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Transforming Geography Education: The Role of Generative AI in 

Curriculum, Pedagogy, Assessment, and Fieldwork 

Generative artificial intelligence (GenAI) represents a major leap forward in AI 

technology, offering the potential to reshape education in various aspects. This 

paper explores the transformative potential of GenAI in geography education, 

focusing on its impacts across curriculum, pedagogy, assessment, and fieldwork, 

through the lens of the Substitution, Augmentation, Modification, and 

Redefinition (SAMR) model. In curriculum development, GenAI enables 

automatic generation and personalization of geographic content. Pedagogical 

approaches are evolving from text-based instruction to data-driven learning 

experiences where students analyze geographic phenomena using GenAI tools. 

Assessment methods are shifting to adaptive evaluation systems with continuous 

feedback, while fieldwork benefits from real-time data processing and 

opportunities for global collaboration. Nevertheless, these advancements are 

accompanied by substantial risks, including challenges such as overreliance on 

AI, content inaccuracies, biases, and data privacy concerns. 
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Introduction 

As education rapidly evolves, artificial intelligence (AI) has become a transformative 

force across multiple disciplines. The influence of AI on education is especially notable, 

with generative AI (GenAI) capable of producing realistic text, images, audio, and 

video bringing about significant shifts in teaching and learning practices (Felix & 

Webb, 2024; Kamalov et al., 2023; Luckin et al., 2022). The advent of advanced AI 

models like ChatGPT has made AI tools more accessible, pushing educational 

institutions to quickly adapt to this new technological landscape (Hanover Research, 

2024). 

GenAI has the potential to transform education by providing personalized and 

engaging learning experiences, enabling teachers to focus on more meaningful tasks and 



reshaping both the content and methods of instruction in schools (Celik, 2023). 

Moreover, GenAI could help democratize access to quality education, particularly 

benefiting students for whom the traditional "one-size-fits-all" approach is less 

effective. For instance, students with special education needs can benefit from tools 

such as speech-to-text or text-to-speech for visual impairments and adaptive aids like 

3D models for learning challenges such as dyscalculia. Similarly, students who are 

falling behind academically can receive targeted interventions, adaptive feedback, and 

personalized support to address their specific learning gaps. Additionally, gifted 

students, on the other hand, can access advanced and challenging content, personalized 

enrichment activities, and opportunities for independent exploration and research to 

support their academic growth (OECD, 2023).  

The integration of AI technologies alone does not automatically lead to better 

educational outcomes. As Ouyang and Jiao (2021) emphasize, "good educational 

outcomes typically do not occur simply by using advanced AI computing technologies" 

(p. 1). Expanding on this perspective, Mishra et al. (2023) argue that successful 

integration of AI in education requires a synergistic combination of technological, 

pedagogical, and content knowledge. An essential component of this framework is the 

user’s ability to engage with AI tools through effective strategies, such as prompting. As 

Mishra et al. emphasize, effective prompts allow educators and learners to harness the 

generative and social capabilities of AI, producing outputs tailored to specific 

disciplinary needs. 

As GenAI continues to evolve, it presents unprecedented opportunities to 

enhance and reshape geography education, a field long recognized for embracing 

innovative technologies (e.g., contextualized responses to real-world scenarios like 

tsunami warnings, personalized simulations for exploring complex geographical 



phenomena, and platforms fostering global collaboration among students and teachers) 

(Chang & Kidman, 2023). The historical integration of digital tools like Geographic 

Information System (GIS), remote sensing, and virtual reality has fostered a tech- savvy 

environment that is well-suited for AI adoption (Peter & Sprenger, 2022). GIS supports 

advanced spatial analysis, while remote sensing enables real-time environmental 

monitoring, and VR/AR enhances immersive and interactive learning experiences in 

geography education (Patterson, 2007; Bos et al., 2022; Turan et al., 2018). The 

increasing availability of geospatial big data and open data sets further expands the 

potential for innovative geographical inquiry and analysis (Fargher, 2018; Lee, 

2023a). Recent advancements in machine learning and cloud computing further 

empower educators and researchers to analyze and visualize complex spatial patterns 

from these datasets, enabling near-real-time, scalable applications in geography 

education (Li, 2020). 

While considerable research has explored GenAI's potential in general 

education, discussions at the subject-specific level remain limited. This study aims to 

address this gap by examining the implications of GenAI specifically for geography 

education, establishing a foundation for subject-specific inquiry in this field. This 

research is guided by two key questions: (1) How can GenAI transform geography 

education in terms of curriculum, pedagogy, assessment, and fieldwork? (2) What 

challenges and concerns accompany this transformation? To explore these questions, 

this study employs the Substitution, Augmentation, Modification, Redefinition (SAMR) 

model as a theoretical framework for evaluating how technology can enhance or 

transform educational practices.  

In this study, the term "framework" specifically refers to the SAMR model 

(Puentedura, 2006, 2009, 2014), which serves as an analytical tool to examine how 



GenAI may enhance or transform geography education. While the SAMR model 

provides a structured way to categorize changes in technology integration, it does not 

explicitly address factors such as user engagement or inquiry-based strategies. We 

acknowledge this as a limitation of the SAMR model and suggest that future research 

could explore complementary frameworks that integrate these dimensions into the 

analysis. 

This model will be applied to assess the impact of GenAI on geography 

education, providing educators with a structured approach to integrating these tools 

effectively. The paper begins by defining GenAI within the context of general education 

and presenting the SAMR model as our analytical framework. The main body of the 

research explores GenAI's influence on four key aspects of geography education—

curriculum, pedagogy, assessment, and fieldwork—through the lens of the SAMR 

model. For each aspect, we examine the opportunities and challenges related to GenAI 

integration. The paper concludes with a summary of our key findings, recommendations 

for effectively implementing GenAI in geography education, and suggestions for future 

research. 

 

Overview of generative AI 

GenAI represents a major leap forward in AI technology, particularly in its ability to 

create new content based on large datasets. Unlike traditional AI models which 

primarily recognize patterns or follow specific rules, GenAI uses unsupervised learning 

its initial training phase to understand data structure. When generating outputs such as 

text, images, audio, and video in response to prompts, it relies on probability-based 

modelling to determine each next word or element, guided by its training data (Kar et 

al., 2023; OECD, 2023). This ability to produce unique content on demand marks a 



significant shift in how AI can be utilized across various domains, including education. 

Each time an identical prompt is given, GenAI can offer different outputs, creating 

dynamic, real-time responses that are highly adaptable to the user's needs (Mishra et al., 

2023). 

One of the most notable characteristics of GenAI is its versatility. It can generate 

not only text but also complex graphics, audio compositions, and even videos (Baidoo-

Anu & Ansah, 2023; Mishra et al., 2023). This range of capabilities opens new 

possibilities for educational applications, where diverse content formats can enhance 

learning experiences. Various GenAI tools are now widely available and specialized for 

different functions - ChatGPT and Copilot (text), DALL·E and MidJourney (images), 

and AIVA (music). These are just a few examples among a growing range of AI tools, 

each catering to diverse applications and domains. Their accessibility and intuitive 

interface have led to widespread adoption in educational settings. 

In the realm of education, GenAI has the potential to reshape both teaching and 

learning practices. It enables educators to move beyond traditional, one-size-fits-all 

approaches by offering personalized learning pathways that cater to students' individual 

needs, abilities, and interests (Bower et al., 2024; Rakuasa, 2023). This adaptability 

makes education more dynamic, as content can be updated in real-time and adjusted to 

include contemporary and relevant issues, such as global challenges (Lee, 2023a). 

Additionally, GenAI's ability to analyze and process large amounts of data allows 

educators to incorporate data-driven insights into their teaching, further enhancing the 

relevance and accuracy of the materials presented. 

GenAI also plays a key role in real-time data analysis and visualization. 

Particularly in fields like geography, it can integrate with augmented reality tools to 

offer immersive learning experiences. For example, GenAI can overlay real-time data 



onto physical environments, helping students analyze and interpret features on-site, 

allowing for a deeper, more interactive understanding of complex systems and 

environments (Pucihar et al., 2023). This integration of GenAI with emerging 

technologies like augmented reality transforms fieldwork and experiential learning by 

making abstract concepts more tangible and accessible to students. 

Another notable advantage of GenAI in education is its capacity to facilitate 

interactive and adaptive learning environments. By delivering tailored content, GenAI 

supports differentiated instruction, enabling students to progress at their own pace while 

receiving real-time feedback and support (Cope et al., 2021). This personalized 

feedback not only enhances student engagement but also helps address individual 

learning gaps more effectively. Moreover, GenAI can assist educators in the design and 

evaluation of educational materials, offering suggestions for improvement based on 

real-time data analysis (OECD, 2023). 

However, despite these advantages, challenges persist. Key concerns include 

equity in access to these technologies, as not all students may have the necessary 

resources to fully benefit from GenAI (Bower et al., 2024; Zawacki-Richter et al., 

2019). Privacy and data security are also significant concerns, particularly in handling 

sensitive learner data (Knox, 2020). Additionally, while GenAI can produce highly 

original content, the reliability of that content remains a concern, as outputs can 

sometimes be biased or inaccurate depending on the datasets used for training (Wilby & 

Esson, 2024). Further factors affecting reliability include prompting, where the quality 

and specificity of the input determine the output’s relevance, and fine-tuning, which 

improves task-specific accuracy but risks overfitting to limited datasets. Moreover, 

retrieval-augmented generation (RAG) enhances contextual relevance by integrating 

external knowledge, but its effectiveness depends on the quality and comprehensiveness 



of the knowledge base (Piduguralla, 2024). Finally, ethical considerations, such as over-

reliance on AI, plagiarism, and the potential for AI to stifle critical thinking, must also 

be addressed (OECD, 2023). 

 

Theoretical framework: SAMR model 

The SAMR model (Puentedura, 2006, 2009, 2014) provides a framework for evaluating 

how technology transforms teaching and learning practices. This model consists of four 

stages—Substitution, Augmentation, Modification, and Redefinition—each 

representing different levels of technology integration in education. The SAMR model 

categorizes these stages into two main phases: Enhancement and Transformation. The 

Enhancement phase focuses on improving efficiency and functionality through 

Substitution and Augmentation, where technology enhances existing tasks without 

fundamentally altering them. In contrast, the Transformation phase enables significant 

task redesign and the creation of entirely new activities through Modification and 

Redefinition, which were previously unimaginable without technological integration. 

The model is particularly valuable for analyzing how GenAI can enhance or transform 

geography education. 

The SAMR model has been adapted for various geography education contexts, 

including K-12 course design (Fabian & MacClean, 2014) and the integration of Bring 

Your Own Device (BYOD) policies into fieldwork in higher education (Clark et al., 

2021). Table 1 illustrates how the SAMR model can be applied to both K-12 and higher 

education contexts in geography, demonstrating the progression from basic technology 

substitution to complete transformation of educational activities. 

In this paper, we apply Puentedura’s model to the domains of curriculum, 

pedagogy, assessment, and fieldwork in geography education. We explore how GenAI 



could potentially enhance and transform these areas. The subsequent section will 

provide detailed examples of GenAI applications in each domain, building on our 

understanding of the SAMR model.  

<Table 1> here 

Impact of generative AI on geography education 

Geography curriculum 

Curriculum refers to the structured interaction between students and instructional 

content, designed to achieve educational objectives and guide learning (Jung & Pinar, 

2015). Research on the integration of GenAI in education highlights its potential to 

reshape geography curricula by enhancing both personalization and adaptability. 

Personalized learning pathways enhance engagement by allowing students to explore 

geography in contexts relevant to their objectives (Chang & Kidman, 2023; Karataş & 

Yüce, 2024; Lebis et al., 2023). GenAI acts as a catalyst for tailoring the geography 

curriculum to meet the diverse needs of individual students (Chinda et al., 2024; Bower 

et al., 2024). 

As GenAI continues to evolve, integrating it into geography curricula becomes 

increasingly vital in preparing students for a GenAI-driven future. Some institutions are 

incorporating GenAI into the curriculum, including GenAI literacy as a key skill (Bellas 

et al., 2022; Peterson et al., 2021). For geography curricula, GenAI offers significant 

opportunities to analyze large datasets from various sources, including satellites and 

environmental sensors (Huang et al., 2021). These capabilities extend to processing 

open data and big data sources such as weather, traffic, and population datasets (Lee, 

2023a), enabling students to engage with pressing global issues like climate change and 

migration. Problem-oriented curriculum design encourages students to gather 



information, analyze data, and propose comprehensive solutions from the perspectives 

of geography and allied disciplines (e.g., environmental science) (Ouyang et al., 2023).  

Table 2 illustrates how GenAI influences geography curriculum design, 

progressing from enhancing traditional methods to transforming the learning 

experience. In the Enhancement phase, GenAI streamlines the curriculum development 

process by automating tasks such as identifying key topics and incorporating diverse 

regional perspectives. This allows educators to focus on refining content more 

efficiently. In the Transformation phase, GenAI reshapes curriculum design by 

integrating real-time global data and creating personalized learning pathways, ensuring 

the curriculum is not only responsive to contemporary issues but also tailored to 

individual students' needs and interests. 

<Table 2> here 

One key issue when using GenAI to develop geography curriculum content is 

the risk of generating inaccurate or misleading information—a phenomenon known as 

hallucination (UNESCO, 2023; U.S. Department of Education, 2024). Since GenAI 

models are trained on large datasets, any inherent biases or inaccuracies in these 

datasets can produce flawed educational materials (Mishra et al., 2023; Wilby & Esson, 

2024). To address this, it is crucial for students and teachers to enhance their AI 

literacy, content knowledge, and critical thinking skills to properly assess and verify 

GenAI-generated content (Bower et al., 2024; Karataş & Yüce, 2024). Another concern 

is that GenAI may overlook important local contexts. While it can efficiently generate 

global content, it may lack the nuanced understanding needed to incorporate specific 

cultural, environmental, and regional factors, resulting in a curriculum that fails to 

reflect local realities and becomes less relevant to students.  



Geography pedagogy 

Pedagogy involves the methods and approaches educators use to facilitate learning, 

shaped by their beliefs about how learning occurs and influenced by the classroom's 

cultural and contextual environment (Alexander, 2004; Livingston, 2015). Pedagogy in 

geography education is one of the areas where the impact and application of GenAI are 

more frequently observed (Lee, 2024). Unlike other AI technologies, GenAI excels in 

manipulating, analyzing, and generating text, numbers, images, and sounds, making it 

highly relevant to various aspects of geography education. Lee (2023b) introduced 

several examples of integrating GenAI in geography lessons during a professional 

development workshop for geography teachers. These included creating role-play 

scenarios based on geographical issues using ChatGPT’s text generation, visualizing 

and analyzing statistical data (e.g., generating population pyramids and thematic maps), 

producing posters that reflect local identities using AI-generated images, and composing 

songs representing the characteristics of tidal flats using sound generation tools. 

The shift in teaching methods enabled by GenAI impacts students' experiences 

in geography education. Lee (2025) argues that incorporating GenAI into geographical 

inquiry not only encourages students to work with real-world data but also strengthens 

their engagement in the applying and creating stages of Bloom’s Taxonomy. This 

process aligns more closely with the activities performed by experts in the field, 

marking a significant evolution in how geography is taught and learned. 

Wilby and Esson (2024) provide a broader perspective on how tools like 

ChatGPT can support the teaching and research of geography through diverse 

applications. They identified six potential uses of ChatGPT, including access to 

information, exploring geographic relationships, geographic visualization, case study 

and scenario analysis, teaching and learning support, and collaborative research, as well 



as seven additional areas, such as information retrieval, concept clarification, 

geographic analysis, and language assistance. These examples demonstrate how GenAI 

can assist in the rapid development of teaching resources, including curricula, case 

studies, and class exercises. Notably, these capabilities highlight GenAI's versatility in 

supporting various stages of the educational process, from initial concept exploration to 

the creation of sophisticated teaching materials. 

Table 3 shows how GenAI influences geography pedagogy, moving from 

enhancing traditional tasks to transforming learning. In the Enhancement phase, GenAI 

improves efficiency by automating routine tasks, such as looking up information or 

generating visualizations allowing students to focus on interpreting and understanding 

geographical data rather than spending time on manual processes. GenAI fundamentally 

changes how students engage with content, enabling interactive, data-driven analysis 

and multimedia projects in the Transformation phase. This phase fosters creativity and 

critical thinking, allowing students to explore geography through dynamic, real-world 

applications that traditional pedagogies cannot support. 

<Table 3> here 

One significant concern with the increasing use of GenAI in geography 

education is the risk of overreliance on AI, both by teachers and students. If too much of 

the teaching process is delegated to GenAI, teachers may lose control over the 

pedagogical process, relying too heavily on AI-generated materials and insights. This 

can diminish the active role of the teacher in guiding the learning experience and reduce 

the influence of teacher-driven instruction and human judgment. For students, excessive 

reliance on GenAI could result in the offloading of cognitive processes, where critical 

thinking and problem-solving are assigned to AI tools rather than developed by the 

students themselves. This could lead to more passive forms of learning, where students 



depend on AI-generated answers instead of actively engaging with geographic content 

and critically analyzing data (Lee, 2024). 

Geography assessment 

Assessment is core for teaching and the curriculum.  It sets out the ambition of student 

learning along with how well students perform; including a focus on assessment in this 

paper is important because assessment has an impact on the quality of students’ learning 

(Boud & Dochy, 2010). The role of GenAI in geography assessment is still in its early 

stages. OpenAI’s reports have tested GenAI’s capabilities in high-stakes standardized 

exams, revealing its proficiency in complex tasks. For instance, ChatGPT-4 performed 

exceptionally well on various exams, scoring in the 91st-100th percentile for AP 

Environmental Science and the 89th percentile for SAT Math (OpenAI, 2023). Given 

GenAI’s ability to handle higher-order thinking tasks such as evaluation and analysis, 

there are emerging concerns about the validity of traditional geography assessments that 

require these skills (Scheider et al., 2023). 

One study in South Korea explored ChatGPT’s potential for automated grading 

in geography, comparing its performance with experienced teachers. For questions with 

clear, objective answers, ChatGPT’s scoring closely matched that of the teachers, 

meeting reliability standards. However, for questions requiring more subjective 

judgment, its performance showed lower reliability, although the results were still 

comparable to the variability seen among human scorers (Seung & Shin, 2023). This 

suggests that while GenAI shows promise as a supplementary tool for geography 

assessments, its effectiveness may depend on the clarity of evaluation criteria and the 

nature of the tasks.  

Table 4 demonstrates how GenAI transforms geography assessment by 

enhancing traditional methods and introducing new possibilities for personalized and 



dynamic evaluations. In the Enhancement phase, GenAI primarily optimizes existing 

processes, making assessments more efficient and adaptable (Hanus & Havelková, 

2022). Automating routine tasks such as quiz generation, reduces teachers’ workload 

and ensures consistent quality, while adaptive assessments personalize learning 

experiences in real time, supporting diverse student needs without fundamentally 

changing the nature of the tasks. In the Transformation phase, GenAI redefines 

assessment by enabling ongoing, real-time evaluation and feedback that would be 

difficult to achieve through conventional methods. This shift encourages students to 

engage in more complex, iterative learning processes, while teachers can focus on 

facilitating deeper inquiry rather than manual grading.  

<Table 4> here 

One significant challenge in using GenAI for geography assessments lies in 

determining how and when to permit its use. While GenAI may be fully integrated in 

some assessment scenarios, such as for generating data visualizations or helping 

students with basic research tasks, other contexts might require assessments without AI 

support, especially in high-stakes exams (Luo 2024; Scheider et al., 2023). For example, 

in assessments like written reports or essays, GenAI could assist in generating outlines 

or conducting data analysis, but not in the actual writing process. This raises the need 

for clear guidelines and rubrics that define the appropriate use of GenAI across various 

assessment types, ensuring fairness and academic integrity. These guidelines should be 

flexible enough to accommodate varying levels of AI use while maintaining consistency 

in educational standards (Hanover Research, 2024). 



Geography fieldwork 

Fieldwork is a signature pedagogy of geographic education (Hovorka & Wolf, 2009) 

which traditionally has taken place in situ out of the classroom, but now may also be 

virtual.  “Fieldwork is the most powerful learning invitation in the toolkit of Geographic 

Education” (France & Haigh, 2018, p. 498) allowing authentic and experiential 

application of theory into the real world.  The effective use of technology and digital 

literacy has long been integral to geography fieldwork education (Welsh et al., 2013). 

AI is poised to significantly transform geography fieldwork by facilitating the 

preparation, execution, and analysis of field activities. For example, virtual reality (VR) 

can equip students with prior knowledge and support students with preparation to be 

more inquiry-focused ahead of the field trip (Bos et al., 2022).  As AI continues to 

evolve, it is a natural progression to integrate GenAI into fieldwork learning, enhancing 

its educational benefits.  

Despite the recognition for effective technology use and critical thinking to meet 

graduate attribute expectations, students tend not to be taught how to use GenAI (Lee, 

2024). However, the opportunities for enhancing fieldwork education are endless. 

GenAI can support students in several ways, such as data analysis and visualization, 

predictive analysis and modeling, educational tools and simulations, collaboration and 

communication, enhanced reporting and presentation; and opportunities for distance 

education pedagogies (Whally et al., 2021; Whalley et al., in press) 

Table 5 illustrates how GenAI can be applied across the SAMR model in 

geography fieldwork, progressing from enhancing traditional methods to transforming 

the learning experience. In the Enhancement phase, GenAI improves existing tasks, 

such as using voice-to-text for field note transcription or AI-generated images for 

preparation, making fieldwork more efficient. As it advances into the Transformation 

phase, GenAI enables deeper, more complex engagement, allowing for real-time data 



analysis, global collaboration, and interdisciplinary investigations. The tools reimagine 

fieldwork by expanding the scale and scope of inquiry, offering students opportunities 

to explore geographical phenomena in ways that were previously impossible. 

<Table 5> here 

While the integration of GenAI into geography fieldwork offers immense 

opportunities, several challenges must be addressed to prevent undesirable 

consequences. A major concern with the integration of GenAI into geography fieldwork 

is the potential for de-skilling students in traditional fieldwork techniques. Fieldwork 

has long been essential in helping students develop key skills such as observation, data 

collection, and problem-solving, all of which require direct engagement with the 

environment. As GenAI automates many of these processes, students may increasingly 

rely on virtual representations of geographic features instead of engaging in hands-on 

fieldwork. This shift risks reducing the authenticity of fieldwork experiences, , 

particularly in tasks that require precision and scientific rigor, such as using 

dichotomous keys for flora classification in biogeography, where accurate 

measurements and detailed observations are essential. It is therefore critical that GenAI 

is used to enhance, rather than replace, real-world fieldwork, ensuring that students still 

gain the essential experiential learning necessary for their development. 

Another key challenge in using GenAI for geography fieldwork is the potential 

for inaccurate or biased AI-generated data and representations. For instance, when 

generating virtual representations of geographic features or Indigenous communities, 

GenAI has produced unrealistic or culturally inappropriate depictions, such as snow 

igloos with metal chimneys or inaccurate representations of traditional landscapes 

(York et al., 2024) (Figure 1). If students uncritically accept such AI-generated content, 

it can lead to misunderstandings of both geographic phenomena and cultural identities. 



Furthermore, the misrepresentation of Indigenous cultures through inaccurate GenAI 

outputs can harm the dignity and identity of these communities, as noted by Inuit youth 

leader Justin Milton, who expressed concern over how these depictions distort 

perceptions of Inuit life (Milton, 2024). These challenges highlight the need for careful 

evaluation of AI-generated materials in geography fieldwork and the importance of 

maintaining ethical standards when using technology to represent diverse places and 

cultures (Ryan-Davis & Scalice, 2022). 

<Figure 1> here 

 

Conclusion  

Education is expected to be one of the sectors most impacted by the rapid advancement 

in GenAI (The Open Innovation Team and Department for Education, 2024), and 

geography education is no exception. Given the strong adoption of technology (GIS, 

remote sensing, GPS, virtual globes, virtual reality) within the profession of geography, 

as well as in research and teaching, geography education is well situated to integrate 

GenAI. As with all technologies, GenAI needs to be used appropriately and effectively. 

It does not have one type of use, but many levels of integration. This article addresses 

the call from Chang and Kidman (2023) for a robust framework to guide the use of 

GenAI tools in supporting meaningful geographical education.  

In response to the first research question—How can GenAI transform geography 

education in terms of curriculum, pedagogy, assessment, and fieldwork? —the 

application of the SAMR model reveals that GenAI can enhance and redefine traditional 

educational practices. In the Enhancement phase, GenAI streamlines tasks, such as 

automating quiz generation or visualizing geographical data, enabling educators to 



focus more on student engagement and interpretation. However, it is in the 

Transformation phase that GenAI truly revolutionizes the field. Personalized learning, 

real-time data integration, and AI-driven assessment methods offer students a more 

tailored, dynamic, and interactive learning experience. Through personalized curricula, 

GenAI adapts to individual student needs and regional contexts, making learning both 

more meaningful and relevant. Furthermore, in geography fieldwork, AI enhances real-

time data collection, analysis, and global collaboration, expanding the scope of field 

investigations far beyond traditional methods. These examples underscore GenAI’s 

ability to reimagine what is possible in geography education. 

However, in answering the second research question—What challenges and 

concerns are associated with this transformation? —it becomes clear that the benefits of 

GenAI come with substantial risks. One of the most pressing concerns is the accuracy of 

AI-generated content. GenAI’s outputs can result in hallucinations leading to inaccurate 

or misleading information, especially when the AI models are trained on biased or 

incomplete datasets. This is a particularly serious issue in geography education, where 

local contexts and cultural nuances are vital. Additionally, there is the risk of over-

reliance on GenAI by both teachers and students, which could de-skill students in 

fundamental geography skills such as critical thinking, data interpretation, and outdoor 

fieldwork. While GenAI can automate many tasks, human expertise remains essential in 

ensuring that students are equipped to assess, interpret, and apply geographic data in 

authentic contexts. Thus, educators must strike a balance between leveraging GenAI's 

capabilities and preserving the development of essential skills that GenAI cannot 

replicate. 

The rapid advancements in GenAI raise crucial questions about what should be 

taught and the necessary skills for future geographers. The greatest risk lies in blind 



trust in the technology and a failure to cultivate the critical thinking necessary to 

recognize inaccuracies. Additionally, security and privacy considerations are 

paramount, along with concerns about the potential impact on the identity of vulnerable 

populations due to inaccurate data. As geography educators, we must embrace the 

opportunities presented by GenAI while being mindful of its pitfalls, ensuring that our 

approach to teaching remains both innovative and grounded in sound educational 

practices and continue to contribute to future research. 
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Table 1. SAMR model explanation based on Puentedura (2006, 2009, 2014) 

SAMR Level Definition K-12 Example1 
Higher 

Education 
Example2 

Category 

Substitution 

No functional 
change due to 

the use of 
GenAI  

Writing on a 
tablet instead 
of handwriting. 

Using a plant 
identification 
app instead of a 
book. 

Enhancement 

Augmentation 
Some practical 
improvements 
through GenAI 

Using a 
response app 
instead of 
raising hands. 

Sharing 
landscapes via 
Instagram, 
previously not 
done. 

Modification  

GenAI allows a 
notable 

redesign of the 
task 

Creating 
multimedia 
videos instead 
of audio 
recordings. 

Using GPS 
maps for 
students to 
explore areas 
with their own 
devices instead 
of group visits. 

 
Transformation 

Redefinition  

GenAI enables 
the creation of 

previously 
unimaginable 

activities 

Developing 
comic 
narratives 
using an app 
and tablet 
camera, with 
no prior 
alternatives. 

Discussing 
research 
findings via 
mobile apps 
like Zoom 
across time 
zones. 

 

Note:1 refers to Fabian & MacClean, 2014, and 2 refers to Clark et al., 2021. 
 
 

 

 

 

 

 

 



Table 2. Application of GenAI in Geography Curriculum Design Across the SAMR 

Model: Examples and Impacts  

SAMR Level Examples Impacts 

Substitution 

Teachers use GenAI to 
automatically generate a list of 
key geographic topics and 
concepts based on existing 
national curricula and widely 
used geography textbooks, 
replacing the manual process of 
selecting relevant topics. 

GenAI speeds up the process of 
identifying important topics for 
inclusion in the curriculum, 
reducing the time teachers spend 
researching, but it may overlook 
important local contexts. 

Augmentation 

When designing a curriculum on 
region-specific topics like 
disasters, natural resources, 
cultural heritage, or local 
economies, teachers can use 
GenAI to quickly analyze and 
summarize relevant information 
from different regions and 
languages, incorporating diverse 
perspectives into the curriculum. 

GenAI quickly analyzes and 
summarizes diverse, region-
specific information, allowing 
teachers to incorporate a broader 
range of perspectives into the 
curriculum while reducing the 
time spent on manual research. 

Modification 

Teachers use GenAI to 
dynamically update the 
geography curriculum with real-
time data on global issues like 
climate change, urbanization, or 
migration patterns. GenAI also 
enables educators to pose 
targeted questions and receive 
context-specific insights, 
enhancing lesson content. 

GenAI enhances the curriculum 
by incorporating real-time global 
data, keeping students engaged 
with contemporary issues, and 
ensuring that the curriculum 
remains timely and reflective of 
ongoing changes in the world. 

Redefinition 

GenAI is used to create a fully 
personalized geography 
curriculum that adapts to each 
student's interests, learning pace, 
and regional context.  

GenAI transforms the traditional 
one-size-fits-all approach to 
education by creating a 
personalized curriculum, 
allowing students to engage with 
geography in a way that is 
tailored to their unique 
environment and learning needs. 

 

 

 

 



Table 3. Application of GenAI in Geography Pedagogy Across the SAMR Model: 

Examples and Impacts  

SAMR Level Examples Impacts 

Substitution 

Students use GenAI to look up 
geographical concepts instead of 
traditional texts, such as books 
and articles.   

GenAI enhances access to 
information, promoting faster 
comprehension of abstract 
concepts and supporting 
independent learning. 

Augmentation 

Instead of manually creating a 
population pyramid and 
analyzing population 
characteristics, students upload 
population data to GenAI, which 
generates the pyramid and 
analyzes the population 
characteristics (Lee, 2024). 

GenAI enhances the process by 
automating both the creation of 
graphs and the data analysis, 
making the task more efficient 
and allowing students to focus on 
interpreting the results, rather 
than on manual data entry and 
calculations. 

Modification 

Instead of reading a climate 
change graph and predicting 
future trends, students download 
historical temperature data and 
upload it to GenAI, which 
generates trend lines to predict 
temperature changes over the 
next 100 years (Lee, 2024). 

GenAI modifies the task by 
enabling students to use data-
driven analysis. This shifts the 
process from basic graph reading 
to more advanced data 
interpretation and forecasting, 
fostering deeper critical thinking 
and understanding of complex 
concepts (e.g., environmental 
trends). 

Redefinition 

Instead of writing an essay about 
the dangers of natural disasters, 
students use GenAI to create 
images, sounds, and compile 
them into a video (movie) 
illustrating the risks of natural 
disasters. 

GenAI transforms the task by 
enabling multimedia creation, 
fostering skills in storytelling, 
production, and communication, 
and providing a more immersive 
learning experience. 

 

 

 
 

 

 

 

 



Table 4. Application of GenAI in Geography Assessment Across the SAMR Model: 

Examples and Impacts  

SAMR Level Examples Impacts 

Substitution 

Teachers use GenAI to 
automatically generate geography 
quiz questions (e.g., on 
landforms or climate patterns) 
based on the content covered in 
class, replacing manual question 
writing. 

GenAI speeds up quiz 
generation, allowing teachers to 
create a larger number of 
consistently formatted questions 
in a shorter time, though there is 
a risk of over-reliance on 
automated quizzes. 

Augmentation 

Teachers use GenAI to create 
adaptive geography quizzes that 
adjust in real-time to student 
performance, providing more 
challenging or supportive 
questions based on individual 
responses. 

GenAI enhances assessment by 
creating adaptive quizzes with 
personalized questions, 
improving evaluation and 
supporting student progress 
through tailored feedback and 
challenges (Hanus & Havelková, 
2022). 

Modification 

Teachers use AI-powered 
portfolio systems to continuously 
evaluate students' geographic 
projects, providing automated 
feedback and suggestions for 
improvement over time. 

GenAI provides continuous real-
time feedback and automated 
suggestions for improvement, 
helping students refine their work 
and track long-term progress 
while reducing the manual 
evaluation workload for teachers. 

Redefinition 

Students use GenAI to generate 
self-assessment questions and 
rubrics that reflect their personal 
curiosity and experiences in 
geography topics. They receive 
ongoing formative feedback that 
encourages reflection and goal 
adjustment (Xia et al. 2024). 

GenAI redefines self-assessment 
by enabling students to engage in 
personalized, curiosity-driven 
evaluations. This fosters deeper 
understanding of their strengths 
and areas for improvement. 
 

 

 

 

 

 

 



Table 5. Application of GenAI in Geography Fieldwork Across the SAMR Model: 

Examples and Impacts  

SAMR Level Examples Impacts 

Substitution 

Students use GenAI-powered 
voice-to-text tools on their 
smartphones to transcribe field 
notes during fieldwork, instead of 
writing them manually. 

GenAI replaces manual note-
taking with a digital alternative, 
streamlining the process and 
reducing potential errors, while 
keeping the core task unchanged. 

Augmentation 

Students use GenAI-based apps 
to generate images of specific 
places (Welsh, 2024), such as 
remote or inaccessible areas like 
the Arctic, and automatically tag 
these images with relevant 
metadata, including location, 
time, and vegetation types. 

GenAI enhances fieldwork by 
enabling thorough pre-research 
on remote locations, improving 
preparation and understanding, 
and elevating the quality of the 
fieldwork experience. 

Modification 

GenAI tools are used to analyze 
field data in real-time, such as 
identifying plant species from 
photos taken on-site or detecting 
patterns in soil composition, and 
it can also suggest further 
hypotheses or research questions 
based on the data collected 
(Welsh, 2024). 

GenAI modifies the fieldwork 
process by enabling immediate 
and sophisticated data analysis, 
allowing for more in-depth 
exploration and complex 
investigation while still in the 
field. 

Redefinition 

Students from different regions 
collaborate globally using a 
GenAI platform to share real-
time data and observations, 
model environmental changes, 
and analyze global patterns such 
as climate change or urbanization 
in diverse environments. 

GenAI redefines the learning 
experience of geography 
fieldwork by enabling 
collaboration across diverse 
regions and disciplines, allowing 
students to engage in large-scale 
data analysis and 
interdisciplinary exploration.  

 

 

 

 

 

 



  

Figure 1. AI-Generated Glacial Landscape and Inuit Community with Unrealistic 

Features. Glacial landscape lacking lateral and medial moraines, with ice rising at the 

toe of the glacier and a glacier descending between iceless valleys (left). Inuit 

community featuring numerous igloos, metal smokestacks, and wood-fueled fires in a 

treeless environment (right). (Generated by ChatGPT, OpenAI, 2024). 
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