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Summary. The increasing use of geospatial technologies has created new opportunities for im-
proving the teaching and learning of geography. This study examines the integration of Geographic
Information Systems (GIS) into geography education, with particular attention to teaching ap-
proaches that promote spatial thinking, inquiry, and active student participation. The study analyzes
the educational potential of GIS in relation to inquiry-based learning, problem-based learning, pro-

Keywords: Geographic ject-based learning, fieldwork, and digital mapping activities. Particular attention is given to the tran-
Information Systems (GIS), sition from the traditional presentation of geographical information to learning environments in
geography education, spatial which students collect, visualize, interpret, and compare spatial data and use the results to investigate
thinking, inquiry-based geographical problems. The analysis indicates that effective GIS integration depends not only on
learning, project-based access to geospatial technologies but also on appropriate teaching methods, teacher competence,
learning, geospatial technolo- | curriculum design, and the selection of learning activities suitable for students’ abilities. Based on
gies, digital learning these considerations, the study proposes a practical framework that connects geographical problems,

spatial data, GIS-based analysis, interpretation, and student decision-making within a unified learn-
ing process. The proposed approach can support the development of geographical knowledge, spatial
reasoning, digital skills, and independent problem-solving in contemporary geography education.
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1. Introduction

Geography education is closely connected with the ability to understand spatial relationships, interpret
patterns, and explain interactions between natural and human processes. The increasing availability of digital
geospatial data has expanded the ways in which these skills can be developed in the classroom. Geographic
Information Systems (GIS), in particular, allow students to work with location-based information through
mapping, visualization, comparison, and spatial analysis rather than relying only on static maps and descriptive
materials. Consequently, GIS has become an increasingly important component of contemporary geography
education (Bondarenko, 2025).

The educational value of GIS extends beyond the acquisition of technical mapping skills. When incorpo-
rated into appropriate learning activities, GIS can support spatial thinking, geographical inquiry, problem-
solving, and the interpretation of relationships between different geographical phenomena. Web-based GIS
platforms and increasingly accessible geospatial datasets have also created opportunities for students to inves-
tigate real geographical problems using interactive maps and spatial information (Fargher, 2018). Such an
approach changes the role of the learner from a passive recipient of geographical information to an active
participant in its collection, analysis, and interpretation.

The effectiveness of GIS-supported learning, however, depends strongly on how the technology is inte-
grated into the teaching process. Simply providing GIS software or digital maps does not necessarily improve
learning outcomes. Research has identified teacher preparedness, technical resources, curriculum require-
ments, and the design of appropriate learning activities among the major factors influencing successful GIS
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implementation in education (Kerski et al., 2022). Recent empirical evidence also indicates that combining
GIS with inquiry-based learning can improve students’ academic achievement, attitudes toward geography,
and some dimensions of geographical literacy (Hursen & Beyoglu, 2025).

Despite the growing use of geospatial technologies, a gap remains between the technical possibilities of-
fered by GIS and their systematic pedagogical integration into geography lessons. GIS is still frequently ap-
proached primarily as a technological tool rather than as part of a broader learning process connecting geo-
graphical questions, spatial data, analysis, interpretation, and decision-making. Therefore, greater attention is
needed to teaching approaches that integrate GIS with inquiry-based, problem-based, project-based, and field-
oriented learning.

The aim of this study is to examine the educational role of GIS in modern geography teaching and to
identify effective approaches for its integration into the learning process. The study also proposes a practical
framework linking geographical problems, spatial data, GIS-based analysis, interpretation, and student deci-
sion-making.

2. Materials and methods

This study employs a qualitative analytical approach to examine the integration of Geographic Information
Systems (GIS) into contemporary geography education. Relevant academic literature on GIS-supported teach-
ing, spatial thinking, geographical inquiry, problem-based learning, project-based learning, and digital map-
ping was reviewed and comparatively analyzed. Particular attention was given to studies addressing the edu-
cational use of desktop GIS, Web GIS, interactive mapping, and other geospatial learning environments.

The analysis focused on four interconnected dimensions: (1) the educational functions of GIS, (2) teaching
approaches used with GIS, (3) learning outcomes associated with geospatial activities, and (4) barriers affect-
ing effective classroom implementation. Previous systematic research demonstrates that GI1S-related educa-
tional studies commonly address curriculum integration, teacher preparation, student learning, pedagogical
strategies, implementation barriers, and technological development (Bondarenko, 2025).

Based on the comparative analysis of these dimensions, the study develops a conceptual teaching frame-
work in which GIS is treated not simply as a mapping technology but as part of a structured learning sequence.
As illustrated in Figure 1, the proposed framework organizes GIS-supported geography learning as a sequential
process beginning with the identification of a geographical problem and progressing through spatial data anal-
ysis and interpretation to discussion and evidence-based decision-making.

1. Geographical 2. Spatial Data 3. GIS Visualization 4. Interpretation 5. Discussion 6. Decision-Making
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= R 1 | l
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Fig. 1. Conceptual framework for integrating GIS into the geography teaching and learning process
Source: Developed by the authors

This framework is used to evaluate how inquiry-based, problem-based, project-based, and field-oriented
teaching approaches can be combined with GIS to develop students’ geographical knowledge, spatial thinking,
digital competence, and problem-solving skills.

3. Results and discussion

The analysis shows that the educational value of GIS is determined not simply by the availability of digital
maps or software, but by the way geospatial technologies are incorporated into the learning process. In geog-
raphy lessons, GIS can connect theoretical concepts with real spatial problems by allowing students to work
directly with geographical data. Instead of only observing a completed map, students can select data, create
thematic layers, compare locations, identify spatial patterns, and interpret the causes and consequences of ge-
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ographical processes. This makes GIS particularly suitable for teaching topics such as land-use change, popu-
lation distribution, climate variability, natural hazards, water resources, urban development, and environmental
management.

A major advantage of GIS-supported teaching is its contribution to spatial thinking. Students are required
to consider location, distance, distribution, scale, spatial association, and change while interpreting geograph-
ical information. These operations are central to geographical reasoning and allow learners to move beyond
the memorization of place names and definitions. Previous research has similarly emphasized that GIS-sup-
ported learning can contribute to the development of spatial thinking when geospatial tools are integrated with
clearly defined educational objectives.

3.1. Inquiry-based learning with GIS

Inquiry-based learning is particularly compatible with GIS because both approaches begin with questions
rather than predetermined descriptions. A lesson may start with a geographical problem such as: Why are
flood-risk areas concentrated in particular parts of a river basin? Students can then examine elevation, slope,
drainage, precipitation, land-use, and settlement layers to identify possible relationships.

In this process, GIS becomes an analytical environment rather than simply a map-production tool. Stu-
dents formulate questions, select relevant spatial data, compare layers, identify patterns, and use geographical
evidence to develop explanations. Recent research has shown that GIS-supported inquiry-based instruction
can positively influence students’ academic achievement and attitudes toward geography, although the effec-
tiveness of the approach depends on the design of the learning activities and the level of guidance provided by
the teacher.

3.2. Problem - and project-based learning

GIS can also be effectively integrated into problem-based and project-based learning. These approaches
are especially useful when students investigate issues connected with their own region or community. For
example, students may examine changes in urban land use, identify areas exposed to environmental risk, eval-
uate accessibility to public services, analyze local water resources, or investigate changes in vegetation cover.

A GIS-based project can follow a sequence from defining the problem and collecting spatial information
to creating maps, interpreting results, and proposing solutions. In this way, students are not limited to learning
how GIS functions technically; they learn how geospatial information can be used to support geographical
arguments and decisions. The final product may include a thematic map, a short analytical report, a digital
presentation, or an interactive story map.

3.3. Integrating GIS with fieldwork

The combination of GIS and field-based geography education provides another important teaching oppor-
tunity. Field observations can be georeferenced and subsequently incorporated into a GIS environment together
with satellite images, topographic information, land-use data, or other spatial datasets. Students can therefore
compare what they observe directly in the field with broader spatial patterns visible through digital data.

This approach establishes a connection between observation, location, mapping, analysis, and interpreta-
tion. For instance, students investigating a river can record sampling or observation points, photograph envi-
ronmental conditions, identify potential pollution sources, and map the collected information. Such activities
help students understand that geographical data are not abstract values but representations of real places and
processes.

3.4. Web GIS and digital storytelling

The development of Web GIS has made geospatial technologies more accessible for geography education.
Unlike traditional desktop GIS, web-based platforms can often be used directly through a browser and allow
students to explore spatial data without extensive technical preparation. Interactive maps can be used to com-
pare regions, examine environmental change, visualize demographic patterns, and investigate relationships
between natural and socioeconomic processes.

Digital storytelling further extends these possibilities by combining maps with text, photographs, graphs,
and other multimedia materials. In geography education, this approach is useful because students can present
not only where a phenomenon occurs but also why it occurs and how it affects people and places. Student-
created story maps can therefore serve both as a learning activity and as a form of assessment. They require
students to select relevant information, organize spatial evidence, and communicate geographical findings in
a clear and logically structured form.

3.5. Challenges of GIS Integration

Despite its educational potential, the effective integration of GIS into geography teaching remains associ-
ated with several practical and pedagogical challenges. Limited access to appropriate hardware and software,
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differences in students’ digital skills, insufficient teacher preparation, restricted classroom time, and difficul-
ties in selecting suitable spatial datasets may reduce the effectiveness of GIS-supported activities. These chal-
lenges are particularly important when GIS tasks require considerable technical preparation but have only a
weak connection with the intended geographical learning outcomes.
For this reason, GIS should not be introduced merely to increase the use of technology in the classroom.
The selected GIS activity should correspond to the topic, students’ level of preparation, available resources,
and clearly defined learning objectives. Simple mapping and visualization may be sufficient at introductory
levels, whereas more advanced students can perform overlay analysis, examine spatial relationships, and
evaluate alternative solutions to geographical problems. A gradual progression from map interpretation to
independent spatial analysis can therefore provide a more practical model for GIS integration in geography
education.
Table 1
GIS-supported teaching approaches and their educational applications

| Teaching approach | GIS-based activity I Expected learning outcome |
Inquiry-based Exploring spatial questions and comparing . L L
learning thematic layers Spatial thinking and geographical inquiry
Problem-based learn- Analyzing real geographical or Problem-solving and evidence-based reasoning
ing environmental problems
Prc:éz(;tn—ik;agsed Creating thematic maps and regional projects || Independent research and digital competence
Field-oriented Mapping field observations and Connection between field evidence and
learning georeferenced data spatial patterns
Web GIS Exploring and comparing interactive Data interpretation and digital map literacy

spatial datasets
Combining maps, text, images,
and analytical findings

Source: Developed by the authors

Digital storytelling Geographical communication and synthesis

3.6. Pedagogical implications of GIS integration

The findings suggest that effective GIS integration requires a shift from technology-centered instruction
to learning-centered application. Teaching students how to operate GIS software is useful, but technical com-
petence alone does not constitute geographical learning. The educational value of GIS becomes more evident
when students use spatial data to investigate questions, recognize geographical relationships, interpret patterns,
and justify conclusions.

As summarized in Table 1, different teaching approaches emphasize different stages of this process. In-
quiry-based activities are particularly suitable for developing geographical questioning and spatial reasoning,
whereas problem-based and project-based activities encourage students to apply geographical knowledge to
real situations. Field-oriented learning connects spatial datasets with direct observation, while Web GIS and
digital storytelling provide accessible environments for visualization, interpretation, and communication.

The framework proposed in Figure 1 therefore places the geographical problem, rather than the GIS soft-
ware, at the beginning of the learning process. GIS functions as a means of moving from spatial information
to interpretation and, ultimately, evidence-based decision-making. This distinction is important because the
same technology may produce very different educational outcomes depending on the task assigned to students
and the degree of analytical thinking required.

For practical implementation, GIS activities should be introduced progressively. Students may initially
work with existing digital maps and basic visualization before moving to data comparison, thematic mapping,
field-data integration, and independent spatial analysis. Such progression can reduce technical difficulties
while allowing GIS skills to develop alongside geographical knowledge and spatial reasoning.

4. Conclusion

The integration of GIS technologies into geography education provides opportunities to move beyond the
traditional presentation of geographical information toward a more analytical and student-centered learning
process. GIS enables students to visualize spatial relationships, work with geographical data, investigate real-
world problems, and develop evidence-based explanations. Its educational value, however, depends less on
the technology itself than on the teaching approach through which it is applied.
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The analysis demonstrates that GIS can be effectively combined with inquiry-based, problem-based, pro-
ject-based, and field-oriented learning, as well as Web GIS and digital storytelling. The conceptual framework
proposed in this study emphasizes a progression from identifying a geographical problem to working with
spatial data, conducting GIS-based analysis, interpreting results, and making evidence-based decisions. This
approach places geographical reasoning at the center of GIS-supported learning rather than treating GIS pri-
marily as a technical mapping tool.

Effective implementation also requires appropriate teacher preparation, access to suitable geospatial re-
sources, and GIS activities adapted to students’ knowledge and digital skills. A gradual transition from basic
map interpretation and visualization to independent spatial analysis may facilitate the integration of GIS into
geography curricula. Future empirical studies should test the proposed framework in different educational
settings and examine its effects on students’ spatial thinking, geographical knowledge, digital competence, and
problem-solving skills.
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WHTEIPALIMSI TEOMH®OPMAIIMOHHBIX TEXHOJIOI M B IPENNOJABAHUE I'EOT'PA®UU:
COBPEMEHHBIE METOJAUYECKHUE IIOAXO/AbI
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Pestome. Pacimpsitonieecs HCIOIb30BaHHE T€OIPOCTPAHCTBEHHBIX TEXHOJIOT Ui CO31a8T HOBBIE BO3MOXKHOCTH /ISl COBEPIICHCTBO-
BaHU MpPENoJaBaHus U M3ydeHHs reorpaguu. B ncciieoBaHnH paccMaTpUBaeTCs HHTErpalys reorpaguueckux HHPOPMAIHOHHBIX
cucreMm (I'MC) B reorpadgudeckoe oOpa3oBaHHe ¢ 0COOBIM BHIMAaHUEM K IEarOTMIECKUM MOIX0/aM, CIIOCOOCTBYIONINM Pa3BUTHIO
MPOCTPAHCTBEHHOT'O MBIIIICHUS, UCCIIEI0BATENbCKOM IESTEIbHOCTH M aKTUBHOTO y4acTHs y4aiuxcs. B pabote anamusupyercs 00-
pasoBatelsbHbIA noreHuuan I'IC B KOHTEKCTE HCCIIE0BATENBCKOT0 00yUeHHs, NPOOIEMHO-OPUEHTUPOBAHHOTO O0Y4CHUS, IPOESKT-
HOTro 00y4eHUs, MOJIEBbIX UCCIECAOBAaHUN U JEATEILHOCTH 1O 1u(poBoMy KapTorpaduposanuio. Ocoboe BHUMaHHUE YIETSeTCs epe-
X0y OT TPaJULUOHHOTO MpECTaBIeHNs reorpadudeckoil HHGopMaLuK K 00pa30oBaTesIbHOM cpefie, B KOTOPOH ydaruuecst CoOMparoT,
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BU3YJIN3HPYIOT, HHTEPIPETUPYIOT M CONOCTABIISIOT MPOCTPAHCTBEHHBIC TaHHBIC, & TAKKE UCHIOJIB3YIOT MOJyYEHHBIC PE3yIbTAThI IS
uccnenoBaHus reorpaguyeckux npodieM. AHanu3 mokaspiBaet, 4to dddexruBHas uarerpanus [MC 3aBUCHT HE TONBKO OT JOCTYII-
HOCTH I'€0IPOCTPAHCTBEHHBIX TEXHOJIOTHIf, HO U OT COOTBETCTBYIOIIMX METOIOB PENOAABAHHU, NPOHECCHOHATBHOI KOMIETEHTHOCTH
yuuTesnen, pa3paboTKH Y4eOHbBIX IPOrpaMM H BIOOpa y4eOHBIX BHIOB JEATEIbHOCTH, COOTBETCTBYIOIINX CIIOCOOHOCTSIM YYaIIUXCS.
Ha ocHOBe yKa3aHHBIX IOJOXEHMII B UCCIEIOBAHUM MPEIIaracTcs NPakTHYeCKas MOJeNb, o0beuHAIoImas reorpaguueckie npo-
6J1eMbl, IPOCTPAHCTBCHHBIC AaHHbBIE, aHAIU3 Ha ocHOBe I IC, MHTepnpeTaluio pe3yIbTaToB U IPUHATHE PELICHUH yYalluMHUCS B paM-
Kax eIMHOro 00pasoBaTenpHOro npoiecca. [IpeamaraeMplii MOAX0] MOKET CIIOCOOCTBOBATH Pa3BUTHIO reorpad)MuecKux 3HaHHH, IIPO-
CTPaHCTBEHHOTO MBIIIICHHUS, HU()POBBIX HABBIKOB U CIIOCOOHOCTH K CAMOCTOSITEIIHOMY PELICHHUIO MPOGJIEM B COBPEMEHHOM reorpa-
(ryeckoM 00pa3oBaHUU.

Knrouesvie crosa: ceocpapuueckue unpopmayuonuvie cucmemvt (I'UC), eeocpaghuueckoe obpazosanue, npocmpancmeeHHoe
MbluLieHUe, UCC1e008amenbcKkoe odyueHue, NpoeKmHoe ooyyeHie, 2e0npoCmpanCmeeHHble MeXHONo2UY, Yupposoe obyyeHue

CiS TEXNOLOGIYALARININ COGRAFIiYA TOHSILINO INTEQRASIYASI: MUASIR TODRIS YANASMALARI

Nagiyeva I.1.'*, Qaribov S.i.2, Allahverdi U.E.?
!Azarbaycan Déviat Pedaqoji Universiteti, Azarbaycan
AZ1000, Bak, Uzeyir Hacibayli kiig. 68
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AZ4500, Mingagevir, D. Oliyeva kii¢. 21
*Moasul miidllif: ii.nagiyeva@adpu.edu.az

Xiilasa. Geomokan texnologiyalarindan istifadonin getdikca genislonmasi cografiyanin tadrisi vo 6yranilmasinin tokmillosdirilmasi
iiciin yeni imkanlar yaratmmsdir. Todqiqatda Cografi Informasiya Sistemlorinin (CIS) cografiya tohsiline inteqrasiyasi arasdirilir vo
mokan tofokkiiriinii, tadgigata osaslanan 6yranmani vo sagirdlorin foal istirakini togviq edan todris yanagmalarina xiisusi diqqat yetirilir.
Todqgigatda CIS-in tohsil potensiali todgigata esaslanan dyranma, problem osasli yronma, layiho asasl Syranmo, ¢l tadgiqatlar1 vo
rogomsal xaritalogdirmo faaliyyatlori kontekstindo tohlil edilir. Cografi informasiyanin onsnavi togdimatindan sagirdlorin mokan
molumatlarini topladigi, vizuallagdirdigi, sorh etdiyi vo miigayiso etdiyi, homginin olds olunan naticolordon cografi problemlarin
arasdirilmasinda istifado etdiyi tolim miihitina kegido xiisusi diqqot yetirilir. Tohlil gostorir ki, CIS-in somorali inteqrasiyas1 yalniz
geomakan texnologiyalarina ¢ixis imkanlarindan deyil, ham do miivafiq todris metodlarindan, miisllimlorin pesokar saristaliliyindan,
todris programlarinin hazirlanmasindan vo sagirdlorin qgabiliyyatlorine uygun talim foaliyystlorinin secilmosindon asilidir. Bu
miilahizolor osasinda todqiqatda cografi problemlari, mokan molumatlarmni, CIS osasli tohlili, naticalorin serhini vo sagirdlorin gorar
gabuletma prosesini vahid talim prosesi ¢argivasinds slagalondiran praktik model toklif olunur. Toklif edilon yanagsma miiasir cografiya
tohsilinds cografi biliklorin, mokan tofokkiiriiniin, ragomsal bacariglarin vo problemlori miistaqil hall etmok gabiliyyatinin inkisafini
dastokloys bilar.

Acar sozlar: cografi informasiya sistemlori (CIS), cografiva tahsili, mokan tafakkiirii, todgicata ssaslanan talim, layihs asasi: talim,
geomakan texnologiyalari, ragamsal talim
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