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ARTIFICIAL INTELLIGENCE TECHNOLOGIES AS A TOOL FOR MODERNIZING
GEOGRAPHY DIDACTICS IN GENERAL SECONDARY EDUCATION

T. V. Yemchuk*

The article examines the didactic potential of artificial intelligence technologies in teaching
geography in general secondary education institutions. The relevance of the issue is substantiated
in the context of digital transformation of education, modernization of learning content, and
implementation of innovative pedagogical practices. It is determined that the integration of artificial
intelligence technologies into the educational process corresponds to current international and
national trends in educational development and is aimed at improving learning effectiveness,
personalizing instruction, and fostering students’ research skills and digital competence.

The study analyzes contemporary scientific approaches to the use of artificial intelligence in
education, including the works of foreign and Ukrainian scholars devoted to intelligent tutoring
systems, adaptive learning platforms, automated assessment, and digital educational resources. It
is established that the didactic feasibility of using Al technologies specifically in geography teaching,
as well as their influence on the development of spatial thinking and geographical competence of
students, remains insufficiently explored.

The article reveals the theoretical foundations of using artificial intelligence technologies in
modern geography didactics on the basis of constructivist, sociocultural, and competence-based
approaches. It characterizes the practical possibilities of applying Al and digital tools in geography
education, including geographic information systems, satellite data, digital mapping platforms,
adaptive systems, and generative tools. The didactic capabilities of modern resources are
summarized in a table, and a conceptual model of integrating Al technologies into geography
teaching is proposed.

The research shows that the use of artificial intelligence technologies contributes to increasing the
visibility of learning materials, developing students’ spatial thinking, analytical and research skills,
and supporting individualized learning. At the same time, the main challenges related to academic
integrity, teachers’ digital competence, ethical use of digital resources, and personal data protection
are identified. It is concluded that Al technologies represent a promising tool for modernizing
geography didactics in general secondary education institutions.
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TEXHOAOTII IIITYYHOI'O IHTEAEKTY SIK IHCTPYMEHT MOAEPHI3AIIIL
OUOAKTHUKHU FEOT'PA®PIL Y 3AKAAZIAX 3ATAABHOI CEPEIHBOI OCBITH

T. B. EMuyK

Y emammi docniookeHo OudaKkmuuHUll NOMEeHYIA MeXHON02L UWMYUHO20 IHMeleKmy 8 Ha8UaHHI
2eozpadpii y 3axnadax 3azanvHoi cepedHvoi oceimu. OOTPYHMOBAHO aAKMYAlbHICMb npobremu 8
ymosax uyugpposoi mparcgopmayii ocgimu, MoOOepHi3ayii 3micmy HABUAHHSL MO 6NPOBAOIKEHHS
IHHOBAUIUHUX nedazo2iuHUX npakmuk. BusHaueHo, W0 iHMezpayiss mexHON02ill WmyuHoz20
iHmesieKkmy 8 OC8imHIli npouec 8i0N08i0Ae CYUACHUM MIKHAPOOHUM | HAUIOHATLHUM MEeHOeHUIIM
po3sumKYy oceimu ma CnpsimMo8aHd HA NIOBUUWEHHST eheKmusHOCMI HABUAHHS, NEepPCOHANI3AUII0
0C8IMHB020 Npoyecy, Po38UMOK 00CNIOHUULKUX YMIiHb | UUDPOBOTI KoMnemeHmHoCmi YyuHie.

IIpoaranizoeaHo cYuacHi HayKosi nioxoou 00 BUKOPUCMAHHSI ULMYUHO20 iHMeseKkmy 8 oceimi,
30Kpema npayi 3apybiKHUX | YKPATHCOKUX YUEHUX, NPUCBSIUEHI THMeleKmyanbHUM HABUATbHUM
cucmemam, AOANMUSBHUM NAAMPOPMAM, ABMOMAMUIOBAHOMY OUIHIOBAHHIO ma UUdposum
oceimHimM pecypcam. 3’sC08GHO, WO HEOOCMAMHBO OOC/IOKEHUMU 3AAUULAIOMBCS. NUMAHHS
oudaxmuuroi doyinbHocmi sukopucmaHHs Al-mexHonoeili came Yy euxknadaHHi zeozpadii, ix enausy
HA POPMYBAHHSL NPOCMOPOBO20 MUCSECHHSL MA 2e02PAPIUHOL KOMNEMEHMHOCML YUHIS.

Y emammi pozkpumo meopemuuHi 3acadl 8UKOPUCMAHHSL MEXHO02IU WMYUuHo20 (Hmesiexkmy &
cyuacHili oudaxkmuyi zeozpadgpii HA OCHO8L KOHCMPYKMUBICMCbKO20, COUIOKYAbMYPHO20 ma
KOMNemeHmMHiCHO20 nidxo0ig. OxapaKmepu3o8aHO NPAKMUUHL MOIKAUBOCMI 8UKOpUCMAHHS Al- ma
yugposux IHCmMpymeHmie Y HABUAHHI e2eozpadpii, 30Kpema 2e0iHPOPMAYIUHUX cucmem,
cynymHukogux OaHUX, UYUpposux KapmozpagdiuHux naiamgopm, adanmueHux cucmem i
2eHepamueHuUxX IHempymeHmia. Y3a2anbHeHO OUOAKMUUHL MOAKAUBOCMI CYUACHUX pecypcis Y 8uznsiol
mabauyi ma 3anponoHO8AHO KOHUenmyanibHy mooens iHmezpauyii Al-mexHonozili Yy HABUAHHS
2eoepadpii.

BcmarosneHo, wo SUKOPUCMAHHSL MEXHOJ02l UWMyuHo20 IHMesneKkmy cnpusie nio8UUeHHIO
HAOUHOCMI HABUAIBLHO20 MamMepiany, po3sumMKy npocmopos8oz0 MUCAEHHS, AHOUMUYHUX 1
O00C/IOHUUbKUX YMIHb YUHI8, a makox iHOousidyanizayii HasuaHHs. BooHouac oKpecsieHO OCHO8HI
BUK/IUKU, NO08’S13aHl 3 aKademiuHoro 000pouecHicmio, UYugpposord KOMNEMeHMHICMmIo euumes,
eMUUHUM BUKOPUCMAHHSIM UUPPOBUX pecypcie 1 3axXUCmoOM NepCcoHANbHUX OaHux. 3pobreHo
B8UCHOB0K, W0 Al-mexHon02ii € nepcneKmueHUM THCMPYMEeHMOM MOO0epHi3ayii oudaxmurxu 2eoepacpii
8 3aK1a0ax 3a2atbHoi cepedHbOi oceimu.

Knrouoei cnoea: wmyuHuii iHmenexkm, oudaKkmuka z2eozpadii, zeoepagpiuHa oceima, 3arxiaou
3azanbHOi  cepedHbOL oc8imu, NpPoCcmMopo8e MUCAEHHS, Uugposl mexHOo2l, ezeoepadiuHa
KomMnemeHmHicme.

Introduction of the issue. The rapid IlocTaHOBKa  INpoOAeMH. CrpimMKui
development of digital technologies in the | pozBuToK 1HpPoOBHUX TexHoAOTIH y XXI
twenty-first century has  significantly | croaiTTi cyrreBo TpanHcdoOpmye OCBITHIH
transformed the educational landscape, | Ipoctip, 3yMOBAIOIOYH ITOSIBY HOBUX ITiAXOMIB
giving rise to new approaches to organizing | 1o opranizaiii = HaBYaABHOIO  IIPOIIECY,
the learning process, updating educational | oHOBAEHHSI 3MICTy OCBITH Ta PO3IIHPEHHS
content, and expanding the possibilities of | moxkAMBOCTEH IEeJATOTIYHOI  iSABHOCTI.
pedagogical practice. One of the most| OguuM i3  HaMOIABIII  IMIEPCIIEKTHBHUX
promising directions of the digital | HanpawmiB 1HppoBoi TpaHchopMallii OCBITH €

transformation of education is the | Bukopucrauusa TEXHOAOTIH LITYYHOTO
application of Artificial Intelligence (Al) | inTeaekty (Artificial Intelligence, Al). Cy4acHi
technologies. Contemporary research | JOCAII>KEHHS CBimuaTh, 1110 HITYYHUH

indicates that artificial intelligence is | iHTEAEKT IIOCTYIIOBO IHTErpyeThCS Vy Pi3HI
gradually being integrated into various | cdepu CyCHiABHOTO KUTTH, 30KpemMa B
spheres of social life, particularly into the | cucremy ocBiTH, g€ pPO3rAgOaETECI H9K
education system, where it is regarded as a | iHcTpyMeHT  miABHIIEHHA  e(EKTUBHOCTI
tool for enhancing learning effectiveness, | HaBuaHHs, IepCcoHaAizarrii OCBITHBOTO
personalizing the educational process, | Ipolecy, onrTUMI3aIlii MeJarorivHoi B3aEMOIii
optimizing pedagogical interaction, and |Ta BIOCKOHAA€HHS MEXaHI3MIiB OIlIHIOBAHHS
improving the mechanisms for assessing | HaBYaABHUX JOCATHEHB y4HiB [11].
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students’ learning outcomes [11].
International organizations and research
institutions emphasize that the
implementation of AI technologies has
considerable potential to address a number
of pressing educational challenges. In
particular, UNESCO documents highlight
that artificial intelligence can contribute to
the modernization of educational systems,

broaden access to quality education,
enhance the flexibility of learning, and
promote the development of innovative

pedagogical practices [21]. At the same time,
the Organisation for Economic Co-operation
and Development (OECD) notes that
generative artificial intelligence is already
exerting a substantial influence not only on
teaching and learning methods but also on
forms of knowledge assessment, the nature
of pedagogical interaction, and the overall
organization of the educational process [17].

In contemporary educational research,
artificial intelligence is viewed as a tool
capable of supporting the learning process
through intelligent tutoring systems,
automated assessment, adaptive learning
platforms, and learning analytics.
Numerous studies emphasize that Al can

facilitate personalized learning, analyze
students’ educational performance, identify
learning  difficulties, and recommend

optimal educational pathways [9; 12; 23].
Furthermore, recent research findings
confirm that the application of Al
technologies can positively affect students’
motivation to learn, cognitive engagement,
participation in the educational process,
and the overall quality of learning outcomes
[9; 12].

Within the  Ukrainian educational
context, the relevance of this issue is
reinforced by national strategic policy

documents. In December 2021, the Cabinet
of Ministers of Ukraine approved the
Concept for the Development of Artificial
Intelligence in Ukraine until 2030, which
envisages the integration of Al technologies
into education, the economy, public
administration, cybersecurity, defense, and
other sectors in order to ensure the
country's long-term competitiveness [3].
Another important milestone in the
modernization of the educational system
was the Education 4.0: Ukrainian Sunrise

MixkHaponHi opradisailii Ta HayKOBi
iHCTHUTYIILi] HaroAOlIyIOTh, 1110
BIpoBa/KeHHI Al-TexHoAOTiHl Mae 3HAYHUN
IOTEHITiaA OAS BUPIIIEeHHS HU3KHU

aKTyaAbPHHX IIpobaeM OcBiTH. 30Kpema, y
nokyMeHTax IOHECKO minkpecAroeThcd, 110
IMTYYHUH iHTEeAeKT MO3Ke CIIPUATH
MOJIepHi3allii OCBITHIX CHCTEM, PO3LIUPEHHIO
OOCTYILy MO0 SKICHOI OCBITH, ITiABHUIIIEHHIO
THYYKOCTi HaB4YaHHS Ta PO3BUTKY
iHHOBAIIMHUX IIearoriYyHUX MpPakKTHUK [21].
Bonnouac Oprasniszariig €KOHOMIYHOTO
cuiBpobiTHuIITBa Ta po3BuUTKy (OECD)
3a3Hayae, M0 TIE€HEPaTUBHUMN LITYYHUU
IHTEeAEKT y2Ke iCTOTHO BIIAUBa€ HE AHIIIE Ha
criocobu HaBYaHHd, a ¥ Ha ¢QopMu
OLIiHIOBaAHHA 3HAaHb, XapaKTep MeJaroriyHoi
B3a€EMOil Ta  opra”izamiro  OCBITHBOTO
Ipo1iecy 3arasom [17].

Y cydacHi#i meparoriyHid HayIlll OITYYHHH
IHTEAEKT PO3TAda€eThbCd SK IHCTPYMEHT,
3MaTHUH MiATpUMyBaTU HaBYaAbHUU IIpoliec

Jepes BUKOPHUCTAHHS iHTeAEKTyaAbHHUX
HABYAABHHUX  CHCTEM, aBTOMATHU30BAHOI'O
OIliHIOBaHHSI, aIarITUBHUX OCBITHIX

AaTOpM Ta aHaAITHKY HAaBYAABHUX JAHUX.
Y fGaraThoxX MOCAIMZKEHHSIX ITiIKPECAIOETHCH,
1110 Al MOZKE 3abe3reyyBaTu
iHOUBiAyaaizalito HaBYaHHS, aHaAi3yBaTu
OCBiITHI  pe3yAbTaTH  y4HIB, BHUSIBASITH
HaBYaAbHI  TPyAHOLI Ta  IIPOIOHYyBaTH
OITHMAaAbHiI OCBITHiI Tpaektopii [9; 12; 23].
Kpim TOTrO, pesyabTaTH CydacHUX OOCAIIZKEHb
OiATBEPKYIOTh, IO 3actocyBaHHa  Al-
TEXHOAOTIHM 3/1aTHE MO3WUTHBHO BIIAMBATH Ha
MOTHBAllil0O Y4YHIB [0 HaBYaHHH, IXHIO
[i3HaBaAbHY aKTUBHICTB, PIBEHb 3aAyYE€HOCTL
B OCBiTHIH mpomec 1 4KIiCTh 3aCBOEHHS
HaBYaAbHOIO MaTtepiaay [9; 12].

B yrpaiHCELKOMYy OCBITHBOMY ITPOCTOPI
aKTyaAbHICTH 1miei npobAeMaTHKHU
TIOCHUAIOETECS  JEPKABHUMH CTPaATEriYHUMHU
nokymeHTamu. Y rpyaHi 2021 poky Kabiner
MinicTpiB Ykpainm 3arBepamB KoHilemitito
PO3BUTKY LITYYHOIO IHTEAEKTYy B YKpaiHi o0
2030 poky, ska nepemdadae iHterpairiio Al-
TEXHOAOTIH y cdepy OCBiTH, €KOHOMIKH,
IIyOAIYHOTO  yIIpaBAiHHS, KibepOesreky,
obopoHHM Ta iHHI TaAy3d 3  METOIO
3a0e3nedeHHs JTOBIOCTPOKOBOI
KOHKYPEHTOCIIPOMOKHOCTI  AepkaBu  [3].
BaxkauBHUM KpPOKOM y MOJAEpPHi3allii OCBITHBOL
CUCTEMHU cTrasa TaKOXK IIporpama
Tpancdopmanii "Ocsita 4.0: yrpaiHCBHKUH
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transformation program, presented by the
Ministry of Education and Science of
Ukraine in 2022 [6]. Its central objective is
to employ advanced digital technologies to
improve the quality of education, prepare
learners for life in a digital society, and
foster their critical thinking, -creative
problem-solving abilities, professional
adaptability, and lifelong learning
competencies.

In this context, investigating the potential
of artificial intelligence technologies in
teaching geography at general secondary
education institutions becomes particularly
relevant. This is determined by the specific
nature of geography as a school subject,

which integrates natural, social,
environmental, and spatial-analytical
components. Its content is closely

associated with the use of cartographic
materials, geographic information systems
(GIS), statistical data sources, satellite
imagery, digital maps, and spatial models.
Consequently, the implementation of Al
technologies in school geography education
should be regarded not merely as a means
of diversifying classroom instruction but
also as a factor contributing to the
modernization of didactic approaches, the
development of spatial thinking, research
skills, and students’ geographical
competence.

At the same time, the use of artificial
intelligence in education gives rise to a
number of challenges related to academic
integrity, the ethical use of digital resources,
personal data protection, information
reliability, and the need to develop new
digital competencies among teachers.
Therefore, investigating the  didactic
potential of AI technologies in geography
education constitutes an  important
direction of contemporary educational
research and pedagogical practice.

Current state of the issue. The
application of artificial intelligence in
education has become an active area of
research among both international and
Ukrainian scholars. Research in this field
encompasses a broad range of issues, from
the philosophical and theoretical
foundations of educational digitalization to
the analysis of the effectiveness of specific
intelligent educational systems, adaptive

CBiTaHOK", TIIpe3eHTOBaHa MiHicTepCTBOM
ocBiTH i Hayku Ykpainu y 2022 poui [6]. [i
KAIOYOBa ifless TIoadra€ y BHUKOPHCTaHHI
HOBITHIX TUPPOBUX TEXHOAOTIH AL
[iIBUIIIEHHST SKOCTI OCBITHBOTO IIPOIIECY,
OiITOTOBKU 37400yBadiB OCBITU [0 KHUTTS B
MUPPOBOMY CYCITIABCTBI Ta (POpMyBaHHS B
HHUX 30AaTHOCTI OO KPUTUYHOIO MHUCAECHHS,
TBOPYOIO PO3B’s3aHHs IIpobaeM, rmpodpecititol
THYYKOCTi Ta 6e3I1epepBHOTO CAMOPO3BHUTKY.

N LILOMY KOHTEKCTI1 0Cco0AMBOI
aKTyaAbHOCTI HabyBae JIOCAITPKEHHS
MOJKAMUBOCTEH BHKOPHCTAHHS  TEXHOAOTIH

HITYYHOIO IHTEAEKTY y BHKAAaHHI reorpadii
B 3aKA3/IaxX 3araabHoOi cepemHboi ocBiTH. Lle
3YMOBAEHO CHEIU(MIKOI0 CcaMoro IIpeaMera,
OCKiABKH Teorpadiss IOeQHYE MPUPOAHUYUH,
CYCITIABHUM, E€KOAOTIYHHM Ta IIPOCTOPOBO-
AQHAAITHYHME ~ KOMIIOHEHTH. i  3MicT
OesnocepeqHLO IIOB’SI3aHUE i3 POOOTOIO 3

KapTorpadiyHUMH MarepiaraMH,
reoindopMaItliiHUMHU CHUCTEMAaMHU,
CTATUCTHIYHUMU JGKEepeAaMH,
CYIIyTHUKOBUMHU JaHUMH, U POBUMHU

KapTaMU Ta IIPOCTOPOBUMHU MogeaaMmu. Came

TOMYy  BHKOpHUcTaHHa  Al-TexHoaorilti y
HIKIABHIM reorpadiyHii OCBITi MOXKe
BUCTYTIATHU He AUIIIE aK 3acib

YPi3HOMaHITHEHHS VPOKYy, a S{K YHHHHUK
OHOBAE€HHS MIUAAKTHYHUX IIiIXOMIB, PO3BUTKY
IIPOCTOPOBOTO  MHCAEHHSI, JIOCAITHUITBKUX
yYMiHB i reorpadigyHOi KOMITETEHTHOCT] Y4HIB.
Boanouac BUKOPUCTaHHS IITyYHOTO
IHTEAEKTy B OCBITI TIOPOKyE  HUBKY
BUKAUKIB, IIOB’SI3aHUX i3  HIHTaHHIMU
akazeMiyHOi  J100POYECHOCTI, eTUYHUMU
acrieKTaMu BUKOPUCTAHHS U POBUX
PECypCiB, 3axXUCTOM IIEPCOHAABHUX MOaHUX,
OOCTOBipHiCTIO  iHdopMamii, a  TakKoX
HeoOXiaHICTIO POPMyBaHHS HOBHUX ITU(PPOBUX
KOMIIETEHTHOCTEH IearoriB. Y 3B’a3Ky 3 IIUM
JOCAI/DKEHHS AUAAKTUYHOIO MHOTeHIlaay Al-
TEXHOAOTIi y HaByaHHI reorpadii €
BasKAUBUM HallpgMOM CY4acCHOI ITeJarorigyHoi
HayKH i IpakKTUKHU.
AHaaiz  HayKOBHX
nmyOaikamiii. [IpoGaeMa  BHUKOPHCTAHHS
HITY4HOIO IHTEAEKTY B OCBITI aKTHUBHO
JOOCAIKYETBCA SK  3apyOi>KHMMH, TarK i
YKpaiHCBKMMH BYeHUMH. HaykoBi mpaiii B
IIiff raay3i OXOINAIOIOTH IIHPOKUH CIEKTP
OUTaHb: Bix (PIAOCOPCBKUX i TEOPETHIHUX
3acan 1m(poBizalii OCBiTH OO0 aHaaizy
e(PEKTUBHOCTI KOHKPETHUX IHTEACKTyaAbHHX

MOCALIIKEeHD i
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learning platforms, automated assessment,
and the ethical challenges associated with
the use of Al in education.

Among international researchers, a
significant contribution to the development
of the theory of artificial intelligence in
education has been made by I. Lee, J. Lee,
K. Lee, and G.Hwang, who, in their
systematic review, analyzed the effectiveness
of Al technologies in the educational
process, particularly their impact on
learning outcomes, student motivation, and
the organization of the learning environment
[13]. The researchers demonstrate that
artificial intelligence is most effective when it
is employed not as an isolated technology
but as an integral component of a
comprehensive pedagogical system.

In the works of S. Russell and P. Norvig,
the possibilities of applying Al tools in
teaching and learning are examined,
particularly for the  preparation of
instructional materials, the organization of
communication, the development of
assessment tasks, and the support of
personalized learning [20]. Thus, Al can be
beneficial for both teachers and students;
however, its effectiveness depends directly
on teachers’ pedagogical expertise, digital
competence, and their ability to critically
evaluate digital content.

A special place in contemporary research
is occupied by the works of W. Holmes,
M. Bialik, and C. Fadel, in which artificial
intelligence in education is interpreted as a
tool for supporting personalized learning,
adaptive assessment, and pedagogical
guidance [12]. The authors emphasize that
Al should not be regarded as a substitute
for teachers; rather, its greatest value lies in
expanding teachers’ capacity to differentiate
instruction, analyze educational outcomes,

and design individualized learning
pathways.
Systematic reviews of contemporary

research also confirm that the use of
artificial intelligence can positively influence
students’ academic achievement, learning
motivation, and the development of creative
abilities. In particular, A. Vieriu and
G. Petrea emphasize that, when
pedagogically integrated appropriately, Al
technologies contribute to a deeper
understanding of educational content and

OCBITHIX CHCTEM, aUalTUBHUX NIAAT(OPM,
aBTOMATHU30BAHOIO OIlIHIOBAHHS Ta E€THYHUX
BHKAUKIB 3acTocyBaHHA Al B HaB4YaHHi.
Cepen 3apyOisKHHUX OOCAITHUKIB ITOMITHHH
BHECOK Y PO3BHUTOK TeOpii BHKOPHCTAHHS
LIITy4YHOIO iHTEAEKTY B OCBiTi 3pobuam I. Ai,
k. Ai, K.Ai Ta [Ix. XBanr, gdKi B
CHUCTEMaTHUYHOMY OTASZli  IIpoaHaAizyBasu
edpekTUBHICTE Al-TeXHOAOTIH y HaBYAABLHOMY
IIporleci, 30KpeMa ixHifi BIIAUB Ha pe3yAbTaTH
HaB4YaHHS, MOTHUBAIlII0 YYHIB Ta OpraHizallito
ocBiTHROTO cepenoBumia [13]. [JocaimHHUKH
JOBOAATDH, 10 INTYYHUN iHTEAeKT HaMbiAbII

pPEe3yABTATHBHO TIIposgBAde cebe B THUX
BUITQIKaX, KOAM BHUKOPHUCTOBYETHCS HeE
i130ABOBAHO, a H9K CKAQOHHUK  I[iAiCHOL

[1eJaTOTiYHOI CHCTEMHU.

Y mpaugx C.Pacceaa i II. Hopsinra
PO3rASIAAIOTECS MOXKAMBOCTI BUKOPHCTAHHS
Al-iHCTPYMEHTIB y TPOIIECi BUKAQ[AHHA Ta
HaBYaHHS, 30KpeMa AL IIiATOTOBKH
HaBYaABHUX MaTepiaais, opraxizartii
KOMYHIiKallii, CTBOPEHHd TECTOBHX 3aBIaHb
Ta HiITPUMKH IHIVBiOyaAi30BaHOTO
HaBuyaHHa [20]. Orxke, Al wmoxke Oyt
KOPHUCHUM 4K [Ad BUYHUTEAS, TaK i OAd y4HS,
omHaK #oro egeKTUBHICTL Oe3rocepesHbo
3aAeXKUTh Bif, piBHA e JaroriyHol
MadcTepHOCTI, UGPPOBOi KOMITETEHTHOCTI Ta
BMiHHS KPUTHYHO OIIHIOBATH ITU(PPOBUY
KOHTEHT.

OcobauBe Micrie B Cy4aCHHX
JIOCAIIPKEHHAX TocCimaroTh Ipaili B. Xoamca,
M. Biaaik i Y. dageasda, y FKUX OITYIHHN
IHTEAEKT B OCBITI TPAKTYETHCA SIK iIHCTPYMEHT
OIITPUMKH [E€PCOHAAI30BAHOTO HABYAHHS,
aJIaIITHBHOTO OIIHIOBAHHS Ta II€JATOTiYHOIO
cynpoBoay [12]. ABropu 3a3HadaroTh, 110 Al
He TIIOBHHEH pO3TASfaTHCd €K 3aMiHa
BYHUTEAL; HABIIAKM, MOro HaMbiAbIIA IHHHICTD
roadra€e B PO3IIMPEHHI  MOXKAMBOCTEH
negarora ImIomo audpepeHItialii HaBYaHHS,
aHaai3y OCBITHIX pes3yAbTaTiB Ta MTOOYyIOBH
IHAWBIyaAbHUX HaBYaABHUX TPAEKTOPIN.

CucreMaTu4Hi oradau Cy4aCHHUX
OOCAI/DKEHb TaKOXK ITiATBEPMKYIOTh, III0
BUKOPHUCTAHHS IITYYHOTO IiHTEAEKTY MOKe
IIO3UTHBHO  BIAMBATH Ha  aKaJeMidHy
YCIIIIHICTh, V4HIB, PiBEHb IXHBOI MOTHBAIIil
[0 HaB4YaHHA Ta pPO3BUTOK TBOPYUX
3nibuocTedt. 3okpema, A. Biepiy Ta I [leTps
aKIIEHTVIOTh yBary Ha ToMy, 1110 Al-TexHoAoril
3a HaAeKHOI I1e1arorigHol iHTerpartii
COPUSIOTH OIiABIII TAMOOKOMY 3aCBOEHHIO
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enhance students’ engagement in the
learning process [22]. At the same time,
H. Garzén, E. Patino, and C. Marulanda
highlight not only the advantages but also
the challenges associated with the use of Al
in education, including unequal access to
digital resources, the risks of superficial
learning, and ethical concerns [9].

Within the context of geography
education, particular importance is attached
to studies devoted to the use of geographic
information systems (GIS), digital
cartographic resources, satellite data, and
spatial analysis technologies. M. Goodchild
emphasizes that contemporary geography
increasingly relies on the analysis of large
datasets, geographic information systems,
and digital modeling of spatial processes
[10]. This, in turn, creates favorable
conditions for integrating Al into geography
education, as the subject inherently involves
systematic work with spatial information,

maps, statistical data, and analytical
materials.

Ukrainian scholars also devote
considerable attention to the issues of
educational digitalization and the
application of AI technologies in the

teaching and learning process. The works of

A. Kolomiiets, @ O. Kushnir, and other
researchers address the integration of
artificial  intelligence into educational

environments, the development of teachers’
digital competence, methodological support
for the implementation of modern
technologies, and the regulatory framework
for the digital transformation of education
[1; 4].

Therefore, the analysis of scholarly
research indicates that artificial intelligence
represents a promising direction for the
development of contemporary didactics. At
the same time, further investigation is
required into the pedagogical
appropriateness of applying Al technologies

specifically in geography education, the
peculiarities of their integration into
classroom instruction, the didactic

functions of individual digital resources, as
well as the impact of Al on the development
of students’ spatial thinking and
geographical competence.

Outline of unresolved issues brought
up in the article. Despite the substantial

HaBYaABHOTO MaTepiaay Ta  IIOCHAEHHIO
3aAy4EHHS Y4YHIB 10 OCBITHBOIO IIpollecy [22].
Haromicte X.Tapcon, E.Ilarinefio Ta
K. MapyaaHga IIOKPECAIOIOTH HE  AWIIE
ImepeBarv, a ¥ BUKAWUKU BUKOpPHUCTaHHS Al B
OCBITi, 30KpemMa IIOB’d3aHi 3 HEpPiBHICTIO
JOCTYIIy 0 LHU(PPOBUX PECYPCiB, pHU3UKaAMU
dopMasbHOTO HaB4YaHHA Ta IIpobaeMaMH
€TUYHOI0 XapakTepy [9].

Y  KOHTeKCTi reorpadivaHoi OCBiTH
BasKAHBOI'O 3HA4YEHHI HabyBarOTh
JOCAIPKEHHs, IIPHCBAYEHI BHUKOPUCTAHHIO
reoiHdopMaITifHIX CHCTEM, MU POBUX
KaprorpadiyHUX PecypciB, CYIIyTHUKOBUX
OaHUX 1 TEXHOAOTIM IPOCTOPOBOTO aHAaAizy.
M. I'youa#inm IigKpecAOOTh, ILI0 CcydacHa
reorpacpia aenasi OiAbIIE CITUPAETBCA HAa
aHaai3 BEAUKHX MaCHBIB JaHUX,
reoindopMariiHi cucreMr Ta OUQPPOBE
MOIEAIOBaHHS ITPOCTOPOBUX mporeciB [10].
Ile, cBO€rO dYEProrw, CTBOPIOE CIIPUATAUBE
OiarpyHTa gas iHterpauii Al y HaBuaHHA
reorpacpii, OCKIABKM caMe Led IpeaMer
repeadadae CUCTEMHY PoOOTY 3 IPOCTOPOBOIO
iHopManieo, KapTaMy, CTATUCTUIHUMH Ta
aHAAITHYHHUMH MaTepiasaMu.

YKpaiHCBKi HaAyKOBIIi TaKOX IIPUOIASIOTH
3HA4YHy yBary mnpobaemMaMm 1mudpoBizartii
OCBiTH Ta BUKOpPHUCTaHHS Al-TexHoAoTiHl Y

HaBYaAbHOMY ITPOLIECI. Yy pamsax
A. KoaoMielrs, O. KymuHip Ta IHIIMX
JTIOCAITHUKIB PO3rAIIat0TECA IIUTaHHS
igTerpamii NOITYyYHOrO IHTEAEKTY B OCBITHE
CepeoBHIIIE, dopmyBaHHS 1 poBoi
KOMIIETEHTHOCTI IIE€IAaroriB, METOINYHOIO
CYIIPOBOLY BUKOPUCTAHHS Cy4acHUX

TEXHOAOTIH Ta HOPMATUBHOIO 3abe3reyeHHS
nudpoBoi TpaHcdopmMarlii ocBitH [1; 4].
Otke, aHanilz HaAYKOBUX [JOCAIIKEHb
CBIiTYUTh, 0 [OITYyYHWH  IHTEAEKT €
MEPCIIEKTUBHUM HaTIPSIMOM PO3BHUTKY
Cy4acHOI AMAAaKTHUKHU. BoaHo4ac I1ogasbIIoro
BUBYEHHS IIOTPEOYIOTH IIUTaHHS
IIeJaroriyHoi JOIABHOCTI BHUKOpUCTaHHA Al-
TEXHOAOTIi camMe B HaB4daHHi reorpadii,
ocobauBocTeH ix  iHTerpamii B  YPOK,
OUOAKTUYHUX (PYHKINH OKpPEMUX ITU(PPOBUX
pecypciB, a TakoxX BranBy Al Ha
dopMyBaHHS IIPOCTOPOBOTO MMCAEHHS Ta
reorpadiqHoi KOMIIETEHTHOCTI y4HIB.
BuznireHHs HeBHpillIeHHX panimre
YaCTHH 3araAbHOI IIPOOAEMH, SKHM
IPHCBAYYETHBCA cTaTTa. l[lompu 3HaAYHY
KIABKICTD HayKOBUX JIOCAIT>KEHb,
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body of research devoted to the application

of artificial intelligence technologies in
education, several aspects remain
insufficiently explored. In  particular,

contemporary educational research has paid
insufficient attention to the didactic features
of integrating Al technologies into geography
teaching in general secondary education
institutions.

Most scholarly studies focus on the
general issues of applying artificial
intelligence in education, whereas the
specific application of Al tools in teaching
individual academic subjects, particularly
geography, requires more in-depth
investigation. Insufficient attention has been
devoted to the didactic appropriateness of
using specific digital and Al tools, their
impact on the development of students’
geographical competence, and their role in
fostering spatial thinking.

Furthermore, scholarly literature lacks
systematic approaches to the classification
of digital and Al-based resources that can be
used in the school geography curriculum, as
well as methodological recommendations for

their integration into the educational
process. The number of studies aimed at
analyzing the pedagogical conditions
necessary for the effective implementation of
Al technologies within the context of
contemporary didactics also remains
limited.

Thus, there is a need for a comprehensive
investigation of the didactic potential of
artificial  intelligence  technologies in
geography education, which determines the
relevance of the present study.

Aim of the research is to analyze the
didactic potential of artificial intelligence
technologies and to identify the prospects
for their application in geography education
in general secondary education institutions.

Results and discussion. The integration
of artificial intelligence technologies into the
educational process is grounded in the
fundamental principles of educational
theory and contemporary concepts of digital
education. The use of Al in the didactics of
geography should be regarded not merely as
a technological innovation but as a
component of the transformation of the
educational paradigm, combining traditional
pedagogical approaches with new digital

IIPUCBSYEHNX BUKOPHCTAHHIO TEXHOAOTIM
HITYYHOIO iHTEAEKTY B OCBITi, HU3KAa acIIeKTiB
3aAWIIAETECHE  HEIOCTATHBO  PO3POOAEHOIO.

3okpema, y CcydacHii mHemaroriyHii Hayi
HEJIOCTATHBO YBaru NpHUAIA€HO OTUAAKTHYHHUM
ocobanBocTsM iHTerpari Al-TexHoaorilt |y
HaB4YaHHS Teorpadii B 3akagmax 3arasbHOI
CepenHBoi OCBITH.

BiapImricTs HayKOBHX IHpallb 30CepesKeHa
Ha 3araAbHUX IIHTAHHAX BHUKOPHCTAHHS
HITY4YHOIO IHTEAEKTy B OCBiTi, TOOlI $K
crerudika 3acrocyBaHHs Al-iHCTpyMEHTIB y
BHKAQIaHHI OKpEeMUX HaBYaAbHHUX
OUCLIUTIAIH, 30Kpema reorpadii, morpelye
Oiabmr  ramboKoro amHaaidy. HemocraTHBO
J[OCALT?KEHUMHU 3aAUNIAIOTHCH IUTaHHS
OUMAKTUYHOI  JOIIABHOCTI  BUKOPHUCTAHHS
KOHKPETHUX MUQPPOBUX i Al-iIHCTpyMEHTIB, ix
BIOAMBY Ha (QopMyBaHHdA reorpadidHoi
KOMIIETEHTHOCTI  y4YHIB Ta PO3BUTOK
IIPOCTOPOBOIO MUCAEHHH.

Kpim Toro, y HayKoBiH aAiTepaTypi BiACyTHi
CHUCTEMaTH30BaHI IMaxomu A0 Kaacuirariil
mucppoBux i Al-pecypciB, III0 MOXYyTb OyTH
BHKOPHUCTAaHI ¥ IIKIABHOMY Kypci reorpadii, a
TaKOXX METOAUYHI peKoMeHJallii HIozmo ix
iHTerpartii y HaBYaAbHUHN IIPOILIEC.
OOMesKeHOI0 € 1 KIABKICTE IOCAIIKEHB,
CIIPIMOBaHMX Ha aHaAi3 MNeAaroriYyHux yMOB
e(PEeKTUBHOTO BUKOPHUCTAHHA Al-TeXHOAOTIH ¥
KOHTEKCTi Cy4acHOi TUIAKTHUKH.

TakuM  4mHOM, IicHye  moTpeba y
KOMIIA€KCHOMY [OCAI/GKEHHI AUAAKTUYHOIO
IOTEHINAaAy TEXHOAOTIH MITYYHOIO IHTEAEKTY B
HaB4YaHHI reorpacii, 1m0 ¥ 3yMOBAIOE
aKTyaAbHICTB ITbOTO JOCAIKEHHSI.

MeTor0 cTaTTi € aHajai3 AUAAKTHYHOIO
IOTEHINIaAy TEXHOAOTIH IIITyYHOTO iHTEAEKTY
Ta BU3HA4YEHHH IIEPCIIEKTUB ix
BHKOPUCTAHHA Y HaB4yaHHI reorpadii B
3aKAalax 3araAbHOI CEPeIHBOI OCBITH.

Buxraan, OCHOBHOTO MaTepiaay.
IaTerpailia TEXHOAOTIM HITYYHOIO iHTEAEKTY y
HaBYaAbHUH  IIPOLIEC  IPYHTYETBhCS  Ha
dyHIaMEHTAaABHUX [TOAOKEHHIX ITearorivHoi
Teopii Ta CydacHHMX KOHIEHISX IHQPOBOI

ocBiTu. Bukopucranaa Al y guoakTuii
reorpadii caim po3ragmaTH He AUWIIEe HGK
TEXHOAOTIYHY iHHOBAIlil0o, a S$IK CKA3J0BY

TpaHcdopMallili OCBITHBOI TAPaIUTMHU, IO
HOEAHYE TPAOUIMHI IIegaroriyHi miaxoau 3

HOBHMH TP POBUMH iIHCTpyMeHTaMU
HaBYAaHHA.
CyuyacHa OUIaKTHKA posragaae
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learning tools.

Contemporary  didactics views the
educational process as a complex system of
interaction among students, teachers, and
the learning environment. The theoretical
foundations of this interaction have evolved
from  classical pedagogical concepts,
particularly constructivism and
sociocultural learning theory. One of the key
theoretical foundations of contemporary
didactics is the constructivist approach
developed in the works of J. Piaget.
According to his theory, knowledge is not
transmitted directly from teacher to student
but is constructed through the learner’s
active cognitive engagement [18]. In the
context of geography education, this implies
the need to create conditions that enable
students to independently analyze
cartographic  materials, spatial data,
statistical information, and natural as well
as socio-economic processes.

L. Vygotsky’s sociocultural theory
emphasizes the crucial role of social
interaction in the process of knowledge
construction. The scholar developed the
concept of the zone of proximal development,
according to which learning is most effective
when students receive appropriate support
while performing more complex tasks [7]. In
today’s digital educational environment,
such support can be provided by intelligent
tutoring  systems, adaptive learning
platforms, digital assistants, and other Al
tools that help students understand
educational content, obtain clarification,
and receive individualized explanations.

Within the didactics of geography, the
concept of spatial thinking occupies a
central position. Researchers from the
National Research Council emphasize that
the development of spatial thinking is one of
the primary objectives of geography
education, as it enables students to analyze
spatial patterns of natural and social
processes, interpret maps, models, and
spatial data [16]. Contemporary digital
technologies, including Geographic
Information Systems (GIS), remote sensing,
interactive cartographic platforms, and
digital visualization tools, considerably
expand the opportunities for developing
these competencies.

Particular attention has been devoted by

HaBYaABHHUH IIpoec 4dK CKAQIHY CHCTEMY
B3a€M0}.‘[ﬁ y‘-IHiB, VIUTEAd Ta HaB4YaABHOI'O

cepenoBumia. TeoperwyHi 3acagu  ILiel
B3aeMoil cchopmyBaauncs Ha OCHOBI
KAACUYHUX I1e1aroTiYHHX KOHIIEIIITiH,
30KpeMa KOHCTPYKTHBIi3MY Ta

COLLIOKYABTYpPHOI Teopii HaB4yaHHa. OOHIi€I0 3
KAIOYOBUX TEOPETUYHHX OCHOB Cy4acHOL
OUIAKTUKHU € KOHCTPYKTHUBICTCBKUM Iiaxin,
cchopmyaroBaHutt y 1pangx K. Iliaxke.
3rifHOo 3 MOro KOHIIEMINE0, 3HaHHS He
repenaroThbCcsd 0e3rmocepelHbo Bifl yIUTEAd 10
y4Hd, a (POPMYIOTBCH Y IIPOLleCi aKTUBHOL
[Hi3HABaABHOI MiIABHOCTI caMmoro y4Hd [18]. Y
KOHTEKCTi reorpadidyHoi OCBITH IIe O3HA4Ya€E

HeoOXiAHICTE CTBOPEHHI YMOB JIAST
CaMOCTIHHOTO  aHaaidy  KaprorpadgidyHux
MaTepiaais, IPOCTOPOBUX JaHUX,
CTATUCTHYHOI iH(opMmarllii, npupomHUX i

COIliIaAbHO-€KOHOMIYHHX IIPOIIECIB.
CouiokyabsTypHa Teopis A. Burorcekoro

[IiIKPECAIOE  BaKAUBY  POAb  COLLiaABHOI
B3aeMoil y mporeci (popMyBaHHS 3HAHE.
YyeHudl  OOIpyHTYBaB  KOHLEMILIO  30HU

HAUIOIUIKU020 pO38UMKY, BiAIIOBIAHO OO0 AKOI
HaBYaHHS € HaHOIABII e(EeKTHBHUM TO/I,
KOAHM Y4Y€Hb OTPHMYy€ IIATPUMKY I dYac
BUKOHAHHS CKAQIHININX 3aBOaHb [7]. ¥
CyJacHOMY TUPPOBOMY OCBITHBOMY
CEepeloBUIIl  TakKy IIATPUMKY  MOXKYTh
3a0e3nedyBaT IHTEAEKTYaAbHI HaB4YaAbHI
CHUCTEMH, a[allTUBHI NAaT(OPMHU, IHEPOBI
IOMIYHUKKA Ta iHIm Al-iIHCTpyMEHTH, $Ki
JOTIOMAararTh YYHEBiI 3pPO3yMITH Marepiaa,
OTpUMAaTH yTOYHEHHS YH I1HAUBiIyaAbHE
TIOSICHEHHSI.

Y mumakTull reorpadii BasKAUBE 3HAYECHHST
Ma€ KOHIIEIIlisd IIPOCTOPOBOIO MHCAEHHS.
Hocaimauku  HarioHaabHOI  DOCAIAHHUIIBKOI
pamu CHIA (National Research Council)
iIKPECAIOIOTb, 110 dopMyBaHHH
IIPOCTOPOBOIO  MHCAE€HHS € OfHI€I0 3
KAIOUOBHX IliAeli  reorpadidHOi  OCBITH,
OCKIABKM caMe€ BOHO [a€ 3MOry Y4HAaM
aHaai3yBaTH IIPOCTOPOBLI  3aKOHOMipHOCTI
IIPUPOIHUX i CYCIIIABHUX IIPOLIECIB,
iHTEpIIpeTyBaTU KapTH, MOJIEAi Ta
npoctropoBi maHi [16]. CydacHi 1mdpoBi
TEXHOAOTiI, BKAIOYAIOYM TIeoiHdopMallifini
CHUCTEMHM, OUCTAHIIIliHE 30HAyBaHHS 3eMAi,
iHTepakTHBHI KaprorpadiuHi maardopMu Ta
muppoBi Bidyaaizarlii, CyTTEBO PO3LUIUPIOIOTH
MO>KAUBOCTI dopMyBaHHA TaKux
KOMIIETEHTHOCTEH.
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researchers to intelligent tutoring systems.
According to B. Woolf, such systems employ
artificial intelligence algorithms to model
students’ knowledge, predict their learning
difficulties, and provide individualized
recommendations throughout the learning
process [23]. In geography education, this
opens significant opportunities for adapting
task complexity to students’ levels of
preparedness, supporting the completion of
analytical exercises, assisting in work with
spatial data, and personalizing individual
learning pathways.

Therefore, the theoretical foundations of
the application of AI technologies in
contemporary geography didactics are based
on the integration of classical pedagogical
concepts with modern digital approaches to
organizing the educational process. Such
integration creates  preconditions for
updating geography teaching methods,
strengthening the research-oriented nature
of geography education, and developing the
competencies that students require for
successful participation in a digital society.

The development of digital technologies
has significantly expanded the possibilities
for applying innovative teaching methods in
the school geography curriculum. Among
these technologies, artificial intelligence
systems occupy a particularly important
place, as they can be used to analyze
geographical data, model natural processes,
visualize complex information, and support
personalized learning.

For geography as an academic discipline,
this is of particular importance because its
content is directly associated with spatial
information, cartographic data, statistical
materials, natural processes, and socio-
economic phenomena. Consequently, the
application of Al technologies in geography
education makes it possible not only to
diversify the presentation of educational
content but also to make the learning
process more scientifically grounded, visual,
inquiry-based, and practice-oriented.

One of the most promising directions in
the application of contemporary digital
technologies to geography education is the
use of Geographic Information Systems
(GIS). Geographic Information Systems are
integrated software environments designed
for the collection, storage, analysis, and

OcobAuBYy yBary MOCAIMHUKU IIPHUITIASIIOTH
IHTEeAEKTyaAbHUM HaBYaABHUM CHCTeEMaM. 3a
BusHaueHHaM bB. Byad, Taxi cucremn
BUKOPUCTOBYIOTbH  QATOPUTMH  IITY4HOTO
IHTEAEKTY A9 MOIEAIOBaHHS 3HAHb V4HS,
IIPOTHO3YBaHHA HOro TPYAHOILIB Ta HaJaHHS
IHAUBIAyaAbHUX PEKOMEHAIliHl y IIpolleci
HaByaHHA [23]. [aa reorpadidHoi OCBiTH Iie
BiIKpHUBa€ BasKAMBI MOXKAWBOCTI: aarrtTallito
CKAQIHOCTI 3aB/aHb [0 PiBHS MiITOTOBKU
Y4HIiB, AOIIOMOIY Yy BHUKOHAHHi aHaAITHYHHUX
BIIpaB, IiATPUMKY B pPoOOTi 3 IIPOCTOPOBUMU
JaHUMH Ta IHAWBiAyaaizallifo OCBIiTHBOI
TPAEKTOPII.

OTke, TEOPETUYHI OCHOBU BHKOPHCTAHHH

Al-TexXHOAOTIH y cyJacHit TUOAKTHULI
reorpadii 6a3yroThCs Ha IO€THAHHI
KAAQCUYHUX IIeJAaroriyHUX  KOHIIEIIUM i3
CydacHUMH LUQPPOBHMH IIAXOOaMHU 10
opraHizarii HaBYaHHI. Came TakKe
IIOEMHAHHS  CTBOPIOE  IIEPEAYMOBH  IAS

OHOBAEHHS METO/IB HaBYaHHS Treorpadii,
IOCHAEHHS 11 [HOCAITHUIIEKOIO XapakTepy Ta
dopMyBaHHA B Y4YHIB KOMIIETEHTHOCTEH,

HEOOXiMHUX [Ad JKUTTA B  IIM(PPOBOMY
CYCITiABCTBI.

Po3BUTOK IH(PPOBUX TEXHOAOTIH 3HAYHO
PO3IINPUB MOZKAHBOCTI BHKOPHUCTAHHS
IHHOBAIIHHUX METO/IB HaBYaHHA y

IIKiIABHOMY Kypci reorpadii. OcobamBe miciie
cepel TaKUX TEXHOAOTIH 3aiiMaioTh CUCTEMU
LITY4HOIO IHTeAEKTY, AKi MOXKYTb
3aCTOCOBYBATHCS [IAS aHAAI3y TeorpadiyHux
JAaHUX, MOJEAIOBAHHS IIPHPOIHUX IIPOIIECIB,
Bi3yaai3artii CKAAQIHOI irdopmarii Ta
HiITPUMKY iHAWBiAyaAi30BaHOIO HaBUYaHHSI.
Ias reorpadii SK HaBYAABHOI MUCITUTIAIHHI
IIe Ma€ 0COOAMBE 3HAYEHHSI, OCKIABKH ii 3MicT
OesnocepeqHbLO MOB’I3aHUM i3 IPOCTOPOBOIO
indopmManiero, KaprorpadiyHUMH OJaHUMH,
CTATUCTHYHUMH MaTepiaaaMu, IPUPOAHUMH
IpollecaMu Ta  COIliaAbHO-€KOHOMiIYHUMU
apuiiamu. Came ToMy 3acTrocyBaHHA Al-
TEXHOAOTIH y reorpadiuHili OCBiTI Hae 3Mory
HeE AUHIIIE YPi3HOMAaHITHHUTHA ronagy
HaBYaABHOTO MaTepiasy, a ¥ 3poOUTH IpoLiecC
HaB4YaHHA OiABIII HAYKOBO OOI'PYHTOBaHUM,

HAOYHUM, [JOCAIAHUIBKUM 1 MIPaKTHUYHO
OPiIEHTOBaHUM.

OmuuMm i3 HaAUOIABIII TIEPCHEKTHBHHUX
HampsMiB BUKOPHUCTAHHS Cy4acCHHUX

IMU(PPOBUX TEXHOAOTIH y reorpadidHiii oCBiTi
€ 3aCToCyBaHHS TIeoiH(opMallifHUX CHCTEM
(GIS). TeoindopmariiiiHi CHUCTEMH HBASIIOTH
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visualization of spatial data. According to
M. Goodchild, GIS enables the analysis of
spatial relationships between natural and
socio-economic phenomena, as well as the
modeling of complex spatial processes [10].
Within the educational process, the use of
GIS contributes to the development of
students’ skills in working with geographical
information, enhances spatial and analytical
thinking, and deepens their understanding
of the interrelationships within the Earth's
geographical envelope.

In the practice of teaching geography at
general secondary education institutions,
various GIS tools may be employed,
including ArcGIS Online, Google Earth,
QGIS, and interactive cartographic
platforms. The wuse of these resources
enables students to investigate landforms,

analyze demographic and climatic
indicators, examine the distribution of
natural resources, explore urbanization

processes, and study regional environmental
issues.

Another important direction involves the
use of satellite data and remote sensing
materials. Satellite imagery allows students
to investigate real changes in the natural
environment, analyze climatic
transformations, monitor vegetation cover,
examine urbanization processes, observe
shoreline changes, detect deforestation, and
study other geographical phenomena.
According to the research of M. Reichstein
and colleagues, combining satellite data
with machine learning algorithms
significantly improves the accuracy of
analyzing natural processes [19]. Within the
school geography curriculum, this provides
extensive opportunities for fostering an
inquiry-based approach to learning, in
which students work not only with textbook
information but also with authentic real-
world data.

Artificial intelligence can also be
employed for the automated analysis of
geographical information. Machine learning
algorithms make it possible to process large
volumes of spatial data and identify patterns
that are difficult to detect using traditional
analytical methods. According to H. Miller
and M. Goodchild, contemporary geography
is increasingly becoming a data-intensive
science based on the analysis of large-scale

Cco00I0 KOMIIAEKC IIpOrpaMHUX 3aco0iB Oas
300py, 30epiraHHs, aHaaidy Ta Bidyaaizarril
IIPOCTOPOBUX [aHHUX. 3a BH3HAYEHHAM
M. I'youatiagma, GIS garoTh 3MOry aHaaizyBaTu
IIPOCTOPOBi B3a€MO3B’I3KH MiXK ITPUPOIHUMHU
Ta COLIlaAbHO-€eKOHOMIYHUMHM SBUIIIAMH, a
TaKOXK MOIEAIOBATH CKAA[HI IIPOCTOPOBI
nporecu [10]. Y HaBYaabHOMY IIpolleci
BuKopuctranHa GIS cropusie dopmyBaHHIO B
V4HIB HaBUYOK pPobOTH 3 reorpadiqHoo
inopmalii€ro, PO3BUTKY IIPOCTOPOBOrO H
aHaAITUYHOTO MUCAEHHS, a TaKOXK
IIOTAUOAEHHIO PO3YMIHHSA B3aEMO3BE3KIB Y
reorpadidHiii 060A0HII 3eMAi.

Y mnparrtuili BHURAaOaHHA Teorpadii B
3aKAazlax 3araAbHOI CcepenHBOI  OCBITH
MOXKYTb  3acTocoByBaTuca  pisHi  GIS-
iHCTpyMeHTH, 30KpeMa ArcGIS Online,
Google Earth, QGIS Ta iHTEpaKTUBHI
Kaprorpadiuai naardopmu. Bukopucranua
TaKHUX pecypciB JTO3BOASIE YIHIM
JOCAII>KyBaTH peabed TepPUTOpPil,
a”HaaizyBatu gemorpadidHi Ta KaiMaTH4HI
[IOKa3HUKH, BUBYATH CTPYKTYPY
IPUPOSHUX pecypcis, IOOCAIZKYBaTHU
ypOaHizallifini mOpollecu Ta €eKOAOTiIdHi
IpoOAeMHU PETIOHIB.

BaskauBum HaIIpsIMOM € TaKOK
BUKOPUCTAHHS CYIyTHUKOBUX [aHUX i
MaTepiasiB  OUCTAHIIMHOTO  30HAyBaHHSA
3emai. CyIyTHHKOBI 3HIMKH [JO3BOAGIOTH
JOOCALIKYBaTU pPeaAbHi 3MiHU Y IIPUPOLHOMY
CcepenoBHIL, aHaAi3yBaTu KAIMaTUYHI
TpaHcdopMallii, CTaH POCAMHHOIO ITIOKPUBY,
npoiiecu ypbanizaitii, 3MiHK1 O0eperoBoi AiHii,
BUPYOyBaHHS AiciB Ta iHm gBuima. 3a
JaHUMH [OocAigzkeHp M. Paiixmratina Tta
CIIiBaBTOPIB, MO€AHAHHHA CYIIyTHHKOBUX
OaHUX 13  aATOpUTMaMH  MAaIIHHHOIO
HaBYaHHA 3HA4YHO IIiABHUIILyE TOYHICTH
aHaaidy MHOpuUpogHUX mHOpoueciB [19]. VY
IIKiABHOMY Kypci reorpadii Iie BigKpuBae
IIMPOKI MOXKAUBOCTI [ad (PopMyBaHHS
JOOCAIMHUIIBKOTO MiAXONy [0 HaBYaHHM,
KOAU Y4YHi ITpalllOIOTh HE AMIIIEe 3 T'OTOBOIO
indopmarltiero  minpyyHwka, a # i3
peaAbHUMHU JaHUMH.

HIrygau IHTEeAEKT MOXKe
3aCTOCOBYBATHCS 1 a9 aBTOMAaTH30BaHOTO
aHaaizy reorpadidHoi indopmartii.
AATOPUTMH MAIITMHHOTO HaBYaHHA Oal0Th
3MOTY 06podAaTH BEAHKI MaCHUBU
IIPOCTOPOBUX JaHUX Ta BUSBAATU
3aKOHOMIPHOCTi, $Ki CKAaQHO IIOMITHUTHU
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datasets [15]. In school education, this
enables students to develop competencies in
analyzing climatic indicators, statistical
materials, cartographic data, and
forecasting selected natural and socio-
economic phenomena.

Another important application is the
personalization of learning. Adaptive
educational systems and Al tools can

analyze students’ learning outcomes and
recommend individualized learning
pathways. R. Luckin, W. Holmes,
M. Griffiths, and L. Forcier argue that

artificial intelligence makes it possible to
create personalized learning environments
that take into account students’ prior
knowledge, learning pace, error patterns,
and individual educational needs [14]. In
geography education, this may be reflected
in varying the complexity of learning tasks,
selecting cartographic materials of different
levels of difficulty, and generating
individualized exercises and explanations
for complex topics.

In addition, contemporary generative Al
tools can be used by teachers to create
assessment tasks, discussion questions,
case studies, concise explanatory texts,
instructional scenarios, interactive
exercises, and review materials. However, in
such cases, teachers must perform the role

of critically evaluating the generated
content, verifying the accuracy of
information, and adapting educational

materials to the age-specific characteristics
and learning needs of students.

Thus, the practical possibilities of
applying Al technologies in geography
education include the visualization of spatial
objects, the analysis of geographical data,
the use of satellite imagery, the support of
inquiry-based learning, and the
personalization of the educational process.
These opportunities make geography
education more contemporary, visual,
analytical, competency-based, and aligned
with the demands of modern education.

TpaouILiMHUMHU MeTomaMUu. 3a CAOBaMHU
X. Minsepa Ta M. 'ymuatinma, cydacHa
reorpadis memaai Oiablre crae HAyKOIO, IO
IPYHTYETBCA Ha aHaai3i BEAUKHX O0O0CHATriB
nanux [15]. Y I1nkiAbHOMy HaB4YaHHI IIe
no3BoAade (popMyBaTH B V4YHIB HaBUYKU
aHaAily KAIMaTHYIHUX IIOKa3HUKIB,
CTaTHUCTUYHHUX MarTepiaaiB, kaprorpadidHux
JaHUX Ta  I[POTHO3YBAHHA  OKPEMHUX
IPUPOTHUX i COIliaAbHO-EKOHOMIYHUX
SBUIII.

[Ile ogHMM BaXKAUBHUM HAaIIPSIMOM €
mepcoHaaizarlisg HaBYaHHI. AnmarnTuBHI
OCBiTHI cucteMu ¥ Al-iHCTpYyMEHTH MOXKYThb
aHaaizyBaTH pe3yAbTaTu HaB4YaABbHOI
JiSIABHOCTI Y4HIB i IIPOIIOHYyBaTH
IHAUBIAyaABHI OCBiTHi TpaeKTopii.
JocaiiHUKHU P. Aaxin, B. T'oamc,
M. I'pidppirc Ta A. Popcre 3a3HAYAIOTH, IO
BUKOPUCTAHHS IITYYHOIO IHTEAEKTY [Ja€
MOXKAUBICTH CTBOPIOBAaTH IIepCOHaAI30BaHi
OCBITHI cepefoBHINA, dKi BpPaxOBYIOThb
piBeHB MMATOTOBKH yYHIB, TE€MII 3aCBOEHHS
HaB4YaABHOT'O MaTepiaAy, XapakTep IIOMHAOK
Ta iHaAuBiOyaabHI OCBiTHI moTpebu [14]. ¥
HaB4YaHHi reorpadii 11e MoxKe IIPOSIBASITHCS
y BapiloBaHHiI CKAQQHOCTI 3aBOaHb, H000pi
KapTrorpadiyHuX MaTepiasiB pPi3HOTO PiBHS,
CTBOPEHHI iHAWBiAyaaizoBaHUX BHOpaB i
IIOSICHEHD O CKAQJIHUX TEM.

Kpim Toro, cydacHi reHepaTuBHi Al-
iIHCTPYMEHTH MOXKYTb BHUKOPHCTOBYBATHCS
BUHTEAEM  [OA9d  CTBOPEHHS  TECTOBUX
3aB/aHb, 3anuTaHb o UCKYCIi,
CUTyallilHUX 3az1ad4, KOPOTKHX
MIOSICHIOBAaABHUX  TEKCTIB, HaBYaABHUX
ClleHapiiB, IHTepaKTHUBHHUX BIpaB Ta
MarepiaaiB gaga 1mioBTopeHHs. OpHaK y
TakKOMy pas3i Iemaror Ma€ BHKOHyBaTH
QYHKIIII0O KPUTUYHOTO Bimbopy, mepeBipKH
TOYHOCTI iH(opMalli Ta AUAAKTHIHOL
azmarTallii 3MiCcTy [0 BiKOBHUX OCOOAMBOCTEH
Y4HIB.

TakyM 4YHHOM, ITPaKTHU4YHI MOXKAWBOCTI
BUKOpUCTaHHA Al-TexHoAOrill y HaBYaHHI
reorpadpii OXOTIAIOIOTH Bigyaaizaiiito
IIPOCTOPOBUX 00’eKTiB, aHaai3
reorpadiyHux [aHUX, poborty 3
CYIlyTHHUKOBUMM  3HIMKaMmM, OiATPUMKY
JTOCALTHUIIBKOIL IIFIABHOCTI Ta
IIepcoHaaizallito ocBiTHBOTO IIporecy. lle
pobUTH HaBYaHHA reorpadii OiABII
CydacHUM, HaOYHUM, aHaAITUYHHUM 1
KOMIIETEHTHICHO OPi€HTOBaHHM.
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Table 1

Didactic Opportunities for the Use of Al and Digital Tools in Geography Education
in General Secondary Education Institutions

Digital or AI Tool Didactic Function

Example of Use in Geography
Lessons

Visualization of
Google Earth
thinking

geographical features and
the development of spatial

Exploring Earth's landforms,
analyzing urbanization, and studying
natural zones

Analysis and
ArcGIS Online
data

interpretation of spatial

Creating thematic maps of
population, climate, or natural
resources

NASA Earth Data

Working with satellite data

Analyzing climate change and
monitoring the condition of the
atmosphere and oceans

Copernicus Data

Analysis of environmental

Investigating deforestation and land-

knowledge

Space and natural processes use changes
Generation of educational Creating quizzes, case-based tasks,
ChatGPT tasks and explanation of and explanations of geographical
complex topics processes
Devglopment of skills n Creating thematic maps and
QGIS working with geographical . . . .
data analyzing geographical information
. Interactive reinforcement | Designing cartographic exercises and
LearningApps .
of knowledge geography quizzes
Assessment and Conducting interactive quizzes on
Kahoot! evaluation of students’ topics from the school geography

curriculum

The analysis of the tools presented in
Table 1 indicates that the use of digital
and AI technologies in geography
education contributes to improving the
visualization of educational content,
fostering students’ spatial thinking,
developing research competencies [2], and
strengthening the practical orientation of
classroom instruction. At the same time,
the effectiveness of these resources
depends on the didactic appropriateness of
their selection, the teacher’s level of
professional preparedness, and the
alignment of the selected tools with the
objectives of a particular lesson.

The wuse of artificial intelligence
technologies in contemporary education
opens up new opportunities for improving
the educational process. In the context of
geography education, one of the principal
advantages of Al is its ability to enhance
the effectiveness of learning through the
integration of visualization, analytical
methods, inquiry-based activities, and
personalized learning approaches.

AHaniz mnpenacraBaeHUX y Tabawui 1
IHCTPYMEHTIB CBiJUUTh, 1110 BUKOPHUCTAHHS
mudpoBux Ta Al-TexXHOAOTIH y HaB4YaHHI
reorpadii crpuge MmABUINEHHIO HAOYHOCTI

HaB4YaABHOTO Marepiaay, PO3BUTKY
IIPOCTOPOBOTO MUCAEHHS V4HIB,
dhopMyBaHHIO JOCAITHUITEKUX
KOMIIETEHTHOCTEH [2] 1  IiACHAEHHIO
OPaKTUIHOI CITPIMOBAHOCTI YPOKIiB.
BomHoyac e(eKTHBHICTH 3aCTOCYBaHHS

TaKHUX PECYPCIiB 3aA€KUTH Bil AUAAKTUYIHOI
JOLIABHOCTI IX mobopy, pPiBHS ITiATOTOBKH
BUUTEAS Ta BiANOBIAHOCTI IHCTPYMEHTIB
IiATM KOHKPETHOTO YPOKY.

BukopucTaHHA TEXHOAOTIH IIITYYHOTO

IHTEAEKTY y CydacHil OcCBiTi BigKpuBae
HOBi MOKAUBOCTI AT BIOCKOHAAE€HHS
HaBYaAbHOI'O  Ipolecy. Y  KOHTEKCTI

HaBYaHHA reorpadii OmHIEI0 3 TOAOBHHX
nepeBar Al € MOXKAUBICTD MiABUIIEHHS
€(PEeKTUBHOCTI OCBITHBOTO IIPOIIECY dYepes3
TIIoeHAHHS HaOYHOCTI, aHaAITHKH,
JIOCAITHUIIBKOI JISIABHOCTI Ta
II€PCOHAaAI30BaHOIO IMiAXOOY.

OTxe, IIAS BUKOPHUCTAHHS
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Therefore, the wuse of intelligent
educational systems has a positive impact
on learning outcomes, increases students’
motivation, and promotes the development
of their research skills. For geography
education, particular value lies in the
possibilities of visualizing, modeling, and

analyzing spatial processes, as these
provide students  with a  deeper
understanding of the interrelationships
between natural and socio-economic
phenomena.

Another significant advantage is the
opportunity to personalize the educational
process. Contemporary adaptive learning
systems can analyze students’ learning
performance and recommend
individualized learning pathways. This
makes it possible to take into account
students’ prior knowledge, learning pace,
the complexity of individual topics, and the
nature of their typical errors. In geography
teaching, such personalization can
contribute to  the more  effective
development of cartographic skills, spatial
analysis competencies, and the ability to
work with various types of geographical
data.

At the same time, the use of AI
technologies in school education is
associated with a number of challenges.
One of the key issues concerns academic
integrity. Generative Al systems may be
used by students not only as learning
support tools but also as a means of
avoiding independent cognitive activity.
Consequently, there is a growing need to
revise approaches to assessing learning
outcomes, with greater emphasis placed
on the learning process itself, students’
reasoning, oral responses, and practical
classroom activities.

Another important aspect is teachers’
level of digital competence. The effective
use of Al in geography education requires
teachers not only to be proficient in digital
tools but also to understand their didactic
functions, integrate them appropriately
into lesson design, and critically evaluate
the reliability of the information they
generate. Without adequate methodological
support, even advanced technologies may
be used only formally, without producing
genuine improvements in the quality of

IHTEAEKTYaAbHUX OCBITHIX CHCTEM
IIO3UTHUBHO  BIIAUBAa€ Ha  pe3yAbTaTHu
HaBYaHHS, I[IiABUIIyE pPiBeHb MOTHBALIl
y4HIB 1 cnpuge ¢QopmMyBaHHIO iXHIX
OOCAIMHUNBKUX YMiHb. [aga reorpadidHoi
OCBITH 0co0AMBY LiHHICTb MarThb
MOIKAUBOCTI Bi3yaaizallii, MoeAIOBaHHS Ta
aHaAi3y IIPOCTOPOBUX IIPOIIECIB, OCKIABKH
camMe BOHH 3a0e3medyloTh OiABII TAHOOKE
PO3yMiHHS B3a€MO3B’43KiB MIiXK
IIPUPOAHUMU Ta CYCIIABHUMHU SIBUITIAMH.
CyTTeBOIO IIepeBarolo € ¥ MOXKAUBICTH
IepcoHaaizallii HaBYaABHOTO  IIPOLIECY.
CydyacHi apgamnTUBHI CHCTEMH  MOXKYTb
aHaAi3yBaTU pPe3yAbTATH MOIIABHOCTI YVIHIB
Ta IIPOIIOHYBATHU IHAWBIAyaAbHI OCBITHI
TpaekTopii. lle mae 3Mory BpaxoByBaTH
pPiBEeHb MiATOTOBKU y4YHIB, IixXHIA Temn
poboTH, CKAQOHICTH OKPEMHX TeM i
XapakTep THIIOBUX IIOMHAOK. Y BHKAQIAHHI
reorpadii Taka IepcoHaaizallis MoKe
CIIPHUATH GiAbII ebekTHBHOMY
¢dopmyBanHIO  KaprorpadidyHUX  yMiHb,
HaBUYOK HPOCTOPOBOIO aHAAI3y Ta BMIiHb
IIpalfoBaTH 3 PiSHUMHU THIIAMH JaHUX.
Pazom i3 TuM BuKopucraHHa Al-
TEXHOAOTIH y IMIKiABHIM OCBiTi IoB’d3aHe 3
HU3KOI0 BHUKAHKIB. OmOHIECIO 3 KAIOYOBUX
npobaem € IUTaHHS akaaeMigHoi
nobpodecHocti. ['eHepatuBHI Al-cucremu
MOXKYTh BHKOPHUCTOBYBATHUCH YYHAMHU HeE
AvIlle 9K 3acib miaTpuMKU HaBYaHHS, a |
dK  crocid  YHUKHEHHS  CaMOCTiHHOL
Ii3HABaABHOI MiIABHOCTI. Y 3B’d3Ky 3 UM
3pocrae 1otrpeba B OHOBACHHI MiAXOOIiB A0
OLIiIHIOBaHHS pe3yAbTaTiB HaBYaHHH,
30KpeMa B IIOCHAEHHiI yBaru OO IIPOLIECY
BUKOHAHHA 3aBIaHb, apryMeHTallii, yCHUX

BigmoBige## Ta TpakTHUYHOI OiIABHOCTI
YIHiB.

[HITMM BasKAMBUM AacCIIEKTOM € pPiBeHb
u(PoOBOi  KOMIIETEHTHOCTI  II€IaroTiB.

EdexktuBHe BuKOpuctaHHs Al B HaB4YaHHI
reorpacii moTpebye Bim yduuTeAad He AUIIE
BOAOMIHHSA IUPPOBHMH IHCTPyMEHTaMH, a
B po3yMiHHS IXHBOI AHMAAKTUYHOI (PYHKIIIT,
YMIHHS IHTETPyBaTH iX Yy CTPYKTYPY YPOKY
Ta KPUTUYHO OILIHIOBATU [JOCTOBIpHICTH
oTpuMaHoi iH(opmMmarliii. Be3 HaaexkHOro
METOOUYHOI'O0 CYIIPOBOAY HAaBiTh Cy4acHI
TEXHOAOTiI MOXKYyTh BHKOPHUCTOBYBATHCS
dopMasbHO, He 3a0e3[eYyloYd PeasbHOTO
IIOKpAaIlleHHS SKOCTI HaBYaHH4.

Kpim Toro, Bukopucranusa Al-TexHoAorit
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education.

Furthermore, the implementation of Al
technologies in education raises issues
related to personal data protection, the
ethical use of digital resources, and the
transparency of algorithmic processes.
UNESCO’s recommendations emphasize
the necessity of ensuring the safe,
equitable, and responsible use of artificial
intelligence in education [21]. This implies
that the integration of Al into school
practice should be accompanied not only
by appropriate technological infrastructure
but also by the development of a culture of
ethical digital technology use among both
teachers and students.

Despite these challenges, most
researchers agree that Al technologies
possess considerable potential for
advancing contemporary education.

Promising directions for school geography
education include the use of adaptive
learning systems, the integration of
Geographic Information Systems (GIS), the
analysis of satellite data, the development
of digital cartographic literacy, and the
promotion of inquiry-based learning. In the
future, these technologies may become
important tools for improving the quality of
geography education, fostering students’
contemporary competencies, and bringing
school education closer to authentic
practices of spatial analysis.

Based on the conducted analysis, a
conceptual model for integrating Al
technologies into geography education in
general secondary education institutions
was developed (Figure 1). The model
illustrates the relationships among Al tools,
digital geographical resources, teaching
methods, and educational outcomes.

The proposed didactic model for the
application of Al technologies in geography
education in general secondary education
institutions reflects the logical sequence of
integrating contemporary digital tools into
the educational process.

Therefore, the proposed model
demonstrates that AI technologies in
geography education should be regarded
as a tool that establishes connections
between digital resources, contemporary
didactic methods, and competency-based
learning outcomes.

y HaB4YaHHI akKTyaAi3ye IIHUTaHHS 3aXHCTy
II€PCOHAABHUX [aHUX, €TUYHOTO
BUKOPUCTAHHS IIU(PPOBUX PECYpPCiB Ta
IIPO30POCTiI AATOPUTMIB. Y peKOMEHIAllisiX
IOHECKO minkpecAreTbCsI HeOoOXigHICTh
6e3meyHoro, CIIpaBeIANBOTO Ta
BiANIOBiJaABHOTO 3aCTOCYBaHHS IITYYHOTO
iHTEeAeKTy B ocBiTi [21]. lle o3Hadae, mI0
iHTerpauis Al y IIKIABHY IIPakTUKy Mae
CYIIPOBOIXKYBATUCA HE€ AHIIE TEXHIYHUM
3abe3rieyeHHaIM, a ¥ ¢opMyBaHHAM Y
ImenaroriB i y4HIB KYyABTYPH E€THYHOTO
BUKOPUCTAHHS ITU(PPOBUX TEXHOAOTIH.
[Tompu 3a3Ha4YeHi BUKAUKH, OIiABIIICTH
OOCAIMHUKIB BBazkae, M0 BUKOPUCTAHHA
Al-TexHOAOTIY Ma€e 3HAYHUU IIOTEHIliaA AL

PO3BUTKY cy4dacHOi1 OCBITH.
[lepCrieKTUBHUMH HarpgaMaMH AL
MIKiABHOI reorpadigHoi OCBiTH €
BUKOPHUCTaHHS agarITUBHUX OCBITHIX
cucTeM, iHTerpallis TreoiHdopMalifHuX
TEeXHOAOTiH, aHaai3 CYIIyTHUKOBHUX NaHUX,
PO3BUTOK nugpoBoi KapTorpadivyaoi

TPaMOTHOCTI Ta [OOCAIMHUIBKOTO MIiAXOIy
A0  HaB4aHHA. Y  MaWOyrHroMy — Ii
TEXHOAOTII MOXKYTb CTaTH BasKAUBUM
IHCTPYMEHTOM IMiABUIIIEHHA SIKOCTI
HaBYaHHA reorpadii, dopmyBaHHA
CydJacHUX KOMIIETEHTHOCTeHd  y4HIB i
HaOAMIKEHHS IIIKiABHOI OCBITH OO pPeaAbHHX
IpaKTHK IIPOCTOPOBOIO aHAaAi3y.

Ha ocHoBi mnpoBeneHoro aHaaidy Oyao
po3pobaeHO KOHIIETITYaABHY MOIEAD
iHTerpawii Al-rexHoaorifi 'y HaB4YaHHA

reorpadii B 3aKAaiax 3arasbHOI cepeHbOi
OCBiTH (puc. 1). Bona BigoOpazkae
B3a€EMO3B’I30K MiX BUKOpUCTaHHAM Al-

IHCTPYMEHTIB, IM@PPOBUX TreorpadiaHIxX
pecypciB, MeTOmiB HaBYaHHS Ta OCBITHIX
pPe3yABTaTIB.

3arnpornioHoBaHa AUAAKTUYHA MOJIEAb
BUKOpPHCTaHHA Al-TexHoaorii y HaB4YaHHI
reorpaddii y 3akaamax 3arasbHoOi cepenHbOl
OCBiTH BiZoOpazkae AOTIYHY ITOCAITOBHICTB
iHTerparirii Cy4YacHUX U POBUX
IHCTPYMEHTIB B OCBIiTHiH IIpollec.

Otxe, npeacTaBACHA MOJMIEAD
oeMoHcTpye, mo Al-texHoaorii y HaB4YaHHI
reorpadii IIOITIABHO po3raggaTu SIK
IHCTPYMEHT, aKkuil 3abe3nedye 3B’SI30K Mik
TP POBUMHU pecypcamu, Cy4aCHUMU
OUAAKTUIHUMU MeTogaMH Ta
KOMIIETEHTHICHUMH pe3yabTaTaMu
HaBYaHHS.
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ARTIFICIAL INTELLIGENCE (AI) TECHNOLOGIES
(data analysis, machine learning, generation of
educational materials)

DIGITAL GEOGRAPHICAL RESOURCES
(Geographic Information Systems (GIS), satellite data,
interactive maps, educational platforms)

TEACHING METHODS

*inquiry-based learning

sproblem-based learning

eproject-based learning

STUDENTS’ LEARNING ACTIVITIES
eanalysis of cartographic information

*investigation of natural processes

*modeling of geographical phenomena

LEARNING OUTCOMES
*development of geographical competence

*development of spatial thinking

*development of research skills

Fig. 1. Conceptual Model for Integrating AI Technologies into Geography
Education in General Secondary Education Institutions

Conclusions and research
perspectives. In the context of the ongoing
digital transformation of education, the use
of artificial intelligence technologies has
become increasingly important for
modernizing the educational process and
updating the content of school education.
The analysis of scholarly literature and
contemporary educational practices
conducted in this study demonstrates the
considerable potential of Al technologies for
advancing the didactics of geography in
general secondary education institutions.

The study found that the integration of
artificial intelligence into the educational
process is grounded in contemporary
pedagogical approaches, including

BHCHOBKH Ta IepCHeKTHBH
IOCAiNIKEHb. Yy Cy4aCHHX  yMoOBax
mudposizartii OCBIiTH BUKOPHCTaHHS

TEXHOAOTIH IITYYHOIO IHTEAEKTY HalyBae
BasKAWBOTO 3HA4YE€HHS [IAd MOJMEpHizarlrii
HaBYaAbHOI'O IIPOILIECY Ta OHOBAEHHH 3MICTy
mKiabHOI  ocBiTH. IIpoBemeHuU! aHaai3
HAyKOBHUX [ K€peA 1 CydaCHHX OCBITHIX
IIPaKTHUK CBLIYUTH IIPO 3HAYHUH ITOTEHIIiaA
Al-texHOMOTiH ¥y PO3BHUTKY Cy4acHOi
OUIAKTHUKHA reorpadii B 3akAaax 3arasbHOI
cepeaHBOI OCBITH.

Y xomi mocaimzKeHHsI BCTAHOBAEHO, IIIO
iHTerpailisa LITYYHOT'O IHTEAEKTY B
HaBYaABHUH  IIpollec  I'PyHTYEThCA  Ha
Cy4acHUX IeJarorigyHuX Iiaxonax, 30Kpema
KOHCTPYKTUBICTCBHKiMl  Teopii HaB4YaHHS,
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constructivist learning theory, the
sociocultural theory of learning and
development, and the competency-based

approach to education. Within the context
of  geography education, particular
importance is also attached to the concept
of spatial thinking, which determines the
specific application of digital cartographic
resources, Geographic Information Systems
(GIS), satellite data, and spatial analysis
technologies.

The findings indicate that the use of Al
technologies in geography education offers
substantial didactic opportunities. In
particular, the application of Geographic
Information  Systems, satellite  data,
interactive cartographic platforms, and
adaptive educational tools enhances the
visualization of educational content,
promotes a deeper understanding of
geographical processes, develops students’
skills in working with geographical
information, and fosters spatial thinking as
well as research competencies. Another
important direction is the use of Al tools for
data analysis, process modeling, and the
creation of educational materials.

The study systematized the didactic
opportunities offered by contemporary Al
and digital tools in geography education, as
presented in Table 1, and developed a
conceptual model for integrating Al
technologies into the educational process.
This makes it possible to regard the use of
artificial intelligence in school geography
education as a promising direction for the
modernization of didactics, combining
technological innovation with competency-
based learning outcomes.

At the same time, the study identified

several challenges associated with
implementing AI technologies in the
educational process. Among the most

significant are issues of academic integrity,
teachers’ digital competence, the ethical
use of digital resources, information
reliability, and the protection of personal
data. Therefore, the effective application of
Al in geography education requires a
comprehensive approach that includes
teacher professional development, the
enhancement of digital infrastructure,
methodological support, and the
pedagogically sound selection of digital

COITIOKYABTYPHiM KOHIIENIIi PO3BUTKY Ta
KOMIIETEHTHICHOMY IIifiXonmi B OCBiTi. Y
KOHTEKCTI reorpagigyHoi OCBiTH 0COOGAHMBOTO

3Ha4YeHHs HabyBae TakKOXK  KOHIIEIId
IIPOCTOPOBOI'O MHCAEHHS, III0 BH3HAYAE
criertuiky BUKOPHUCTaHHI TUPPOBUX
KapTorpadpigyHux pecypcis,

reoiHopMaIiiHuX CHCTEM, CYIIyTHHKOBUX
JaHUX 1 TEXHOAOTIH IIPOCTOPOBOTO aHAaAi3y.
JocaizKeHHA II0Ka3aAo0, 1110
BUKOpUCTaHHA Al-TexHoAOril y HaBYaHHI
reorpadii Mae 3HaYHi OUOaKTUYHI
MOZKAHBOCTI. 3okpeMma, 3aCTOCYBaHHSA
reoinopMaIiiHuX CHCTEM, CYIIyTHHKOBUX
OaHUX, IHTEPAKTUBHUX KapTorpadiaHux
naaTpopM  Ta  aOanTHBHUX  OCBITHIX
IHCTPYMEHTIB [03BOAd€ IiABUIIUTH PiBEHb
HAOYHOCTI HAaBYAABHOTO MAaTepiaAy, CIIPHUSE

TAHOLIIOMY PO3YMiHHIO reorpadiyHux
poreciB, ¢QopMye HaBHYKH poboTH 3
reorpadiyHo0  iH(opMalli€ero, PO3BUBAE

IIPOCTOPOBE MHCAEHHS Ta MJOCAIIHUIIBKI
BMiHHS YV4YHIB. BaskKAWBUM HampsMoM €
TakKOX BUKOPHUCTaHHA Al-IHCTPyMEHTIB IAs
aHaAily [JaHUX, MOJEAIOBAHHS NPOLECIB i
CTBOpPEHHS HaBYaAbHUX MaTepiaaiB.

Y mpomeci MOOCAIAXKEHHS y3araabHEHO
OUOAKTUYIHI MOKAWBOCTI cydacHux Al- Ta
nupPOBUX  IHCTPYMEHTIB y  HaBYaHHI
reorpadii, mo BimobpaxkeHo B Tabauili 1, a
TaKOXK PO3POOAEHO KOHIENTYaAbHY MOIEAB
inTerpaiiii Al-rexHoAOTI# B OCBIiTHi# mpoiiec.
Lle mo3BOASE PO3TAIOATH BUKOPHUCTAHHSA

HITYYHOTO IHTEAEKTY B MIKIABHIHT
reorpadidHili OCBITI fK II€PCIIEKTUBHUU
HaIpgM OHOBAEHHH OUAAKTUKH, SKHUHA
IIOEAHYE TEXHOAOTIYHI iHHOBAaLI{ 3
KOMIIETEHTHICHUMH pesyabTaTamu
HaB4YaHHS.

Pazom i3 THM  BCTaHOBAE€HO, IO
BHPOBAAKEHHI Al-TexHOAOTIH y
HaBYaABHUH  IIPOIIEC  CYIIPOBOKYETHCS

HHU3KOK BUWKAUKIB, CEpell SKHUX BaXKAUBE
Miclle 3afiMaloTh [IUTAHHG aKaleMidHOIL
J00pOYeCcHOCT, piBeHb mudpoBoi
KOMIIETEHTHOCTI BYHTEAIB, €TUYHI aCIeKTU
BUKOPHUCTaHHS I pPOBUX pecypcis,
JOCTOBIipHiCcTh iHdopMallii Ta  3axXucT
EPCOHAABHUX MaHUX. Y 3B’€M3Ky 3 I[UM
edekTUBHEe BUKOopucTanHd Al y HaB4daHHi
reorpadii moTpedbye KOMIIA€KCHOTO MHiAXOLy,
SKUY BKAIOYAE MiATOTOBKY II€AATOTiYHUX
KapiB, PO3BUTOK nugpoBoi
iIH(PACTPYKTYPH, METOAUYHUN CyIpPOBid Ta
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tools.
In conclusion, the findings of this study
confirm that artificial intelligence

technologies possess considerable potential
for advancing contemporary geography
didactics. The integration of Al technologies
into the educational process contributes to
the development of students’ geographical
competence, enhances their analytical and
spatial thinking, improves the effectiveness
of the educational process, and supports

IeJarorivyHo BUBaKeHUU no0ip IUQPPOBUX

IHCTPYMEHTIB.

OTxe, pes3yAbTaTu IIPOBEIEHOTO
JOCAIIZKEHHS HiATBE PIKYIOTh, 10
BUKOPHUCTAHHH TEXHOAOTIH HITY4YHOTO

iHTeA€KTy Mae 3HaYHUH IIOTeHIiaA [Ad
PO3BUTKY CyYacHOI MUAAaKTHUKU reorpadii.
Iurerpamia Al-TexHOAOTIH y HaBYaAbHUN
opoliec crpusie POpMyBaHHIO reorpadidHoi
KOMIIETEHTHOCTI Y4YHIB, PO3BUTKY IXHLOTO
aHaAITUYHOIO Ta IIPOCTOPOBOIO MHCAEHHS,

the modernization of teaching methods in | minBuIilleHHI0O e€(PEKTUBHOCTI  OCBITHHOTO
school geography education. IIPOLIECY Ta OHOBAEHHIO METOMIB IIIKiABHOTO
HaBYaHHS.
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