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The study aims to identify the key barriers and drivers of artificial intelligence (AI) integration in geograph-
ical education through a comparative analysis of Kazakhstan and Uzbekistan, where digital transformation 
processes develop in parallel but differ in institutional and pedagogical orientation. A  mixed-methods 
approach was applied, combining document analysis of national education digitalization policies with an 
online survey of 966 educators (471 from Kazakhstan and 495 from Uzbekistan), including schoolteachers, 
college instructors, and university lecturers. The analysis focused on levels of digital competence, institu-
tional readiness, and practical integration of AI tools in teaching geography. The findings reveal notable 
cross-country differences. Kazakhstan demonstrates a practice-oriented approach emphasizing digital ped-
agogy, interactive mapping, and applied use of AI in spatial analysis. Uzbekistan, in contrast, prioritizes 
the development of academic infrastructure and research platforms for AI. Common barriers include 
weak Internet connectivity in rural areas, limited teacher training, lack of methodological frameworks, 
and psychological resistance to innovation. However, strong drivers are evident—state support for digital 
education, the spread of geospatial analytics, and the emergence of AI-based tools for spatial modeling 
and personalized learning. The study provides one of the first comparative assessments of AI adoption in 
geographical education across Central Asia. It conceptualizes AI not as a replacement for teachers but as 
an intelligent partner that enhances research thinking, spatial imagination, and cognitive autonomy, laying 
the foundation for sustainable digital transformation of geographical education.
Keywords: �artificial intelligence; geographical education; digitalization; digital literacy; Kazakhstan; Uzbekistan.

Introduction

The rapid development of artificial intelligence (AI) 
technologies in recent years has had a significant im-
pact on educational systems worldwide, transform-
ing teaching methods, forms of teacher–student in-
teraction, and the content of academic disciplines. In 
the context of educational digitalization, the integra-

tion of AI into the teaching of geography has gained 
particular importance. Geographical education in 
the era of AI goes beyond traditional cartography 
and regional studies, evolving into an interdisciplin-
ary platform that integrates geoinformatics, analyti-
cal technologies, and pedagogical innovations [1, 2]. 

Kazakhstan and Uzbekistan, as leading Central 
Asian nations, are undergoing comparable stages of 
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digital transformation in their educational systems. 
For both countries, the integration of artificial in-
telligence (AI) into education represents a strategic 
priority. Educational digitalization is embedded 
in national policy agendas—reflected in Kazakh-
stan’s Digital Kazakhstan and National Education 
Development Project and Uzbekistan’s Digital Uz-
bekistan 2030 Strategy and Artificial Intelligence 
for Sustainable Development Program. However, 
the countries differ in their levels of infrastructural 
readiness, teacher qualification, and institutional 
support for innovation, leading to uneven adoption 
of AI tools— particularly in disciplines that require 
high levels of visualization and data analytics, such 
as geography.

Contemporary global challenges—such as cli-
mate change, urbanization, spatial inequality, and 
natural resource conflicts—underscore the growing 
importance of geographical education as a tool for 
fostering environmental awareness and spatial lit-
eracy. The integration of AI technologies, including 
machine learning, satellite data analysis, geoinfor-
mation services, and ChatGPT-like models, creates 
new opportunities for teaching research methods, 
spatial analysis, and digital cartography. However, 
these opportunities are often constrained by the lack 
of methodological frameworks, pedagogical compe-
tencies, and institutional support.

The purpose of this study is to identify and 
classify the key barriers and drivers of artificial in-
telligence integration in geographical education in 
Kazakhstan and Uzbekistan, as well as to determine 
strategic directions for enhancing the effectiveness 
of its implementation.

Analysis of previous research 
In recent years, artificial intelligence (AI) has 
emerged as one of the key technological paradigms 
shaping the evolution of modern education. Schol-
ars emphasize that the application of AI opens new 
possibilities for learning personalization, adaptive 
assessment systems, and intelligent teacher support. 
The integration of AI into the educational process 
is accompanied by the continuous improvement of 
pedagogical practices, contributing to a sustainable 
increase in the quality of education [3].

Among the most significant directions of AI in-
tegration in education are generative AI technolo-
gies, virtual and augmented reality, and intelligent 
data analysis systems [4–5]. These innovations foster 
the development of learners’ self-organization, crit-

ical thinking, and interdisciplinary collaboration 
skills. AI effectively supports project-based and re-
search-oriented learning, shaping 21st-century com-
petencies among future educators [6–8].

Contemporary literature places particular em-
phasis on the potential of AI in geographical and 
environmental education. Chang and Kidman [9] 
view the emergence of generative language models 
as both a challenge and an opportunity to reconsider 
methods of teaching geography and environmental 
studies. Lee [10] highlights the necessity of a com-
prehensive integration of advanced technologies, in-
cluding geoinformation services and modeling sys-
tems, into the learning process. Similarly, Ahmed 
[11] underscores the role of artificial intelligence in 
the development of intelligent geographic informa-
tion systems (AI-GIS) for spatial data analysis.

A significant contribution to understanding the 
role of AI in geographical education has been made 
by studies focusing on the use of Web-GIS and dig-
ital cartographic platforms for educational purpos-
es [12–14], as well as on assessing the potential of 
ChatGPT for teaching spatial analysis [15]. Lee et al. 
[16] examine the transformation of geography cur-
ricula and teaching methodologies under the influ-
ence of generative technologies, including automated 
assessment and the enhancement of fieldwork prac-
tices. Wilby and Esson [17] introduce the concept 
of AI literacy in geographical education, emphasiz-
ing the importance of developing a critical attitude 
toward the use of AI and fostering students’ digital 
competence [18–20].

Similar trends are observed in the higher educa-
tion system of Kazakhstan, where educators demon-
strate a strong interest in adopting and applying 
artificial intelligence technologies in the teaching 
process [21–22]. However, there remains a shortage 
of methodological resources, practical guidelines, 
and digital tools tailored to the content of educa-
tional programs. This limits the effectiveness of AI 
integration in teaching and constrains the develop-
ment of students’ digital and analytical competencies 
essential for contemporary geographical science.

The regional context of Kazakhstan and Uzbeki-
stan is gradually reflected in academic literature. 
National methodological recommendations high-
light the importance of adapting AI tools to sub-
ject-specific content, including geography, through 
the development of application scenarios involving 
digital maps, satellite data, and machine learning 
platforms.
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Despite the growing body of literature on the 
digitalization of education, comparative studies 
across Central Asian countries remain limited. 
Factors influencing the successful implementation 
of artificial intelligence—such as technical, human, 
institutional, and sociocultural dimensions—have 
not yet been sufficiently explored. For the sustain-
able development of the region’s educational sys-
tems, empirical evidence is required to capture the 
specificity of national contexts and to identify op-
portunities for the exchange of best practices.

Research Methods 
The study on the barriers and drivers of artificial 
intelligence (AI) integration into geographical ed-
ucation in Kazakhstan and Uzbekistan was con-
ducted using a mixed methods design that com-
bined qualitative and quantitative approaches. This 
framework enabled the comparison of institutional 
conditions and pedagogical practices with the em-
pirical assessments of participants in the educa-
tional process.

The methodological framework of the research 
included the following methods:

• Document analysis—examination of national 
policy documents and strategic programs regulat-
ing digital transformation and AI development in 
Kazakhstan and Uzbekistan, as well as academic 
publications on educational digitalization;

• Comparative analysis—identification of simi-
larities and differences in institutional conditions, 
regulatory frameworks, and educational practices 
related to AI implementation in the two countries;

• Online survey—empirical data collection 
through a structured questionnaire (Google Forms) 
consisting of 12 items organized into thematic blocks;

• Statistical processing of quantitative data—de-
scriptive statistical analysis of survey responses to 
identify dominant trends, barriers, and drivers of 
AI integration.

Within the framework of document analysis, 
the primary sources included national develop-
ment programs of the Republic of Kazakhstan and 
the AI Technology Development Strategy 2030 of 
the Republic of Uzbekistan. This stage enabled the 
identification of key policy directions and institu-
tional challenges in integrating AI into geographi-
cal education.

The empirical phase was conducted through an 
online survey involving geography teachers, grad-
uate students, and representatives of the academic 

community. The questionnaire was structured in-
to four thematic blocks: (1) awareness of AI; (2) 
frequency and forms of use; (3) barriers and lim-
itations; and (4) perceived potential of AI for im-
proving geography teaching. The survey was admin-
istered in three languages—Kazakh, Russian, and 
Uzbek—to ensure linguistic representativeness.

A total of 966 respondents participated in the 
survey (Kazakhstan—471; Uzbekistan—495). The 
majority were secondary school teachers (82.1% 
and 80.0%, respectively), allowing for an assessment 
of practices at the basic education level, while the 
inclusion of college and university representatives 
ensured vertical coverage of the entire education 
system. The sample comprised educators with ex-
perience in teaching geography and an interest in 
applying AI in educational practice. The distribu-
tion of respondents is presented in Tab.1.

The majority of respondents were secondary 
school teachers (82.1% in Kazakhstan and 80.0% 
in Uzbekistan). The participation of representatives 
from higher education institutions and colleges ex-
panded the scope of the analysis, encompassing all 
levels of the educational system. All respondents 
were informed about the purpose of the study and 
the use of data exclusively for research purposes. 
The study adheres to the principles of academic 
ethics and confidentiality. The combination of doc-
ument analysis and a large-scale survey ensured the 
comparability and reproducibility of results, which 
were essential for identifying the institutional and 
pedagogical factors that both hinder and promote 
the integration of artificial intelligence into geo-
graphical education in the two countries.

The integration of artificial intelligence into ed-
ucational systems in Kazakhstan and Uzbekistan is 
embedded within broader national digitalization 
strategies. In Kazakhstan, AI development is sup-
ported by the “Digital Kazakhstan” program and 
subsequent national initiatives aimed at fostering 
digital transformation in education. Regulatory 
discussions increasingly address issues of academic 
integrity, particularly in relation to plagiarism de-
tection systems, automated content generation, and 
the ethical use of AI-based tools in higher education 
institutions. The Law on Education and institution-
al academic integrity codes emphasize originality, 
independent work, and transparency in the use of 
digital technologies.

In Uzbekistan, AI implementation is guided 
by the “Digital Uzbekistan 2030” Strategy and the 
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“Artificial Intelligence for Sustainable Development” 
Program. Similar to Kazakhstan, regulatory docu-
ments highlight digital modernization but provide 
limited detailed guidance regarding the ethical use 
of generative AI in academic settings. Academic in-
tegrity policies in Uzbek universities primarily focus 
on plagiarism prevention and research ethics, while 
explicit regulation of AI-assisted content creation 
remains underdeveloped.

A comparative analysis demonstrates that both 
countries recognize AI as a strategic development 
priority; however, regulatory mechanisms govern-
ing its responsible use in education are still evolv-
ing. In both contexts, there exists a normative gap 
between rapid technological adoption and clearly 
articulated standards of academic integrity con-
cerning AI-generated content. This gap creates 
institutional uncertainty and may contribute to 
inconsistent practices among educators and stu-
dents.

Results and Discussion 
One of the key infrastructural barriers to the in-

tegration of artificial intelligence into geographical 
education remains the uneven development of com-
munication networks and the limited availability of 
high-speed Internet. Despite the active expansion 
of 4G technologies and the partial introduction 
of 5G in Kazakhstan and Uzbekistan, a significant 
portion of rural and remote areas still experience 

weak signal coverage or lack connectivity altogether. 
This situation complicates the use of cloud services, 
online platforms, and geographic information sys-
tems, which constitute the foundation of digital ed-
ucational technologies and AI-based tools (Fig. 1).

One of the conceptually significant aspects of 
the study concerns the degree of cognitive and 
practical adoption of artificial intelligence (AI) 
technologies by the teaching community within 
the educational process. The empirical data reveal 
a pronounced cross-country differentiation in the 
level of digital competence. In Kazakhstan, the 
dominant group of respondents (190 individuals) 
demonstrated not only a declarative understanding 
of AI functioning principles but also partial opera-
tionalization of these tools in pedagogical practice. 
In Uzbekistan, a comparable group (110 individ-
uals) exhibited a lower degree of institutional AI 
integration, reflecting the relative inertia of digital 
transformation within the educational environment.

A separate analysis concerns the cohort of teach-
ers characterized by episodic or superficial use of 
intelligent technologies. In Uzbekistan, this group 
is predominant (176 individuals), while in Ka-
zakhstan its size is smaller (131 individuals). This 
distribution illustrates the difference in the pace 
of transition from declarative awareness to instru-
mental and practical application of AI. Notably, in 
Kazakhstan, the proportion of teachers with only 
basic familiarity with AI (56 individuals) or com-

Table 1. Distribution of respondents by teaching experience (n = 966)
Characteristics Kazakhstan (n = 471) Uzbekistan (n = 495) 

Gender 

Male 102 120 

Female 369 375 

Teaching experience 

Less than 1 year 15 7 

1–3 years 44 37 

4–7 years 85 97 

8–10 years 102 106 

11–15 years 115 121 

16–20 years 81 91 

More than 20 years 29 36 

Type of educational institution 

Secondary schools 387 396 

Colleges 12 19 

Universities 72 80 
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(a) Spatial distribution of Internet coverage in Kazakhstan

Fig. 1. Internet coverage and spatial inequality of digital infrastructure in Kazakhstan and Uzbekistan. 
Source: This map was created by the author based on data from the nPerf website (Coverage Map section) [24].

(b) Spatial pattern of Internet connectivity across Uzbekistan
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pletely unaware of its capabilities (35 individuals) is 
significantly lower than in Uzbekistan (112 and 51, 
respectively). These findings empirically confirm a 
higher level of digital adaptability and profession-
al-practical readiness among Kazakhstani educators.

A promising direction for the use of AI lies in 
the field of geographical education, where intel-
ligent systems enable the implementation of in-
teractive mapping services, automated geospatial 
analysis procedures, and intelligent assessment 
of learning tasks. According to the survey results, 
159 respondents from Kazakhstan and 103 from 
Uzbekistan recognize the substantial potential of 
AI in enhancing the educational process. In addi-
tion, 80 and 69 respondents, respectively, noted the 
opportunities for personalized learning, in which 
algorithms adapt to learners’ cognitive trajectories 
and levels of knowledge acquisition.

Nevertheless, a persistent skeptical discourse 
remains regarding the pedagogical relevance of ar-
tificial intelligence. In Uzbekistan, 142 respondents, 
and in Kazakhstan, 93 respondents, expressed 
doubts about its practical effectiveness, pointing to 
the limitations of simulated interaction compared 
to authentic pedagogical engagement. Furthermore, 
a considerable proportion of participants (111 in 
Kazakhstan and 138 in Uzbekistan) emphasized the 
irreplaceable role of the teacher as a mediator of 
knowledge and a formative agent of the educational 
experience. Equally noteworthy is the segment of 
educators (28 in Kazakhstan and 43 in Uzbekistan) 
who voiced concern over the potential reduction of 
students’ critical thinking and empirical skills as a 
result of the excessive integration of AI.

These positions highlight the necessity of hy-
bridizing educational strategies—a synergistic 
combination of traditional field-based learning and 
intelligent technologies—to maintain a balance be-
tween cognitive autonomy and the technological 
mediation of the learning environment.

Use of Digital and Intelligent Technologies 
in Geography Teaching

The current stage of geographical education devel-
opment is characterized by intensive digitalization, 
accompanied by the integration of geoinformation, 
multimedia, and artificial intelligence technologies 
into the pedagogical process. The use of digital tools 
ensures multidimensional representation of spatial 
data, promotes the development of students’ ana-

lytical thinking, and fosters competencies aligned 
with the demands of the digital transformation era.

The survey results indicate the widespread use of 
interactive mapping services and three-dimension-
al models (such as Google Earth, Google Maps, and 
National Geographic MapMaker), which are active-
ly employed by 107 teachers in Kazakhstan and 135 
in Uzbekistan. This highlights the significant poten-
tial of geoinformation systems as a key means of 
visualizing and modeling spatial phenomena within 
the educational environment. In addition, multi-
media presentations and video materials are used 
by 74 and 96 respondents, respectively, reflecting 
a growing emphasis on the visual and communica-
tive components of the learning process.

A relatively lower level of integration is observed 
in the use of online platforms for testing and dis-
tance learning (such as Kahoot, Quizlet, Google 
Classroom, and Moodle), which are employed by 68 
teachers in Kazakhstan and only 51 in Uzbekistan. 
This imbalance may be attributed to disparities in 
infrastructural capacity and differences in the level 
of digital readiness among educational institutions. 
The use of AI assistants and automated grading 
systems was reported by 92 teachers in Kazakhstan 
and 67 in Uzbekistan, indicating the gradual pene-
tration of intelligent technologies into the practice 
of geographical education. Meanwhile, virtual labo-
ratories and simulation environments (PhET, NASA 
World Wind) remain limited in use—32 and 23 us-
ers, respectively—suggesting restricted accessibility 
and insufficient methodological integration.

It is noteworthy that in Uzbekistan, 48 teachers 
reported not using any digital technologies at all, 
which is twice as many as in Kazakhstan (21). This 
highlights an institutional and technological gap 
and the uneven pace of digitalization processes 
within the educational landscape.

Teachers’ Attitudes Toward 
the Potential of Artificial Intelligence

Despite the growing interest in the intellectualiza-
tion of the educational process, there remains a 
shortage of knowledge and methodological read-
iness among teachers for the practical application 
of AI tools (180 respondents in Kazakhstan and 
205 in Uzbekistan). This trend underscores the 
relevance of professional development programs 
aimed at fostering digital-pedagogical competen-
cies. At the same time, 135 teachers in Kazakhstan 
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Fig. 2. Artificial intelligence in geographical education: benefits, limitations, and developmental prospects. 
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and 109 in Uzbekistan regard AI as a promising 
means of improving educational practices, while 
acknowledging the high resource intensity of its 
implementation.

An optimistic perception of AI is observed only 
among 72 Kazakhstani and 37 Uzbek respondents, 
who view it as a driver of qualitative innovation in 
teaching methodology, particularly in terms of per-
sonalized learning and the creation of interactive 
geospatial models. However, 62 and 92 teachers, 
respectively, continue to consider traditional teach-
ing methods more effective, and 22 and 52 respon-
dents believe that AI cannot fully replace classical 
approaches that ensure pedagogical interaction and 
the heuristic dimension of learning (Fig. 2).

Advantages, limitations, and institutional 
prospects of integrating artificial intelligence 

into geography teaching
The integration of artificial intelligence (AI) into 

geographic education is shaping a new paradigm 
of the learning process, grounded in automation, 
intellectualization, and personalization of instruc-
tion. The key advantages identified by respondents 
include the optimization of pedagogical activities 
through the automation of routine tasks (95 in-
structors in Kazakhstan and 119 in Uzbekistan) and 
the expansion of spatial modeling capabilities via 
interactive cartographic platforms (98 and 106, re-
spectively). A significant factor in the effectiveness 
of AI integration is the reduction of instructors’ 
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time expenditure (126 and 112 respondents), which 
creates prerequisites for deeper individualization of 
the educational interaction.

Nevertheless, alongside its functional advantag-
es, a range of systemic limitations has been identi-
fied. The most frequently mentioned risk concerns 
the decline of learners’ cognitive autonomy result-
ing from excessive dependence on algorithmic solu-
tions (106 respondents in Kazakhstan and 116 in 
Uzbekistan). Additional barriers include technolog-
ical vulnerability (48 and 77), infrastructural defi-
ciencies, as well as epistemological risks associated 
with potential errors in data generation (101 and 
98). The high cost of software and hardware solu-
tions remains a significant constraint on the digital 
transformation of educational institutions.

Among the most in-demand AI tools are sys-
tems for generating interactive learning materials—
maps, infographics, and VR/AR content (179 and 
150 respondents); geoinformation systems incorpo-
rating elements of machine analysis (106 and 85); 
and satellite data processing services such as Goo-
gle Earth AI (78 and 102). Considerable interest is 
also observed in intelligent assistants (ChatGPT 
and its analogues), which are viewed as tools for 
automating the assessment and generation of edu-
cational texts (82 and 105). At the same time, a pro-
portion of educators continue to exhibit technolog-
ical skepticism (26 and 53), reflecting psychological 
and motivational barriers to digital adaptation.

Institutional strategies for integrating AI into ed-
ucational practice vary across countries. Support for 
international partnerships with technological corpo-
rations (Google, ESRI, NASA) remains limited (50 
and 70 respondents), while the idea of developing 
national AI solutions receives stronger endorsement 
in Kazakhstan (102) than in Uzbekistan (55), reflect-
ing differing levels of technological sovereignty.

One of the practical directions of AI applica-
tions is the analysis of geospatial data using GIS, 
satellite imagery, and unmanned aerial technolo-
gies (105 and 65 respondents). However, the in-
tegration of AI into field-based research remains 
limited (65 and 25), primarily due to the high cost 
of equipment and the lack of an established meth-
odological framework.

Effective implementation of AI requires system-
atic governmental support aimed at fostering dig-
ital pedagogy. According to respondents, the most 
prioritized measure is the institutionalization of 
AI-related courses within teacher education pro-
grams (302 in Kazakhstan and 400 in Uzbekistan). 
The second most significant direction involves the 
creation of networked professional communities of 
innovative educators (105 and 215), emphasizing 
the need for collective experience exchange and the 
development of a pedagogical innovation ecosys-
tem (Fig. 3).

The issue of reliability and verification of AI-gen-
erated content is gaining particular relevance: 127 
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rations (Google, ESRI, NASA) remains limited (50 
and 70 respondents), while the idea of developing 
national AI solutions receives stronger endorsement 
in Kazakhstan (102) than in Uzbekistan (55), reflect-
ing differing levels of technological sovereignty.

One of the practical directions of AI applica-
tions is the analysis of geospatial data using GIS, 
satellite imagery, and unmanned aerial technolo-
gies (105 and 65 respondents). However, the in-
tegration of AI into field-based research remains 
limited (65 and 25), primarily due to the high cost 
of equipment and the lack of an established meth-
odological framework.

Effective implementation of AI requires system-
atic governmental support aimed at fostering dig-
ital pedagogy. According to respondents, the most 
prioritized measure is the institutionalization of 
AI-related courses within teacher education pro-
grams (302 in Kazakhstan and 400 in Uzbekistan). 
The second most significant direction involves the 
creation of networked professional communities of 
innovative educators (105 and 215), emphasizing 
the need for collective experience exchange and the 
development of a pedagogical innovation ecosys-
tem (Fig. 3).
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respondents in Kazakhstan and 85 in Uzbekistan 
emphasize the need for state regulation of gener-
ative systems to prevent the dissemination of false 
or distorted information within the educational 
environment. At the same time, the idea of dereg-
ulation and simplification of procedures for inte-
grating digital tools into curricula received limited 
support (82 in Kazakhstan and 58 in Uzbekistan), 
indicating the persistence of institutional and reg-
ulatory inertia that hinders the technological mod-
ernization of the educational process.

Artificial intelligence in geographical education 
of Kazakhstan and Uzbekistan: 

challenges and prospects of integration

Modern digital technologies are radically trans-
forming the educational landscape, with artificial 
intelligence (AI) emerging as a key instrument of 
this transformation. In geographic education, AI 
enables the visualization of spatial processes, the 
processing of large geospatial datasets, and the 
personalization of learning experiences. However, 
the implementation of intelligent technologies in 
Kazakhstan and Uzbekistan faces a number of sys-
temic barriers.

The main challenge lies not in technological 
accessibility but in the lack of pedagogical compe-
tencies. According to the survey, 180 teachers in 
Kazakhstan and 205 in Uzbekistan reported insuffi-
cient knowledge regarding the practical application 
of AI. The absence of specialized courses in teach-
er-training universities and limited opportunities 
for professional development impede the formation 

of digital pedagogy. Furthermore, older generations 
of educators often experience difficulties when us-
ing even basic ICT tools.

Infrastructural limitations exacerbate the di-
vide: many schools lack stable internet connectiv-
ity, and their technical equipment does not meet 
the requirements of contemporary educational 
programs—particularly in rural regions. The solu-
tion to this problem may lie in the advancement 
of cloud technologies, the development of national 
educational platforms, and state-subsidized access 
to digital learning resources.

The psychological factor is also significant: some 
educators perceive AI as a threat to traditional 
forms of teaching, fearing a decline in students’ in-
dependence and potential algorithmic errors. Nev-
ertheless, when properly integrated, AI serves not 
as a substitute but as a partner to the teacher, en-
abling the automation of routine tasks and allowing 
greater focus on analytical work and individualized 
learning approaches.

The challenges of implementation also extend to 
specific software solutions: GIS platforms (ArcGIS, 
QGIS), remote sensing programs (ENVI, Google 
Earth Engine), analytical tools (Python, GeoDa), 
virtual laboratories (PhET, NASA World Wind), 
and AI assistants (ChatGPT, AI Tutor) all require 
a high level of professional qualification and meth-
odological support.

In Kazakhstan, the emphasis is placed on the 
practical integration of AI into the educational 
process and on enhancing teachers’ digital compe-
tence. In Uzbekistan, by contrast, an institutional 
infrastructure is being developed—AI departments 
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and research centers—which reflects a long-term 
academic strategy.

Geographic education of the future is incon-
ceivable without AI: intelligent algorithms will 
facilitate climate data analysis, natural process 
modeling, and the development of adaptive learn-
ing programs. Achieving this requires systemic 
support measures, including the establishment 
of university-based AI centers, partnerships with 
technology companies, the expansion of cloud 
computing capacities, and the implementation of 
specialized teacher training programs.

A conducted SWOT analysis demonstrates that 
the integration of artificial intelligence into geo

graphy teaching in Kazakhstan and Uzbekistan pro-
ceeds under differing institutional logics (Tab. 2).

Kazakhstan demonstrates a predominantly 
applied and practice-oriented trajectory of dig-
italization, aimed at enhancing teachers’ digital 
competence and integrating AI into the teaching 
process. Uzbekistan, by contrast, places emphasis 
on academic infrastructure and research initiatives, 
providing a strategic foundation but slowing down 
practical implementation. For both countries, key 
opportunities include the development of national 
AI platforms, international technological collabo-
ration, and the institutionalization of teacher train-
ing in digital pedagogy, whereas the main threats 
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Table 2. SWOT analysis of artificial intelligence integration 
into geography teaching in Kazakhstan and Uzbekistan

Component Kazakhstan Uzbekistan

Strengths

•  active implementation of GiS and ai technolo-
gies in schools and universities.

•  Governmental support for education digitali-
zation.

•  enhancement of teachers’ digital competence 
through training courses and pilot projects.

•  Development of practice-oriented approaches 
and use of interactive mapping tools.

•  establishment of university departments and 
research centers specializing in ai.

•  existence of a national strategy for the digital 
transformation of education.

•  emphasis on fundamental research and the 
development of national ai platforms.

• Growing student interest in ai technologies.

Weaknesses

•  insufficient teacher preparation in ai and 
programming.

•  limited infrastructure, particularly in rural 
schools.

•  absence of a unified national strategy for ai 
integration in education.

•  high cost of licensed software and technical 
equipment.

• Slow implementation of ai at the school level.
•  inadequate teacher qualifications and shortage 

of methodological resources.
•  limited practical orientation of educational 

projects.
• Dependence on foreign digital solutions.

Opportunities

•  establishment of national ai competence 
centers and university laboratories.

•  Development of partnerships with internation-
al companies (Google, eSri, Microsoft).

•  Use of cloud technologies and open platforms 
(Google earth ai, pheT).

•  Formation of networks of innovative educators 
and integration of ai into teacher education.

•  expansion of academic programs and research 
projects on ai.

• creation of national educational platforms.
•  increasing investment activity in digital edu-

cation.
•  introduction of Vr/ar and immersive technolo-

gies in geography teaching.
•  expansion of academic programs and research 

projects on ai.
• creation of national educational platforms.
•  increasing investment activity in digital edu-

cation.
•  introduction of Vr/ar and immersive technolo-

gies in geography teaching.

Threats

•  resistance from parts of the teaching commu-
nity.

• insufficient funding for long-term initiatives.
•  risks of unreliable ai-generated data and 

ethical concerns.
• Digital inequality across regions.

• Bureaucratic barriers to innovation. 
•  lack of large-scale digital infrastructure in 

schools.
•  Technological dependence on external provid-

ers.
•  Slow adaptation of ai tools to national educa-

tional standards.

and research centers—which reflects a long-term 
academic strategy.

Geographic education of the future is inconceiv-
able without AI: intelligent algorithms will facili-
tate climate data analysis, natural process modeling, 
and the development of adaptive learning programs. 
Achieving this requires systemic support measures, 
including the establishment of university-based AI 
centers, partnerships with technology companies, 
the expansion of cloud computing capacities, and 
the implementation of specialized teacher training 
programs.

A conducted SWOT analysis demonstrates that 
the integration of artificial intelligence into geo-

graphy teaching in Kazakhstan and Uzbekistan pro-
ceeds under differing institutional logics (Tab. 2).

Kazakhstan demonstrates a predominantly 
applied and practice-oriented trajectory of dig-
italization, aimed at enhancing teachers’ digital 
competence and integrating AI into the teaching 
process. Uzbekistan, by contrast, places emphasis 
on academic infrastructure and research initiatives, 
providing a strategic foundation but slowing down 
practical implementation. For both countries, key 
opportunities include the development of national 
AI platforms, international technological collabo-
ration, and the institutionalization of teacher train-
ing in digital pedagogy, whereas the main threats 
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involve digital inequality, insufficient funding, and 
the risks of technological dependency.

Conclusions
The conducted comparative study confirms that 
the integration of artificial intelligence (AI) into 
geographic education in Kazakhstan and Uzbeki-
stan is asynchronous yet mutually complementa-
ry. Despite sharing the overarching goal of digital 
transformation, the two countries exhibit distinct 
models of institutional adaptation: Kazakhstan 
follows an applied scenario focused on enhancing 
teachers’ digital competence and incorporating AI 
into instructional practice, while Uzbekistan pur-
sues an academic-infrastructural approach, de-
veloping a research and regulatory foundation for 
future scaling.

The identified barriers—staffing, infrastructural, 
methodological, and psychological—indicate the 
need for comprehensive modernization of peda-
gogical systems. Insufficient teacher training, frag-
mentation of methodological support, and unequal 
access to digital resources remain key obstacles to 
full-scale AI integration. At the same time, the 
identified drivers demonstrate significant develop-
mental potential, including the creation of national 
AI platforms, the use of cloud and GIS technolo-
gies, international technological partnerships, and 
the institutionalization of digital pedagogy within 
teacher education programs.

A promising direction involves the advance-
ment of AI literacy in geographic education, fos-
tering not only technical but also critical and ana-
lytical competencies among teachers and learners. 
AI integration should therefore be accompanied by 
pedagogical strategies that develop students’ abil-
ity to verify AI-generated information, recognize 

algorithmic limitations, and preserve independent 
analytical thinking. In this regard, artificial intel-
ligence should function as an intellectual partner 
and supportive cognitive tool rather than a sub-
stitute for reflective and research-based learning.

Finally, the study has several limitations. The 
empirical analysis reflects only the perspectives of 
educators, while the views of students and parents 
were not included. In addition, the online survey 
format may influence the representativeness of re-
sponses, particularly in regions with limited digi-
tal access. The comparative framework covers only 
two countries, which restricts broader regional 
generalization and calls for further cross-national 
and multi-level research.

Scientific novelty and 
practical significance of the research

Scientific novelty of the study lies in the compara-
tive identification and classification of barriers and 
drivers of AI integration in geographical education 
in Kazakhstan and Uzbekistan based on a large-
scale empirical survey and policy analysis. Unlike 
previous studies focusing on general digitalization 
processes, this research specifically addresses the 
disciplinary context of geography and examines 
the interaction between technological adoption and 
national educational frameworks.

The practical significance of the research consists 
in the development of strategic recommendations 
for improving institutional support, teacher training, 
and regulatory alignment in the field of AI imple-
mentation in geographical education. The findings 
may be used by educational policymakers, univer-
sity administrators, and curriculum developers in 
both countries.
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BARRIERS AND DRIVERS OF ARTIFICIAL INTELLIGENCE INTEGRATION IN GEOGRAPHICAL EDUCATION: 

A COMPARATIVE STUDY OF KAZAKHSTAN AND UZBEKISTAN

що проходять паралельні, але відмінні процеси цифрової трансформації. Застосовано дослідницький підхід, 
що поєднує аналіз національних політик цифровізації з онлайн-опитуванням 966 респондентів (471 з Казах-
стану і 495 з Узбекистану), серед яких — учителі географії, викладачі коледжів і університетів. Результати 
виявили помітні міждержавні відмінності в рівнях цифрової компетентності, інституційної готовності та 
педагогічної інтеграції ШІ. У Казахстані спостерігається більш практикоорієнтована модель, зосереджена 
на цифровій педагогіці та прикладному використанні інструментів ШІ, тоді ж як в Узбекистані основний 
акцент роблять на розвитку академічної інфраструктури та наукових досліджень. Дослідження підкреслює 
необхідність розвитку ШІ-грамотності в географічній освіті як основи сталої цифрової трансформації, роз-
глядаючи ШІ не як заміну викладача, а як інтелектуального партнера, що сприяє формуванню дослідниць-
кого мислення, просторової уяви та когнітивної автономії студентів.

Ключові слова: �штучний інтелект; географічна освіта; цифровізація; цифрова грамотність; Казахстан; 
Узбекистан.
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