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Abstract: This  study  examines  the  effectiveness  of  artificial  intelligence
(AI) tools in the teaching and learning of geography. The rapid development of
digital  technologies  has  created  new  opportunities  for  enhancing  educational
processes, particularly through AI-powered platforms such as ChatGPT, intelligent
tutoring systems, and adaptive learning applications. The research aims to assess
the impact of AI tools on students’ academic performance, spatial thinking skills,
motivation,  and  engagement  in  geography  classes.  A  mixed-methods  approach
combining quantitative and qualitative data analysis was employed. The findings
indicate that the integration of AI technologies significantly improves students’
understanding  of  geographic  concepts,  facilitates  personalized  learning,  and
increases classroom interaction. Furthermore, AI-based educational tools support
teachers in lesson planning, assessment, and the creation of interactive learning
environments. However, challenges related to technological infrastructure, digital
literacy,  and  ethical  concerns  remain  important  considerations.  The  study
concludes  that  the  effective  integration  of  artificial  intelligence  into  geography
education can enhance learning outcomes and contribute to the modernization of
teaching methodologies.
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Introduction: The rapid advancement of information and communication
technologies has significantly transformed educational systems worldwide. Among
these  innovations,  artificial  intelligence  (AI)  has  emerged  as  one  of  the  most
influential technologies affecting teaching and learning processes. AI-based tools
have  demonstrated  significant  potential  in  improving  educational  quality  by
supporting  personalized  learning,  automating  assessment  procedures,  and
enhancing student engagement.

Geography education, as an interdisciplinary field that integrates natural and
social sciences, requires the development of analytical thinking, spatial reasoning,
and problem-solving skills. Traditional teaching approaches often face challenges
in  addressing  diverse  student  needs  and  providing  individualized  learning
experiences. In this context, artificial intelligence offers innovative opportunities
for improving geography instruction through intelligent tutoring systems, adaptive
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learning platforms, virtual geographic simulations, and AI-powered conversational
agents such as ChatGPT.

Recent studies have highlighted the growing importance of AI technologies
in  education,  emphasizing  their  ability  to  facilitate  interactive  learning
environments and support student-centered pedagogical approaches. In geography
classrooms, AI tools can assist learners in analyzing geographic data, interpreting
maps,  understanding complex spatial  relationships,  and conducting independent
research.  Moreover,  teachers can utilize AI technologies to design instructional
materials, generate assessments, and monitor student progress more efficiently.

Despite  the  increasing  adoption  of  AI  in  educational  settings,  empirical
evidence  regarding  its  effectiveness  in  geography  education  remains  limited.
Existing research has primarily focused on general educational applications of AI,
while  studies  specifically  addressing  geography  teaching  are  relatively  scarce.
Therefore,  a  systematic  evaluation  of  AI  tools  within  geography  education  is
necessary to determine their pedagogical value and practical implications.

The  purpose  of  this  study  is  to  evaluate  the  effectiveness  of  artificial
intelligence tools in geography teaching by examining their influence on students’
academic achievement, motivation, engagement, and spatial thinking abilities. The
study also explores the opportunities and challenges associated with integrating AI
technologies  into  geography  classrooms  and  provides  recommendations  for
educators  and  policymakers  seeking  to  enhance  geography  education  through
innovative digital solutions.

Methodology:  This  study employed a  mixed-methods research design to
evaluate the effectiveness of generative artificial intelligence tools in geography
education. The research combined quantitative and qualitative approaches to obtain
a comprehensive understanding of the opportunities and challenges associated with
AI integration in teaching and learning processes. The quantitative phase focused
on measuring students’ perceptions, learning outcomes, engagement levels, and the
development  of  spatial  thinking skills  through the  use of  AI-based educational
tools. The qualitative phase explored teachers’ experiences, attitudes, and concerns
regarding the implementation of artificial intelligence in geography classrooms.

The  study  was  conducted  among  undergraduate  students  enrolled  in
geography-related courses and geography instructors working in higher education
institutions. A purposive sampling technique was employed to select participants
who  had  prior  experience  using  generative  AI  applications  such  as  ChatGPT,
Gemini,  Microsoft  Copilot,  and  other  AI-powered  educational  platforms.  The
sample  consisted  of  150  students  and  15  instructors  during  the  2025–2026
academic year.
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Data were collected through structured questionnaires and semi-structured
interviews.  The questionnaire  contained items  related  to  learning effectiveness,
student engagement,  motivation,  critical  thinking,  spatial  reasoning,  and overall
satisfaction with AI-assisted learning. Responses were measured using a five-point
Likert  scale  ranging  from strongly  disagree  to  strongly  agree.  Semi-structured
interviews  were  conducted  with  instructors  to  obtain  deeper  insights  into
pedagogical  benefits,  implementation  challenges,  and  future  prospects  of  AI
integration in geography education.

Quantitative  data  were  analyzed  using  the  Statistical  Package  for  Social
Sciences (SPSS 29.0). Descriptive statistics, frequency distributions, mean scores,
standard  deviations,  and  correlation  analyzes  were  employed  to  examine
relationships between AI usage and educational outcomes. Qualitative interview
data  were  analyzed  through  thematic  analysis,  enabling  the  identification  of
recurring  patterns  and  themes  related  to  opportunities,  challenges,  and
recommendations for effective AI implementation.

The  research  framework  focused  on  four  principal  dimensions:  learning
effectiveness, student engagement and motivation, development of spatial thinking
skills, and challenges associated with AI adoption. These dimensions provided a
comprehensive basis for evaluating the educational impact of generative artificial
intelligence in geography teaching and learning.

Literature Review: The integration of artificial intelligence into education
has  become  an  important  area  of  academic  research  over  the  past  decade.
Theoretical  foundations  of  artificial  intelligence  were  established  by  John
McCarthy,  who  introduced  the  term  "Artificial  Intelligence"  in  1956  and
contributed significantly to the development of intelligent computational systems.
His pioneering work laid the foundation for contemporary AI applications used in
educational environments.

The educational implications of technology-enhanced learning were further
developed by Seymour Papert, whose constructionist learning theory emphasizes
the importance of learner-centered environments supported by digital technologies.
Papert  discussed  that  technological  tools  can  facilitate  active  knowledge
construction  and  enhance  student  engagement  through  interactive  learning
experiences.

George  Siemens  introduced  the  theory  of  connectivism,  which  explains
learning  in  digitally  connected  environments.  According  to  Siemens,  learning
occurs through networks of information, technology, and human interaction. This
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theoretical perspective provides an important framework for understanding the role
of artificial intelligence in contemporary educational systems.

Research  on  artificial  intelligence  in  education  has  been  significantly
advanced  by  Wayne  Holmes,  who  has  examined  the  pedagogical,  ethical,  and
social  implications  of  AI  implementation  in  schools  and  universities.  Holmes
emphasizes that AI technologies should be designed to support human learning
while maintaining ethical standards, transparency, and accountability.

Rose Luckin has contributed extensively to the field of educational artificial
intelligence through her studies on intelligent tutoring systems and personalized
learning.  Her  research demonstrates  that  AI  technologies  can improve learning
outcomes when used to complement teachers'  instructional practices rather than
replace them.

Recent  developments  in  machine  learning  and  generative  artificial
intelligence have been influenced by the work of Fei-Fei Li, whose contributions
to computer vision and deep learning have enabled the development of advanced
AI systems capable  of  supporting educational  applications.  These technological
advances  have  facilitated  the  emergence  of  generative  AI tools  that  can create
educational  content,  provide  explanations,  and  support  individualized  learning
experiences.

Despite the growing body of literature on artificial intelligence in education,
research  specifically  focusing  on  geography  education  remains  limited.  Most
existing studies have concentrated on STEM disciplines, language learning, and
computer science education. Consequently, there is insufficient empirical evidence
regarding  the  effectiveness  of  generative  AI  tools  in  developing  geographical
knowledge,  spatial  thinking  abilities,  map  interpretation  skills,  and  geographic
literacy. This study seeks to address this gap by evaluating both the opportunities
and  challenges  associated  with  the  use  of  generative  artificial  intelligence  in
geography teaching and learning.

Results and Analysis: The results of the study demonstrate that generative
artificial  intelligence  tools  have  a  positive  impact  on  geography  teaching  and
learning. Analysis of the questionnaire data revealed that most students perceived
AI-assisted  learning  environments  as  more  engaging  and  interactive  than
traditional  instructional  approaches.  A  significant  proportion  of  respondents
reported  that  AI  tools  helped them understand complex geographical  concepts,
improve  map  interpretation  skills,  and  access  educational  resources  more
efficiently.
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The  findings  indicated  that  students  who  regularly  used  generative  AI
applications achieved higher  levels  of  academic performance and demonstrated
greater  motivation  toward  geography-related  activities.  The  mean  score  for
learning effectiveness was 4.28 out of 5, suggesting a high level of satisfaction
with AI-supported learning experiences. Similarly, student engagement received a
mean  score  of  4.35,  indicating  that  AI  technologies  contributed  to  increased
participation  in  classroom  discussions,  assignments,  and  independent  learning
activities.

The analysis  also revealed positive effects  on the development  of  spatial
thinking skills.  Students  reported that  AI-generated explanations,  visualizations,
and  geographic  simulations  facilitated  a  better  understanding  of  spatial
relationships,  environmental  processes,  and  regional  characteristics.  The  mean
score for spatial thinking development was 4.18, reflecting the effectiveness of AI
tools in enhancing geographic reasoning and analytical capabilities.

Correlation analysis showed a statistically significant positive relationship
between the frequency of AI usage and academic achievement (r = 0.64, p < 0.01).
This finding suggests that students who actively used AI technologies were more
likely  to  achieve  improved  learning  outcomes.  Furthermore,  a  strong  positive
correlation was identified between AI-assisted learning and student motivation (r =
0.71, p < 0.01), indicating that generative AI can serve as an effective tool for
increasing learners' interest in geography education.

Qualitative interview findings supported the quantitative results. Geography
instructors acknowledged that generative AI tools simplified lesson preparation,
facilitated the creation of instructional materials, and enabled more personalized
learning experiences. Teachers reported that AI-generated content could provide
additional  examples,  explanations,  and  assessment  materials,  thereby  reducing
workload and increasing instructional efficiency.

Despite these positive outcomes, several challenges were identified. Many
instructors  expressed  concerns  regarding  the  accuracy  and  reliability  of  AI-
generated  information.  Some  participants  reported  instances  where  AI  systems
produced  incomplete  or  misleading  geographic  explanations,  requiring  careful
verification  by  educators.  Ethical  issues,  including  academic  dishonesty  and
excessive  dependence  on  AI-generated  responses,  were  also  highlighted  as
significant concerns.

The  study  further  revealed  that  unequal  access  to  digital  technologies
remains a barrier to the effective implementation of AI in education. Students from
institutions with limited technological infrastructure reported lower levels of AI
utilization compared to those with greater access to digital resources. Additionally,
some  instructors  indicated  a  lack  of  professional  training  in  the  use  of  AI
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technologies, which limited their ability to integrate these tools effectively into
classroom practices.

However,  successful  implementation  requires  adequate  technological
infrastructure, teacher training, ethical guidelines, and continuous monitoring of
AI-generated content. The results support the view that AI should function as a
complementary educational resource that enhances, rather than replaces, the role of
teachers in the learning process.

Figure 1. Benefits and Challenges of Generative Artificial Intelligence
for Geography Teaching and Learning

The figure illustrates the opportunities and challenges of using Generative
Artificial Intelligence (AI) in geography education. On the left, the opportunities
highlight  how  AI  enhances  personalized  learning,  improves  understanding  of
complex  geographical  concepts,  increases  student  engagement,  supports
geospatial  data  analysis,  assists  in  resource  creation,  and  promotes  global
perspectives.  These  advantages  contribute  to  more  interactive  and  effective
teaching and learning processes. On the right, the challenges emphasize concerns
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related to information accuracy, ethical issues, overreliance on AI, data privacy
and security, digital inequality, and insufficient teacher preparedness. 

Discussion: The findings of this study demonstrate that generative artificial
intelligence has significant potential to enhance geography education by improving
learning  effectiveness,  student  engagement,  and  the  development  of  spatial
thinking skills. The results are consistent with previous studies that emphasize the
educational  benefits  of  AI-supported  learning  environments.  The  positive
relationship identified between AI usage and academic achievement suggests that
generative  AI  can  serve  as  a  valuable  educational  resource  when  integrated
appropriately into geography instruction.

One of the most significant findings is the ability of generative AI tools to
facilitate personalized learning. Geography students often possess diverse learning
styles  and  varying  levels  of  prior  knowledge.  AI-powered  systems  provide
individualized explanations, learning materials, and feedback, enabling students to
learn at their own pace. This finding supports the arguments of Luckin (2018), who
emphasize that intelligent technologies can enhance educational outcomes through
personalized instruction.

The  study  also  highlights  the  contribution  of  AI  technologies  to  the
development of spatial thinking, which is considered a fundamental competency in
geography  education.  Through  interactive  visualizations,  simulations,  and
geospatial analyses, students can better understand complex spatial relationships
and environmental  processes.  These findings indicate that  AI technologies may
help address some of the challenges traditionally associated with teaching abstract
geographical concepts.

Another  important  result  concerns  student  motivation  and  engagement.
Participants reported that AI-assisted learning environments were more interactive
and stimulating than conventional instructional methods. The availability of instant
responses,  personalized  assistance,  and  adaptive  learning  resources  appears  to
increase students’ interest in geography and encourage independent learning. This
observation aligns with constructivist  learning theories, which emphasize active
participation and learner-centered educational experiences.

Ethical issues also emerged as an important theme in the study. Excessive
dependence  on  AI  may  reduce  opportunities  for  critical  thinking,  independent
problem-solving,  and  original  academic  work.  Furthermore,  issues  related  to
academic integrity, misinformation, algorithmic bias, and data privacy require the
development of clear institutional policies and ethical guidelines governing the use
of AI in educational settings.

________________________________________________________________

"Экономика и социум" №6(145) 2026                                      www.iupr.ru



The  study  further  indicates  that  technological  infrastructure  and  teacher
preparedness  play  a  crucial  role  in  successful  AI  implementation.  Educational
institutions with limited digital resources may experience difficulties in adopting
advanced  AI  technologies.  Similarly,  instructors  who  lack  sufficient  digital
competencies may be unable to fully utilize the potential educational of AI tools.
Therefore,  professional  development  programs  and  investments  in  educational
technology infrastructure are essential for effective integration.

Figure 2. Stepwise Framework for Evaluating AI in Geography Education.

This figure presents a stepwise framework for evaluating the effectiveness of
artificial intelligence in geography education. It illustrates a progressive process
beginning with assessing learning outcomes and student achievement. The next
stages  focus  on  enhancing  engagement,  analyzing  spatial  relationships,  and
evaluating  data  interpretation  skills.  The  framework  further  emphasizes
accessibility considerations, ensuring that AI tools are inclusive and usable for all
learners.  It  then  identifies  strengths  and  limitations  of  AI  applications  in
educational  contexts.  Finally,  the  model  guides  future  implementation  by
supporting informed decision-making for teachers and researchers. Overall, the
framework  highlights  a  structured  approach  to  evaluating  AI  integration  in
geography education.
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Conclusion: The rapid development of generative artificial intelligence has
created new opportunities for  transforming geography education and improving
teaching and learning processes. This study evaluates the effectiveness of AI tools
in geography education by examining their impact on learning outcomes, student
engagement,  spatial  thinking  skills,  and  instructional  practices.  The  findings
indicate that AI technologies can significantly enhance educational experiences by
providing personalized learning support, facilitating the understanding of complex
geographical concepts, and increasing student motivation and participation.

The  results  also  demonstrate  that  AI-assisted  learning  environments
contribute  to  the  development  of  critical  geographical  competencies,  including
spatial reasoning, data interpretation, and problem-solving abilities. Furthermore,
generative AI tools support educators by assisting with lesson planning, content
creation, assessment design, and the delivery of interactive learning experiences.
These advantages highlight the growing importance of artificial intelligence as a
valuable educational resource in modern geography classrooms.

However, the study identified several challenges that must be addressed to
ensure  the effective and responsible  implementation  of  AI  technologies.  Issues
related to information accuracy, ethical concerns, data privacy, digital inequality,
and  teacher  preparedness  remain  significant  barriers  to  successful  adoption.
Therefore,  educational  institutions  should  establish  clear  guidelines,  provide
professional  training opportunities,  and invest  in  technological  infrastructure  to
maximize the benefits of AI while minimizing potential risks.
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