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Al PRACTICES IN GEOGRAPHY TEACHING: AN EMPIRICAL STUDY

Annotation. Artificial intelligence (Al) and computational thinking have opened up opportunities for
transformation in the study of geography based on data and technology. However, most geography teachers do not
yet have sufficient competence. This community service program aims to increase the proficiency of artificial
intelligence and computational thinking among geography teachers through hands-on learning. The methods used
include classical seminars and field trips, with materials: artificial intelligence workshop: introduction and practice
of working with software based on geospatial examples, as well as direct field trips; training in computational
thinking; and direct mentoring of teachers in the implementation of Al-based learning. The assessment was carried
out using preliminary and final testing on indicators of artificial intelligence and computational thinking, as well
as a public opinion poll. The results of Wilcoxon's analysis showed a significant increase in artificial intelligence
scores (the average preliminary test score was 4.00 to 7.98) and computational thinking (from 3.57 to 7.73) with
a p-value of <0.001. In addition, 90% of participants expressed willingness to implement Al-based approaches in
the learning process. These results show that context-based and hands-on learning can effectively enhance teachers'
competence. The Community Service Program recommends further mentoring, especially in technical aspects, to
ensure the adoption and sustainability of innovations in geospatial and Al-based learning, as well as practical field
work.

Keywords: Al literacy, computational thinking, geographic learning.

Introduction

The development of information and communication technologies has changed the paradigm of the
learning process, including in geography. One of these technological advances is the emergence of deep learning,
which mimics the work of the human brain using artificial neural networks. Deep learning makes it possible to
analyze large-scale, extremely complex data, including spatial and temporal data, which makes it very promising
for integration into geographical research. One example of the application of deep learning is mapping the
dynamics of environmental changes and supporting data-driven decision-making.

The introduction of deep learning in education opens up opportunities for the use of artificial intelligence.
Al is not just a tool, but a strategic approach to designing learning based on data analysis and research. In
geographic learning, Al can be used to process satellite images, analyze land-use models, predict potential
disasters, and even interactively visualize environmental changes [1]. The integration of Al into learning requires
a shift from traditional approaches to learning to approaches based on data and technology. However, the level of
Al literacy among geography teachers is relatively low. Al literacy implies a person's ability to understand the
basic concepts of Al, think algorithmically, and use and evaluate Al applications ethically and effectively [2]. This
competence also includes mastering computational thinking, a systematic approach to problem solving through
decomposition, abstraction, pattern recognition, and algorithm design. Computational thinking is the ability to
integrate technology into geography teaching based on geospatial data [3]. The results of a survey and focus group
discussion (FGD) with the participation of 44 geography teachers revealed significant problems in the
implementation of technologies based on artificial intelligence. Only about two teachers (5%) used tools such as
QGIS, Google Earth Engine or other machine learning tools in their teaching activities. In turn, 31 teachers (70%)
still relied on traditional methods, lacking the ability to accurately display spatial dynamics. This problem is
compounded by teachers' limited understanding of computational thinking, making it difficult to design data-
driven learning. The notion that Al and machine learning require knowledge of mathematics or programming
undermines the interest and confidence of teachers, especially those who work in regions with limited access to
technology [3].

In addition, differences in technological infrastructure between schools in urban and rural areas further
widen the gap in the use of educational technologies. The Community Service program is designed to overcome
the obstacles and challenges faced by teachers. The goal of this program is to increase the proficiency of artificial
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intelligence among geography teachers in the field of computational thinking through intensive training based on
field data. The training integrates the use of Al-based and machine learning-based tools, and helps teachers develop
contextual curricula [4]. Using a science-based, interactive, and participatory approach, this community service
program not only enhances the quality of geography studies, but also contributes to teacher development in the
age of Al and geospatial technologies.

Methodology

The team consists of 44 teachers from various schools. The implementation plan is based on a systematic
capacity-building approach and includes four phases: planning, preparation, implementation and evaluation. Each
stage is designed in such a way that the integration of Al and deep learning into the study of geography is carried
out gradually, adaptively and contextually in accordance with local conditions. The program is implemented using
a mixed method, namely online and offline. The planning, preparation and evaluation stages are conducted online
to ensure effective coordination and subsequent implementation of the program. Geography. Feedback indicates
the need for further program development and support, especially in technical areas.

Discussion and results

The results of this public work demonstrate the success of the training program in improving the
competence of geography teachers in the field of literacy in the field of artificial intelligence and computational
thinking. The average score of the preliminary test (Al: 4.00 and CT: 3.57) reflects the low level of understanding
by teachers of data-based learning methods and technologies prior to the start of training. The increase in final test
scores (Al: 7.98 and CT: 7.73) not only demonstrates the successful transfer of material, but also the effectiveness
of a practical approach to learning.

The learning model used combines conceptual and contextual aspects. The program of the first day
focused on providing material in the format of seminars. The workshops included theory and modeling using Al-
based software as part of geospatial case studies. The program of the second day was devoted to a field trip, during
which the teachers visited a real geographical environment. This integration of classroom and nature laboratory
learning corresponds to a mixed approach to field pedagogy, which can strengthen teachers' knowledge and
improve the accuracy of spatial interpretation of geographical phenomena [5].

Sightseeing events serve as a bridge connecting the studied theory with real conditions. This can improve
the skills of observation, primary data collection, and critical thinking [6]. Teachers are trained to integrate
observation results into digital geospatial data based on maps. This activity can improve teachers' understanding
of spatial data, such as environmental dynamics and the potential of local resources [7]. The integration of software
and practical field experience can enhance teachers' technological literacy in real-world settings.

Pre-test and Post-test Results for Al and Computational Thinking
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A significant increase in the results of the post-test was confirmed by Wilcoxon analysis for related
samples (p<0.001), indicating changes after participation in the community service program. In addition to
demonstrating the positive impact of learning, these results also point to the potential for teacher development
provided they are provided with an appropriate, structured and contextual approach to learning [7]. Weng's
research [8] has shown that computational thinking and Al in education largely depend on meaningful learning,
which is directly related to the needs and context of both students and teachers. A significant improvement was
also noted in the emotional aspect of learning. 90% of teachers felt ready to implement Al-based learning in
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geography lessons. This indicates that the training was not only cognitively effective, but also able to increase
teachers' confidence in technologies that are often perceived as complex and difficult to access.

Teachers' Readiness to Implement Al-based Learning
Not ready (10%)

Ready to implement Al (90%)

Negative perceptions persist that Al and computational thinking require a high level of mathematical or
programming expertise. These results are supported by an interactive learning approach based on case studies and
field trips. The seminar covered the basic concepts of artificial intelligence and the use of machine learning in
geography studies. Computational thinking as a systematic approach to solving geospatial problems was also
discussed. The workshop was interactive and included discussions, modeling, and case studies using satellite
imagery.

The second day of the community service program included a field trip, which served as a natural
laboratory for the application of the studied material. During this session, the teachers conducted a practical data
collection.

The field data was analyzed to obtain field evidence or to enhance the results of spatial analysis. This
process can strengthen conceptual understanding and analyze the material learned during field training. The
assessment results, presented in the form of competence measurements before and after testing, showed significant
improvement. A nonparametric statistical method was used to analyze the data, since the data on literacy in the
field of Al and computational thinking did not have a normal distribution (p-value <.001) and were not
homogeneous (p-value <.001). The results of the descriptive analysis and the Wilcoxon landmark rank criterion
are presented below.

The result shows the difference between the average values of the preliminary and final tests for the
variable "Al literacy", which is 3.98, while for the variable "computational thinking" the difference was 4.16. The
results of the analysis show the value of the Wilcoxon p-test for the rank sums <0.001, which means that there is
a significant difference between the results of preliminary and final testing. These results indicate that a community
service program can enhance the proficiency of artificial intelligence and the development of computational
thinking among geography teachers. In addition, the results of the public opinion poll showed that the majority of
teachers considered the materials on socially useful activities to be very relevant and applicable in practice. Forty
teachers (90%) declared their readiness to introduce Al-based learning into their educational process. However,
the results of the evaluation of the public works program indicate that its implementation faces challenges in terms
of the sustainability of the program, including technical and structural issues. Some teachers have encountered
difficulties with equipment and Internet access, as well as constant support during the implementation of the
program after training. These challenges demonstrate the importance of a sustainable mentoring system, a
vocational training network, and political support from local governments to facilitate technology-based learning
processes. As a model of community service, this program demonstrates that the digital transformation in
geography studies can begin with community-based activities. Strengthening the capacity of teachers can play a
significant role in creating an innovative and interactive learning environment based on technology [9]. The
success of this program can be adapted or applied to other regions using a similar approach, namely integrating
theory, technology, and demonstration through direct field practice. Meanwhile, the integration of geospatial
technologies into geography education at the secondary school and university levels has been shown to strengthen
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conceptual understanding and spatial thinking skills. Field research shows that the use of training materials based
on web GIS and geographic information systems improves spatial thinking and motivation for learning among
students, and can also increase their self-confidence in the context of learning programming and satellite image
processing.

The results of the study by Schulze et al. They confirm that the integration of geographic information
systems (GIS) into the study of geography significantly improves students' learning outcomes, engagement, and
spatial problem solving skills in various countries. At the university level, laboratory classes using Google Earth
Engine (GEE) have also shown their effectiveness in expanding students' analytical skills [2]. However, significant
challenges remain, such as limited access to infrastructure, lack of intensive teacher training, and limited
integration of curricula that emphasize practical application. A prime example of these limitations are learning
methods that still rely on desktop software. The study of ArcGIS is actually taught in laboratories, but this is often
hindered by licensing issues, so teachers often switch to using the open source QGIS software. As a result, students
do not have a structured experience working with cloud platforms such as Google Earth Engine and are not familiar
with GeoAl practices. This indicates a gap between the development of modern geospatial technologies and the
technical competencies acquired by students. This is due to a number of factors, such as students' limited
experience in programming on cloud platforms, insufficient guidance on working with Google Earth Engine, and
lack of knowledge in the field of geographic information.

The systems are still heavily focused on desktop software. This leads to the fact that students are not
familiar with working with large amounts of spatial data, automated Al-based analysis and data representation
using interactive dashboards. Therefore, more practical and focused training is needed to help students meet the
requirements of modern geospatial research.

The development of geospatial research and the emergence of geospatial artificial intelligence (GeoAl)
offer significant opportunities to enhance students' ability to identify spatial patterns and make predictions based
on large amounts of data. Recent studies have demonstrated the success of using GeoAl in various environmental
and agricultural issues, for example, in predicting the physical properties of soil or monitoring water quality, which
demonstrates GeoAl's ability to efficiently process large amounts of geodata. The scientists also reported on the
use of GeoAl in Google Earth Engine to map changes in earth's surface temperature, highlighting the relevance of
GeoAll for coastal landscape change and urbanization. However, these results were not fully taken into account in
the work of students studying geography in pedagogical educational institutions. The use of geoinformation Al in
teaching and practical activities of students is still very limited, as lectures tend to focus on traditional geographic
information systems and do not provide direct experience with Al-based analysis or cloud platforms such as
Google Earth Engine. It is this limitation that creates a gap between the progress of research in the field of
geoinformation Al at the national level.

Conclusions

This program of socially useful work has significantly increased the level of artificial intelligence
proficiency and competence in the field of computational thinking among geography teachers. The program,
implemented as a two-day training course combining a classical seminar and field trips, had a positive impact on
both cognitive and affective aspects. An increase in final test results for both indicators, as shown by the Wilcoxon
criterion for related samples (p < 0.001), is an indicator of the success of a practice-oriented, contextual and
interactive approach to learning. The introduction of classroom learning has allowed for the creation of conceptual
learning spaces and the development of teachers' skills in observing, interpreting, and integrating spatial data into
the study of geography. The high level of readiness of teachers (90%) to implement Al-based learning indicates
that psychological barriers and negative perceptions of technology can be minimized. However, technical and
structural problems were identified. These include limited infrastructure, access to software, and the need for
mentoring after training. This highlights the need for systemic support to ensure the sustainable implementation
of learned pedagogical innovations. Based on the results of the work of this service, the following
recommendations can be made:

1. Implementation of theoretical, technological and practical learning models in other regions facing
similar challenges in the field of artificial intelligence development to improve the quality of learning.

2. Strengthening mentoring after training, both through the formation of teacher communities to share
experiences and by facilitating mentoring.
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CaxenoBa A., ’Kos K., Tynerenos E.
T'EOI'PA®USA NNIOHIH OKBITYJAFBI &K TOXKIPUBECI: DMIIMPUKAJIBIK 3EPTTEY

Anparna. JKacaunmer wuntemiekt (Al) koHe ecenTey oiayel JepeKTep MEH TEeXHOJOTHsIapra
Herizgenren ['eorpadusHbl 3epTTeyre aiHamy MYMKIHIIKTEpiH amthl. JlerenmeH, reorpadus myramimaepiHig
KO 911 JKeTKUTIKTI KY3bIpeTke ue emec. bys KoramJbIK KyMbIC Oarjmapiiamachkl [IpakTHKaIbIK OKBITY
apKbUIbl reorpadusi MyFragiMIepiHiH jKacaH/Ibl HHTEJUIEKT TIEH eCeNTey OWayblH MeHrepy ACHIeHiH apTThIpyFa
OarpITTaniFad. KoOJNJIaHBUIATBIH OJicTepre KIACCHKAJBIK CEeMUHApliap MeEH JalalblK AKCKypcHsuiap Kipei,
MaTepHalJapMEH: JKAaCaHIbl HHTEIUIEKTTI MEHIrepy CEeMHUHAphl: T'€OKCHICTIKTIK MbICajlapFa Heri3JienreH
OargapiaMalblK jkacaKTaMaMeH TaHBICY JKOHE TaXipuOe, coHai-aK Tikenel Aanalblk SKCKypcHsUIap; ecentey
oliNaybIH YHpery; jxoHe Myranimaepre Al Heri3iHgeri OKbITY bl XKYy3ere acbIpy/a Tikeneil Tomimrepiik. baranay
JKacaHAbl MHTEIUIEKT MIeH eCeNTeyill Oilayapl MEHrepy KepceTKimTepl OOMBIHIIA aJIABIH ana JKOHEe KOPBITHIH/BI
TecTiiey, COHAal-aK KOFaMJbBIK MIKIpJAlI cypay apKbUIbl XKYpri3uigl. BHIKOKCOH TanjayblHbIH HOTHXKENEpi
JKacaHJIbl THTEIUIEKTTI MEHIepy YIIalapbIHbIH (OpTallla aJi/IblH ana Tectiney ynaiist 4,00-1eH 7,98-re neiiin) xoHe
p-moHi <0,001 Gonathn ecentey oitnaybHbIH (3,57-1eH 7,73-Ke neiin) alTapibIKTal eckeHiH kepceTTi. COHpIMEH
KaTtap, Katblcymbuiapabie 90% - sl oKy npouecine AU Heri3iHzaeri TocUAepAl €Hri3yre NalblH €KeHIIKTEepiH
Oinmipai. by HoTIXenep KOHTEKCTKE OaFbITTANFaH JKOHE MPAKTHKAJBIK OKBITY MYFAIIMICPAiIH KY3bIPETTLIITIH
TUIMII apTThIpa aJaThIHBIH Kepcetedi. KoraMapIk skyMbIicTap OarmapiaMachkl TEOKSHICTIKTIK Aepekrep meH AU
HETi31HIe OKBITY/a WHHOBAIMSUIAPIBl €HTi3y MEH TYPaKTBUIBIKTHI KAMTaMachl3 €Ty YIIiH, acipece TeXHUKAIIBIK
acreKTijepae, COHNai-aK Janaaa MPaKTUKAJBIK KYMBIC iCTEY YIIH OlaH 9pi1 TOMIMIepIiKTi YCHIHAIBI.

Kinat ce3nep: KU canacbiHaarsl cayaTThUIBIK, €CEIITEY OiIaybl, reorpadusuIbIK OKBITY.

CaxenoBa A., /Kos K., Tyaerenos E.
IMPAKTHUKH UCITOJIb30BAHUS U B TIPEINIOJJABAHUU I'EOI'PA®HUN:
SMIIMPUYECKOE UCCJIEJJOBAHUE
Annotanus. ckyccrBenHsiid uHTEEKT (M) M BEIYUCTUTENTFHOE MBIIICHHE OTKPBUTA BO3MOXXHOCTH
JUTSA TpaHC(OPMAIIMH B H3y4deHre Teorpadil Ha OCHOBE JaHHBIX W TEXHONOTHIH. OIHAKO OONBITHHCTBO YIUTENEH
reorpadun, TOKa HE OONATAIOT OCTATOYHOM KOMIIETCHIMEH. DJTa mporpamMma OOIMIECTBEHHOW paboTHI
HalpaBJieHa Ha TIOBBIIICHNE YPOBHS BJIAJICHNS NCKYCCTBEHHBIM MHTEJJIEKTOM M BBIYMCIUTEILHBIM MBIIUICHHEM
y yuumrened reorpaduM IOCPEIACTBOM IIPAKTHYECKOro oOydeHus. lcmonb3yeMble MeETONBI BKITIOYAIOT
KJIACCHYECKNE CEMHHAPHI M IIOJIEBBIE HKCKYPCHH, C MaTephajaMh: CEMHHAp I10 BIAJCHHIO MCKYCCTBEHHBIM
MHTEJUIEKTOM: O3HAaKOMJIGHHE U TPakTHKa pabdOThl € TIPOrpaMMHBIM  OOecliedyeHHeM Ha OCHOBE
TEONPOCTPAHCTBEHHBIX TPUMEPOB, a TaKKe HEMOCPEJCTBEHHBIE IIOJNEBBIE 3KCKYPCHH; oOyueHne
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BBIYMCIIUTEIFHOMY MBIIUICHHIO; W HEIOCPEICTBEHHOE HACTAaBHMYECTBO YUHTENEH B peasu3anuy OOydeHus Ha
ocHoBe M. OneHka nMpoBOAMIACEH C TIOMOIIBIO MPEABAPUTENILHOTO U UTOTOBOTO TECTUPOBAHUS 10 MTOKA3aTEISIM
BJIaJICHUS] UCKYCCTBEHHBIM HMHTEUIEKTOM M BBIYMCIHMTEIBHOTO MBIIUICHHUS, a TakkKe Ompoca OOLIECTBEHHOIO
MHeHUs. Pe3ynmbpraThl aHanmm3a BHIKOKCOHa TOKa3aid 3HAYMTENFHOE YBENWMUEHHE OajuloB IO BIIAJICHHIO
HCKYCCTBEHHBIM HHTEIJIEKTOM (cpexnuii Oayur  mpenBaputenbHoro TtectupoBanus 4,00 mo 7,98) u
BBIYUCIIUTETBHOMY MBIILIeHHO (¢ 3,57 o 7,73) ¢ p-3nauennem <0,001. Kpome Toro, 90% y4acTHUKOB BBIpa3niIn
TOTOBHOCTh BHEIPATH MOAXOAbl Ha ocHoBe MM B yueOHBIH mporecc. DTH pe3yibTaThl IOKa3bIBAIOT, YTO
KOHTEKCTHO-OPUEHTUPOBAHHOE M TPAKTHYECKOE O0ydeHHEe MOXeT 3(P(EeKTHBHO MOBBICUTH KOMIETEHTHOCTb
yuureneil. Ilporpamma oOIIECTBEHHBIX pPaOOT PEKOMEHAYeT JAaibHeillllee HAaCTaBHUYECTBO, OCOOCHHO B
TEXHHMYECKHUX acIeKTax, Il OoO0ecredeHus] BHEIAPEHHS W YCTOWYMBOCTH HMHHOBAallMii B OOyueHHH Ha OCHOBE
TeoNpOCTPAHCTBEHHBIX NaHHBIX U MU, a Takke J1sl MpakTHYECKOW pabOThI HA MecTax.

KnaroueBsble cioBa: rpamotHocTs B obnactu MM, BeMHMCIHTENFHOE MBIIUICHHE, Teorpaduieckoe
oOyueHwue.
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