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THE ROLE OF STEM EDUCATION IN THE DEVELOPMENT OF RESEARCH
SKILLS OF FUTURE BIOLOGY TEACHERS

L. A. Nikitchenko*

The article is devoted to the actual problem of introducing STEM education in the training of future
biology teachers. The article analyzes the role of STEM technologies in the development of research
skills of future teachers. It is emphasized that traditional methods of training often do not provide a
sufficient level of development of research competencies necessary for work in the modern educational
system.

The article discusses the basic concepts of STEM education and STEM technologies, as well as
provides an overview of scientific research on this issue. The necessity of integrating STEM
components into the curriculum for future biology teachers is substantiated and specific methods and
techniques for implementing this approach are proposed.

The main conclusion of the article is that STEM education is an effective tool for developing the
research skills of future biology teachers. The introduction of STEM technologies contributes to the
development of such competencies as critical thinking, creativity, ability to work with data, use
modern technologies and organize students' research activities.

Specific examples of the use of modern STEM technologies, such as biological simulators, 3D
printers, online collaboration platforms, virtual and augmented reality, simulation modeling of
biological processes, for the development of research skills in future biology teachers are presented.
It is emphasized that the use of STEM technologies in the process of training future biology teachers
contributes to the development of critical thinking, the formation of research skills, the development of
creativity and the training of teachers who are able to use modern technologies in the educational
process.

For the effective development of future biology teachers' research skills, it is necessary to provide
access to modern technologies and individualize the learning process. The use of specialized
equipment and software allows students to acquire the practical skills necessary to conduct research.
An individual approach helps to develop the creative abilities of each student and encourages them
to work independently. Creating an atmosphere that supports curiosity and the desire to explore is a
key factor in developing the research skills of future biology teachers.
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POAb STEM-OCBITH Y PO3BHUTKY NOCAIJHHIPKHX HABHYOK
MAHUBYTHIX YYUTEAIB BIOAOT'II

A. O. HikiT4eHKO

Cmamms npucesueHa aKkmyanvHili npobnemi enpogadskeHHsi STEM-oceimu 6 nidzomosKky
Mmalibymuix yuumenig 6ionoceil. Y cmammi npoaHanizogaro poas STEM-mexHosnozili Yy po3sumky
O00C/IOHUYbKUX HOABUUOK Y MallbymHix nedazoeig. Iliokpecnroemovbes,, wo mpaduyitiHi memoou
nidzomosku uacmo He 3abe3neuyromsb O0OCMAMHBLO20 PIBHSL PO3BUMKY  OOCAIOHUUBKUX
KomnemeHmHocmetl, He0bXIOHUX O/t pobomu 8 CYUACHIl 0C8IMHIl cucmemi.

Y ecmammi posensoaromecsi ocrosHi noHamms STEM-oceimu ma STEM-mexHonozill, a maxKoix
Hagooumecsi 0271510 HAYKOBUX OOCNIOXKeHb, npucesiueHux uili npobremamuuyi. O6IpyHmosara
HeobxiOHicmb iHmezpauii STEM-KomnoHeHmie Yy HABUANbHI Npozpamu Ot MalibymHix yuumenie
6i0102ii ma 3anponoHO8AHO KOHKPemHi memoou ma nputiomu 05 peanizayii maxkozo nioxooy.

OcHosHull 8ucCHO80K cmammi noasizae 8 momy, uio STEM-oceima e egpekmugHUM THCMPYMEHMOM
ot po3eumry OOCAIOHUUBKUX HABUUOK MalbymHix yuumenie 6ionoeii. BnpoesadxerHs STEM-
mexHoJ1021ll cnpusie POPMYBAHHIO 8 MATIOYMHIX nedazo2is maKux KomnemeHmHocmet, ik KpumuuHe
MUCTIEHHSL, KpeamugHicms, 8MIHHS npayroeamu 3 0AHUMU, 8UKOPUCMO8YB8AMU CYUACHI MEXHO02L
ma opzaHizogysamu OOC/OHUYUbKY OLSLIbHICMb YUHIS.

HaesedeHo koHKpemHi npurkiadu sukopucmarHs cyuacHux STEM-mexHonoziil, maxux ik 6101021uHI
cumynsmopu, 3D-npurmepu, OHAGUH-NAAM@POPMU OAs1 CniBnpauyi, eipmyaibHa ma OONO8HEeHA
peanvHicme, CUMYASAYIUHE MOOent08AHHSL OI0/I02IUHUX NPOUEci8, O/t po38UMKY OOCHIOHUUBKUX
Hasuuok Yy mailbymmuix euumenis bionozii. ITiokpecnroemocst, wio suxopucmarHs STEM-mexHonozili 8
npoyeci nidzomosku MaillbymHix yuumenige 06002l cnpusie po3sUMKY KPUMUUHO20 MUCTEHHS,
POpMYBAHHIO O00CNIOHUUBKUX HABUUOK, PO38UMKY meopuux 30ibHocmeli ma nidzomosuyi euumeJis,
30amMHUX 8UKOPUCMOBYBAMU CYUACHI MEXHOJ102ll 8 0CEIMHbOMY NPOUECT.

Lna epexmusHoz0 po3sumKy OOCNLIOHUYUbKUX HABUUOK MAUOYmMHIX yuumenig 6ion02ii HeobxioHo
3abesneuumu oocmyn 00 CYUACHUX MexXHON02ili ma iHOueidyanizyeamu HASUANbHULU Npoyec.
BuxopucmaHHsl CneyianizoeaHozo 06/1a0HAHHS Ma npoepamHozo 3abesneuerHs 0038oase 3006ysauam
oceimu HAbBYMU NPAKMUUHUX HABUUOK, HEOOXIOHUX O/l NposedeHHs HAYKO8UX OO0CNIOIEHb.
InousidyanbHull nidxi0 cnpusie po3seumky meopuux 30i6Hocmell KoXKHOo20 3006yeaua oceimu ma
cmumy.uroe tio2o 0o camocmitiHoi pobomu. CmeoperHss ammocgepu, uo niompumye donumausicms i
barKaHHs docnioKysamu, € KAIUOBUM GPAKMOPOM po3eUMKY OOCNIOHUUBKUX YMiHb MAUOYMHIX
yuumeanig 6ionoaii.

Knrouoei cnoea: maitibymti suumeni 6ionoeii, saxknaou euwoi oceimu, STEM-ocsima,

docnidHUYbKa OislbHICMb, Ni020mMo8Ka euumesia, 0C8IMHIill npoyec.

ITocTaHOBKaA mpob6aemHu. CyuyacHa ocBiTa
3a3Ha€ KapAWHaAABPHUX 3MiH, BUMAaraimo4u Bif

Introduction of the issue. Modern
education is undergoing dramatic

changes, requiring future teachers not
only to have in-depth knowledge of their
subject area, but also to be able to apply
this knowledge in practice, stimulate
students' curiosity and develop their
research skills. This is where STEM
education, which combines science,
technology, engineering, and
mathematics, comes to the fore [9; 10;
11]. Biology, as one of the basic sciences,
is an ideal environment for implementing
the STEM approach. However, in order to
effectively implement STEM education in
biology classes, teachers need to have not
only knowledge of biology, but also
developed research skills and modern
teaching and research methods.

MafOyTHIX y4YUTeAiB He AuWIIle TANOOKHUX
3HAHb y CBOIY IIpeAMeTHi# raay3i, a i yMiHHA
3aCTOCOBYBaTH IIi 3HAHHS Ha IIPAKTHII,
CTUMYAIOBAaTH [JOIIUTAMBICTR VYHIB Ta
po3BUBaATH iXHI JOCAIMHUIIBKI HaBUYKHU.
Came TyT Ha nepiiui naaH BUXoauTb STEM-
OCBiTa, gKa 00'€MHYIOTH HAYKY, TE€XHOAOTII,
iHKeHepito Ta MaremaTtuky [9; 10; 11].
Bioaoris, gk oqHa 3 pyHIaMEHTaABHUX HayK,
€ iIeaAbHHUM CEPELOBUIIIEM IS
BrpoBamkenHs STEM-niaxomy. OgHak, o6
ecpekTBHO BHpoBa/KyBaTH STEM-0CBiTY
Ha ypokax 0Oioaorii, BYHTEAl DTOBHHHI
BOAOJITH HE AHIIle 3HAHHAMH 3 0ioaorii, a i
MaTU pPO3BHHEHI MOOCAIIHUIIBKI HaBUYKH,
BOAOMITH Cy4YaCHUMHU MeToJaMH HaBYaHHS
Ta JOCAIXKEHHS.
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According to the results of observation
and analysis of literature, traditional
methods of training future biology
teachers often do not provide a sufficient
level of research skills development [1; 4;
8]. Future teachers often have
insufficient experience in conducting
experiments, analyzing data, and using
modern information technologies in the
educational process. Therefore, an urgent
task arises: how STEM education can
effectively develop the research skills of
future biology teachers so that they can
prepare students for life in the modern
world, where science and technology play
an increasingly important role.

Current state of the issue. The
introduction of STEM education into
biology teacher education is a necessary
step to modernize the educational system
and improve the quality of education. This
approach will allow us to prepare teachers
who will not only be transmitters of
knowledge, but also facilitators of learning,
capable of creating an educational
environment that stimulates curiosity and
critical thinking.

The terms "STEM education" and "STEM
technologies" are often used
interchangeably, especially in the context
of modern education. However, they
represent different, though closely related,

concepts.

STEM education is a pedagogical
approach that integrates science,
technology, engineering, and

mathematics into a single educational
process. This approach is aimed at
developing students' knowledge not only
in individual disciplines, but also in
critical thinking, creativity, problem
solving and collaboration skills necessary
for successful functioning in the modern
world [2; 4; 6; 8].

STEM technologies are a set of tools
and means used to implement STEM
education. These can be: computers and
software: for modeling, simulation, data
analysis, creating presentations;
laboratory equipment: for conducting
experiments and research; 3D printers:
for creating prototypes and models;
online platforms: for collaboration,

A IIOKa3yI0Th pe3yAbTaTH
CIIOCTEPEKEHHS, Ta aHaai3 AiTepaTypHHX
JOKEPEA TpPagullitiHi MeToOu IiATOTOBKU
MaiOyTHIX yuuTeaiB 6Oioaorii wacto He
3a0€e3Me4YyIoTh JOCTATHBOI'O PiBHS PO3BUTKY
JOCAITHUIIBKUX HAaBUYOK [1; 4; 8]. MaiOyTHi
IIegarory 4acTo MAaroTh HEOOCTAaTHIH MOCBif
IIPOBENEHHS EKCIIEPHUMEHTIB, aHaAI3y JaHUX,
BUKOPHUCTAHHS Cy4YacHUX iH(OpMalliiHIX
TEXHOAOTIH y HaB4YaabHOMY Irpolieci. Tomy

IIocTae axKTyaAbHe 3aBOAHHSI: dK 34
JIOTIOMOTOIO STEM-ocBitu MOZKHA
e(PEeKTUBHO pPo3BUBATU JIOCALTHUITBKI

HaBHUYKW MaMOyTHiX y4uuTeaiB 6Gioaorii, 1100
BOHH MOTAM TOTyBaTH Y4HIB [0 XKHUTTS B
Cyd4acHOMY CBiTi, Ze HayKa 1 TeXHOAOTIi
BiZlirpatoTh Bce OIABIILy POAB.

AHaaniz ocTaHHiIX mocaimxkens i
myOairauii. BripoBamkenus STEM-ocsitu
B IpPOLIEC IIATOTOBKH BYHUTEAIB 0ioAorii €
HEOOXiTHUM KpPOKOM [IAd  MOZEpHi3artii
OCBITHBOI CHCTEMH Ta IIiIBUIIIEHHS SIKOCTI
HaBYaHHd. Takuit Miaxi ~ J03BOAUTH
[iATOTYBaTH BUYMUTEAIB, sIKi OyayTb HeE AUIIE
repefgaBadaMH 3HaHb, a ¥ (pacuairaTropaMu
HaB4YaHH{, 3aTHHMH CTBOPIOBATH OCBIiTHE
CEPELOBHUIIIE, III0 CTHUMYAIOE JOIIHNTAUBICTD Ta
KPUTHYHE MHCAEHHS.

Tepminn "STEM-ocita" Ta "STEM-
TEXHOAOTI" 9acTo BUKOPHCTOBYIOTHCSI
B3a€EMO3aMiHO, O0COOAMBO B  KOHTEKCTIL
Cy4acCHO1L OCBITH. OpnHak, BOHU
IIPEACTaBASIIOTh Pi3HI, xoda ¥  TiCHO
TIOB’s3aHi, KOHITEIIITii.

STEM-ocBiTa (Bix aHTA. Science,

Technology, Engineering, Mathematics) — 1e
TIeTaTOTiYHWHI miaxism, SIKUM iHTErpye
IPUPOAHNYI HAYKM, TEXHOAOTI, FKEeHepito Ta
MaTeMaTUKy B €IVHUN HaBYaABHUM IIPOLIEC.
et mioxim copsMoBaHME Ha PO3BUTOK Y
CTYLEHTIB He AWIlle 3HaHb 3 OKPEMMX
[UCLIUIIAIH, aA€ ¥ HaBUYOK KPUTHYHOIO
MHCAEHHSI, TBOPYOCTi, BHPIIIIEHHSsT ITPOOAEM Ta
criBhpart, HeoOXimHMX [OAd  YCITIITHOTO
PYHKILOHYBaHHS B Cy4acHOMY CBiTi [2; 4; 6; 8].

STEM-TexHoaoTii — 1Ie  CYKYyIIHICTB
IHCTPYMEHTIB Ta 3aco0iB, gKi
BUKOPUCTOBYIOTbCS OAd peaaizarii STEM-
ocBiTu. lle MOXKyThH OyTH: KOMIIIOTEPH Ta
IporpamMHe 3a0e3reyeHHs: JOAST
MOIIEAIOBaHHS, CHUMYASIlii, aHaaizy AgaHUX,
CTBOpPEHHS  IIpe3eHTallifi; aabopaTopHe
obraTHAHHS: ST IIPOBEIEHHS
E€KCIIEPUMEHTIB Ta  JOCAi/?KEHb; 3D-
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knowledge sharing and access to
educational materials [2; 4; 6; 8].

According to D. Frolov, STEM education
provides future teachers with the
necessary tools to organize effective group
work of students, stimulate their curiosity
and develop their skills of independent
information search. This approach also
helps teachers to constantly update their
methodological knowledge, develop new
approaches to teaching biology, and
prepare for lessons more actively [8].
M. Sydorovych identifies interdisciplinarity
and "obtaining objectively new" in the
learning process that has direct practical
relevance to life as two of the leading
features of STEM education. According to
the author, STEM education is not just the
sum of individual disciplines, but a
synthesis of knowledge that allows future
teachers not only to acquire theoretical
knowledge but also to develop skills in
solving real problems [5].

Ukrainian researchers, such as
S. Bilyavsky and N. Posternak, focus on
how STEM methods can be integrated into
the training of future biology teachers.
They suggest using interactive STEM
elements in laboratory classes on biology
teaching methods. The goal of this
approach is to develop critical thinking in
future teachers. The authors of the study
argue that the use of the quest format
during the classroom is particularly
effective [1].

Scientists argue that conducting classes
using STEM elements allows future biology
teachers not only to get acquainted with
the principles of STEM education in theory,
but also to experience how these principles
work in practice. This allows them to better
understand how to implement STEM
elements in their future teaching activities
[1; 4; 7].

O. Mekhed, N. Tyupina note that in the
context of the New Ukrainian School
reform, the training of science teachers is
undergoing significant changes.
Emphasis is placed on developing their
ability to apply an integrated approach to
teaching, use digital technologies and
develop students' critical thinking skills.
Particular attention is paid to the
development of practical skills through

IPUHTEPH: [A9d CTBOPEHHA IIPOTOTHIIIB Ta
MoaeAel; OHAAMH-TIAAT(POPMHU: AT
criBrparii, oOMiHy 3HaHHSIMH Ta IOCTYILy [10
HaBYaAbHUX MatepiaaiB [2; 4; 6; 8].

Ha mymxy . ®posoBa 3aBosgku STEM-
OCBiTI  Ma#OyTHI BYHUTEAI  OTPUMYIOTH
HeoOXifHi IHCTPYyMEHTH [As — oOpraHizariil
epeKTUBHOI TPyIroBOi POOOTH IIKOASIPIB,
CTUMYAIOBaHHSI IXHBOI [JOTIMTAMBOCTI Ta
PO3BUTKY HaBHYOK CaMOCTIHHOIO MOLIYKY
incpopmanrtii. Llett miaxiz TaKOXK CIIPULAE TOMY,

10 BYHTEAI IIOCTiHHO OHOBAIOIOTH CBOi
METOAWYHI 3HAHHS, pPO3POOASIOTH HOBI
MiaXoou OO0 BUKAQIAHHA 0OioAorii Ta OiABIT
aKTHBHO TOTYIOTECS [0 VpPoKiB  [8].
M. CunopoBrya BHOKPEMAIOE OBOMa
npoBimauMu  pucamu  STEM - ocBitH
MDKIUCITUIIAIHAPHICTD i "oaepskaHHS

00’€KTUBHO HOBOIO" Y MPOIIECi HABYAHHS, 1110
Mae Oes3rocepeHI0 ITPAKTHYHY 3HAYYIICTH
nas xkurtd. Ha gymky aBropku STEM -
OCBiTa 1II€ HE IIPOCTO CyMa OKpPEMHX
[UCIIUIIAIH, & CHHTe3 3HaHb, SKUI 103BOASIE
MaMOyTHIM YYUTEAIM He TIABKU 37100yBaTH
TEOPEeTUYHI 3HAHHd, ase W pO3BHUBATH
HaBWUYKH PO3B’I3aHHA PEaAbHUX ITPOOAEM [5].

Ykpainceki JOCALTHUKH, 30KpeMa
C. BiaaBcbkuti Ta H. IlocrepHak,
30CepeKYIOTh CBOIO yBary Ha TOMY, €K
meronmuHi  mpuiiomun  STEM  moxkHa
iHTerpyBaTH B IIATOTOBKY  MaMOyTHIiX
yauTeaiB  Oiosorii. BoHM  IIPOIOHYIOTH
BUKOPUCTOBYBATH IHTEPAKTHUBHI €AEMEHTHU
STEM, Ha AabloOpaTOpPHHUX 3aHITTIX 3
METOOUKU BUKAAAHHA 0ioaorii. MeTa Takoro
HiaXomqy — PO3BUHYTH KPUTUYHE MUCACHHS V
MalOyTHIX nemaroriB. ABTOPU HOCAIZKEHHS
CTBEPIKYIOTH, III0 OCOOAHBO €(PeKTUBHUM €
BHUKOPHUCTAHHS KBeCT-(popMatry I dac
HaBYaABHOIO 3aHATTS [1].

HaykoBI11i cTBepIKyIOTb, 1110 ITPOBEAEHHS
HaBYaABHUX 3aHATh 3 BHKOPHCTAHHAM
€AEMEHTIB STEM nae MOZKAUBICTb
MafiOyTHiM yuuTeaaMm Oiosorii He awule
TEOPETUYHO O3HANMOMUTHCH 3 IPUHIIUIIAMU
STEM-ocBiTH, ase ¥ Ha BAACHOMY MOOCBIimi
BiguyTH, 9K I OPUHOUIN IPAIIOIOTh Ha
npaktuLi. Lle mo3Boage iM Kpaire 3po3yMiTH,
49K BIIpoBaKyBaTu STEM-eaeMeEHTH ¥ CBOIO
MalOyTHIO ITearoriyHy MiABHICTS [1; 4; 7].

O. Mexen, H. TromizHa 3a3Ha4aroTh, IO Y
KOHTEeKCTi pecpopmu HOBOI yKpaiHCEHKOI IITKOAH,
IiArOTOBKA BYWTEAIB IIPUPOAHUYMX HayK
3a3Ha€ CYTTEBUX 3MiH. AKIIEHT POOHUTBCA Ha
PO3BUTKY B HUX 3[aTHOCTI 3aCTOCOBYBaTH
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laboratory classes and field research.
STEM education has become an integral
part of the training of future science
teachers. It involves the development of
not only subject knowledge but also the
ability to integrate different disciplines,
use modern technologies, and develop
students' research skills [3].

The New Ukrainian School reform sets
ambitious goals for education, including
the development of students as
researchers and creators. In order to
achieve these goals, it is crucial that
future biology teachers are ready to
implement the STEM approach in their
teaching [2]. However, a number of
problems arise on this way: insufficient
integration of STEM components into the
curriculum: often STEM education is
considered as an additional element, not
as the basis of the educational process.
This leads to fragmentation of knowledge
and makes it difficult for future teachers
to form a holistic view of the STEM
approach; Lack of clear methodological
recommendations: there are no uniform
standards and recommendations for
implementing STEM education in biology
teacher training; Limited research
opportunities: many future teachers do
not have sufficient research experience,
which makes it difficult for them to
further stimulate students' research
activities; Insufficient attention to the
development of project-based learning
skills: Although project-based activities
are a key component of STEM education,
there are often no clear methodologies
and tools for organizing them in teacher
education; Insufficient integration of
research into the educational process: the
training of future teachers is limited to

mastering theoretical material, while
practical research remains in the
background.

In this regard, a key task of professional
education is to identify the main strategies
for training future biology teachers, which
involves creating an innovative educational
environment that promotes critical
thinking, creativity, research skills, and
teamwork. This involves the integration of
STEM components into the curriculum, the
use of modern technologies, the

iHTErpOBaHUM i axin Ji (o) HaBYaHHS,
BHUKOPUCTOBYBaTH IM(MPPOBI TEXHOAOT Ta
dopMyBaTH y Y4YHIB HaBHYKH KPUTHYHOIO
mucaeHHd. OcobauBa yBara IIPUIASIETHCS
PO3BUTKY MNPaKTHYHUX HABHYOK  dYepe3
IIPOBENEHHS  AA0OPATOPHMX  3aHATH  Ta
IOAROBHUX mocaimkeHb. STEM-oceita crasa
HEBIJ EMHOI0 YaCTHHOIO ITiATOTOBKYU MatOyTHIX
BUMTEAIB TMIPUPOAHUYMX [UCLIMIIAIH. Bona
nepenbayae pPO3BUTOK Yy HHX HE AHIIE
IpeaMeTHHX 3HaHb, a ¥ 3/IaTHOCTI iHTerpyBaTu
Pi3HI OHCLIMIIAIHY, BHKOPHUCTOBYBaTH CydacHi
TexHoAorii Ta dopMyBaTH y yUHIB HaBHYKU
JOCALKeHHS [3].

Pecpopma HoBoi yKpaiHCBKOI IIIKOAM
CTaBUTH IIepes OCBiTOIO aMbiTHI 3aBHaHH4,
30KpeMa, PO3BUTOK V4HIB K JOCAIIHUKIB Ta
TBOPILIB. [AS AOCSITHEHHS IIMX Ilired BKpait
BaXKAMBO, III00 MamOyTHI BYHTeEAl OGioAorTii
Oyan Tr1OTOBI 0 BrpoBamkeHHsa STEM-
[iaxomoy B CBOIO IE€ATOTIYHY MiSIABHICTD [2].
[Ipore, Ha ILLOMY IIASIXY BHHUKAaE P
npobaeM: HemocTaTHda iHTerpailis STEM-
KOMIIOHEHTIB y HaBYaABHI IIpOrpaMU: 4acTo
STEM-ocBiTa po3rasggaeThbCs SIK JOAATKOBUH
€AEMEHT, a He $gK OCHOBa HaBYaABHOTIO
IIPOIIECY. Lle IPHU3BOAUTH 0
dparMeHTapHOCTI 3HAHb 1 YCKAQIHIOE
dopMyBaHHgE y  MaMOyTHIX  y4HTEAIB
mianicHoro ysaBaeHHa T1ipo  STEM-migxin;
BincytHicTb YITKHUX METOUIHUX
pPEKOMeHalliii: HeMae €OWHUX CTaHOIapTiB
Ta PEKOMEHAAIlii IIOo0 BIPOBAKEHHS
STEM-0CBiTH B IiATOTOBKY BUMTEAIB 6i0AOTi];
OOMekeHiI MOKAMBOCTI [OAS IIPOBEOEHHS
J[OCAI/IZKeHb: OaraTo MalOyTHIX BUYHTEAIB He
MaloTh [OOCTATHBOTO MOCBiAy IIPOBEIEHHS
[OCAL?KEHD, IO YCKAQOHIOE iX IIOJAABIILY
poboTy 3i CTUMyAIOBaHHSI JOCAITHHITEKOI
OisiapHOcTi yuHiB; Hemocratna yBara mo
PO3BUTKY HABHYOK IITPOEKTHOI JiIABHOCTI:
Xodya IIPOEKTHA MiSIABHICTE € O[HI€I0 3
KAIOYOBUX CKAamoBux STEM-ocBiTH, YacTo
BIICYTHI 9iTKi METOUKHU Ta iIHCTPYMEHTHU A
i opramizamii B HOpoleci MiATOTOBKHU
BYUTEAIB; HEIOCTaTHA iHTeTpallia
JOCAITHUIIEKOI OiABHOCTI B HaBYaAbHUU
IIpoIleC: MiATOTOBKA MaMOyTHIX BYHUTEAIB
3BOMUTBECS OO 3aCBOEHHS TEOPETHYHOIO
Marepiaay, a TIIPaKTU4HI JOCAiI?KEHHS
3aAUINAIOTHCS Ha 33 HBOMY IIAAHI.

Y 3B’A3Ky 3 LIMM KAIOYOBHUM 3aBAAHHSIM
npodeciiiHoi  OCBiTHM CcTae BHU3HAYEHHS
OCHOBHHX CTpPATETiH ITiATOTOBKU MaMOyTHiX
BUHTEAIB 0i0AOTii, 1110 TIEpeadavae CTBOPEHHS
IHHOBAIITHOTO OCBITHBOTO CEPENOBUIIA, TKE
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development of interdisciplinary
connections, and the creation of conditions
for research.

Aim of the research. To analyze the role
of STEM education in the process of
training future biology teachers and
developing their research skills.

Results and discussion. Future biology
teachers should have a set of research
competencies that allow them not only to
transfer knowledge but also to develop
sustainable research skills in students.
This implies the ability to initiate and
conduct their own research, as well as to
transform the results of this research into
their future professional activities. This
complex includes:

1. Ability to research and teach: future
biology teachers should have the skills to
conduct independent research and
transform its results into effective curricula
for students.

2. Deep understanding of experimental
research methodology and the ability to
apply it in the educational process to
develop students' critical thinking and
research skills.

3. Professional competence in designing
and conducting educational experiments,
analyzing data and interpreting results,
which contributes to the development of
students' scientific literacy.

4. Formation of sustainable research
competencies in students: future teachers
should have a set of tools and techniques
that allow them to develop students' ability
to learn independently, to pose problems
and find answers.

5. Creating an educational environment
that stimulates students' innovation and
creativity, as well as develops their skills of
cooperation and communication in the
process of collaborative research.

6. The ability to adapt modern
technologies and teaching methods to
develop students' research skills that meet
the requirements of the 21st century.

Accordingly, the main directions of
STEM education implementation in the
process of training future biology teachers
in the field of research skills development
are:

CIIpUs€ PO3BUTKY KPUTUYHOTO MHCAEHHS,
TBOPYOCTi, [JOCAIIHUIIPKMX HaBHYOK Ta
BMIiHHS IIpampoBaTd B KoMaHzi. lLle
nepenbdadae iHTerpaitiro STEM-KOMIIOHEHTIB

y HaBYaAbHI IIporpaMM, BHKOPHCTaHHA
Cy4acHHUX TEeXHOAOTIH, PO3BUTOK
MIXKIUCIIUTIAIHAPHUX 3B’43KiB Ta CTBOPEHHS
yMOB IS IIPOBEEHHS HAYKOBUX
JIOCAiT?KEHb.

Mera cTarTi. [IpoaHanizyBaTu, pOAB
STEM-ocBiTH y  HOPOLECI  MHiATOTOBKH

MalOyTHIX y4yuTeaiB 6ioAorii Ta PO3BUTKY ix
JOCAITHUITBKUX HABUYOK.

Buxaan OCHOBHOT'O MaTepiaay.
MaiiOyTHiit yuuTeab 0ioaorii HOBHHEH
BOAOITH KOMIIAEKCOM  JIOCAITHUITBKUX

KOMIIETEHTHOCTEH, 1110 JO3BOASIIOTH HOMy He
AWIIIE TIepelaBaTH 3HaHHS, a i bopMyBaTH B
VYHIB CTiMKi [OOCAIAHUIIBKI HaBUYKU. Lle
nepembadae  3OATHICTH  iHIiIiIOBaTH  Ta
IIPOBOJIUTU BAACHI HAYKOBi MOCAIPKEHHSI, a
TaKOX TpaHCPOPMyBaTH PE3yABTATH ITUX
JOCAII3KEHb y CBOIO MaMOyTHIO mpodecitiHy
MFABHICTE. Taxkuii KOMIIAEKC BKAIOYAE B
cebe:

1. 3gaTHicTh [0 HAYKOBO-II€IATOTiYHOI
[iIABHOCTI: MatiOyTHI BunTeAi GioAoril MarOTh
BOAOMITH HaBUYKaMHU IIPOBEICHHS
CaMOCTIMHUX HAayKOBUX [OCA/KEHBb Ta
TpaHC(POPMyBaHHS  IX  pe3yAbTaTiB ¥y
e(pbeKTHUBHI HaBYaAbHI IPOTPaMH JAS VIHIB.

2. I'anboke PO3yMiHHSA METOIOAOTI]
E€KCIIEPUMEHTAABHOIO  [JIOCAI/[KEHHS — Ta
BMIHHSI 3aCTOCOBYBaTH ii B OCBITHBOMY
nporeci aad  (POpPMyBaHHHA Y IIKOASIPIB
KPHUTHYHOTO MHCAE€HHSI Ta MOOCAITHUIIBKHX
HaBHUYOK.

3. Ilpodpeciitna KOMIIETEHTHICTh y
po3pobii Ta HOpOBEOEHHI HABYAABHHUX
€KCIIEpUMEHTIB, aHaaily JaHuX Ta
iHTEepHperallii pe3yAabTaTiB, IO CIPHUSE

PO3BUTKY y YUHIB HAYKOBOi I'paMOTHOCTI.

4. dopmyBaHHI B  y4HIB  CTiMKHX
JOCAITHUITLKUX KOMIIETEHTHOCTEH: MatiOyTHi
BUYHTEAl MaroTh BOAOMITH Habopom
IHCTPYMEHTIB Ta METOAMVK, fKi MO3BOASIIOTH
pPO3BUBaTHU B V4YHIB 3MAaTHICTD 110
CaMOCTiFHOIro Ti3HAHHS, IIOCTaHOBKHU
mpoOAeM Ta MOIIIYKY BiAIOBiaeH.

S. CTBOpEHHHA OCBITHBOTO CEPENOBUIINA,
dKe CTUMYAIOE iHHOBaIIUHICTD Ta
KpeaTUBHICTb yYHIB, a TaKOX PO3BUBAa€ ixXHi
HaBUYKHU CIIBOpalli Ta KOMYyHiKalli B
TIPOILIEC] CITIABHUX JIOCAITZKEHb.
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Integration of disciplines. This includes:
combining biology with physics, chemistry,
mathematics and technology in one course
or project; using biological problems to
demonstrate the application of
mathematical models, physical laws and
chemical reactions; using technology to
collect, analyze and visualize data.

Integration of disciplines in the process
of teaching biology is a powerful tool for
developing complex thinking and research
skills in future teachers [5]. The
combination of biology with physics,
chemistry, mathematics and technology
allows for a more holistic picture of natural
phenomena and processes.

During the integration of disciplines,

future Dbiology teachers develop the
following research skills 1.Systems
thinking. The ability to see the

interconnections between different natural
phenomena and processes. For example,
when studying photosynthesis, one can
consider the physical processes of light
absorption, chemical reactions that occur
in chloroplasts, and mathematical models
that describe the rate of photosynthesis.

Comprehensive data analysis. The
ability to collect, process and analyze data
from various sources (biological, physical,
chemical) to obtain reliable results.

Modeling. Ability to create mathematical
and computer models of biological
processes, which allows to predict the
results of experiments and test hypotheses.

Design of experiments. The ability to
design experiments that combine
knowledge from different disciplines. For
example, during a botany class, students
used sensors to measure temperature,
humidity, and light to investigate the effect
of various factors on plant growth, and
then processed the data using statistical
methods.

Interdisciplinary = communication. An
interdisciplinary approach in the training
of future biology teachers is extremely
important for the development of their
professional competence. The combination
of botany, zoology, physiology, anatomy
and biology teaching methods allows one to

6. 3maTHicTb azanTyBaTH cydacHi
TEXHOAOTIi Ta MeToOW HaB4YaHHA [Ad
PO3BUTKY V VUHIB HOCAIHUIILKUX HaBHUYOK,
10 BiamoBigaroTk BUMoram XXI CTOAITTS.

BinmoBifHO OCHOBHUMH HAaIIpSIMKaMH

peaaizartii STEM-ocBiTM y  HpoIleci
HiATOTOBKYU MaMOyTHiIX BYHTEAIB Oioaorii B
apyHi dopMyBaHHSA JOCAITHUITEKUX
HABHYOK €:

Inmeepauis ducyunnin. Bkarogae B cebe:
noemHaHHs Oioaorii 3 Qi3uKoO, XiMi€ro,
MaTEeMaTHKOIO Ta TEXHOAOTIIMH B paMKax
OHOTO HABYAABHOTO Kypcy abo IIPOEKTY;
BUKOPHUCTAHHSA OIOAOTIUHMX 3amad  [OAd
JEMOHCTpALlii 3aCTOCyBaHHSI MaTeMaTHYHUX
mopeaet, (Pi3MYHHX 3aKOHIB Ta XIMIYHHUX
peaxiiiii; 3aAydeHHsI TeXHOAOTH masg 300py,
aHaaizy Ta Bi3yaaizallii JaHUX.

InTerpartiss AUCIUIIAIH B ITPOLIECi HaBYaHHS
Gioaorii € MOTY:KHMM IHCTPYMEHTOM [IASI
PO3BUTKY KOMIIAEKCHOTO  MHCA€HHS  Ta
JOCAITHUITBKMX  HABUYOK Yy MaMOyTHIX
yuureaiB [5]. [ToemaanHa Gioaoril 3 i3HUKOIO,
XiMIi€IO, MATEMATHKOIO Ta TEXHOAOTISIMH
JIO3BOASIE CTBOPUTHU OIABII ITIAICHY KapTHHY
IPUPOSHUX SIBUIIL i IIPOLIECIB.

[limx 4yac i”Terpamii AUCIUMAIH Y
MaiOyTHIX BYHTeAIB Gioaorii dopmyroThcs
TaKi JOCAIMHUIIbKI HABUYKU 9K: 1.CHucreMHe
MICAEHHS. 3MAaTHICTL 0AYUTH B3a€EMO3B 93KH
MDK PISHUMH HOPUPOOHHMH SBUIAMH Ta
npouecaMy. Hampukaazn, HOpu BHBYEHHI
doTOoCHHTE3y MOXKHA PO3TAIHYTH (Pi3udHi
IIpOIleCH  IOTAMHAHHSI  CBIiTAQ, XiMIidHIi
peaxiiii, 10 BimOyBarOTbCH B XAOPOIIAACTAX,
Ta MaTeMaTW4dHI MOJEAi, III0 OIIMNCYIOTH
IIBUAKICTb (POTOCHUHTESY.

Komnnerxcruii aHaniz oOaHux. BwminHga
30upaTy, oOpOOASITH Ta aHAaAI3yBaTHU OaHi 3
pi3HUX mKepea (6iororiuHi, dizuyHi, XiMidHi)
[ASI OTPUMAaHHS JOCTOBIpPHUX PE3yALTATIB.

MooenwosgaHHs. 3OaTHICTE CTBOPIOBATU
MaTeMaTH4Hi Ta KOMITIOT€pPHI  MOJeAi
OGioaoriyHMX  IIporeciB, IO  JI03BOASIE
IIPOTHO3YBATH PE3yAbTATU EKCIIEPUMEHTIB
Ta [IePEBIPATH TilIOTE3U.

ITpoexmyearHs excnepumermis. BmiHHga
PO3pOOASITH  EKCIIEPUMEHTH, B  SKHX
OEAHYIOTBCA 3HAHHA 3 PI3HUX AUCLIMIIAIH.
Hanpukaan, mig wac mapu 3 OoraHiKH
3m00yBadi OCBITH OAS JOCAIMKEHHS BIIAUBY
pisHHX  (hakTOpiB HaA  picT  POCAMH
BUKOPHUCTOBYBaAH JaTIUKU s
BUMIpIOBaHHY TeMIIEpaTypH, BOAOTOCTI Ta
OCBITAGHOCTI, a HOTiM OOpPOOHUTH OTpPHMAaHi
[aHi 3a JOTIOMOTOI0 CTATUCTHYHHUX METOMIB.
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create a holistic view of living organisms
and the processes that occur in them.

An example of the integration of
disciplines in the process of training future
biology teachers is tama: Studying the
structure and functions of a cell.
Combining biology with physics (studying
diffusion, osmosis), chemistry (studying
biological molecules) and mathematics
(calculating the surface and volume of a
cell).

Integration of disciplines in the process
of teaching biology is a key factor in
developing research skills in future
teachers. This approach allows one to
create a more holistic picture of the natural
world, promotes the development of critical
thinking, creativity and readiness to solve
complex problems.

- Project activities. Developing skills in
planning, research, analysis of results, and
presentation; creating projects that have
practical relevance and solve real
problems; using various technologies to
create prototypes and models.

Project-based learning is one of the most
effective teaching methods that allows
students not only to acquire knowledge but
also to develop the key competencies
necessary for successful professional
activity [6]. The role of project activities in
the training of future biology teachers is
especially important, as it helps them
develop the research skills necessary to
organize effective research activities for
students.

Project-based activities are a powerful
tool that allows future biology teachers to
develop a range of research skills necessary
for effective teaching. Here is an example of
some of them:

- Developing the ability to ask questions
and formulate a problem: Students learn to
identify current problems in the field of
biology and formulate research questions
that can be addressed within the project.

- Development of information retrieval
skills. Students learn to find the necessary
information from various sources and
analyze it.

MixoucyunniHapHa KOMYHIKAUISL.
MixkAUCIIMIIAIHAPHUM TIAXiA Y MOiATOTOBIIL
MafOyTHIX yduTeAiB Gioaorii € Haag3BHYIAKHO
BaKAHUBUM AL PO3BUTKY IXHBOI ITpodeciiiHol
KoMmIereHTHOCTI. IloemHanHa  OorTaHiKH,
300n0rii, (piziosorii, anaromii Ta MeTOAMKH
HaBYaHHS 0ioAOTii  /I03BOASIE  CTBOPHUTH
IIiAicHE ySIBA€HHSI IIPO 3KMBI OpraHiaMu Ta
POIIECH, IO B HUX BiIOYBAIOTHCA.

[IpukAamoM iHTerpailii AOUCLUIIAIH @y
IIPOLIECI IIiATOTOBKKU MaMOyTHIX Y4YHTEAIB
Oionorii MozKe cayryBaTH TamMa: BuBueHHS
OymoBu Ta (QyHKLIH KaiTuHH. [loegHaHHS

Gionorii 3 pi3mKo0 (BUBYEHHs audya3il,
ocMmocCy), XIMi€I0 (BUBYEHHSI GiOAOTIYHUX
MOAEKYA) Ta MATEMaTHKOIO (PO3paxyHKH

IIOBEPXHi Ta 00'eMy KAITHHH).

lgrerpamia  gucCLUNAIH B mIporieci
HaBYaHHA 0i0AOTil € KAI0O9OBUM (QaKTOPOM
JAS PO3BUTKY JOCAITHUIIBKUX HABHYOK Y
MarOyTHIX yumreaiB. lle¥ miaxizm mo3Boase
CTBOPUTH OiAbII iaicHy KapTHHY
IPUPOAHOIO  CBITYy, CIHpPHIE  PO3BUTKY
KPUTHYHOTO MHCAEHHSI, TBOPYMX 3Ii0HOCTEH
Ta TOTOBHOCTI [0 BHPIIIEHHS CKAQIHHUX

IpodAEM.

- IIpoekTHa [iSIABHICTE. PosBuTok
HaBUYOK MIAQHyBaHHS, IIPOBENEHHS
[OCAI/DKEHBb,  aHaaidy  pes3yapTaTiB  Ta

IIpe3eHTAalli{; CTBOPEHHS IIPOEKTIB, 9Ki MAIOTh
IPaKTUYHY 3HAYYIIICTD i BUPIIIYIOTh PeaAbHi
IpoOAEMH; BUKOPUCTAHHS Pi3HUX TEXHOAOTIH
AL CTBOPEHHS IIPOTOTHIIB Ta MozieAeH.
[TpoekTHA AIFABHICTD € OJHHUM 3 HAHOIABIII
ePEeKTUBHUX METOIB HaBYaHHd, SKUH
[03BOASIE 3700yBadaM OCBITH HE TIABKU
3n00yBaTH 3HAHHS, aA€ ¥ pO3BHUBATH KAIOYOBI
KOMIIETEHTHOCTI, HeoOXimHi [mas ycCIHiHol
npodpecitinoi  misapHOCTI  [6].  OcoGamBO
BaXKAMBA POAb IIPOEKTHOI MiSIABHOCTI Y
miaroToBii MaMOyTHIX y4uTeaiB 6ioaorii,
OCKIABKH BOHA CIIPHs€E€ (POPMyBaHHIO B HUX
JOCAITHUITEKUX HABUYOK, HEOOXITHMX AL

oprasizartii e(peKTHUBHOI JIOCAILTHUITEKOL
[ISIABHOCTI y4HIB.
[IpoekTHA  OiSIABHICTE €  IIOTYKHUM

IHCTPYMEHTOM, SIKHH [I03BOASIE MaMOyTHIM
yuaureaasM  6ioaorii  po3BHHYTH  IiAuM
KOMIIAEKC JIOCAILTHHUITBKUX YMiHb, HEOOX{MHUX
OAsT e(PEeKTHBHOI IIe[aroriyHOi iABHOCTI.
HaBenemo npuraan AedKUX 3 HHUX:

-  dopmyBaHHS BMiHHS
3alMTaHHg Ta (QOPMYAIOBATH
3no6yBadi OCBITH HaBYaIOThHCS
aKTyaAbHI IpoOAeMH B TaAy3i

CTaBUTH

mpobaemy:
BH3HAYATH
Oioaorii Ta
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- Research planning: Future teachers
develop a detailed research plan, determine
methods of data collection and analysis.

- Conducting experiments: Teacher
candidates learn how to conduct
experiments using a variety of equipment
and materials.

- Data analysis and interpretation of
results: Students learn how to process
data, create graphs and tables, and draw
conclusions.

- Presentation of results: Future biology
teachers learn to present the results of
their work wusing various forms of
information presentation (oral reports,
presentations, posters).

- Development of critical thinking:
Students learn to analyze the results of
their research, identify errors and suggest
ways to eliminate them.

- Teamwork: Working on joint projects
develops communication, interaction, and
responsibility sharing skills.

Thus, project activities are an effective
tool for developing the research skills of
future biology teachers. It allows students
not only to acquire theoretical knowledge
but also to apply it in practice, while
developing such important qualities as
creativity, critical thinking, teamwork, and
independent decision-making.

- Conducting laboratory, practical work,
and experiments that require the use of
modern equipment and software, analyzing
the data obtained and  drawing
conclusions. Conducting  laboratory,
practical work and experiments is an
integral part of the training of future
biology teachers. These activities have a
significant impact on the development of
research skills. The main aspects that
contribute to this development are: the
formation of practical skills in working with
equipment, the development of research
thinking, the acquisition of planning and
organization skills, the formation of
cooperation skills, and preparation for
professional activities.

-Use of computer technologies.
Application of computer programs for
modeling biological processes, data

processing and creating presentations; use

OPMyAIOBATH OOCAIMHUIIBKI ITUTAHHS, GKi
MOXKHa BUPIIIUTH B paMKax IIPOEKTY.

- P0o3BHUTOK HaBUYOK ITONIYKY iH(OpMALTii.
3mobyBadi  OCBITHM BYATHCS  3HAXOIUTU
HeoOXimHy iHdopMalito 3 Pi3HUX IIKEpPeA,
aHaai3yBaTH ii.

- [laaHyBaHHS O0OCAimMKeHHS: MaiOyTHi
VIUTEAl PO3POOASIIOTH OETaABHUH  IIAQH
IIPOBEIEHHS  JOOCAI/DKEHHS, BH3HA4YaIOTh
MeToau 300py Ta aHaAi3y JaHUX.

- [IpoBeneHHA eKCIIEpUMEHTIB: 3n00yBadi

OCBITH HaBYarOThCS IIPOBOIUTU
€KCIIEPUMEHTH, BUKOPHUCTOBYIOUU
pi3HOMaHiITHe 00AaIHAHHS Ta MaTepiaAH.

- AHaai3 pgaHUX Ta  iHTepIpeTallis
pesyabTatriB: 3mo0yBadi OCBiTH BYATHCH
006pobasgTH  oTpuMaHi gaHi, OymgyBaTH

rpadiku, TabAUIl Ta POOUTH BHCHOBKHU.

- [IpesenTanis pesyabrariB: MaibyTHI
BuHTEAl 6ioAoril HABYAIOTHECS IIPE3EHTYBATH
PE3yABTaTH CBOEI poOOTH, BUKOPHUCTOBYIOUH
pisHi dopMu mnpencraBaeHHHA iHQoOpMallil
(ycHi momnoBini, mpe3eHTallii, Irocrepmy).

- Po3BUTOK  KpHUTUYHOIO MHCAEHHSI:
3mobyBadi OCBITH HABYAIOTHECS aHAAI3yBaTH
pE3yABTaTH CBOIX [JOCAI/PKEHBb, BHABASTH
IIOMHAKM Ta IIPOIIOHYBATH IIAGXU iX
YCYHEHHS.

- CriBiparis B KoMaHzi: PobGora Ham
CIIABHUMH IIPOEKTAMH PO3BHBAE HaABUYKU
KOMyHiKallii, B3aeMmomii Ta  PO3MIOmiAy
BIAIIOBIIAABHOCTI.

TakuMm YWHOM, IIPOEKTHA MOIIABHICTH €
e(peKTUBHUM iHCTPYMEHTOM [ASI PO3BUTKY
JOCAITHUIIBKUX YMiHb MadOyTHIX yJIUTEAIB
Gionorii. BoHa 103BOAsIE CTyA€HTaM HE TiABKH
3MO0yTH TEOpEeTHYHi 3HAHHS, ase ©
3aCTOCyBaTH iX Ha MPaKTUIL, PO3BHUBAIOYU
Ipu LBOMYy TaKi BasKAUBI $KOCTi, 4K
KpeaTUuBHICTb, KPUTHUYHE MHUCAE€HHS, BMiHHSI
IpamfoBaT B KOMAaHI Ta CaMOCTiMHO
IpuiiMaTH PillleHHS.

- IlpoBenenns Aa00PaTOPHUX,
IPaKTUYHUX pPOOIT, EKCIEePUMEHTIB, IO
BUMAaramTb  BHUKOPHCTAHHA  Cy4acCHOTIO

obAaTHAHHS Ta IIPOTrPaMHOTO 3a0e3MeYeHH,
aHaAi3 OTPUMaHUX JaHUX Ta (POPMYAIOBAHHS
BUCHOBKIB. [IpoBeneHHs AabOpaTOpPHUX,
IPakKTUYHUX POOIT Ta EKCIIEpUMEHTIB €
HEBI/1 €MHOIO 4aCTHHOIO HiATOTOBKH
MaiiOyTHIX yuumreaiB Oioaorii. Lli Bug
OIIABHOCTI MaloTh 3HAYHUE BIIAMUB Ha
dopMyBaHHA JOCALTHUITBKIX YMiHB.
OCHOBHI acCHeKTH, $Ki CIPUSIOTH IIHOMY

287



Zhytomyr Ivan Franko State University Journal. Pedagogical Sciences. Vol. 1 (120)

Bicrux 2KumomupcoKozo 0epiagHoz0 YHigepcumemy imeHi Isara dpanka.
ITeoazoeiuni Hayku. Bun. 1 (120)

of online resources for information search
and collaboration with other researchers,
development of digital literacy.

- Curriculum integration. Development
of effective curricula using the STEM
approach, development of the ability to
create interesting and interactive learning
materials for students; use of STEM
technologies in teaching, familiarization
with modern STEM technologies that can
be used in biology lessons.

Modern STEM technologies provide
unprecedented opportunities for the
development of research skills in future
biology teachers. They allow: simulating
real research processes; collecting and
analyzing large amounts of data;
collaborating in an online environment;
creating interactive materials.

We used the following STEM
technologies in the training of future
biology teachers:

1. Biological simulators that allow you
to model various biological processes,
conduct virtual experiments, and analyze
the results. (For example, the PhET project,
which includes a number of simulators.
Cell division simulators: allow you to
visualize mitosis and meiosis. Ecosystem

simulators: allow you to model the
interaction of different species of
organisms and the impact of

environmental factors on them. Evolution
simulators: allow you to observe the
process of evolution of populations under
the influence of various selection factors.)
Virtual Cell. Allows to study the structure
and functions of a cell.

2. 3D printers (3D pens): Allows you to
create models of organs, tissues,
molecules, which contributes to a better
understanding of their structure and
functions. The students created and
printed 3D models of cells, organs, and
plants, which contributed to a better
understanding of their structure and
function.

3. Online collaboration platforms:
Facilitate the exchange of ideas, joint work
on projects, and the development of
communication skills.

PO3BUTKY 1e: (POPMyBaHHS HIPAKTUIHUX
HABHYOK POOOTH 3 00AaHAHHSIM, PO3BUTOK
JOCAITHUITHKOI'O MHCAEHHS], HaOyTTS
HAaBHYOK NAQHYyBaHHS Ta opraHizattii pobory,
dopMyBaHHA HaBUYOK criBIpart,
migroToBKa 10 IPodeciiHol MisTABHOCTI.

- Bukopucranusa KOMITTOTEPHUX
TEXHOAOTIH. 3acTocyBaHHS KOMIIIOTEPHUX
IporpaM [Asi MOJIEAIOBAHHS 0iOAOTIYHUX
IpoleciB, OOpPOOKM OaHMX Ta CTBOPEHHS
Ipe3eHTalli; BHUKOPHUCTaHHA OHAAUH-
pecypciB  maa  TomIyKy iHcopmarni Ta
CIiBIIpali 3 IHIIMMH  JOCAIIHUKAMHU,
PO3BHUTOK IIU(PPOBOI I'PAMOTHOCTI.

- Imrerpailia HaBYaABHHX  IIpOrpaM.
Po3pobka e(PeKTUBHUX HaBYaAbHUX
nporpaM 3 BHUKOpHUcTaHHAM STEM-minxomy,
PO3BUTOK yMiHHSI CTBOpPIOBaATH IliKaBi Ta
IHTEpPaKTHUBHI HaBYaAbHI MaTepiaanm [Oad
y4HiB; BukopucTadHs STEM TexHoaoriyt y
HaB4YaHHI, O3HAWOMAEHHd 3 Cy4acHUMH
STEM TEXHOAOTISIMH, SKI MO>KHAa
BHKOPHUCTOBYBATH Ha ypOKax 0ioAOTii.

CyuacHi STEM-TexHOoAOrIi HagaroTh
OesrperleIeHTHI MOXKAWBOCTI [IASI PO3BHUTKY
JOCAIMHUIIBKUX  HaBUYOK y  MaMOyTHIX
yuuteaiB  Giosorii.  BoHM = I03BOASIOTE:
CHUMYAIOBaTH pPeaAbHi MOCAITHUITBKI IIPOLIECH;
30HpaTH Ta aHAAI3YBATH BEAWKI OOCSTH JAHUX;
CIiBIpalfoBaT B  OHAAMH-CEPEIOBHILL;
CTBOPIOBATH iHTEpaKTHUBHI MaTepiasu.

[Tix 9ac MiATrOTOBKHM MaMOyTHIX YIHUTEAIB
Gionorii Mu BuKoOpucTOByBaau Taki STEM-
TEXHOAOTIH:

1. DBioaoriuni CUMYASTOPH, 110
[O3BOASIOTE  MOJEAIOBATH  Pi3HOMAaHITHI
GioAOTiYHI ITpOIIECH, IPOBOAUTH BipTyaABbHI
€KCIIEpUMEHTHU Ta aHaAi3yBaTH pPe3yAbTaTH.
(Hampukaan mpoekt-PhET, 110 BMmilye B cobi
pan cuMyaaTopiB. CHMyASITOPH KAITHHHOIO
IIOMiAY: [O3BOALIOTH Bi3yaaidyBaTH MITO3 Ta
MeHo3. CUMyASTOPH €KOCUCTEM: 03BOATIOTH
MOIEAIOBATH  B3a€EMOMII0 PI3HHUX  BUIIB
OpraHiaMiB Ta BIIAMB Ha HHX (AaKTOpPIB
[OBKiaAg. CUMYASITOPH €BOAIOLLI: JI03BOASIFOTH

CIIOCTEpPIraT  3a  IIPOLIECOM  €BOAOLIii
HOmyAdItii  mim  miero  pisHUX — PaKTOpiB
Bintbopy). Virtual Cell. Jo3Boasie

JOCAIDKYBaTH OyI0BY i (OYHKIIIT KAITHHU.

2. 3D-mpuntepu (3D-pyukm): [darorTb
3MOT'y CTBOPIOBATU MOJEAI OpPraHiB, TKAHUH,
MOAEKYA, IO CIIPUSE KPaIloOMy PO3YMiHHIO
ixgpoi OymoBu Ta QyHKIi#. 3molOyBadi
OCBITH CTBOpOBaAu Ta ApykyBaau 3D-
MOJZEAL KAITHH, OpraHiB, pPOCAHH, IO
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4. Virtual and augmented reality.
Students could conduct experiments in a
safe virtual environment without access to
real equipment. Using smartphones or
tablets, future teachers could explore the
structure of organs and systems of the
human or animal body in a three-
dimensional format. (Virtual biology lab,
Augmented reality for anatomy)

5. Simulation modeling of biological

processes. Students created and ran
simulations  that simulate various
biological processes, such as

photosynthesis, mitosis, and evolution.

Thus, the use of STEM technologies in
the process of training future biology
teachers allows to develop critical thinking,
form research skills, promote creativity,
and prepare teachers capable of using
modern technologies in the educational
process.STEM technologies as tools that
embody the ideas of STEM education play
a key role in the development of research
skills of future Dbiology teachers,
contributing to their professional training
and ensuring high competitiveness.

It is important to note that for the
effective development of research skills, it
is necessary to use modern equipment and
software that will allow students to
familiarize themselves with the tools they
will use in their future professional
activities. Ensure an individual approach
to each student. Each student has their
own characteristics, so it is important to
create conditions for the development of
their individual abilities. To create an
atmosphere that stimulates curiosity and a
desire to explore.

Conclusions and research
perspectives. The development of future
biology teachers' research skills through
STEM education is a key factor in
modernizing the educational process and
training specialists capable of forming
students as creative, critical thinkers ready
for the challenges of the modern world. The
study confirms that STEM education plays
a key role in developing the research skills
of future biology teachers.

The integration of disciplines promotes
the development of systemic thinking,

CIIPUSAO  KpalloMy PpO3yMiHHIO IXHBOL
OymoBU Ta (PYHKITIH.

3. OmnaafiH-mIAATOPMHU 1A CIIIBIIpALLi:
Cropugarore OOMiHY imesamu, CriAbHIE poboTi
Ha/1 IIPOEKTAMH Ta PO3BUTKY KOMYHIKATUBHUX
HaBHYOK. (Zoom, Google Meet).

4. BiptyasbHa Ta JOIIOBHEHA
peasbHicTb. 3mobyBadi  OCBITH  MOTAM
IIPOBOAUTU EKCIIEPUMEHTH B Oe3[eYHOMY
BipTyaAbHOMY CEPEAOBHILI, HE MAarodu
JOCTYIly [0 PEaAbHOTO obAamHaHHS. 3a
JOTIOMOTOI0 CMapTQOHIB abo IAaHIIETIB
MafOyTHI y4YWUTEAl MOTAM [JOCAIKYyBaTH
OynoBy OpraHiB Ta CHCTEM OpraHi3My
AIOMHH abo TBapuH Yy TPUBHMIipHOMY
dopmari. (Virtual biology lab, Augmented
reality for anatomy).

S. Cumyasiitine MOJEAIOBaHHSA
GioaoriuHmx mporieciB. 3mo0yBadi OCBiTH
CTBOPIOBAaAHM Ta 3allyCKaAM CHMYALIlii, gKi
iMiTyIOTH pPi3HOMaHITHI 0iOAOTIYHI ITpOIIeCH,
Taki SK (OTOCHUHTE3, MIiT03, EBOAIOLIS.
(frontiersin.org).

Orxke, Bukopucrands STEM-texHoaorit B
IIpolleci MiATOTOBKM MaMOyTHIX yYHUTeAiB
Gioaoril [I0O3BOASIE PO3BHBATH KPUTHUYIHE
MUCAEHHS, dopmyBaTH JIOCAITHUITBKI
HaBWYKH, CIIPUATH PO3BUTKY TBOPYHUX
3mibHOCTEH, MATOTYBaTH BYHTEAIB, 3MaTHUX
BHKOPHUCTOBYBaTH Cy4YacHI TEXHOAOT B
ocBitHbOMYy  mporeci.STEM-texHosorii gk
iHCTpyMeHTH, w0 BriatoloTs inei STEM-
OCBITH, BiOirparoTh KAIOUOBY POAb Y PO3BHUTKY
JTOCAITHUITBKUX HABUYOK MatOyTHIX YUHUTEAIB
Gioaorii, crmpusroun IxHiE 1npodecitiHii
OiaroToBII  Ta  3a0e3redyrour  BHCOKY
KOHKYPEHTOCIIPOMOKHICTb.

BaxkanBo 3a3HaYNTH, 110 A €(PEKTHBHOIO
PO3BUTKY OOCAIMHUIIBKUX YMiHb HEOOXiITHO
BHUKOPHCTOBYBATH CydacHe o00AaqHaHHA Ta
IporpamMHe 3a0e3ledYeHHsI, 0 [03BOAWTH
3nobyBadaM  OCBITM  O3HAWHOMHUTHCH 3
IHCTpyMEHTaMU, axi BOHU OyoyTh
BUKOPHUCTOBYBaTH y  CBOlli  MaiiOyTHii
podpeciiHit JiSIABHOCT!. 3abesregn T
IHIUBIMyaAbHUH iIXio 40 KOXKHOTO 3mo0yBada
ocBitu. KoskeH 37100yBad Ma€e CBOI OCOOAMBOCTI,
TOMY Ba3KAMBO CTBOPUTH YMOBH [ASl PO3BUTKY
Horo iHmuBimyasbHHX 3midHocTed. CTBOpHTH
atMocepy, dKa CTHMYAIOE [OIUTAHBICTB i
OasKaHHS TOCAIKYBaTH.

BHCHOBKH 3 ZaHOTO MOOCAifKeHHs i
IEPCNEKTHBH IOAAABIIHX PO3BiIOK.
PO3BUTOK OOCAIMHUIIBKUX YMiHB MafOyTHIX
yauteaiB 6Oioasorii 3a momomororo STEM-
OCBITM € KAIO4OBHUM  (PakTOpOM  [AS
MOJEpHi3allii OCBITHBOIO  IIPOIIECY Ta
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comprehensive data analysis, and the
ability to communicate interdisciplinarily.
Project activities stimulate the
development of planning, research,
analysis and presentation skills, as well as
the ability to work in a team. Laboratory,
practical work and experiments contribute
to the acquisition of practical skills in
working with equipment, the development
of research thinking and preparation for
professional activities. The use of computer
technology allows you to model biological
processes, process data, create
presentations and develop digital literacy.
The integration of curricula contributes to
the creation of effective curricula using the
STEM approach and the development of
the ability to create interesting and
interactive learning materials.

We see prospects for further research in
the development of effective models for
integrating STEM  components into
curricula. It is necessary to develop
detailed methodological recommendations
for the implementation of STEM education
in the training of biology teachers, which
will take into account the specifics of
different educational institutions and the
level of training of students.

IiaroToBKU (PaxiBIliB, 3MaTHUX (PopMyBaTH
VUHIB SK TBOPYHUX, KPUTHYHO MHCASTYIHNX
ocobucrocreif, TIOTOBHUX [0 BHKAHKIB
cydacHoro cBiTy. [IpoBeneHe OOCAiMKEeHHS
minrBepKye, o STEM-ocsita Bigirpae
KAIOYOBY POAB ¥ (POPMYBaHHI TOCAITHHUITEKUX
HABHYOK MaMOyTHIX yauTeAiB 6ioAorii.
IuTerpaltia OUCIUIIAIH CIIPUSE PO3BUTKY
CHUCTEMHOIO  MMCA€HHS,  KOMIIAEKCHOTO
aHaaizy JTaHUX Ta 3MaTHOCTI 10
MIiXKIUCIIUTIAIHApHOI KOMyHiKartii. [IpoekTHa
[ISIABHICTE CTHUMYAIOE PO3BUTOK HaBHYOK
IIAaHyBaHHd, IIPOBEAEHHSA  JOCAIZKEHB,
aHaAi3y pe3yAbTaTiB Ta [Ipe3eHTallii, a TAK0XK
dopMye BMiHHA [pPAIlOBATH B KOMAaHI.

AaGopatopHi, TIpakTU4Hi poboTH  Ta
€KCIIEpUMEHTHU CIIPULIOTH HaOyTTIO
MIPAKTUIHUX HAaBHYOK pobotu 3

obramHAHHSAM, PO3BUTKY [IOCAITHUIIEKOIO
MHCAEHHS Ta IIATOTOBI [0 IIpodpecitiHoi
OisiabHOCTi. BuKOpHCTaHHSA KOMIIIOTEPHUX
TEXHOAOTIH JO3BOASIE MOJIEAIOBATH 0Gi0AOTIYHI

IpolecH, oOpoOAATH [aHi, CTBOPIOBATH
IIpe3eHTallii Ta  pPO3BHUBATH  IIM(PPOBY
TPaMOTHICTE. IaTerpaitia HaBYaABHUX

IIporpaM CIIpUS€ CTBOPEHHIO €(EeKTUBHUX
HaBYaABHUX IIporpaM 3 BHKOPHUCTAHHSIM
STEM-mtinxomy Ta  pPO3BHUTKY  BMIiHHY
CTBOpIOBaTH IjkKaBi Ta IHTEpPaKTHBHI
HaBYaAbHI MaTepiaan.

[lepcrieKTHBH IOAAABIINX IOCALIKEHB
BOagaeMO B PO3po0Il epeKTUBHUX MOJEACH
igrerpamnii STEM-KOMIIOHEHTIB y HaBYaAbHI
nporpaMu. HeoOximHO po3poOutu AeTasbHi
METOAWYHI pekoMeHaartii 11010
BrIpoBazkeHHsT STEM-0CBiTH B i ATOTOBKY
BuYUTeAiB 0ioaorii, gKi BpaxoByBaTHMyTb
crerudiKy pi3HUX HaBYaABHUX 3aKAQMiB Ta
PiBeHbB ITiATOTOBKY 3M00yBaviB OCBITH.
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