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Summary. Climate change has become a global educational priority that requires learners to inter-
pret scientific evidence, understand spatial relationships, and develop sustainable solutions. In this con-
text, geography education plays a key role in fostering climate literacy, spatial thinking, and geographic
inquiry. However, traditional fieldwork is constrained by limitations related to time, cost, accessibility,
and safety. Although advances in virtual fieldwork and generative artificial intelligence (Al) provide
new opportunities to address these challenges, systematic pedagogical approaches for integrating Al
into virtual fieldwork remain limited. This study aims to develop a pedagogically grounded framework
for Al-supported virtual fieldwork in climate change education and to demonstrate its application
through representative learning activities. The study adopts a conceptual design based on a synthesis of
contemporary literature on climate change education, geography education, virtual fieldwork, artificial
intelligence, spatial thinking, and educational technologies. The proposed framework is structured
around seven pedagogical design principles: beginning with authentic climate change problems, pro-
moting spatial evidence-based learning, positioning Al as a cognitive learning partner, placing geo-
graphic inquiry at the centre of learning, fostering solution-oriented learning, employing process-ori-
ented assessment, and ensuring the ethical and responsible use of Al. To illustrate the framework, three
representative virtual fieldwork activities focusing on glacier retreat, drought, and urban heat islands
were developed. The proposed framework provides a pedagogical foundation for strengthening climate
literacy, spatial thinking, geographic inquiry, critical thinking, and Al literacy in geography education.

© 2026 Earth Science Division, Azerbaijan National Academy of Sciences. All rights reserved.

Introduction

Climate change is one of the defining challenges of the twenty-first century, reaching far beyond environ-
mental systems to touch economic development, social wellbeing, and education policy alike. As climate-
related hazards grow more frequent and more severe, it becomes increasingly important for people to under-
stand climate processes, weigh scientific evidence critically, and imagine workable, sustainable solutions.
Contemporary climate change education reflects this shift: rather than simply transmitting facts, it aims to
build climate literacy, critical thinking, evidence-based decision-making, and genuine engagement with sus-
tainability (IPCC, 2023; UNESCO, 2021). Systematic reviews of the field point in the same direction, showing
that effective climate change education needs to be student-centred, inquiry-driven, and oriented toward action
rather than passive learning (Monroe et al., 2019).
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Geography education has a particularly important role to play here, precisely because climate change is
not a uniform, placeless phenomenon — its causes, impacts, and possible solutions look different from one
place, region, and scale to another. Making sense of processes such as retreating glaciers, rising sea levels,
drought, wildfires, or urban heat islands requires students to ask where these things are happening, why, and
how they connect to both natural and human systems. This is why geography education leans so heavily on
maps, satellite imagery, Geographic Information Systems (GIS), remote sensing data, and direct field obser-
vation: these tools are what turn spatial thinking and evidence-based reasoning from abstract skills into some-
thing students can actually practice (National Research Council, 2006; Bednarz et al., 2013).

Fieldwork has long been considered one of geography education's most powerful pedagogical tools. By
giving students the chance to observe environmental processes firsthand and connect theoretical knowledge to
the real world, fieldwork strengthens observation, inquiry, problem-solving, and experiential learning in ways
that classroom instruction alone rarely can (Kent et al., 1997; Fuller et al., 2006). Yet traditional fieldwork
comes with real constraints — cost, time, accessibility, safety, and weather, among others — and these con-
straints are often felt most acutely in climate change education specifically, where the very phenomena being
studied (glaciers, droughts, extreme heat) can make field visits impractical or even hazardous. This is precisely
the gap that virtual fieldwork has come to fill. Using satellite imagery, digital maps, GIS, and 3D visualization,
virtual fieldwork allows students to compare different geographic environments and examine environmental
change across a range of spatial and temporal scales that would be difficult, if not impossible, to access in
person (Stainfield et al., 2000; Cliffe, 2017). Hybrid approaches, in particular, have been shown to widen
access while preserving much of fieldwork's pedagogical value (France & Haigh, 2018).

More recently, advances in digital technology — and generative artificial intelligence in particular — have
begun to change what virtual fieldwork can actually be. Rather than functioning as static repositories of digital
content, Al-enhanced virtual fieldwork environments can become interactive, adaptive learning spaces. Arti-
ficial intelligence can help generate inquiry questions, support the interpretation of spatial data, and offer adap-
tive feedback tailored to individual learners. When grounded in sound pedagogical principles, Al need not
replace the teacher's role at all; instead, it can act as a cognitive learning partner that supports inquiry and
critical thinking rather than substituting for it (Holmes et al., 2019; UNESCO, 2023). Even so, the literature
currently offers little in the way of a coherent framework for how Al-supported virtual fieldwork should actu-
ally be designed and pedagogically structured within climate change education specifically. The present study
responds to this gap: it proposes a set of pedagogical design principles for Al-supported virtual fieldwork in
climate change education, illustrates how these principles can be translated into practice through sample ac-
tivities, and considers what this approach might offer geography education more broadly.

Purpose of the study

This study aims to develop a pedagogically grounded framework for integrating artificial intelligence into
virtual fieldwork for climate change education. The framework positions Al as a cognitive learning partner
that supports, rather than replaces, geographic inquiry, spatial evidence interpretation, critical thinking, and
human judgement. It brings together climate change education, geography education, virtual fieldwork, and
generative Al within a coherent instructional approach.

Based on a synthesis of relevant literature, the study proposes seven interrelated pedagogical design prin-
ciples and demonstrates their application through three illustrative virtual fieldwork activities focusing on
glacier retreat, drought, and urban heat islands. The study is conceptual and design-oriented; therefore, the
proposed framework and activities are presented as a foundation for subsequent expert validation, classroom
implementation, and empirical research.

Research questions

Climate change education, virtual fieldwork, and artificial intelligence have each generated a substantial
body of research in recent years. What's still missing, though, is work that brings these three areas together
within geography education through a coherent, pedagogically grounded approach. Virtual fieldwork is widely
recognized as an effective way to support geographic learning, and generative Al is understood to have real
potential for inquiry-based, interactive, and adaptive learning — yet there is still no systematic design approach
for how these two things might be combined in service of climate change education specifically. To the best
of the authors' knowledge, no existing study has integrated generative Al, virtual fieldwork, and climate change
education within geography education through a unified set of pedagogical design principles. This gap is what
motivates the present study.

Within this framework, the study sets out to identify the pedagogical principles that should guide the
design of Al-supported virtual fieldwork, and to show how those principles can be reflected in learning activ-
ities for climate change education. To that end, the study addresses the following research questions:
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RQ1. How can artificial intelligence be integrated into virtual fieldwork for climate change education in
a pedagogically meaningful and effective way?

RQ2. What pedagogical design principles should guide the design and implementation of Al-supported
virtual fieldwork?

RQ3. How can the proposed pedagogical design principles be translated into sample learning activities
for Al-supported virtual fieldwork?

RQ4. What learning outcomes can theoretically be supported through Al-supported virtual fieldwork in
climate change education?

Literature review

The proposed framework draws on four interconnected areas of scholarship: climate change education,
geography education, virtual fieldwork, and artificial intelligence in education. Climate change education em-
phasizes climate literacy, sustainability awareness, inquiry, and action-oriented learning (Monroe et al., 2019;
UNESCO, 2021), while virtual fieldwork supports accessibility, experiential learning, and the development of
spatial understanding (Cliffe, 2017; France & Haigh, 2018). Research on generative Al highlights its potential
for personalized learning, adaptive support, inquiry, and learning analytics, while also emphasizing the im-
portance of pedagogically responsible integration (Kasneci et al., 2023; UNESCO, 2023). Bringing these
strands together provides the theoretical basis for developing a pedagogically grounded approach to Al-sup-
ported virtual fieldwork in climate change education.

Climate change education

Climate change education extends beyond the transmission of scientific knowledge by developing learn-
ers’ climate literacy, critical evaluation of evidence, informed decision-making, and capacity to engage with
adaptation and mitigation challenges (UNESCO, 2021; IPCC, 2023). Effective approaches are increasingly
student-centred, inquiry-based, and action-oriented, encouraging learners to connect scientific understanding
with meaningful responses to environmental problems (Monroe et al., 2019).

Geography education provides a particularly relevant context for these goals because climate change is
inherently spatial and varies across places and scales. Maps, GIS, remote sensing, and satellite imagery enable
students to investigate environmental change through spatial evidence and strengthen geographic reasoning
and spatial thinking (National Research Council, 2006; Bednarz et al., 2013). These characteristics make cli-
mate change education well suited to virtual fieldwork environments in which learners can examine spatial
and temporal patterns that may be difficult to observe directly.

Virtual fieldwork in Geography education

Virtual fieldwork enables students to explore geographic environments through digital maps, satellite im-
agery, GIS, remote sensing data, and 3D visualization, reducing constraints associated with location, time,
accessibility, and cost. Rather than functioning merely as virtual tours, well-designed virtual field experiences
can support spatial thinking, geographic inquiry, and the analysis of environmental processes (Stainfield et al.,
2000; Cliffe, 2017).

Virtual fieldwork is particularly valuable for examining environmental change across spatial and temporal
scales that are difficult to observe directly, including glacier retreat, drought, and urban transformation. How-
ever, it should generally complement rather than replace direct field experience, since virtual environments
cannot fully reproduce observation and interaction in real-world settings (Kent et al., 1997; France & Haigh,
2018). This complementary role provides a useful foundation for integrating Al as an additional form of in-
quiry and learning support.

Artificial Intelligence in Geography Education

Generative Al offers new opportunities for personalized learning, inquiry support, formative feedback,
and higher-order thinking, but its educational value depends on alignment with clear pedagogical objectives
rather than technological capability alone (Kasneci et al., 2023; UNESCO, 2023; OECD, 2024). In geography
education, Al can support students in formulating questions, comparing explanations, and interpreting maps,
GIS, remote sensing, and other spatial evidence, while responsibility for evaluation and decision-making re-
mains with the learner and teacher.

Integrating Al with virtual fieldwork therefore has potential to strengthen geographic inquiry and evi-
dence-based reasoning when it is grounded in appropriate pedagogical design. This approach is consistent with
technology-integration frameworks such as TPACK and SAMR, which emphasize meaningful relationships
among disciplinary knowledge, pedagogy, and technology (Mishra & Koehler, 2006; Puentedura, 2006). At
the same time, responsible implementation requires attention to academic integrity, privacy, bias, and the crit-
ical verification of Al-generated information (UNESCO, 2023).
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Methodology

This study employs a conceptual and design-oriented research approach to develop a pedagogical frame-
work for Al-supported virtual fieldwork in climate change education. The methodological process was in-
formed by the early analytical and design phases of educational design research, in which a practical educa-
tional problem is identified, relevant theoretical and empirical literature is synthesized, and theoretically
grounded design principles are formulated for subsequent evaluation and refinement (Design-Based Research
Collective, 2003; McKenney & Reeves, 2012). No classroom intervention or experimental evaluation was
conducted at this stage; accordingly, the proposed framework should be understood as an initial design iteration
rather than an empirically validated instructional model.

The theoretical foundation of the framework was developed through a narrative and purposive synthesis
of literature on climate change education, geography education, virtual fieldwork, spatial thinking, and gener-
ative Al in education. Sources were selected for their conceptual relevance to the research questions and in-
cluded both foundational scholarship and recent literature on Al-supported learning. This approach was chosen
to support theoretical integration and framework development rather than exhaustive literature retrieval
(Baumeister & Leary, 1997; Grant & Booth, 2009). Accordingly, the literature synthesis should not be inter-
preted as a systematic review.

The design principles were developed through a thematic synthesis of the selected literature. Recurring
pedagogical concepts were identified across the reviewed sources, including inquiry-based learning, spatial
evidence use, experiential learning, learner—Al interaction, solution-oriented learning, assessment, and respon-
sible Al use. These concepts were grouped into broader themes and iteratively refined by examining their
relevance to the four research questions. The resulting themes were also considered in relation to established
technology-integration perspectives, particularly TPACK and SAMR (Mishra & Koehler, 2006; Puentedura,
2006). This process resulted in the seven interrelated pedagogical design principles presented in Section 4.

Design principles for Al-Supported virtual fieldwork in climate change education

Based on the synthesis described above, seven interrelated design principles are proposed for Al-sup-
ported virtual fieldwork in climate change education: (1) starting with authentic climate change problems, (2)
supporting spatial evidence-based learning, (3) positioning Al as a cognitive learning partner, (4) centring
geographic inquiry, (5) encouraging solution- and action-oriented learning, (6) using process-oriented assess-
ment, and (7) ensuring the ethical and responsible use of Al. Together, these principles provide a pedagogically
grounded but flexible guide for designing learning activities in which technology supports, rather than deter-
mines, geographic inquiry and climate change learning.

Principle 1. Start with real climate change problems

Al-supported virtual fieldwork should be organized around authentic climate change problems that con-
nect learning with real-world environmental challenges. Problem-based learning provides a meaningful con-
text for investigating environmental issues, evaluating scientific evidence, and developing possible solutions
(Bransford et al., 2000; Monroe et al., 2019). Issues such as glacier retreat, drought, wildfires, sea-level rise,
and urban heat islands can provide relevant contexts for inquiry, while Al can support the process through
adaptive questions, alternative scenarios, and prompts for evidence-based discussion.

Principle 2. Support spatial evidence-based learning

Learning activities should require students to construct explanations from reliable spatial evidence rather
than rely on Al-generated responses alone. Satellite imagery, GIS, remote sensing products, digital elevation
models, and thematic maps provide important evidence for examining environmental change (National Re-
search Council, 2006). Al can assist students in identifying patterns, comparing interpretations, and question-
ing relationships within spatial data, but conclusions should remain grounded in geographic evidence.

Principle 3. Position Al as a Cognitive Learning Partner

Al should support students’ reasoning rather than replace it. Its role can include prompting questions,
supporting hypothesis formation, suggesting alternative explanations, and providing formative feedback dur-
ing inquiry (Luckin, 2018; UNESCO, 2023). Students should remain responsible for evaluating Al-generated
information, interpreting evidence, and making decisions, thereby maintaining human judgement at the centre
of the learning process.

Principle 4. Put Geographic inquiry at the centre of learning

Geographic inquiry should provide the organizing structure for Al-supported virtual fieldwork. Students
can investigate environmental phenomena through guestions such as: Where is it occurring? Why there? How
is it changing? What might happen next? What responses are possible? (Lambert & Morgan, 2010; Maude,
2016). Al can support this inquiry by generating prompts, suggesting additional data sources, and facilitating
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comparisons across places and scales, while students remain responsible for evidence-based interpretation and
conclusions.

Principle 5. Encourage solution- and action-oriented learning

Climate change education should enable students not only to understand environmental problems but also
to consider possible adaptation and mitigation responses (UNESCO, 2021; Monroe et al., 2019). Within virtual
fieldwork, students can compare alternative strategies, examine their potential consequences, and develop ev-
idence-based recommendations. Al can support this process by helping generate scenarios and alternative
courses of action that students subsequently evaluate against scientific and geographic evidence.

Principle 6. Use process-oriented assessment

Assessment should address the inquiry process as well as the final product, including how students for-
mulate questions, interpret spatial evidence, evaluate Al-generated information, justify conclusions, and reflect
on their learning (Bransford et al., 2000; Kolb, 2015). Al may provide formative prompts and opportunities
for self-assessment, but responsibility for evaluating student learning should remain with the teacher.

Principle 7. Ensure the ethical and responsible use of Al

Al-supported virtual fieldwork should be grounded in transparency, academic integrity, fairness, privacy,
and critical use of technology. Students should verify Al-generated information against reliable scientific
sources and geographic evidence rather than accept it uncritically (UNESCO, 2023; OECD, 2024). Attention
should also be given to potential errors, bias, appropriate attribution, and data privacy, making responsible Al
use an integral component of the learning process.

The Proposed Al-supported virtual fieldwork framework

The proposed framework integrates climate change education, geography education, virtual fieldwork,
and artificial intelligence within a pedagogically coherent structure based on the seven design principles. Au-
thentic climate change problems, spatial evidence, and geographic inquiry form the core of the framework,
while Al functions as a supporting tool for inquiry, reflection, and evidence-based reasoning.

The framework is intentionally flexible rather than prescriptive. It is not tied to a specific Al platform,
curriculum, educational level, or geographic topic and can therefore be adapted to different learning objectives,
technological conditions, and climate-related phenomena.

Learning scenario and illustrative applications

The framework is operationalized through six interconnected stages: (1) identifying an authentic climate
change problem, (2) collecting relevant spatial evidence, (3) formulating geographic inquiry questions, (4)
conducting Al-supported analysis, (5) constructing evidence-based explanations and possible solutions, and
(6) reflecting on both the learning process and the use of Al. The stages provide a common structure for virtual
fieldwork while allowing adaptation to different educational contexts.

Throughout the process, students work with relevant geographic evidence, such as satellite imagery, GIS
data, thematic maps, remote sensing products, climate records, drought indices, and land-use data. Al may
provide guiding questions, alternative explanations, and formative feedback, while students remain responsible
for verifying information, interpreting evidence, and developing conclusions.

Three illustrative activities demonstrate how the framework can be applied at different geographic scales:
glacier retreat at the global scale, drought at the regional scale, and urban heat islands at the local scale. Alt-
hough the activities differ in topic and spatial scale, each follows the same inquiry-oriented structure and re-
quires students to analyse spatial evidence and critically evaluate Al-supported interpretations. The activities
are illustrative applications of the framework rather than empirically validated lesson plans.

Expected educational outcomes and practical implications

The framework has the potential to support spatial thinking, geographic inquiry, and evidence-based de-
cision-making through the use of satellite imagery, GIS, and remote sensing data (National Research Council,
2006; Bednarz et al., 2013). It may also contribute to climate literacy and Al literacy by encouraging students
to examine climate-related problems across geographic scales while critically evaluating the reliability and
limitations of Al-generated information.

Because the framework is not tied to a specific curriculum, grade level, geographic topic, or Al platform,
it may provide a flexible reference for teachers, curriculum developers, and researchers. However, these out-
comes are theoretically expected rather than empirically demonstrated. Future research should evaluate the
framework through expert review, classroom implementation, and empirical studies examining student learn-
ing, teacher experience, feasibility, and the ethical dimensions of Al-supported virtual fieldwork.
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Al-supported virtual fieldwork for climate change education: three sample activities

The activities below are built directly on the seven pedagogical design principles outlined earlier. The
three illustrative activities summarized here — glacier retreat, drought, and urban heat islands — have been
turned into short, focused lesson plans intended as adaptable starting points for high-school-level instruction,
pending classroom piloting and teacher feedback.

Each one includes a learning objective, materials, the role Al plays, a step-by-step learning sequence,
sample prompts, inquiry questions, and brief reflection prompts for process-oriented assessment. All three are
designed to fit within a single 40-minute class period and can be adjusted depending on what a given school
has available.

Activity 1: Glacier Retreat

| Level || High school |
| Duration || 40 minutes |
| Geographic scale || Global |
| Group structure || Groups of 34 |
| Technology needed || Computer/tablet, internet access; an Al chat tool (teacher-supervised) |

1. Climate Change Context
Students examine glacier retreat in a selected mountain region (e.g., the Alps, Kilimanjaro, Mount Ararat)
using real satellite imagery, and explore how it connects to rising global temperatures, glacial mass loss, and
the regional and global consequences that follow.
2. Learning Objective and Outcomes
The goal is for students to compare multi-temporal satellite images and, with Al support, build evidence-
based explanations of glacier retreat as an indicator of climate change.
By the end of the activity, students should be able to:
« explain glacier retreat using scientific evidence,
o critically evaluate Al-generated information and verify it against independent sources,
e propose an evidence-based adaptation or mitigation strategy for glacier loss.
3. Digital Resources and Materials
e Google Earth (Timelapse) or Sentinel Hub EO Browser — satellite imagery from different years
o NASA Worldview / Global Ice Viewer — glacier time-series visuals
e Publicly available temperature data (e.g., NASA GISS) and a comparison worksheet
4. The Role of Al
Here, Al is a learning partner that accompanies inquiry rather than handing out answers: it suggests ob-
servation criteria, offers alternative explanations, and gives feedback. Interpretation and drawing conclusions
stay with the student, and every claim needs to be checked against spatial evidence.
Sample Al Prompts (for students to use)
"Connect the three main reasons the [region name] glacier is shrinking to clues | could look for in a satellite
image."
"Suggest two alternative scenarios for how glacier loss could affect water resources — what evidence
should I check for each one?"
5. Step-by-Step Learning Process
Stage 1: Identifying the Problem and Gathering Evidence (15 min)
 The teacher opens with a current image or news story and the question "Why is this glacier shrinking?";
groups pick a glacier region to study.
o Groups compare satellite images from at least two different years and note changes in the glacier bound-
ary on their worksheet.
e "Suggest three observation criteria | can use to compare the glacier front's position in these two images."
Stage 2: Inquiry and Verification (15 min)
o Groups formulate "Why, How, What might happen next?" questions and ask Al for alternative explana-
tions.
» They check the explanation they receive against temperature data or a reliable source (IPCC/NASA),
then write a short evidence report.
Stage 3: Proposing a Solution, Presenting, and Reflecting (10 min)
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o Each group develops a brief adaptation or mitigation proposal for the region and shares it in 1-2 minutes.
o Students reflect briefly: how did I use Al, and what did | need to verify?

6. Geographic Inquiry Questions

Throughout the activity, students are expected to build evidence-based answers to:

o Where is glacier retreat happening, and to what extent?

» How has the glacier's area changed over time, and why?

» What adaptation or mitigation measures could be taken at the regional scale?

Activity 2: Assessing Drought
Rainfall Variability and Land-Use Analysis

| Level || High school |
| Duration || 40 minutes |
| Geographic scale || Regional I

|

| Group structure || Groups of 3-4
| Technology needed || Computer/tablet, internet access; an Al chat tool (teacher-supervised)

1. Climate Change Context
Students examine a water-stressed region (e.g., Tlrkiye's Konya Closed Basin), looking at rainfall varia-

bility, drought indices, and land-use patterns, and investigate how natural (climatic) and human (over-extrac-

tion

of water, land-use change) factors both contribute to drought.
2. Learning Objective and Outcomes
The goal is for students to analyse rainfall and drought data alongside land-use maps, and to build evi-

dence-based explanations of drought's causes through Al-supported inquiry.

By the end of the activity, students should be able to:

o interpret the relationship between rainfall variability and drought indices,

o distinguish between natural and human factors and build a multi-causal explanation,

e propose an evidence-based, region-specific water management or drought-response strategy.

3. Digital Resources and Materials

« Rainfall map / time-series chart (e.g., from Tirkiye's State Meteorological Service open data portal)

o Sample drought index map (SPI/PDSI) and an NDVI (vegetation cover) visual

e Land-use map and a comparison worksheet

4. The Role of Al

Al acts as a learning partner that helps students connect different data layers — rainfall, NDVI, land use

— offering alternative scenarios involving natural and human causes and providing feedback. Students always
check any proposed causal relationship against the actual data.

Sample Al Prompts (for students to use),
"List three things | should pay attention to when interpreting this graph showing a drop in SPI values."

"Give examples of human factors — besides reduced rainfall — that could make drought worse. What data
should I look at?"
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5. Step-by-Step Learning Process

Stage 1: Introducing the Problem and Gathering Evidence (15 min)

o The teacher opens with a drought-related news story or image and the question "Why is this region
drying out?"; groups select a sub-region or time period.

o Groups examine the rainfall chart and NDVI visual, and note the severity and distribution of drought on
their worksheet.

o "What order should I follow to interpret the rainfall chart together with the NDVI map?*

Stage 2: Investigating Multiple Causes and Verification (15 min)

e Groups formulate "Why, How, What might happen next?" questions and ask Al for both natural and
human explanations.

o They check the proposed causes against the land-use map and prepare a short cause-and-effect diagram.

Stage 3: Proposing a Solution, Presenting, and Reflecting (10 min)

o Each group develops 1-2 water management or drought-response proposals and shares them briefly.

o Individual reflection: why does it matter to distinguish between natural and human causes?

6. Geographic Inquiry Questions

Throughout the activity, students are expected to build evidence-based answers to:
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o Where in this region is drought occurring, and how severe is it?
o What role do natural versus human factors play in causing it?
o What measures could help protect water resources?

Activity 3: Urban Heat Islands
Thermal Satellite Imagery and Land Cover Analysis

| Level || High school |
| Duration || 40 minutes |
| Geographic scale || Local (city/district level) |
| Group structure || Groups of 3-4 |
| Technology needed || Computer/tablet, internet access; an Al chat tool (teacher-supervised) |

1. Climate Change Context
Students examine the urban heat island effect in their own city using Landsat thermal bands and land cover
maps, investigating why surface temperatures differ between densely built-up areas and green spaces or bodies
of water, and how this connects to sustainable urban planning.
2. Learning Objective and Outcomes
The goal is for students to analyse thermal satellite imagery and land cover data to explain, through Al-sup-
ported inquiry, the spatial pattern and causes of the urban heat island effect, and to develop sustainable solutions.
By the end of the activity, students should be able to:
e interpret the distribution of urban surface temperature from thermal imagery,
e connect temperature differences to land cover (built-up areas, green space, water bodies),
e propose a practical cooling or planning strategy for their own environment.
3. Digital Resources and Materials
o Landsat thermal band imagery / a ready-made Land Surface Temperature (LST) map
o Land cover map (satellite imagery or an OpenStreetMap layer)
o Google Earth/Maps satellite view and a comparison worksheet
4. The Role of Al
Al acts as a learning partner that helps students interpret thermal imagery and land cover data together,
offering alternative explanations for temperature differences (albedo, built-up density, human-generated heat).
Students verify these explanations against map or observational evidence.
Sample Al Prompts (for students to use)
"What clues should | look for to compare the hottest and coolest areas on this thermal map?" "Why does
surface temperature differ between a heavily paved area and a park? Explain using the concept of albedo."
5. Step-by-Step Learning Process
Stage 1: Introducing the Problem and Gathering Evidence (15 min)
o The teacher opens the lesson with data or a news story about the temperature difference between the
city centre and its surroundings; groups pick a neighbourhood.
o Groups note the neighbourhood's temperature level on the LST map and its built-up/green space status
on the land cover map.
o "What order should I follow when examining the thermal map together with the land cover map?"
Stage 2: Investigating Causes and Verification (15 min)
o Groups formulate "Why, How, What measures could be taken?" questions and ask Al for explanations
grounded in albedo and built density.
o They verify the explanation against their own map observations (e.g., is the paved area really the hottest
spot?) and write a short evidence report.
Stage 3: Proposing a Plan, Presenting, and Reflecting (10 min)
 Each group proposes 1-2 measures to reduce heat in the neighbourhood (tree planting, green roofs, light-
coloured surfaces, etc.) and shares them briefly.
o Individual reflection: where in my own surroundings might I notice this effect?
6. Geographic Inquiry Questions
Throughout the activity, students are expected to build evidence-based answers to:
o Where are the highest and lowest surface temperatures found in the city?
o Why do these temperature differences occur?
o What measures could help reduce the heat island effect?
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Discussion

This study brings climate change education, virtual fieldwork, and generative Al together within a peda-
gogically grounded framework centred on authentic environmental problems, spatial evidence, and geographic
inquiry. The proposed principles are consistent with previous research emphasizing inquiry-based, experien-
tial, and spatial approaches to geography education (Kent et al., 1997; Cliffe, 2017; France & Haigh, 2018),
while extending this work by explicitly considering the pedagogical role of generative Al. Rather than treating
Al as a source of ready-made answers, the framework positions it as a cognitive support for questioning, in-
terpretation, feedback, and reflection, with students and teachers retaining responsibility for evaluating evi-
dence and making decisions (UNESCO, 2023; Kasneci et al., 2023).

An important practical consideration is digital equity. Although virtual fieldwork can reduce some con-
straints associated with conventional fieldwork, meaningful implementation still depends on reliable connec-
tivity, appropriate hardware, access to digital resources, teacher competence, and institutional support (Ahmed,
2024; OECD, 2024). Unequal access to these conditions may result in substantially different learning experi-
ences across schools and regions, particularly when generative Al is introduced into already unequal educa-
tional environments (Holstein & Doroudi, 2021). The adaptability of the framework should therefore not be
interpreted as a guarantee of equal implementation across educational contexts.

The study also has important methodological limitations. The proposed framework is conceptual and has
not yet been empirically validated. Moreover, the three illustrative activities were developed as applications
of the seven design principles rather than through expert review, teacher-panel evaluation, or classroom pilot-
ing. Their feasibility, age-appropriateness, instructional timing, and learning effects therefore remain to be
established. Future research should subject the framework and activities to expert validation and classroom-
based evaluation, including structured teacher panels or Delphi studies, followed by experimental, mixed-
methods, or design-based research across different educational and technological contexts.

Conclusion

This study proposes a pedagogically grounded framework for Al-supported virtual fieldwork in climate
change education. Based on seven interrelated design principles, the framework connects authentic climate
change problems, spatial evidence, geographic inquiry, solution-oriented learning, process-based assessment,
and responsible Al use. Al is positioned as a cognitive support for inquiry rather than a substitute for geo-
graphic evidence, student reasoning, or teacher judgement.

The framework provides a flexible basis for designing virtual fieldwork across different climate-related
topics, geographic scales, educational levels, and technological contexts. The three illustrative activities
demonstrate how its principles can be translated into instructional designs addressing glacier retreat, drought,
and urban heat islands. However, these applications should be understood as conceptual examples rather than
evidence of educational effectiveness.

Further research should therefore focus on expert validation, classroom implementation, and empirical
evaluation of the framework. Particular attention should be given to its feasibility, effects on students’ climate
literacy, spatial reasoning and Al literacy, teachers’ experiences, ethical considerations, and implementation
across educational settings with different levels of technological access. Such evidence will be necessary to
determine the educational value and practical applicability of Al-supported virtual fieldwork in climate change
education.
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MIPOCTPAHCTBEHHOTO MBIIUICHUS U HABBHIKOB reorpaduiaeckoro uccienoBanus. OQHAKO TPaIUIMOHHEIE ITOJIEBBIE UCCIIEIOBAHNS
CTAJIKMBAIOTCS C OTPAaHWYCHUSIMY, CBA3aHHBIMU CO BPEMEHEM, 3aTpaTaMH, JJOCTYIIHOCThIO U Oe3omacHocThi0. HecmoTps Ha To
YTO pa3BUTHE BUPTYATbHBIX IONEBBIX HCCIEA0BAaHUH U F€HEPAaTHBHOTO MCKycCTBeHHOro mHTemiekra (M) oTkpbiBaeT HOBBIE
BO3MOKHOCTH JUIS MPEOJOJICHHUS 3THX TPYIHOCTEH, CHCTEeMaTHUeCKHe TeJarorndeckue noaxonasl k uHrerpauun MW B BupTy-
aJbHbIE MOJIEBbIE UCCIEJOBAHMS OCTAIOTCS HEAOCTATOUHO pa3paboTaHHBIMU. Llenp uccaeoBaHus 3aKII09aeTCs B pa3paboTKe Tie-
JIarOrUuecKy 000CHOBaHHON KOHIIENTYaTbHOH MOENTH BUPTYalbHbIX MOJIEBBIX HCCIIEIOBaHUH C MOJEP>KKON HCKYCCTBEHHOTO HHTEII-
JIeKTa B 00pa30BaHMY [0 BOIIPOCAM W3MEHEHUS KIIMMaTa M IEMOHCTPaluy €€ MPUMEHEHUsI IOCPEICTBOM THIIOBBIX YIEOHBIX 3aJaHHUMH.
B nccnenoBannyn ycnone3yeTcss KOHIENTYTBHBIH MOAX0A K MIPOSKTHPOBAHHUIO, OCHOBAHHBIN Ha CHHTE3€ COBPEMEHHOU HayIHOU JIU-
TepaTypsl 10 BOIIpocaM 00pa3oBaHus B 00JIaCTH H3MEHEHHUS KIIMMaTa, reorpamaeckoro 00pa3oBaHus, BUPTYaJIbHBIX ITOJIEBBIX HCCIIE-
JIOBaHUH, UCKYCCTBEHHOTO MHTEIUIEKTA, IIPOCTPAHCTBEHHOTO MBIIUICHHS W 00pa3oBaTeNbHEIX TexHoyoruid. [Ipemmaraemast Moaens
CTPYKTYPUpPOBaHA Ha OCHOBE CEMH NPUHILUIOB M€JAarOrHYeCKOro MPOEKTHPOBAHUS: HCIONB30BAHUE PEANbHBIX MPOOJIEM U3MEHEHUS
KJIMMaTa B KauecTBe OTIIPAaBHOM TOYKH, COAeiiCTBHE 00yUEHNIO Ha OCHOBE MPOCTPAHCTBEHHBIX JAAHHBIX, MO3UIIMOHUPOBAHUE UCKYC-
CTBEHHOT'0 MHTEJUIEKTA KaK KOTHUTHBHOIO MapTHEPa B 00YUYEHUHM, IIOCTAHOBKA Ie0rpaduueckoro MCCieoBaHus B LIGHTP 00pa3oBa-
TEJILHOTO TPOIIECCa, pa3BUTHE 00yUEHUsI, OPUEHTHPOBAHHOTO Ha MOUCK PEIEHUH, TPIMEHEHNE MTPOLIECCHO-OPUEHTUPOBAHHOTO OlLie-
HUBaHMS U 00ECIeYeHHe STHYHOTO W OTBETCTBEHHOT'O MCHOJB30BAaHMS CKYyCCTBEHHOTO MHTEIUIeKTa. [ MINTIOCTpaluy TIpeiarae-
MOH MoJIeTH pa3paboTaHbl TP THIOBBIX BUPTYAIBHBIX ITOJIEBBIX YUeOHBIX 3aaHHs, TOCBSIMEHHBIX OTCTYIIAHHIO JISITHUKOB, 3aCyXe U
ropoJcKuM octpoBaMm Tera. [Ipemnaraemast Moaens GopMHUPYeET MEAarorHYecKyl0 OCHOBY ULl Pa3BUTHS KIMMAaTHYECKOI rpaMOTHO-
CTH, IPOCTPAHCTBEHHOT'O MBIIUICHUS, HABBIKOB I'e0rpa)iIecKOro NCCIeI0BaHus, KPUTHIECKOTO MBIIIIEHHs] ¥ TPaMOTHOCTH B 00J1a-
CTH HCKYCCTBEHHOTO MHTEIUIEKTa B FeorpapuaeckoM 00pa3oBaHUM.

Kniouesvie cnosa: obyuenue onpocam usmeneHus KIUMAama, upmyaibHle noaesble UCCie008anUs ¢ HOOOEPIHCKOU UCKYCCMBEH-
HO20 unmeniekma, 2eozpaguueckoe ucciedosanue, NPOCMpPAHCMBEHHOE MbluLIeHUe, Nedda202UiecKds MoOelb NPOeKMUPOBAHUsL
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Xiilasa. Iqlim dayisikliyi tohsilalanlardan elmi siibutlar1 serh etmoayi, mokan slagolorini anlamagi va dayanigli hall yollar1 hazirla-
mag tolob edon global tohsil prioritetino ¢evrilmisdir. Bu kontekstdo cografiya tohsili iglim savadliligmin, mokan tofokkiiriintin vo
cografi tadqiqat bacariqlarmin formalasdiriimasinda mithiim rol oynayir. Bununla bels, anonovi ¢dl todqiqatlar: vaxt, xarc, slgatanliq
vo tohliikasizliklo bagh mohdudiyyatlorls iizlosir. Virtual ¢6l tadgiqatlar1 vo generativ siini intellekt (SI) sahasindoki iralilayislor bu
cotinliklorin aradan qaldirilmast iigiin yeni imkanlar yaratsa da, siini intellektin virtual ¢6l todqiqatlarina inteqrasiyasi tizra sistemli
pedaqoji yanasmalar halo do mohduddur. Todgigatin moqgsadi igqlim doayisikliyi tohsilinds siini intellektlo dostoklonon virtual ¢ol
todqiqatlart ticiin pedaqoji cohotdon asaslandirilmis ¢argive hazirlamaq vo onun totbigini niimunsvi telim foaliyystlori vasitssilo
niimayis etdirmokdir. Todgigatda iglim doyisikliyi tohsili, cografiya tohsili, virtual ¢61 todgigatlari, siini intellekt, mokan tofokkiirii vo
tohsil texnologiyalari {izra miiasir elmi adobiyyatin sintezino asaslanan konseptual layihslondirms yanasmasi totbiq edilmisdir. Toklif
olunan ¢orgive yeddi pedaqoji layihalondirmo prinsipi osasinda qurulmusdur: real iqlim doyisikliyi problemlarindon baglamaq, mokan
slibutlarina osaslanan dyronmani togviq etmok, siini intellekti kognitiv tolim torofdasi kimi mévgelondirmok, cografi todqiqati tolim
prosesinin morkazina yerlosdirmok, hsll y6niimlii 6yranmoni inkisaf etdirmok, prosesyoniimlii giymotlondirmo totbiq etmok va siini
intellektdon etik vo mosuliyyatli istifadoni tomin etmok. Toklif olunan ¢orgiveni niimayis etdirmok mogsadilo buzlaqlarin geri
¢okilmasi, quraqgliq vo sohar istilik adalari mévzularina yonolmis {i¢ nimunavi Vvirtual ¢6l tadqiqat: faaliyyoti hazirlanmigdir. Toklif
edilon ¢argiva cografiya tohsilinds iglim savadliliginin, mokan tofakkiiriiniin, cografi tadqiqat bacariglarinin, tangidi tofokkiiriin va siini
intellekt savadliliginin giiclondirilmasi i¢iin pedaqoji osas yaradir.

Acar siozlor: iglim doyisikliyi tohsili, siini intellekt dastokli virtual ¢ol tadgiqats, cografi arasdirma, mokan tofokkiiri, pedaqoji
layihalondirma ¢argivasi
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