro NMpeIMEeTHOr0 HaBYaHHS IOCIIJOBHO OXOIUIIOIOTH JBa HACTYIHI €Tanu
MOJIEJI — CIIOYaTKy MPOEKTHO-IHTErpalifHui (caMOCTiiiHe CTBOPEHHSI KapTorpadiyHuX MPOEKTIB),
a 3r0JI0M aHATITHKO-IIPUKIIATHUN (CaMOCTIiiHE (POPMYJTFOBAHHS TOCIIIHUAIBKOI 3a/1a4i Ta MTO€JHAHHS
Jokepen nanux). ToOTo JBa LUKiM 6a30BOi LIKOJIM HE MiJIMIHSIOTH TPHOX €TarliB MOJIE, a IPYITYIOTh 1X
BIJIMOBIJTHO /10 BIKOBOT CTPYKTYpPY HAaBUYaHHS: OJIMH €Tall Ha LIUKJI aJIalTallil, ABa MOCIiI0BHI eTanu
— Ha IUKJI 0a30BOT0 MPEIMETHOTO HABYAHHSI.

[epemiueni oneparrii BiJMOBIal0Th HAWNCKIAAHINIINH, aHATITHKO-TIPUKIIAHIA YaCTHUHI IIbOTO
LUKIJTY; MEHIII CKJIa/IHI, CKa(OJI0BaHI /il TOYaTKOBOT'O, IPOEKTHO-IHTEIPAI[IIHOTO €TaIy TOr0 camy
UKITY (CTBOPEHHS MPOCTUX KapTorpadivHUX MPOIYKTIB 3a JOMOMOIOK BYMTENS) BiAMOBIIAIOTH
HIDKYOMY PIBHIO CKJIaJHOCTI Tiei camoi storiku. CriBBinHeceHHs Hi€l audepenuianii i3 cCHcTeMOoro
KpUTEpIiiB, MOKa3HUKIB 1 piBHIB chopmoBanocTi STEM-KOMIIETEHTHOCTI € IPEIMETOM OKPEMOi, 111e
HE 3aBEpLICHOI PO3POOKH aBTOPKHU 1 BUXOAUTh 32 MEXI 1€l CcTaTTi.

OrnocepeIKoBaHEe EMITIPUYHE T ITBEP/DKEHHS TOUUILHOCTI MMOEIHAHHS AKTUBHOI AISUTbHOCTI
Ta TE0NPOCTOPOBUX TEXHOJOr M y HaBuaHHI yuHiB middle school nae nocnimkenns Mathews et al.
(2023), y sikoMy MiCJIS MIECTUMICAYHOTO IIUKITY 3aHATh 13 3aCTOCYBAaHHIM MPAKTUYHUX aKTHBHOCTEH
1 TEOIPOCTOPOBHX TEXHOJIOTIH, 30KpeMa JIPOHiB, 3a(piKCOBAHO CTATUCTHYHO 3HAUYIIE OKPAIAHHS
3arajbHUX pe3yJbTaTiB y4HiB: npupicT craHoBuB 14% (Mathews et al., 2023, p. 120).

3anporoHoBaHa B bOMY JOCHIKeHHI audepeniianis sumor 10 ['IT-omocepenkoBanoi
HaBYaJILHOT JISUTLHOCTI YYHIB 3a IIMKJIaMHU 0a30BO{ IIKOJIM € aBTOPCHKUM PE3yJIbTaTOM, OTPUMAaHUM
nuisixoMm cuHTe3y BikoBoi mporpecii NGSS (NGSS Lead States, 2013) i3 BiacHoto panimie
00IpyHTOBaHOK TpHeTanHow Mozeuo Brpoamkenus [T (Mykosiz & Maunpyisk, 2025). V
YKOJTHOMY 3 TIPOAHATI30BAHUX JHKEPEI ISl BIAMOBIHICTh — IIMKJI 0a30BOi IIKOJIM < PIBEHb CKJIAJHOCTI
re0NpPOCTOPOBOTrO 3aB/IaHHS < €Tall MOJIEJIi BIIPOBA/DKEHHS — HE BCTAHOBJIIOBAJIACS.

Coyianvno-KoOMYyHIKAMuena OOYiNbHICMb KOMAHOHOI NpoeKmMHoi opmu pobomu.
KorHiTuBHa T'OTOBHICTh, OJHAK, € HECOOXIJAHOIO, ajie HE [OCTATHbOI YMOBOK €(EKTHBHOTO
HaBuaHHs. ['ocTpora morpedM B CHUIKYBaHHI 3 OJHOJITKAMHU Ta BIJIKPUTICTH 10 PO30YHOBH
KOOIEpPaTUBHHUX CTOCYHKIB, XapaKTepHi Jyisl MUTITKOBOTO BiKYy (3a: bex, 2015, uur. 3a: 'puHbOBa,
2024, c. 61), o3HayarTh, MO0 KoMaHHa Gopma opraHizamii ['IT-npoekTiB BinmoOBigae He JHIIe
MPaKTUYHIH 3pyYHOCTI OpraHizarii HaB4ajIbHOTO NPOLECy, a MIMOIIIN ICUXOJIOTTYHIN MoTpeOi HOro
BikoBoro nepiony. Lle miarBepmkyerbes i nocmimpkennsm Krammer et al. (2023): came B nepioa
MEPEeXOAy 10 CEPEAHBOT IIKOIM CTOCYHKH 3 OJHOITKAMHU CTAIOTh OJHUM 13 MPOBIJHUX YHHHHUKIB
nicuxosoriynoro Onarononyyust yunst (Krammer et al., 2023, p. 128).

BonHouac nmorpeba B aBTOHOMIT, sika TaKOXk 3pOCTAE B [[bOMY Billi, BUMarae, 1o0 KoMaH[Ha
pobora He Oyja KOPCTKO PEriaMCHTOBAHOIO 330BHI: JOCIIPKEHHs caMocTiiHO oOpanux STEM-
IIPOEKTIB MOKA3ye, 110 CaMe MOKJIMBICTh BUOOPY TEMHU W HampsiMy HiATPUMYE CTIHKY MOTHBAIIIO
(Tang et al., 2024, p. 2360). Lle mae npsiMe MeToAMYHE 3HAUCHHs st opraHisaiii ['1T-npoekris y
0a30Biii IIKOJI: onTUMalibHa (hopMa OpraHizailii — KOMaHIHa poOOTa 3 CIEMEHTOM CaMOCTIHHOTO
BUOOpY TEMH JOCII/KEHHS B MEXKaxX 3arajlbHOro HaIpsMYy, a He )KOPCTKO 3aJaHuil 1HANBI1yaabHUI
ITOPUTM AiH.

[TokazoBo, 10 KOTHITHBHA i COLIAJIbHO-KOMYHIKaTUBHA JIiHIT apryMeHTaril CXoasThCs
Ha TOMY CaMOMYy BIKOBOMY Jlialia3oHi: epexij 10 popMalibHO-ONepaliifHoro MUCJICHHS 1 K TOTpeOH
B KOOIIepalii 3 OJJHOJIITKAMH TPHUIAIAI0Th Ha TOW caMuil epio] miutitkoBoro Biky (11-15 pokis),
0 JIa€ MiJICTaBU PO3MIAAaT 0A30BY IIKOJIY IUTICHO: HE JIMIIC SIK KOTHITMBHO JIOCTYITHHIA, a 1 K
MICUXOJIOTTYHO JIOUIIbHUN (TEOPEeTHYHO OOIPYHTOBAHE MPHITYLICHHS, sSIKe MOoTpedye MoalbIIol
eMITIpUYHOT NepeBipKn) nepiof Juist cucteMHoro popmysanus STEM-koMmnereHTHOCTEH 3ac00amu
I'IT came B kOMaHHIH, MpoeKTHIM (hopmi (puc. 1).

230



0GY OF 1y
e N

R

YKpaiHCbKNM neparoriyHmum xXypHane 2026e N2 3

v INSTITG
) o,
N Lo

>

R 8
“Aarorin W

TpuetanHa mogesb
BnpoBagkeHHs INT
(Mandruliak & Mukoviz, 2025)

NGSS (2013)
BiKOB& nporpecis
KOTHITWBHUX BUMOT

v v

BCTaHOBAEHHA BigNoBigHOCTI
3a piBHEM KOTHITMBHOT CaMOCTIAHOCTI YYHiB

v

ABTOpChLKa guchepeHLiallis BUMOT
10 TT-onocepeakoBaHol HaBYaNLHOT 4iANBHOCTI YYHIB Ga30B0I LUKOAMN

AgantauidHuid uMkn
(5-6 knacu)

+ poboTa 3 rOTOBVMM NPOCTOPOBYMK AAHUMM;
* BUKOHaHHS MPOCTNX rE0NPOCTOPOBMX ONEPaL|id;

* QISNLHICTb i3 NeAaroriyHoK NiATPUMKO.

Linkn 6a3oBoro npegMeTHOr0 HaBYaHHA
(7-9 knacn)

MpoEKTHo-IHTerpauiifHnii etan
(3a donoMOoz0K0 B4UMEAS)
CTBOPEHHS NPOCTMX KapTorpagiyHnx NpoaykTis
v

=
o AHaNi TUKO-NPUKNAHWIA eTan

(nosHa camMocmilHicme)
* CamocTiiiHe MO/\@NIBAHHA NPOCTOPOBUX NPOLECIE;
« iHTErpaLlin KinbKoX AXepen i wapie aaHnx;
* PO3B'A3AHHA [OCNIAHNLBKNX T@0NPOCTOPOBKX 3aaay.

l:l [epena TeopeTUIHOrO OB PYHTYBaHHS MexaHi3M OTpUMaHHA pesynbTary ABTOPCHKMWiA pesynbTar: AudepeHLiadis BuMor

[Kepeno: asmopeska pospobka Ha ocHosl NGSS Lead States (2013), Mandruliak & Mukoviz (2025)

Puc. 1. Jlorika orpumanns aBTopchkoi qudepenuianii Bumor 1o I'l'T-omocepeaxoanoi
HABYAJbHOI JiAIbHOCTI yUHiB 0230BOT KON

icepeno: po3poOICHO aBTOPOM 3a JIOTIOMOTOI0 iHCTPYMEHTY mTy49Horo iHTenekry Claude
(Anthropic) Ha OCHOBI IPOaHANI30BAHUX KEPEN; 3MICT 1 CTPYKTYPY IEPEBIPEHO Ta 3aTBEPIHKECHO
ABTOPOM.

BucHOBKH Ta mepcrneKTHBH MOJAJBIINX Po3Bigok. [Icuxomoridyaa roOTOBHICT yUHIB Oa-
30B01 KoM 10 popmyBaHHs STEM-KkoMIeTeHTHOCTEH 3acobaMu TeoiH(pOpMaIiifHIX TEXHOIOTIi
BU3HAYA€THCS TPhOMaA B3a€MOIIOB'I3aHUMH YHHHUKaMU. [lo-Tiepie, mocTynoBHM 1 BapiaTHBHHM Iie-
PEeX0IoM Bil KOHKPETHO-OTIEPAIIIfHOTO 10 (POPMaTBHO-OTIEPAifHOTO MHUCITICHHS, SIKHHA BiTKPHUBAE
3[IATHICTH OIIEPYBATH aOCTPAKTHUMHE T€OMIPOCTOPOBUMH MOHATTAMH, IPUIOMY IIei Tepexia HepiB-
HOMIpHHUH yTIPOAOBK aAaNTAiifHOTO UKy ¥ MUKy 0a30BOT0 MPEAMETHOTO HABYAHHS 1 3aBEPIITy-
€THCS 3HAUHO Mi3HIIIE CePeTHhOCTATUCTUIHOTO OPIEHTHPA B 3HAYHOI YACTHHHU YUHIB, a TOMY BAMa-
rae quepeHIIiioBaHOTO IMiIXOY 10 CKIaTHOCTI 3aBnaHb. [lo-apyre, TocTporo MOTPeOOro M LTI TKIB
y colianbHIN B3a€MOI1 3 OMHOTITKAMH, SKa POOUTH KOMaHAHY POEKTHY GOpMy poOOTH HE JIHIIe
OpraHi3aliifHO 3pYYHOI0, a TICHXOJIOTIYHO AOIUTEHOT0. [To-TpeTe, 3pocTaHHAM 3HATYIIOCTi aBTOHO-
Mii ¥ caMOCTIHHOCTI, III0 BUMAarae MmoeIHaHHSI KOMaHIHOI (hopMu poOOTH 3 €I€MEHTOM CaMOCTIiHHO-
ro BUOOPY B MEXax 3arajJbHOr0 3aBIaHHS.

Yci Tpu mocTaBieHi 3aBHaHHS BUKOHAHO: PO3KPUTO BiKOBI KOTHITHBHI OCOONMBOCTI yUHIB
6a3oBoi mKonM (3aBmaHHA 1); Bu3HaUeHO Audepenmiarito kommoneHTiB ['1T-mismpHOCTI 32 1HIKITa-
MU 6a30BO{ MIKONK (3aBIAHHS 2) — aBTOPCHKHUI PEe3yIbTaT, OTpUMaHU CHHTE30M BiKOBOI Iporpecii
NGSS i3 BTacHOIO TPHETATHOIO MOJICILUTIO BIipoBakeHHs [ 1T; 00TrpyHTOBaHO TICHXOJIOTIYHY CIIPH-
SATINBICTB IHOTO MEPIONy 3 YpaXyBaHHSIM 1 KOTHITHBHOI, i COliaThHO-KOMYHIKATHBHOI CKJIAJJOBUX —
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SIK TEOPETUYHO OOIPyHTOBaHE, 1110 OTPeOy€e MOAIBIIOT eMITIPUYHOT IEPEeBIPKU, IPUITYILEHHS, a He
CTPOTO BCTAHOBJICHUH CEHCHUTUBHUH MEPioj] y KIIHIYHOMY PO3YMIiHHI LIbOTO TepMiHa (3aBIaHHs 3).
Mery cTaTTi — OOIpyHTYBaHHS IICUXO0JIOT0-TIEAAaroriYHUX 0COOIIMBOCTEN y4HIB 0a30BOi LIKOJIH, 1110
3yMOBIIIOIOTH crienudiky Gopmysanus STEM-komnerenTaocTeit 3acobamu ['1T, nocsrayTo.

[epcriekTHBY MOAAIBLIMX JTOCTI/HDKEHb CTAHOBUTH EMIIIPUYHA IIepeBipKa BUSBICHOI BIKOBOT
JqudepeHIianii B MexXax KOHCTaTyBaJIbHOTO €Tally IelaroriyHoro eKCrepuMeHTy — 30KpemMa BCTa-
HOBJICHHSI TOTO, YH CIIPaBJi aJanTalliiHUi UK 1 UK 0a30BOTO MPEIMETHOTO HABYAHHS JEMOH-
CTPYIOTh CTaTHMCTHYHO 3Ha4ylli BifMiHHOCTI B auHamini ¢opmyBanHs STEM-kommeTeHTHOCTEH
3acobamu ['IT.
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PSYCHOLOGICAL AND PEDAGOGICAL FEATURES OF STEM-COMPETENCY
FORMATION OF BASIC SCHOOL STUDENTS BY MEANS OF GEOINFORMATION
TECHNOLOGIES

Abstract. The article substantiates the psychological and pedagogical characteristics of basic
school students that determine the specificity and psychological favorability of this age period for
the formation of STEM competencies through geoinformation technologies (GIT). It is emphasized
that this is a theoretically substantiated assumption requiring further empirical verification rather
than a strictly established sensitive period in the clinical sense of the term.

Based on theoretical analysis, it is identified that students’ readiness for GIT-mediated
activities is determined by three interrelated factors: the development of cognitive ability to work
with spatial abstractions, the need for social interaction with peers, and the increasing significance
of autonomy and independence.

The author’s original contribution is the differentiation of requirements for GIT-mediated
educational activities according to the cycles of basic school: the adaptation cycle (grades 5-6)
and the cycle of basic subject learning (grades 7-9). This differentiation was obtained through
the synthesis of the age-related progression of the American educational framework NGSS (Next
Generation Science Standards) with the author’s three-stage model of GIT implementation in the
educational process; this differentiation is a result of theoretical synthesis rather than an empirically
established regularity.

It is substantiated that within the adaptation cycle, appropriate activities include the
interpretation of ready-made maps and data layers, performing tasks according to instructions, and
working with concretely represented spatial objects. Within the cycle of basic subject learning,
independently formulating geospatial research tasks, operating with abstract spatial concepts, and
combining multiple data sources to obtain new results become progressively more accessible.

It is shown that the cognitive and socio-communicative components of students’ development
converge within the same age range, providing theoretical grounds for considering basic school as a
psychologically favorable period for the systematic formation of STEM competencies through GIT
in team-based project activities. Further research should focus on the empirical verification of the
proposed age differentiation within a pedagogical experiment.

Keywords: STEM competencies; geoinformation technologies; age-related characteristics;
basic school; cognitive development; adolescence.
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