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The rapid advancement of artificial intelligence technologies has highlighted
the need to rethink educational and research methods in the geographical
sciences. This study employs a mixed-methods (quantitative—qualitative)
approach to examine the extent of use, opportunities, challenges, and future
scenarios associated with Al adoption among graduate students in geography.
In the quantitative phase, the statistical population consisted of 180 master’s
and doctoral students, from whom 125 valid questionnaires were collected
through random sampling. The results showed that 67% of students had used
Al software at least once in their academic or research activities; however, the
overall mean usage level (3.1 out of 5) indicated a moderate rate of utilization.
The highest levels of application were reported in academic writing and text
editing (74%) and in spatial and remote-sensing data analysis (59%), whereas
only 28% of students had employed Al-based environmental modeling
capabilities. Pearson’s correlation test revealed a significant relationship
between the level of Al use and academic degree (r = 0.38, p < 0.01). In the
qualitative phase, data obtained from 15 semi-structured interviews were
subjected to thematic analysis. The key opportunities identified included
accelerated processing of spatial big data, enhanced research creativity, and
strengthened problem-solving skills. Conversely, the challenges emerged
across three major dimensions: insufficient technical and educational skills,
ethical concerns and risks of plagiarism, and access limitations arising from
sanctions or high costs. The foresight analysis outlined four potential scenarios:
“widespread adoption and structured training,” “fragmented and informal use,”
“institutional resistance and restriction,” and “localization and development of
domestic Al tools.” Overall, the findings indicate that with targeted investment
in formal training and the localization of Al technologies, a profound
transformation in geographical education and research can be expected.
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Extended Abstract

Introduction

This study seeks to address several
fundamental questions: To what extent do
geography graduate students in Iran utilize
artificial intelligence tools? What are the key
opportunities and benefits that Al offers
them? What challenges and barriers hinder
its full adoption? And finally, under which
future scenarios can the use of Al in
geographical education and research be
envisioned? Answering these questions not
only fills a significant gap in the Iranian
research literature but also provides valuable
insights for policymakers and universities in
designing effective educational and research
programs. In summary, while artificial
intelligence offers unprecedented
opportunities for enhancing the quality of
education and research in geography, it is
simultaneously confronted with notable
challenges. The gap between AI’s potential
capacities and the current reality in Iran
forms the core issue that this study aims to
explore. By integrating quantitative and
qualitative methods, the present research
provides a comprehensive picture of the
extent of Al wuse, its opportunities,
challenges, and possible future scenarios—an
analytical foundation that can guide future
decision-making in higher education and the
scientific development of the country.

Methodology

The present study was designed using a
mixed-methods  approach  (quantitative—
qualitative). This methodological choice
aligns with the objectives of the research: on
the one hand, it was necessary to measure the
extent to which geography graduate students
use artificial intelligence tools (quantitative
dimension), and on the other hand, analyzing
the opportunities, challenges, and future
scenarios requires the collection of in-depth
qualitative data. Accordingly, the research
method can be classified as descriptive—
analytical, in which data were gathered
through  surveys and  semi-structured
interviews.

Results and Discussion
Based on the data collected from 125 valid
questionnaires, the findings revealed that the

overall level of artificial intelligence (AI)
tool usage among geography graduate
students ranges from moderate to moderately
high. The overall mean score (on a five-point
Likert scale) was 3.17 with a standard
deviation of 0.94, indicating that students
generally show a positive inclination toward
using Al technologies, although widespread
and systematic adoption has not yet fully
materialized.

In terms of application domains, the highest
mean score pertained to academic writing
and text editing (mean = 3.85), suggesting
that a large proportion of students use tools
such as ChatGPT, Grammarly, and DeepL
for producing or revising their academic
texts. This was followed by personal learning
and self-instruction (mean = 3.42) and spatial
data analysis (GIS) (mean = 3.22). In
contrast, environmental modeling showed the
lowest mean (2.41), reflecting a limited use
of more advanced Al capabilities. These
findings indicate that Al use among students
is predominantly concentrated in general
tasks (writing and personal learning), while
more specialized domains such as modeling
and remote sensing receive considerably less
attention.

For the qualitative component, 20 semi-
structured interviews were conducted with
graduate students (master’s and doctoral) and
academic supervisors. The data were coded
using Braun and Clarke’s (2006) six-phase
thematic analysis approach. A total of 327
initial codes were extracted, which—after
merging and categorization—were organized
into 18 sub-themes and ultimately
consolidated into six overarching themes.
These themes present a multidimensional
picture of the opportunities, challenges, and
future outlooks for the use of artificial
intelligence in geographical education and
research.

Conclusion

The findings of the present study indicate
that the use of artificial intelligence among
geography graduate students in Iran has
entered a “transitional phase”—a stage in
which neither widespread adoption nor
complete neglect can be observed. The mean
usage score of 3.17 suggests that Al is on the
verge of becoming an essential tool in
research-related activities, yet substantial
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gaps remain between its potential capabilities
and actual utilization.

From an application perspective, the highest
level of Al use was observed in academic
writing and text editing. This aligns with
international studies showing that language-
based Al assistants have recently gained a
significant share in scientific text production.
However, the limited use of Al in spatial
modeling and advanced GIS analyses
indicates that specialized technical skills
have not yet been fully institutionalized
among students. This limitation likely stems
from two key factors: first, the inherent
complexity of Al-based tools in remote
sensing and environmental modeling; and
second, insufficient educational opportunities
and inadequate technological infrastructure.
The significant difference between master’s
and doctoral students is also noteworthy.
Given the research-intensive nature of
doctoral studies, PhD students demonstrate a
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