Po3din 2. OcHoBu ghopmyBarusa npoghecitiHux akocmeld madbymHix yyumesni

Irina ZAKARLIUKA
Kryvyi Rih State Pedagogical University

FORMING STEM COMPETENCE IN SECONDARY
EDUCATION STUDENTS USING ROBOTICS

Abstract. The article is devoted to the issue of the
forming STEM competence in secondary education
students by means of robotics in the lessons of natural
and mathematical disciplines. The paper describes the
approaches of scientists to the interpretation of such a
definition as STEM competence and its structure, as a
result suggested its own model, which includes cognitive
and non-cognitive components. The article notes the in-
tegrative nature of STEM competence, which requires a
trans-disciplinary approach to its formation and integra-
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tive learning tools natural and mathematical disciplines.
The basis of the formation of STEM competence is by
the author to be STEM knowledge, which students re-
ceive in the lessons of natural and mathematical disci-
plines. The author suggested the use of robotic sets based
on the “basic-model” approach as a means of forming
STEM competence when studying topics from various
disciplines. The article examines examples of STEM
tasks using robotic sets in mathematics, physics, geogra-
phy, and other classes that contribute to the formation of
STEM competence.

Key word: STEM competence, STEM competence
model, robotics, natural and mathematical disciplines,
integrated approach.

Ompumano: 21.09.2023

DOI: 10.32626/2307-4507.2023-29.64-67

TI'anna KACAHOBA
Yxpaincoxuil deporcasnuil yniseepcumem imeni Muxaiina /[pacomanosa
e-mail: avk9292@gmail.com; ORCID: 0000-0002-3180-260X

®OPMYBAHHA TEXHIYHOIO MUCJIEHHSAA 3ACOBAMU STEM-OCBITU
MAUBYTHbOIO BYUTENA PISUKU

AHoTanis. Y cTarTi 00IpyHTOBAHO 3HAYYIICTh PO3BUTKY TEXHIYHOTO MUCIICHHS BUATENS Qi3UKH B yMOBaxX HOTO
npodeciiHoi mATroTOBKH. BusapieHo ocobmuBocTi npodeciiiHoro muciaeHHs Buuteas. OOIrpyHTOBaHO HEOOXiOHICTh
PO3BUTKY IEaroTriqHOTO MHCIICHHS, a TaKOX TEXHIYHOTO, SIK CIEIiaJbHOro JUIs IpeaMeTHoi ramysi. [Tokasano, 1o
TeXHIYHE MUCJIEHHS — IIe MPOoIieC BiIOOpakeHHS Y CBIOMOCTI JIFOMUHU 00’ €KTIiB 1 MPOIECiB TEXHIYHOI AiSIBHOCTI.
Lleit Bux MUCIICHHS OB’ I3aHAH 13 MUCIICHHEBOIO JIsUIBHICTIO, CIIPSIMOBAHOIO Ha OIIEpYBaHHS TEXHIYHUMH 00pazamMu
B IX CTaTHYHOMY i JUHAMIYHOMY CTaHi. SIKiCHHI aHaJIi3 CTPYKTYPH 1 MPOIecy TEXHIYHOTO MUCIICHHS H03BOJIsE 00-
IDYHTYBaTH MOHATTS «TEXHIYHOTO MUCIEHHD». TeXHIUHEe MUCIIEHHS — 11€ IPAaKTUIHO-1ii{0Be MUCIIEHHS, CIIPSIMOBaHE
Ha OIlepyBaHHs TeXHIYHUMHU 00pa3aMu Iijl yac BUpOOHNIOT Ta TBOPUOT MisIIBHOCTI JIIOAUHK. BoHO cripoMoXkHE BHpi-
LIyBaTH CKJIaJHI BUPOOHNUYI 3aBAaHHs y Oynb-sKii IITaTHiM a00 KpUTHYHIHM cUTyartii.

STEM-ocBiTa — Iie creliagi3oBaHuii OCBITHIH HaIIPSMOK, TOJIOBHHUH aKI[EHT y SIKOMY 3pO0JIeHO Ha BUBYEHHI TOU-
HUX Ta NPUPOAHUYUX HAyK, 13 JOAABAHHSAM IOTYXKHOTO IHHOBALI{HOTO Ta TEXHOJOTIYHOTO KOMIIOHEHTIB. Llinmkom
cnpaseumBo 3a3Ha4nTH, 0 STEM — nie Halikparne OCBITHE pillleHHs JyIs MaifOyTHIX (axiBIiB y raiysi TeXHIKH Ta
TEXHOJIOTIH.

bazoro qist STEM-0cBiTH BUCTYNAIOTh HAyKOBI METO/IN, MaTeMaTHYHE MOZIEIOBAHHS, IH)KeHEpHUH TU3aliH Ta iH-
HOBalliifHe MHUC/IEHHS. 3 IIbOTO OIHCY MOXeE 3JIaTHCS, IO HAEThCS PO OCBITY, IPH3HAYEHY BUHATKOBO IS MiATOTOB-
ku MaiiOyTHix IT-haxiBuis, i gacTkoBO 11e Oyzne npasoio. Brim, STEM-ocBiTa € mmpiioro, amke MoeAHye TOUHI Hay-

KM 3 KpEaTUBHUM II1IXOIOM 1 CIIpUsiE PO3BUTKY 000X CTOPIiH B 0COOUCTOCTI MaltOyTHHOTO BUUTENS (i3UKH.

KumrouoBi ciioBa: nmpoceciiina marotoBka BuuTes Qi3uKH, NpodeciiiHe MUCICHHS, TeXHITHE MHUCIEHHS, Gop-
MyBaHHs TexHigyHOro mucneHss, STEM-ocBita, 3acobu STEM-ocBitu, pons STEM-ocBitu y popmyBaHHI TexHiU-

HOI'0O MUCJICHHS.

VY ncuxosoriyHi Hayii Ha ChOTOIHI HEMae €INHO-
TO MiAXOMYy OO BU3HAYCHHS MOHATTA «TEXHIYHE MHCIICH-
Hs». 3 OHOTO OOKY, TEXHIYHE MHCIICHHS TIOPIBHIOIOTH 3
NPaKTHYHUM a00 HAa0YHOOOpa3HMM MHUCIIEHHSM. 3 iHILIO-
r0 OOKY, BKa3y€ThCs, 10 TEXHIYHE MUCIICHHS ITi ATTOPSITKO-
BaHE TUTBKU MPAKTHIHOMY MHCJICHHIO, TOMY IO TPAKTHY-
HE MHCJICHHS — 11 ITPOLIEC MUCIICHHSI, SKUH 311HCHIOET-
Cs1 i1 9ac MPaKTHYHOI AisUTbHOCTI. [TpakTHaHe MUCTICHHS
iCHYE€ JI7Is1 pO3B’ sI3aHHS BUPOOHWIHX 3aB/IaHb 1 MOYKE MaTH
ckiaany abo eneMeHTapHy GpopMy, BOHO 3aBXkIH 0a3yeThb-
sl Ha y3araJbHeHHI IIOTIePeTHHOTO MPAKTUIHOTO JTOCBITY.
B cBoto wepry, po3B’s3yBaHHS MPAKTHYHAX 3aBIaHb € 3a-
co0oM, 0OCHOBOIO ()OPMYBaHHSI TEXHIYHOTO MUCIICHHS, Ha-
NPUKIIAJ, TTiJ] Yac po3B’sI3yBaHHs KOHCTPYKTHBHHX 3a/a4,
B mporieci HaBdaHHS Tomio. OcobmmBa yBara po3KpHUTTIO
CTPYKTYPH TEXHIYHOTO MUCJICHHSI IIPUISETHCS Y MPALSIX
B.O. Morsixo [1]. Ha #ioro gymKy, HalBa)JIMBIITIMH KOM-
MMOHEHTAMH TEXHIYHOTO MHUCIIEHHS € 00pa3He i mpocTopo-
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BE MUCIICHHA. 3 IMOYaTKy (POPMYBaHHS KOHCTPYKTOPCHKO-
TO 3a/[yMy 3a acollialli€l0 BUHUKAIOTh 00pa3H, MOHSATTSI, 3
SIKMX KOHCTPYKTOpP BHOMpAE Ti, [0 MAKCUMAIBHO BIAIO-
BiJTAaFOTh BUMOTaM.

YV TexXHIYHOMY MUCJICHHI TIepeBaKArOTh HACTYITHI
omeparrii: abcTparyBaHHs, aHali3, CHHTE3, TOPIBHIHHS,
KoHKpeTn3anis. CrienudidHiCTh 1 CBOEPIAHICTD TEXHIYHO-
TO MHCJIEHHS IOB’sA3aHi 3 0COOMMBOCTSIMM TEXHIYHOI Ii-
SUTHHOCTI. Y CBOIX BUTOKaX BOHO € THM CaMHUM y3arajibHe-
HUM 1 OIOCEPEIKOBAHKM ITi3HAHHSM JIIHCHOCTI, 5K 1 Oy/1b-
SIKWH 1HIIUHA BU MUCIIEHHEBOI JisUIBHOCTI TIOANHN. BoHO
MOXe OyTH pelponyKTUBHUM i MPOXYKTUBHUM YH ITO€]-
HYBaTH B CO01 €JIEMEHTH MEPIIOro i IPyroro.

TexHiuHE MHUCIICHHS — 1€ POLIEC BiIOOPaKEHHS Y
CBIJTOMOCTi JIFOMUHHU 00’ €KTIB 1 MPOIECIB TEXHIYHOI -
stmbHOCTI. Lle# BUJ MUCIIEHHS MOB’SI3aHUN 13 MHUCICHHE-
BOKO JTISUTBHICTIO, CIIPSIMOBAHOIO HA OTNCPYBAHHS TEXHIY-
HUMHU o0Opa3aMu B iX CTaTHYHOMY 1 JWHAMIYHOMY CTaHi.
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gizuko-mexHonoeiyHux Oucyunain 8 ymoBax myasmuducyunsainapHocmi STEM-ocBimu

SIkicHUMI aHai3 CTPYKTYpHU 1 MpoLecy TEeXHIYHOTO MHC-
JICHHSI JIO3BOJIIE OOIPYHTYBaTH IOHSTTS «TEXHIYHOTO
MUCJEHH:». TexHIYHe MUCIICHHS — 1€ PaKTHYHO-AiHoBe
MUCJICHHSI, CIIPSIMOBaHE Ha ONEPYBaHHs TEXHIYHUMH 00-
pasamu Tij yac BUPOOHWYOI Ta TBOPYOI MisSITBHOCTI JIFO-
IrHU. BOHO CIIpOMOKHE BHUPIITYBaTH CKJIaHI BUPOOHMYI
3aB/iaHHA Y OyIb-sKilil ITaTHit a00 KPUTHUYHIN cUTyaii.

TakuM YHHOM, Yy CHCTEMi OCBITH BHHHKIIA 00’ €K-
THBHA HEOOXiMHICTH B po3polIi «momeni (axiBisg» pi3-
HUX NPOQUIIB 3 METOIO NPHUBEAEHHS Y BIAMOBIIHICTD 10
BHMOT 3MICTy iX Tpo(eCiifHOT MATOTOBKH. 3 II€I0 METOIO
3 60-tux pokiB XX CTOMITTS pO3MOYAIUCS JOCIiIKEH-
Hs 3 ()OPMYBaHHS TEXHIYHOrO MHUCIECHHS. BoHM BexyTh-
csl B MpopeciiHOMY acIieKTi sIK «0COOIMBOCTI OIepaTHB-
HOTO MHCJICHHS» JIFOIMHH, BKJIFOYCHOI B YIIPaBJIiHHS Be-
JIMKMMH CUCTEMaMH, SIK 0COOJIIMBOCTI «KOHCTPYKTOPCHKO-
T'O MUCJICHHS», MUCJIEHHS IIUPOKO PO UILHUX (axiBIiB.
3 iHMI0T0 OOKY, MPOOIEeMa TEXHITHOTO MUCIIEHHS CTaBUTh-
csl SIK TEOPETUYHA MPOOJIeMa «TEXHIYHOTO IHTEIEKTY» —
0COOJIMBOrO BUJY IHTEIEKTYaJIbHOI AisIbHOCTI. Y nocii-
JOKEHHSIX TEXHIYHOTO MUCIICHHS 3’ SIBUIIMCS JIBA HAMTPSMH.
OnuH — OoMMC 30BHINIHIX MPOSBIB TEXHIYHOTO MHCIEHHS,
HOro 0COOIMBOCTEH, THIINI — MOSICHEHHS MEXaHI3My X
0COOJTMBOCTEH.

[logo ocobmuBOCTEH TEXHIYHOIO MHCICHHS, TO
MOYKHA BHJIITUTH TaKi aCTICKTH:

1. Buminenus okpeMux o3Hak (200 pi3HHX iX MOEN-
HaHb ), II[0 XapAKTEPHU3YIOTh BUKOHAHHS PAKTHYHOT TisTh-
HOCTi: CaMOCTIHHICTh B CKJIQJIaHHI 1 PO3B’s3aHHI IMpakK-
THYHUX 3a7ad, BEJIHKa Pi3HOMAHITHICTh PO3B’A3yBaHHX
3aja4, TBOPYHMUA XapakTep 1X po3B’s3aHHS, BUKOHAHHS 3
PO3YMIHHSM (PYHKIIOHANBHUX 3aJIE)KHOCTEH MK BHIH-
MHUMH 1 HEBUJMMHUMH TIPOLIECAMH TOIIO.

2. [osicHeHHsT 0COOIMBOCTEH TEXHIYHOTO MUCIICHHS
3aMacoM TEXHIYHUX 3HAHb 1 METOIOM iX 3aCBO€HHSI (TIepIi
3a BCe, HAroJIONIYEThCS 3HAYCHHS 3HAHb 3 (Di3UKH, TEXHIU-
HOI MEXaHIKH).

3. 3B’A30K TEXHIYHOTO MHCICHHS 3 JCIKUMHU 3a-
raJTbHUMU 3110HOCTSMH JIFOMWHY B iX BUpa3i mijg 9ac po3-
B’s3yBaHHS TEXHIYHUX 3a/ad, a caMe: 3JaTHICTh KOMOi-
HYBaTH, MipKYBaTH, BiTHOBJIIOBATH JIOTi4Hi 3B’SI3KH, BO-
JIOIITH yBaror i 30CepeKeHICTIO, PO3yMiTH MPOCTOPO-
BE IIepeTBOpeHHs 00’€KTiB Tomo. Maju Micie i crpo-
OM 1IOB’s13aTH TEXHIYHE MUCJICHHS 3 BIACTHBOCTSIMH OCO-
OMCTOCTI: HASBHICTIO TEXHIYHUX 1HTEPECIB, 3HATYIIICTIO
TEXHIYHOTO MUCJIEHHS JJIs1 HEl, BIKOBUMH OCOOJIIMBOCTSI-
MH 0COOHMCTOCTI.

ToMy OTHUM 13 BOXKITMBUX MOKa3HUKIB mpodeciitHoi
MiJTOTOBKH BUUTENS (Pi3HKH € PO3BUTOK TEXHIYHOTO MUC-
JICHHSI, Ha 10 OJHOCTAHO BKa3ylOTh 0araro JOCIiJIHU-
KiB. BOHO MOke TIPOSIBIIATHUCS Yepe3 pi3Hi 3M10HOCTI (aHa-
Ji3yBaTH, IOPIBHIOBATH, y3arajbHIOBaTh ToIo). OrnHa
3 HaWBaXJIMBIMMX 31I0HOCTEH, sika (OPMYETHCS y Maii-
OyTHBHOTO BYMTEIIS YIIPOIOBXK MPOLIECY HABYAHHS, — CIIPO-
MOYKHICTb OBOJIOJIHHS PI3HUMH crioco0aMy po3B’sI3aHHS
NIPaKTHYHUX 3aBJIaHb Ha TEOPETUYHOMY PiBHI, TOOTO 371aT-
HICTh TiATH TOxyMKH. LIs 37arHiCTE — (yHIAMEHTATb-
Ha CKJIAJI0BA JIFOJCHKOTO 1HTEJEKTY, sIKa J1a€ 3MOTYy Maii-
OyTHbOMY BUMTENIO (DI3UKH JISTH 3 MPEAMETaMH OIroce-
PEIKOBaHO, OMEepyIouH iX oOpa3aMu (HAOYHMMH, CXeMa-
TUYHUMH, 3HAKOBO-CUMBOJIIYHNMH). BoHa € mcuxomoria-
HOIO TIepeyMOBOIO Oy/b-sIKOI JisUTBHOCTI, 3a0e3reduyro-

YM TPOTHO3YBAHHS, MOLIYK CHOCOOIB JOCSTHEHHS METH
1 y3araabHEHHs Pe3yJIbTaTiB MOIIYKY. 30KpeMa, MailyT-
Hill yunTenb Qi3uKu, KU 30aTHUN JISTH TOTYMKH, 37e-
O1JIBIIIOTO BUIBHO OPIEHTYETHCS Y HABYAJIBHUX 3aBJIaHHSIX,
yMi€ aHaTi3yBaTH iX YMOBY, IUTaHyBaTH XiJl pO3B’sI3aHHS,
Kparie KOHTPOTIOBATH 1 OIIHIOBATH Pi3Hi CITOCOOH TOCST-
HEHHsI BUMOT, 5IKi CTaBJISAThCS Y 3aBIaHHI.

MeTta AisTTBHOCTI MailOyTHBHOTO BUMTENS (i3UKH €
MIPaKTUYHOIO, @ HE TUIBKH aOCTPAaKTHO-TEOPETUIHOIO. |
SIKIIO BiH YCITIITHO JOCSTaE 11 B HEIAOIOHHUX YMOBaX, TO
€ BCI MiICTaBH BECTH MOBY NPO TEXHIYHE MHUCIICHHS.

Ile moyxHa 3miiicHnTH 3a paxyHok STEM-ocBiTH.

[Tepmr HiK po3MIAAaTH METONUKY (OPMYBAaHHS TEX-
HIYHOTO MHCIICHHSI BUMTENIB (i3UKH, BAPTO 3BEPHYTHUCS
110 3anuTanHs, «JoMy BUHUK OcBiTHIl Hanpsim STEM?»

Po3BUTOK HayKH Ta TEXHOJIOTiH Y HAaHOMMKYiH € TOo-
JIOBHMM JDKEPEJIOM 3arajlbHOTo Iporpecy Jjroxctsa. Ha
CHOTOJIHI CBITOBa CIIUIBHOTA BiYyBa€ SKICHI 3MiHH, IO
BHKJIMKaHI TPOIIECaMH BCECBITHHOI €KOHOMIYHOI, ITOJi-
THUYHOI Ta KyJBTYpHOI iHTerpanii Ta yHidikarii, OCHOBHH-
MU HACJTiJIKAaMH SIKUX € MKHAPOHHMA TTOMILT IpaIli, Mirpa-
IIis B MacmTadax yciel MaHeTH KammiTary, JIOIChKUX 1 BU-
POOHHYMX PeCypCiB, CTAHIAPTU3ALIS 3aKOHOIABCTBA, CKO-
HOMIYHMX 1 TEXHIYHHX TPOLIECIB, @ TAKOXK 30JIMKEHHS Pi3-
HUX KYJBTYP.

CrocrepexyBaHi Ha ChOTOHI IT00ATBHI COIAILHO-
€KOHOMIYHI ITPOLIECH TTOB’s13aHi 31 CTBOPEHHSM 1 OypXiu-
BHM PO3BUTKOM BHCOKOE()EKTHUBHHUX HaHO- Ta OioMaTepia-
JIiB, HOBOI €HEPreTUKH U iHOpMAITITHIX MEepex.

VY HaykoBiii siTeparypi ix Bu3Hauaiorb sk NBICS-
KOHBEPTCHIIIFO TEXHOJIOT1H.

Tak, BIOMOBIHO 1O PI3HHUX JDKEpeN, OCHOBHUMHU
TEXHOJIOTISIMA Ta MPOIYKTAaMH HaHOJIMKYIOro Mailyr-
HBOTO, 5IKi POPMYIOTH IHHOBAIiHI BUPOOHMUI Tairy3i Ta
OB’ sI3aHi 3 HUMU TIpodecii, € TeoiHKeHepis, IHTEICKTY-
aJbHI CHEPreTUYHI CHCTEMHU, CHHTETHYHA Oi0NOTis, iH-
JIMBilyanbHa reHoMika, OioiHTepdeiicu, coHsYHa eHep-
reTHKa, HOOTPOIHI IMpemnapaTv, HOBI €HEepProeMHi Oara-
pei, cToBOypOBi KJIiTHHHM, O6i0MaNKNBO, KIOHYBaHHS, po0Oo-
TOTEXHIKa, HU3bKOOPOITaIbHI MOTBOTH, MEMPHUCTOPH, MO-
OLIBHI Mepexi Ta 3aco0u 3B’sI3Ky, Oarapei, 10 3apsiiKa-
IOTBbCS Bl arMocdepu, po3yMHI HaBiraIiiiHi cHCTeMH,
LITYYHHUH THTEJICKT TOIIO.

[IpiopuTeTHIMH TEXHOJIOTIYHUMH 3aBIAHHSIMU B
XXI cTOMTTI BBAXKAIOTD:

— PO3B’sI3aHHS €KOJIOTIYHHUX TPOOIeM;

— OBOJIOJIIHHS TEXHOJIOTI€I0 TEPMOSIIEPHOTO CHHTE3Y
Ta po30y/IOBY aJIbTEPHATUBHOI CHEPTETHKH;

— MOMIMIIEeHHS iHPPACTPYKTYPH MICT;

— BUKOPUCTAHHS HOBUX 1HPOPMAIIHHAX TEXHOJIOTIi
y MEIUIHI,

— PO3BUTOK TEXHOJIOTIl BIpTyaJbHOI peajbHOCTI
TOLIO.

OpHaK, COIIOJNIOTIUHI TOCTI/DKEHHS JOBOJSTD ICHY-
BaHHS CYNEpPEYHOCTI MK BHCXiTHUM HONUTOM Ha (paxiB-
I[iB BUCOKOTEXHOJIOTIYHUX Tally3ei, sIKi 34aTHI IO KOMII-
JIEKCHOI HAyKOBO-1H)KEHEPHOI JIISUIHOCTI Ta 3HMIKEH-
HSM PiBHS IIKaBOCTi yYHIB JIO JHUCIUIUTIH MPUPOTHATIO-
MaremarudHoro nukiy. lIBunke ¥ edexkruBHe i BHpi-
IICHHS € KPUTHMYHUM YHMHHUKOM IHHOBAIIHHOCTI €KOHO-
MiK pO3BHHEHUX KpaiH.
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BoueBunb 11e morpedye TOKOPIHHOTO Mepersity Ha-
SIBHUX MOJIEJIEH OCBIiTH, OCBITHIX MpOTpam, METOIB Opra-
Hi3alii HaBYaHHs, BiACTaBaHHS SKUX BiJl BUMOT CBITOBOTO
PHMHKY Ipalli iHKOJIM CTaHOBUTD JAECATUIITTS.

OpHuM 13 JiAepiB y AOCTiPKEHHI MUATaHHS MIOA0
MiATOTOBKHA MOJIOMI 10 MaOyTHHOTO IMPArieBIIAIITYBAaHHSI
ta camopeauizauii € CIIIA. Tak, Ha po3B’s3aHHS Li€l Ipo-
OneMH B KOHTEKCTi 3a0XOYEHHS 10 BIPOBALKEHHS HOBHX
TEXHOJIOT1H B OCBITy CIIPSIMOBaHa JisSUTbHICTh OCBITHHOTO
anbsiacy The Partnership for Century Learning.

OmHIM 13 BKITUBUX 3100y TKIB ITi€1 CIIITBHOTH — CBO-
€PITHOTO «MiCTKa» MiX JIep’KaBoro, 0i3HECOM, OCBITOIO Ta
MPOMHCIIOBICTIO — € ()OPMYITIOBAHHS 3MICTY «M’SIKHUX)» Ha-
BUYOK, 30KpEMa TOTOBHOCTI JO PO3B’S3aHHS KOMILICK-
CHUX MPAKTHYHUX MIPOOIEeM, KPUTHYHOTO MUCIICHHS, Kpe-
ATUBHOCTI, yMiHHS IIPAIfOBAaTH B KOMAaH/Ii, EMOIITHOTO 1H-
TEJICKTY, OLIHIOBAHHS MPOOJICMH Ta MPUIHATTS PIlICHHS,
3IaTHOCTI /10 €(PEKTUBHOI B3aEMOJIi1, YMIHHS JJOMOBJISITH-
Cs1, KOTHITHBHOT THYYKOCTI.

STEM-ocBiTa — 1ie crierianizoBaHuil OCBITHIi Ha-
MPSIMOK, TOJIOBHHH aKIEHT Y SKOMY 3pO0JICHO Ha BUBUCH-
Hi TOYHUX Ta IPUPOTHUYUX HAYK, i3 JOJABAaHHIM ITOTYX-
HOTO IHHOBAI[IHOTO Ta TEXHOJIOTIYHOTO KOMIIOHCHTIB.
IinkoM cripaBemyuBoO Kazary, mo STEM — me Haitkpare
OCBITHE DIIICHHS AJIS Cy4acHUX (haxiBIliB y ramy3i TeXHi-
KH Ta TEXHOJOTIH.

bazoro st STEM-ocBiTH BUCTYIAIOTh HAYKOBI Me-
TOJIM, MaTeMaTUIHE MOJCIIOBAHHS, IHPKEHEPHUA TU3aiH
Ta IHHOBAI[ilfHE MUCIICHHS. 3 L[LOTO OMUCY MOXE 3IaTH-
Csl, IO WIETHCS MPO OCBITY, MPU3HAYCHY BHHSATKOBO JUIS
miaroToBku MaOyTHIX IT-¢daxiBIiiB, i 4acTKOBO Iie OyIe
npasyoro. Brim, STEM-ocBita € mupiior, ajke Hoea-
HY€ TOYHI HAyKd 3 KPEaTHBHUM ITiTXOJIOM i CIIPUSIE PO3-
BUTKY 000X CTOpPIH B 0COOMCTOCTI MallOyTHBOTO BUUTE-
18 izukm.

Takum unHoM, STEM-ocBiTa OXOIUIIOE TPUPOIHU-
4i Hayku (Science), TexHomorii (Technology), TexHiuHy
TBOpuicTh (Engineering) Ta matemaruky (Mathematics).

STEM-ocBiTa € HEBIAAUIBHOK YaCTHHOK KOHLEII-
11ii HoBo1 yKkpalHCBhKOT IITKOJIH, aJKe HaIliJIeHa He JIUIIE Ha
3m00yTTS 3HAHB, a i HA ONlePIKAHHS KOMIICTCHITIH.

Cepexn KOMIETEHIIH, 1110 MEePEeTHHAIOTHCS 13 LUIIMH
STEM-ocBiTH €:

— PO3BUTOK (PI3MYHOTO Ta MaTeMaTHYHOTO MHC-
JICHHST;

— PO3YMIHHS TPHUPOJAN Ta TEXHOJNOTIH i3 MO3MIIil
TOYHUX HayK;

— ocBiueHiCTh B iH(OpManiifHO-KOMyHIKaI[IHHIX
TEXHOJIOT1AX, YMiHHS 1X BUKOPHUCTOBYBATH;

— 3JaTHICTH KPEaTHBHO MUCIHMTH Ta BHpaXKaTH
TBOpYI 3110HOCTI.

OnuuMm 13 3acagauuux 3asganb STEM-ocsitu
€ HABYMTU 3100yBa4iB OCBITM CHUCTEMHOIO MHUCIICH-
Hs1. [loeqHyroun pi3HI HAyKH Ta TOIVISAM Ha PEeaTbHICTD,
STEM-ocBiTa HaB4yae OCOOHUCTICTH HTH Y CBITI, IIO
CTPIMKO PO3BHBAETHCS; JICTKO 1 IIBUKO aJIANTyBaTHCh 10
HOBITHIX TEXHOJIOTiH 1 TPESH/IiB.

STEM-ocBiTa po3BUHYIIACS MPOTATOM OCTaHHIX PO-
KiB 1 cTae aeqani MOMmyJIIpHINIO y CBiTi, aJDKe pearye Ha
BUKJIMKH Jacy. Pid y Tim, 110 y BcboMy CBITOBI icHye aedi-
IUT TEXHIYHUX (haxiBiiB. HaToMicTh MOMKT HA HUX POCTE
nyke mBuIKo — K 1 Ha STEM-crertianicris.
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o nikaBo, y crpykrypi HLl «MAH» Ha ceoromi
iCHye KiJibka xa0iB, fKi JO3BOJISIIOTH MOOAYUTH HAOYHO
STEM-cdepy. Lle My3eii nHayku B Kuesi, madopatopHuit
komrutekc «MAHna6y, naboparopist eKClIepUMEHTAIBHUX
nocmimkenb ExLab. Po3BuBatu crapran-HaBUYKH Ta Po-
OWTH TIepIIi KPOKH JI0 peaizarlii BIaCHUX MPOEKTIiB MOXK-
Ha y 0i3Hec-inkyOaropi Ukrainian Future.

Buutensam ¢izukn STEM-ocBiTa 103BOJIsE: HAOUHO
nepeaBaTi 3HaHHS 1 HABUYKH, CIIPUATH CaMOCTIHHOCTI;
BUKOPHCTOBYBAaTH HEOPIMHAPHI MiIXOW B HABYAHHI; Ha-
BYATH O1IBIIT MOTHBOBAHMX Ta 3AIlIKABICHUX YIHIB; B1IXO0-
JIUTH BiJl CTAHJAPTHUX CHCTEM OI[iHIOBaHHS 32 BiITBOPEHi
3HaHHS, HATOMICTh — CIIPUATH KPEaTUBHOCTI [3].

Bmposaautn metomu STEM-ocBiTH B 3araibHUiA
OCBITHIH TIpoIleC HE BaXKKO, MOTPiOHA JIMIIIE MOTHBAIIISL
BUMTENS (PI3UKH, TBOPYHUH MIAXiA O MOSCHEHHS HAaBYAJIb-
HOTO MaTepiajly Ta BMiHHS NOSICHIOBAaTH 3100yBayaM OCBi-
TH 3B’SI3KH MK TIpEAIMETAMH Ta TUCITUIUIIHAMHA Y BUBUEH-
Hi KOHKPETHHX IPOLIECIB.

Hocunian, mo iX yacTto NpoBOASTH Y J1ab0oparopisx,
3 JIETKiCTIO MOXKHa BimHecTH 10 MeroniB STEM-ocBiTH.
VnockoHamuTH iX abo aganTyBaTd JO JHUCTAHIIIHOTO
(opMary HaBYAHHS MOYKHA, BiJJIABIIHM yYUTENSAM (Di3UKU
IHIIIaTHBY Ta MOTPOCHUBIIN X MPOBECTH TOCITIINA CaMo-
criiiHo [4].

3aBnaHHs BYUTENS (DI3UKH MMOJIATAE B TOMY, 100 Mir0-
TYBaTH TS Cy4aCHOTO BUPOOHMITTBA HEOOXITHUX KOHKYPEH-
TO3AaTHUX (haxXiBILiB, SKi BUTLHO BOJIOAIIOTH KOMIT FOTEPHUMH
TEXHOJIOTISIMH, MAFOTh IIMPOKUI TEXHIYHUN KPYTo3ip, 31aTHI
CaMOCTIHO OBOJIOZiBATH HOBOIO TEXHIKOIO I HOBITHIMU TEX-
HOJIOTTYHIMH TIPOLIECaMH, OTIEPAaTHBHO pearyBaTH Ha MHT-
TEBI 3MIHU Y CTaHi KEPOBAaHNX HUMH TEXHIYHHX 3ac00iB Ipa-
Il 4¥ 3MIHM T1epediry TEXHOJIOTIYHOTO IpOLEeCcy, BMITH Iie-
pendadaTi MOXKIIMBI HACIIIKY IIMX 3MiH, HECTaHIAPTHO Mi-
STH B EKCTPEMAIBHUX yYMOBaX. TOMy TEXHIYHE MHUCIICHHS
€ Jy’Ke BaXJIMBMM KOMIIOHEHTOM IpO(eciiiHOl IisTbHOCTI
JIFOIMHM, OCOOHBO B Cy4aCHHUX YMOBaX.

OkpeMo i1 pO3ITISTHYTH 0COOIMBOCTI (haXxoBOi Tij-
rotoBku i gismbHOCTI STEM-Bumtens ¢i3uku, a came:
STEM-BunTens (i3uKHu — I1e, HacaMIiepe, akKTHBHUHN Po3-
POOHUK MIKIUCIHILTIHAPHAX HAaBYAIBHHUX MPOTrpaM 3 ¢i-
3MKM Ta acTpOHOMii, MareMaTuku Ta iHpopmaruku. Ha
OCHOBi CHCTEMH HAayKOBHX 3HAHb | MPAaKTUYHIX HaBUYIOK
BiH Ma€ BM3HA4YaTH 3MICT, 00CST 1 MOCIIAOBHICTh HABYAH-
Hsl, XapakTep 1 CTYIiHb iHTerpauii 3HaHp i3 pi3HUX THOC-
TUYHUX TOJMIB, JOOUPATH METO/IN, METOIUKH Ta CTPATETII,
AKi 3a0e3nedaTs HalOUTBIT OYiKyBaHMH NeJaroriaHui pe-
3yJIBTAT, 8 TAKOXK MMOCTIIHO Mi/IBUIIYBaTH PiBEHb 1 PO3IIH-
pIOBaTH 3MiCT BIACHOI ()axoBOI ITiATOTOBKH.

BoyeBunp Taka AiSUTEHICTE HE OOMEXKYETHCS ITif-
TOTOBKOIO JI0 BHKJIQJIAHHSM BJIACHOTO Mpeamera. Takoxk
BOXJIMBUM € BMIHHSI BUMTENs (i3UKH OpraHizyBaTH Ha-
BYAJILHUI MPOIIEC K MMEAAroridHy B3a€MOJIIIO, IO CITPs-
MOBaHa Ha PO3BUTOK OCOOMCTOCTI y4dHS, HOTO MiITOTOBKY
JI0 pO3B’s13aHHS 3aBJaHb KUTTETBOPYOCTI.

STEM-ocBiTa motrpeOye HOBHX HAyKOBHX JOCIHi-
JUKEHBb, TUAAKTHIHUX PO3POOOK, HABUYEHHWX 1 TPAMOTHHX
MOJIOIMX TAJIAHTIB, TOTOBHMX 3MIHIOBATH 1 3MIHIOBATHCS.

3 onAay Ha 11e, TOCWIIEHY yBary CJiJl IPUIUTATH pe-
ayizamii JOBrOCTPOKOBHX IHIIIaTUB MIoA0 MpodeciitHo-
ro po3BuTKy STEM-Bunrenst ¢izuxu. 3a3HadeHe norpedye
KapJIMHAJIBHUX 3MiH Y NEpBUHHIN 1 MICISIUIUIOMHIN Mpo-
(hbeciliHii OCBITI BUMTENS, SIKA Ma€ CTATH OLIBIN TIEPCOHI-



gizuko-mexHonoeiyHux Oucyunain 8 ymoBax myasmuducyunsainapHocmi STEM-ocBimu

(hiKOBaHOIO, HA/IAIOYM KO>)KHOMY BYMTEINIO IIMPII MOXIIH-
BOCTI JIs OHOBJICHHS, YZIOCKOHAJICHHS, TIOTTMOJICHHST CBOET
npoeciiHol MATOTOBKY Y NPUHHATHHUH JUIsl HBOTO CII0CIO,
30KpeMa Ha 0a3i iIHHOBAIIHOTO TUCTAHIIIHHOTO HABYAHHSI.

Takum duHOM, TIporiec MpodeciiiHOl MiAroTOBKU
BUHTENIB (i3UKH TOTpedye 0coOmuBoi yBaru 10 Gopmy-
BaHHS y HUX TEXHIYHOTO MHCICHHS, 3[]aTHOTO 3abe3re-
YUTH AOTPUMAHHS TMPUHIMITIB MEAaroriqHol TisUTbHOCTI.
3 iHmI0r0 O0KY, Ha OCHOBI KOMIIETEHTHICHOTO ITiTXOIy J10
podeCiiiHOT MATOTOBKU BUUTENs (HDI3UKH CIILT BHILTAIA
3arajbHi i crierianbHi (PpaxoBi) KOMIIETEHTHOCTI, HEOOXiI-
Hi JUI BIATENS Qi3UKH, a caMe:

— 31aTHICTh BYMTHUCS, BIOCKOHAIIOBATH BJIACHE Ha-
BYaHHS 1 BUKOHAHHS, 3 BUCOKIM PiBHEM aBTOHOMHOCTI.

— 37aTHICTh IPOBEACHHS JOCIIIKCHb Ha BiJMOBIi/-
HOMY HayKOBO-METOJMYHOMY DiBHi.

— HaBuuku poGoTH B KOMaHII.

— 3patHicTh OyTH KPUTHYHUM 1 CAMOKPHUTHYHUM.

— HaBuuku oOqymyBaHHS CBOiX IUIaHIB M aHami3y
PE3YNBTaTIB CBOIX JIOCIIIKECHbD.

— JIoTpUMaHHSI €TUYHUX HOPM, MIPUHAHATTS PIllICHb
Ha OCHOBI I[IHHICHUX CBITOIVISITHUX OPIEHTHPIB.

— 3maTHICTh aHATi3yBaTH, CHHTE3yBaTH, OIliHIOBATH,
100 BUSBIISITH TPOOJIEMH 1 BUPOOIISITH PillIeHHSI.

— LlinyBaHHS pI3HOMAHITTS Ta MYJIBTUKYJIBTYPHOCTI.

— MogHi (y T. 4. iHIIIOMOBHI) HAaBUYKH.

— HaBuuku po6otu 3 iHpopMaIriero (yMiHHS 3HAXO0-
JIITH Ta aHaNli3yBaTH iH(GOPMaLiIo 3 Pi3HUX JKEpe, nepe-
JIyCiM — 3a JIOMTOMOTOFO IIH(PPOBUX TEXHOJOTIH).

— 3maTHICTh 3aCTOCOBYBAaTH CUCTEMHHH MiIXiX IO
PO3B’sI3aHHS MEAATOTIYHHX 1 ICUXOJIOTIYHUX MPOOIEeM.

— 31aTHICTh MPOJSMOHCTPYBATH MPAKTUYHI TICHXO-
JIOTO-TIEAATOT19HI BMiHHS 1 HABHYKH.

— 31aTHICTh NPOJIEMOHCTPYBATH 3HAHHS 1 PO3YMIiH-
HSl HAyKOBUX (DAKTIB, KOHLETILH, TEOPil, IPUHIUIIB 1 Me-
TOJiB, HEOOXITHUX JIJIS MATPUMKH TearorigyHoi creria-
Jizarii.

— 31aTHICTB 3aCTOCOBYBATH BiIIOBITHI KUIbKICHI (i-
3WYHI, MAaTEeMaTHYHi, HAYKOBI 1 TEXHIYHI METOMIH, a TAaKOX
KOMIT IOTEpHE TIporpamMHe 3a0e31eueHHs U PO3B’ I3aHHS
TEOPSTUYHHX 1 METOJIMYHMX 3aBlIaHb [2].
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FORMING OF TECHNICAL THINKING BY STEM
EDUCATION OF THE FUTURE TEACHER OF PHYSICS

Abstract. The article substantiates the significance
of the development of the technical thinking of the phys-
ics teacher in the conditions of his professional training.
The peculiarities of the teacher’s professional mentality
have been revealed. The need for the development of
pedagogical thinking, as well as technical thinking, as a
special one for the subject field, is substantiated.

It is shown that technical thinking is the process of
reflecting objects and processes of technical activity in
the human mind. This type of thinking is associated with
mental activity aimed at operating technical images in
their static and dynamic state.

Qualitative analysis of the structure and process of
technical thinking allows to substantiate the concept of
“technical thinking”. Technical thinking is a practical-
active thinking aimed at operating technical images dur-
ing the production and creative activity of a person.

It is able to solve complex production tasks in any
standard or critical situation.

STEM education is a specialization directions of
education, the main emphasis of which is on the educa-
tion of exact and natural sciences, from the addition of
continuous innovative and technological components. It
is absolutely fair to say that STEM is the best solution
for the future professionals in the engineering and tech-
nology.

The basis for STEM education is scientific methods,
mathematical modelling, engineering design and inno-
vative thinking. From this description, it may seem that
we are talking about an education designed exclusively
for the training of future IT professionals, and this will
be partially true. However, STEM education is broader,
because it combines sciences with a creative approach
and develops of different sides in the personality of the
future physics teacher.

Key words: professional training of physics teach-
ers, professional thinking, technical thinking, forming
of technical knowledge, STEM education, features of
STEM education, the role of STEM education in the
forming of technical thinking.
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