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This study examines how pre-service geography teachers utilize artificial
intelligence (AI) tools in fieldwork, by focusing selection criteria, usage
patterns, and areas. A qualitative approach was employed, using open-ended
questionnaires distributed to 31 final-year geography education (GE)
students at Universiti Sains Malaysia. Participants had prior fieldwork
experience across Malaysia, allowing them to share their experiences and
perspectives on data collection, mapping, and geospatial analysis using Al
Findings show that Al is predominantly used for data analysis (90.3%),
mapping (87.1%), and information searching (83.9%), with usability and
relevance to field studies being primary consideration in tool selection. Al
tools such as Google Earth Engine, GeoAl, and ChatGPT enhance geospatial
analysis, automate large-scale data processing, and streamline literature
reviews, thereby improving the accuracy of spatial assessments, reducing
manual workload, and enabling more efficient decision-making in traditional
fieldwork methods. Despite these advantages, several challenges have
resulted in hindering the maximum usage of Al-generated data. The findings
contribute to the broader field of Al integration in education and geography
by demonstrating how Al enhances data collection, geospatial analysis, and
digital fieldwork methods, while also highlighting the need for Al literacy
and critical thinking to ensure effective and ethical implementation in GE.
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1. INTRODUCTION

Geography plays a crucial role as a fundamental educational field in preparing students to
comprehend complex environmental and spatial relationships within their environments [1]. To effectively
deliver content, courses such as geography education (GE) are designed to enhance student-teachers’ spatial
thinking abilities through compulsory practical fieldwork [1]—[3]. This practice is important as it can develop
students’ ability to think spatially, enabling them to analyze patterns, distributions, and relationships across
various scales [4]. Besides, the GE itself is a body of knowledge that upholds environmental literacy as it
fosters the understanding of natural systems, human-environment interactions and sustainability issues which
are crucial for addressing global challenges. Fieldwork is considered an essential component of GE, as it
allows students to directly experience and engage in the physical environment [5], [6]. Researchers have
emphasized the effectiveness of inquiry-based approaches for fieldwork, where students are responsible for
their own data collection in response to relevant research questions [7]. This approach can enhance students’
geographical capabilities and develop resilience within society [8], [9].

Journal homepage: hitp://edulearn.intelektual.org


https://creativecommons.org/licenses/by-sa/4.0/

JEdu & Learn ISSN: 2089-9823 a 1513

The integration of modern technologies, including artificial intelligence (AI), has significantly
transformed geography fieldwork [10]-[12]. Al technologies in GE can be rule-based, following predefined
algorithms to process data, or adaptive, learning from data to improve performance over time [13].
Rule-based Al operates on predefined instructions and is commonly used for structured tasks such as
automated mapping and retrieving standard geographic datasets [14]. In contrast, adaptive Al learns from
user inputs and evolving datasets, making it ideal for applications like pattern recognition in geospatial
analysis, predictive modeling and personalized learning experiences [14], [15]. This study explores both
types of Al and their integration with human oversight to ensure effective and ethical outcomes. Al has
enhanced the efficiency and effectiveness of fieldwork by enabling students to collect and analyze data from
remote locations, improving their data collection and spatial analysis skills [3], [14], [16], [17]. Recent
research has demonstrated the significant role of machine learning (ML) in automating feature recognition in
geographic data [18] particularly in tasks such as land cover classification, object detection in satellite
imagery, and spatial pattern recognition. These applications not only improve the accuracy of geospatial
analysis but also reduce manual processing time, enabling faster decision-making in both urban and
environmental contexts [19]. At the same time, scholars have emphasized the importance of geospatial Al
ethics in addressing complex challenges such as data privacy, algorithmic transparency, digital surveillance,
and fair representation of marginalized populations in spatial datasets [20], [21]. As Al tools become
increasingly embedded in geographic research and education, integrating ethical safeguards has become
essential to prevent reinforcing spatial injustices and to promote responsible use of location-based
technologies.

2. LITERATURE REVIEW

In recent years, Al technologies such as ML, deep learning, natural language processing (NLP) and
computer vision have revolutionized students’ experiences while they are conducting their fieldwork
[12], [22]. ML enables analyzing large datasets, identifying patterns and trends that help students understand
spatial relationships and environmental changes which improved accuracy [14]. Ifenthaler and Schumacher
[23], emphasized that ML is linked to systems like recommender systems that support learners when the
amount of data exceeds an individual’s ability to process it, providing relevant content, courses, or optimal
learning sequences. Study by Liao and Zheng [24] has shown that the use of ML and data analytics has
effectively facilitated the development of an online learning management system, enhanced students’ digital
skills and supported the creation of new enterprises within the domain of Al It is like Al-Zahrani [25] which
found that ML and NLP are able to improve pedagogical methods, adapt to students’ needs, and create new
learning opportunities. For example, Al-driven 3D modeling and virtual reality (VR) technologies can enable
student-teachers to explore geographical concepts and landscapes in immersive environments to visualize the
historical context and potential future scenarios of an area [1], [26]. The study by Leininger-Frézal and
Sprenger [11] discusses the use of virtual field trips in exploring distant spaces, foreign issues, and learning
opportunities. This can be discussed as a real-world example of how virtual technologies can be integrated
into educational settings to support geographical learning and promote sustainability. The results indicate that
virtual field trips can enhance geographical learning by providing access to distant spaces and promoting
sustainability. Besides, NLP-powered tools such as ChatGPT and Google Bard, assist in information
retrieval, report structuring and automated feedback, thereby streamlining the research and documentation
process [17]. It can facilitate real-time data collection, allowing student-teachers to gather and analyze
geographical data in the field which promotes hands-on learning experiences [1], [27]. Additionally,
Al-driven computer vision technologies allow for the automated analysis of satellite imagery and geospatial
data, improving the precision of mapping and environmental assessments [13]. Al facilitates the processing
of vast amounts of geographical data which enables students to identify patterns and trends that were
previously difficult to discern might be due to limitations of previous technology [14].

Therefore, it is crucial for educators to stay informed about emerging technologies and their
potential applications in GE. It ensures that their teaching methodologies remain relevant, engaging, and
aligned with the evolving needs of students and the broader society [14]. Looking into the lens of criteria
lookup by users in use for their education highlighted the necessity for user-friendly and intuitive tools that
allow teachers to use them effectively without extensive training or technical expertise [24]. This is further
supported by Al-Abdullatif and Alsubaie [28], who found that perceived ease of use significantly correlates
with the intention to use Al tools like ChatGPT, indicating that tools which are easy to navigate are highly
valued by pre-service teachers. The usefulness of technology for conducting field studies and reports is
emphasized by Al-Abdullatif and Alsubaie [28], who found that perceived usefulness was significantly
correlated with the intention to use ChatGPT. This suggests that tools supporting the fieldwork process, from
data collection to analysis and report writing, are highly valued. Research by Fargher [2], Feng et al. [29]
also supports this by discussing the use of WebGIS in creating geography curriculum artefacts and
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supporting enquiry-based learning, indicating that accuracy, while valued, is not as critical as ease of use and
usefulness for field studies. The ability of a technological tool to function without an internet connection is
deemed less essential. Research by Leininger-Frézal and Sprenger [11] highlights the use of virtual field
trips, suggesting that most pre-service teachers are comfortable using tools that require an internet
connection, as long as they are reliable and efficient. Data sharing capability is valued by pre-service
teachers, as highlighted by Al-Zahrani [25] who discusses the use of Al in improving pedagogical methods
and creating new learning opportunities. This indicates that while data sharing is beneficial, it is not a top
priority for all pre-service teachers. Embracing these Al-driven innovations can make them envision more
dynamic, interactive, and effective learning environments to provide the knowledge of GE to their future
students. It can enhance the quality of education and equip student-teachers with digital literacy skills. These
gained momentum as critical components for developing future-ready educators who can effectively prepare
students for the complexities of the GE. The technological pedagogical content knowledge framework has
stated that in an era of technological advancement, it is imperative that student-teachers not only use
technology in the classroom but also integrate it effectively with appropriate content and pedagogy to ensure
effective delivery of lessons. Research by Ruan et al. [3] further emphasized that with proper exposure,
student-teachers can engage with geographical data in ways that enhance their learning experience and
retention. The adoption of Al in fieldwork requires training and resource allocation which may cause
financial challenges because it depends heavily on student-teachers’ ability to integrate these technologies.
This may create a gap particularly for underprivileged financial student-teachers [30].

In the context of the digital age, the integration of technology in educational settings, particularly in
geography fieldwork, has become increasingly important. However, the effective integration of these
technologies into educational practices remains a challenge [3]. Despite the potential benefits of technology
and Al in education, there is a lack of comprehensive understanding of how student-teachers perceive and
utilize these tools in their teaching practices [14], [31]. For instance, the studies by Feng et al. [29] highlights
the digital divide as a component of information inequality, which has a technological nature and
presupposes unequal opportunities for access, use, and production of information and knowledge or new
technologies for their effective use in practice. Additionally, the study by Watted [31], Wang and Na [32]
discuss the challenges of integrating advanced technology in education, including the uneven levels of
multimedia literacy among teachers and the lack of clarity on the significance of integrating multimedia
technology in educational practices. This gap in knowledge hinders the effective implementation of
technology and Al tools in educational settings, particularly in geography fieldwork. While previous studies
such as Ruan et al. [3], Sitohang et al. [5] have explored Al applications in education, limited research has
examined AI’s specific roles in enhancing practical geography field-based learning. Addressing this problem
is crucial for enhancing the quality of education and preparing future educators to leverage Al technologies
effectively. Understanding the perceptions and utilization of Al among pre-service teachers can inform the
development of training programs and curricula that better integrate Al tools [33], [34]. Therefore, it can be
assumed that there are multifaceted criteria valued by student-teachers in technology tools for conducting
their fieldwork and the pattern of Al and technology integration

This study provides a novel approach to understanding AI’s role in enhancing geography fieldwork,
specifically for pre-service teachers. Although prior research has predominantly focused on Al’s contribution
to lesson planning and virtual instruction, its application in practical field-based tasks such as spatial data
collection, georeferencing, and analysis remains underexplored. In the context of geospatial education,
emerging tools like geospatial ML and intelligent mapping systems are beginning to redefine how fieldwork
is conducted and understanding how spatial knowledge is constructed [35], [36]. Even though many studies
have examined the technical aspects of Al integration, only few have investigated the perspectives of the
pre-service teachers and their live experiences. Current study fills that gap by exploring how Al tools are
selected and used during fieldwork, identifying challenges such as access, literacy, and algorithmic bias. In
doing so, it offers actionable insights for curriculum design in teacher education programs that aim to
integrate Al effectively and ethically into geography instruction. Therefore, this study suggests that while Al
offers significant potential to revolutionize fieldwork in GE, it requires the actual experiences faced by
student-teachers to evaluate its potential. Thus, study aims to fully harness AI’s capabilities in geography
fieldwork by understanding the specific needs and preferences of student-teachers regarding Al applications.
With that, the objective of this study is as follows:

- To identify essential criteria valued by student-teachers in technology tools for conducting geography
fieldwork.

- To identify the pattern of integration of Al and other forms of technology in geographic fieldwork.

- To explore the aspect of fieldwork where student-teachers perceive a need for Al assistance.
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3. METHOD
A qualitative approach was chosen to provide in-depth insights into participant’s experiences,
preferences and challenges related to Al adoption in field-based learning.

3.1. Respondents

The study utilized purposive sampling to select 31 student-teachers of third- and fourth-years study
that enrolled in a GE program who were more likely to have fieldwork exposure and basic technological
literacy. The selection of the entire student cohort as respondents were chosen because they are in their
formative stages when Al is actively influencing their learning methods. This approach also enables an
understanding of how Al might shape their future teaching strategies once they enter the profession.

3.2. Instrumentations

Data was prepared based on two sections in which the first section focused on demographic data
such as age, academic year, and gender. The second section then focuses on three aspects which are; i) the
criteria they look up for when they choose to use Al for their learning; ii) the actual Al usage for their
learning; and iii) the patterns of Al technologies specifically for GE. All of the items undergo content validity
by two experts in Al and GE. and items were amended based on the comments given. The purpose of the
validity process is that the items structured are able to be understood by the respondent and able to provide
valid data.

3.3. Data collections

This research has utilized an open-ended questionnaire due to its ease of distribution, data extraction
capabilities in various file formats, and accessibility across multiple devices such as tablets, laptops, and
smartphones. Preliminary information regarding volunteer participation, including the right to refuse or
withdraw, was provided in the introduction to the instrument. The researcher functioned solely as a data
collection administrator, facilitating the distribution of the survey without direct involvement in the response
process. Additionally, the Al tools examined in this study include both rule-based systems, which follow
specific algorithms for data analysis, and adaptive systems, which use ML to improve student-teachers’
performance based on the data they processed.

3.4. Data analysis

This study employed mixed methods of data analysis which are qualitative and quantitative. The
first section focused on demographic data; it was analyzed using descriptive analysis particularly its
frequency and percentage. For the second part, data were coded by using open coding followed by axial
coding into subthemes and categorized into themes. This procedure was adapted and improved from research
by Abdekhodaie et al. [37] and Sen et al. [38]. Both open coding and axial coding were performed by two
researchers, who engaged in several cycles of coding and comparison to ensure consistency and depth in the
analysis. Axial coding was used to cluster related codes into subthemes, which were then synthesized into
overarching themes. This involved coding responses to categorize data under predefined themes related to
Al’s role such as in data collection, mapping, simulations, and report writing. After completing the coding
process, the macro function in Microsoft Word was utilized to extract all comments, facilitating the
identification of the final themes. Key themes were identified based on the frequency and prominence of
specific points mentioned by the respondents. This structured and collaborative method ensured that the
analysis was thorough and that the findings accurately captured participants’ responses, contributing
significantly to the research objectives. Henceforth, data for qualitative parts were analyzed using Microsoft
Word and ChatGPT. Data was also presented in frequencies and percentages to illustrate the prevalence of
each feature and tool among the participants. All the descriptive statistical data were calculated using
Statistical Package for the Social Sciences (SPSS) version 26.

3.5. Ethical considerations

All ethical protocols were adhered to, ensuring the protection of participants’ rights and data
privacy. Anonymization and depersonalization of responses were implemented to maintain strict compliance
with legal and ethical standards [39]. Informed consent was obtained after clearly explaining the study’s
purpose, procedures, and voluntary nature, with participants assured of their right to withdraw at any stage
without consequences. Confidentiality was maintained through anonymization and depersonalization of
responses, ensuring no identifiable information was collected or reported. Data was securely stored on
password-protected devices accessible only to the researchers, complying with institutional and legal data
protection standards. Questions were carefully designed to avoid harm or discomfort, focusing solely on
academic and professional experiences. These measures ensured the research upheld the highest standards of
integrity, privacy, and respect for participants’ rights.
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4. RESULTS AND DISCUSSION
4.1. Respondents profile

The age distribution shows two main age groups: 23 and 24 years old. A total of 17 pre-service
teachers are 23 years old, making up 54.8% of the sample, while 14 participants are 24 years old,
representing 45.2%. This indicates a relatively balanced distribution, although there is a slight majority
among the 23-year-old participants. This age range aligns with the typical age of students in the later years of
university study, providing context for the participants’ maturity level and life stage. In terms of academic
year, participants are either in their third or fourth year of study. Nineteen pre-service teachers, or 61.3% of
the sample, are in their third year, while 12 participants, representing 38.7%, are in their fourth year. This
indicates a higher number of third-year students, which may influence the study results, as these students may
have different academic priorities or experiences compared to those in their final year.

4.2. Essential criteria in technology tools for pre-service teachers

Table 1 highlights the key characteristics that pre-service teachers prioritize when selecting
technology for field studies and research. One of the most important features is ease of use, with 29 out of 31
respondents (93.5%) indicating that it is essential. This underscores the need for technology tools that are
user-friendly and intuitive, allowing teachers to use them effectively without requiring extensive training or
technical expertise [3], [7]. A straightforward interface enables pre-service teachers to focus on their tasks
and research rather than struggling with complex technology [3], [38].

The second most valued feature is the usefulness of technology for conducting field studies and
reports, with 30 out of 31 respondents (96.8%) identifying it as crucial, as shown in Table 1. This suggests
that pre-service teachers highly value tools that can support them throughout the fieldwork process, from data
collection to analysis and report writing. The ability to conduct field studies efficiently and produce
comprehensive reports is viewed as an integral part of effective teaching and research, enhancing
productivity and overall work quality [3], [7]. High accuracy is another significant feature, with 18 out of 31
pre-service teachers (58.1%) considering it important, as shown in Table 1. While accuracy is valued, it is not
as critical as ease of use and usefulness for field studies. This indicates that some pre-service teachers may
prioritize other features over perfect precision, suggesting that user-friendliness and functionality for
fieldwork are more essential than absolute accuracy alone [4].

The ability of a technology tool to function without an internet connection was deemed essential by
only 4 out of 31 respondents (12.9%), while 27 (87.1%) said it was not significant, as shown in Table 1. This
suggests that most pre-service teachers are comfortable using tools that require an internet connection, if they
are reliable and efficient. The need for offline functionality may be less critical when the primary work is
conducted in environments with a stable internet connection [3]. Finally, data-sharing capability was valued
by 22 out of 31 pre-service teachers (71.0%). This highlights the importance of collaborative work and the
ability to share findings with peers, supporting teamwork and shared learning experiences. However, 9
respondents (29.0%) did not consider data sharing an essential feature, suggesting that while it is beneficial,
it is not a top priority for all pre-service teachers [16], [30].

Table 1. Essential criteria in technology tools for pre-service teachers
Essential features in technology tools for pre-service teachers  Yes  No

Easy to use 29 2
Useful for conducting field studies and reports 30 1
High accuracy 18 13
Can function without internet connection 4 27
Data sharing capability 22 9

4.3. Integration of AI and other forms of technology in geographic fieldwork

The integration of Al into geography fieldwork and practice is predominantly observed in data
collection, analysis, and visualization, with applications spanning both rule-based and adaptive Al
technologies [12], [14]. Various Al tools and technologies have been developed, each catering to specific
aspects of the discipline, enhancing efficiency and accuracy in geographical fieldwork [3], [17]. In the
context of GE, Al implementation spans various domains. Table 2 shows that 48.8% of pre-service teachers
stated that the integration of Al and technology in geographical fieldwork is primarily for data collection and
analysis. The NLP powered tools such as ChatGPT, Julius Al, Google Scholar, and Google Bard, assist in
information retrieval, report structuring and automated feedback, thereby streamlining the research and
documentation process (Penuela 18. Statistical software like SPSS, even though not Al powered tools, is
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essential for gathering, organizing, and interpreting large datasets. These technologies streamline the research
process, enabling geographers to identify patterns and generate valuable insights efficiently [1], [14].

Another category is geographic mapping and visualization, as highlighted by 22.6% of pre-service
teachers. This has shown that ML (adaptive AI) facilitates the identification of spatial trends, enabling
students to interpret complex geographic distributions more effectively [14]. For instance, tools such as
Google Earth Engine, digital mapping applications, and 3D modeling software are indispensable for
effectively and accurately visualizing spatial data, which significantly reduces the time required for manual
interpretation while improving accuracy [1]. These technologies enable researchers to create detailed,
interactive, and realistic representations of geographical features, enhancing understanding and
communication of complex spatial information.

In addition, 12.9% of pre-service teachers stated that they integrate the use of Al and technology for
simulations, making it an increasingly important application in geographical research, as shown in Table 2.
Technologies such as Al-driven augmented reality (AR) and VR enable realistic field simulations, allowing
users to experience geographical environments virtually as if they were at the actual location [8], [26], [40].
With advanced visualization and interactive features, these technologies not only enhance understanding of
geographical phenomena but also enable more accurate and detailed data collection [8]. The use of AR and
VR is particularly effective in reducing the need for physical travel, saving time and costs, while minimizing
risks, especially in hazardous or difficult-to-access environments [1]. This makes Al-based simulations an
innovative and essential approach to strengthen field research and geographical education.

The use of Al for demographic and socio-economic analysis is another important category, as stated
by 6.4% of pre-service teachers. Tools like GeoAl are specifically designed to analyze demographic and
socio-economic patterns, leveraging advanced algorithms to help geographers identify relationships and
trends in population data, such as migration patterns, urbanization, and social inequality [3]. Meanwhile,
9.6% of pre-service teachers stated that the integration of new Al and technology in geographic fieldwork is
for geospatial data management and analysis [30]. Geographic information systems (GIS) serve as the
backbone of this category, providing robust platforms for managing and analyzing spatial relationships [3],
[41]. GIS enables researchers to integrate diverse datasets, model spatial phenomena, and support
decision-making processes in areas such as environmental management and urban development. This
technology allows for more effective evaluation and planning in addressing complex geospatial challenges
(31, [14].

Henceforth, it can be assumed that the integration of Al in geography fieldwork is predominantly
observed in data collection, analysis and visualization, which support by [15]. Al-based ML algorithms
facilitate the identification of spatial trends, improving students’ ability to interpret geographic distributions,
supporting [3]. For instance, GIS powered by Al automates geospatial data analysis, reducing the time
required for manual interpretation. NLP plays a crucial role in information searching and report writing,
allowing students to efficiently synthesize large amounts of text-based data from academic sources.
Furthermore, Al-driven AR and VR simulations create immersive fieldwork experiences, enabling students
to explore and analyze geographical sites without physical presence. Meanwhile, rule-based Al is employed
in administrative automation, streamlining logistics such as scheduling and resource allocation, thus
improving the efficiency of organizing and conducting fieldwork, as aligned with [42]. These integrations
underscore the potential of Al to not only improve technical data handling but also support interactive and
adaptive learning strategies in GE. According to Orlando et al. [15], despite these advancements, human
oversight remains critical in ensuring the accuracy, ethical applications and responsible use of Al-generated
insights. Students must validate Al-assisted analyses, mitigate biases, and address ethical concerns such as
data dependency, privacy risks, and equitable access to Al tools. These integrations highlight the
transformative potential of Al in enhancing technical data handling while supporting interactive and adaptive
learning strategies in GE.

Table 2. Al applications and technologies

Category Al applications and technologies Total Perc(oe/zl)tage

Data collection and analysis ChatGPT, Julius Al, Google Scholar, Google Bard, SPSS 15 48.4
Geographic mapping and  Google Earth Engine, applications for digital map sketching, and 7 22.6
visualization creating 3D models of geographical areas
Simulations Use of AR/VR for field simulations 4 12.9
Demographic and socio-economic  Applications like GeoAl that analyze demographic and social 2 6.4
analysis data
Geospatial data management and  GIS that assists in managing and analyzing complex geospatial 3 9.6
analysis data

Total 31 100
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4.4. Aspects of geographic fieldwork in need of Al assistance

Five key areas of geographic fieldwork most requiring Al assistance are information searching, data
collection, mapping, data analysis, and report writing. Table 3 presents the study findings, indicating that
83.9% of pre-service teachers (26 out of 31) utilize Al tools for information gathering. This substantial
adoption suggests that Al has become essential in the initial stages of fieldwork, enhancing both the
efficiency and depth of literature review and background research.

The data collection phase shows similarly strong Al integration, with 24 pre-service teachers (77.4%)
employing Al technologies. This substantial adoption rate indicates that researchers are increasingly relying on
Al-powered tools to gather field data, possibly through automated data collection systems, sensor technologies,
or smart devices that enhance the accuracy and speed of data gathering processes. Mapping emerges as one of
the most Al-integrated aspects, with 27 pre-service teachers (87.1%) reporting Al usage. This high adoption rate
reflects the significant role of Al in geographical information systems (GIS), spatial analysis, and cartographic
processes. The integration of Al in mapping suggests a transformation in how geographical data is visualized
and interpreted. Data analysis shows the highest Al adoption rate among all aspects, with 28 pre-service
teachers (90.3%) utilizing Al tools. This overwhelming majority indicates that Al has become almost
indispensable in processing and analyzing geographic data, likely due to its capability to handle large datasets
and identify patterns that might be difficult to detect through traditional analytical methods.

Interestingly, the report writing shows the lowest Al adoption rate, with only 11 pre-service teachers
(35.5%) utilizing Al in this respect. This relatively low utilization suggests that researchers still prefer
traditional methods for synthesizing and presenting their findings or perhaps indicates some reservation about
using Al for creative and analytical writing tasks. The analysis also reveals interesting patterns in individual
usage. Eight respondents demonstrated comprehensive Al integration, utilizing Al across all five aspects of
their fieldwork. This group represents the forefront of Al adoption in geographic fieldwork, fully embracing
technology throughout their research process. In contrast, two respondents exhibited minimal Al integration,
using it only for data analysis, indicating a more cautious approach to adopting technology. These findings
illustrate varying levels of Al integration across different aspects of geographic fieldwork. The higher
adoption rates in technical areas (data analysis, mapping, and information searching) compared to creative
tasks (report writing) suggest that researchers find Al most beneficial for data processing and analysis rather
than for tasks that require human interpretation and creativity. Moreover, the pattern of adoption indicates a
transformation in how geographic fieldwork is conducted, with Al tools becoming increasingly essential in
certain areas while remaining supplementary in others. This selective integration demonstrates a thoughtful
approach to adopting Al, where researchers leverage technology where it offers the most value while
continuing to utilize traditional methods in areas where human expertise and judgment are considered crucial.

Table 3. Al use across key aspects of geographic fieldwork

Number using  Percentage

Fieldwork aspect Al integration

Al (n=31) (%)

Information searching 26 83.9 Al is widely used to support literature review and background research

Data collection 24 77.4 Al supports data collection through automated systems, smart sensors,
and mobile device

Mapping 27 87.1 Al is integrated into GIS, spatial analysis, and cartographic mapping,
transforming data visualization

Data analysis 28 90.3 Al is essential for processing large datasets and detecting hidden patterns.

Report writing 11 355 Low usage of Al, suggesting continued reliance on traditional methods

and the need for human creativity

5. CONCLUSION

The findings indicate a remarkable shift in geographic fieldwork practices using Al technology
among pre-service teachers, with ML enhancing data analysis, NLP optimizing research and reporting and
AR/VR simulations revolutionizing fieldwork experiences. They are increasingly applying AI for tasks
requiring technical precision, such as data analysis and mapping, showcasing the technology’s capability to
manage large datasets, identify patterns, and effectively visualize spatial relationships. These applications not
only enhance the accuracy and efficiency of geographic research, particularly during field studies, but also
streamline time-intensive processes such as data analysis and information retrieval. The use of Al tools for
information searching highlights its role in improving the efficiency and breadth of literature reviews and
background research, which are fundamental to fieldwork. However, despite these advancements, the
application of Al for creative and interpretative tasks, such as report writing, remains relatively limited. This
trend reflects that respondents still value human capabilities in evaluation and creativity to synthesize
findings and present research outcomes. It illustrates a cautious approach to fully integrating Al into tasks
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perceived as subjective or requiring deeper understanding. This pattern underscores the increasing reliance on
Al for technical aspects while maintaining the importance of human expertise in interpretative tasks,
highlighting a complementary relationship between technology and traditional methods in modern
geographic fieldwork.

Furthermore, this study acknowledges several limitations in integrating Al into geography
fieldwork. Data dependency poses a challenge, as Al tools require large and high-quality datasets, which may
not always be available or representative of diverse geographical contexts. Biases in Al-generated outputs
can lead to inaccuracies, particularly in spatial analysis and automated decision-making, potentially
reinforcing existing misconceptions or errors. Scalability issues arise due to disparities in technological
infrastructure and access, making it difficult to implement Al-based tools uniformly across different
educational settings. Additionally, ethical concerns such as data privacy and security must be addressed, as
Al tools often process sensitive geographical and personal data, necessitating strict protocols to ensure
responsible use in educational contexts.
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