
Geography for democratic competences. 
Ethical implications using geo-data 

and AI in civic education.

GEODEM-AI addresses democratic principles, civic engagement, and social responsibility 
of Artificial Intelligence (AI) in geographic information, by offering interactive 

multimedia training materials for teachers and educators based on real-world civic 
applications, with the aim to foster active citizenship and civic participation.

GEODEM-AI will encourage an informed, healthy, critical view of ethical issues 
related to the positive and negative challenges from the rise of AI for the collection, 

use, reuse and storage of geographic information and geo-data in education.
  

Through this research review, an online training module, 
guidelines/recommendations and teacher stories will be developed. 
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1. Introduction 
1.1 Report Context 
With the rapid development of AI technologies, especially in the realm of geographic 
information systems (GIS), it is crucial to ensure that these emerging tools are deployed in 
ways that are ethical, transparent, and consistent with democratic principles. As AI already 
shapes our understanding of the world and becomes increasingly integrated into both 
professional practices and educational frameworks—ranging from urban planning to 
environmental monitoring, and from geolocation services to cartography—its applications in 
geospatial contexts present new challenges that require careful ethical consideration. The 
collection, use, and storage of geographic data, which is often utilized in teaching 
geography, raise important concerns related to privacy, bias, and the risk of misuse, such as 
surveillance or discriminatory decision-making. 

There have been a growing number of high-profile cases of harm (Park and Rohatgi, 2024) 
resulting either because of the misuse of technology (e.g., psychometric voter manipulation, 
facial recognition surveillance, mass data collection without consent, etc.), or as a result of 
the technology having design flaws (e.g., bias in cases of recidivism, loan rejection, and 
medical misdiagnosis, etc.).  These incidents highlight the critical need for ethical 
frameworks that guide the development and implementation of AI technologies, ensuring 
they contribute positively to society and minimize harm. At the heart of these ethical 
concerns is the question of how AI can be developed and used responsibly in ways that 
respect human rights, protect privacy, and foster trust in the technology. Ethical measures 
in the employment of AI are thus crucial to ensure that AI technologies are used 
responsibly, fairly, and transparently.  

This report marks the first step in the journey towards achieving these goals, providing a 
comprehensive review of the current landscape of AI ethics in geospatial contexts, alongside 
the development of an online training module, guidelines for educators, and real-world 
teacher stories that illustrate the practical application of these principles in the classroom. 
By fostering an informed and critical perspective on AI, GEODEM-AI seeks to play a pivotal 
role in ensuring that the next generation of AI technologies serves the common good and 
aligns with fundamental ethical values. 

In response to these issues, ethical guidelines have been established to help prevent bias, 
protect privacy, and uphold human rights thus fostering trust in AI systems. By prioritising 
ethics, AI can be developed in a way that benefits society, minimizes harm, and aligns with 
fundamental human values. Placed in the intersection of AI and geographic information, 
Geospatial AI ethics addresses the responsible use of AI in analysing and interpreting 
location-based data. These ethical concerns include privacy, as geospatial data can reveal 
sensitive information about individuals and communities, and bias, which can impact 
decision-making in areas like urban planning and environmental monitoring. 

Education about AI ethics is important in order to prepare the responsible development, 
deployment, management and use of AI technologies. It raises awareness of issues like bias, 
privacy, and accountability, empowering people to make informed decisions. By fostering 
ethical understanding AI implementation can be aligned with societal values and human 
rights.  

 



A review of AI and Ethics in Geography / geospatial education 

 3 

This report seeks to inform the GeoDem-AI project, which is focused on developing 
innovative civic education training and resources. Through its interactive multimedia 
training materials, the project aims to empower educators with the tools needed to teach 
students about the ethical implications of AI in geospatial contexts. These materials will 
enhance teachers' understanding of the positive and negative challenges faced by the rise of 
Artificial Intelligence, particularly in the context of the increasing use of geographic 
information and geo-data, specifically addressing teachers and educators working with 
students transitioning from high school to university education, as well as NGOs and 
agencies involved in civic education. 

By focusing on real-world civic applications, the project encourages active citizenship and 
informed civic engagement, equipping individuals with the knowledge to critically assess the 
ethical dimensions of AI technologies in geography teaching and their impact on society. 
The ultimate goal would be to equip geography teachers and students with a clear 
understanding of the ethical challenges posed by AI, while providing them with the tools to 
engage with and shape the future development of these technologies in a manner that is 
just, equitable, and aligned with democratic principles. 

1.2 Introduction to AI 
Artificial Intelligence (AI) is a branch of computer science focused on creating systems that 
can perform tasks typically requiring human intelligence. These tasks include learning, 
reasoning, problem-solving, understanding language, and visual perception.  

AI applications are already very widespread, impacting industries from healthcare to finance 
and enhancing daily activities through virtual assistants, recommendation algorithms, and 
smart devices. It can be divided into subsets like machine learning, where algorithms are 
used to analyse data to improve over time, and deep learning, which simulates neural 
networks similar to the human brain.  

The release of tools like OpenAI ChatGPT has had immediate, immense consequences, 
especially for education (Lo, 2023), research (Hu, 2023) and also publishing (Brainard, 
2023). ChatGPT has the capability of supporting education through geographic research, 
critical thinking, learning, and curriculum development.  

1.3 Geography education 
Geography education has a central role in helping students understand the complexity of 
interactions between humans and the environment. It is important as it fosters an 
understanding of the physical and human world, helping students grasp the complexities of 
global issues like climate change, resource distribution, and urbanisation.  

Through geography, students learn to analyse landscapes and ecosystems, understand 
spatial relationships and promote environmental awareness and sustainability. Geography 
also builds cultural literacy by examining how diverse cultures interact with and shape their 
environments, thus cultivating empathy and global citizenship. Geography skills are vital in 
an interconnected world, enabling informed decision-making and preparing students for 
careers in areas like urban planning, environmental science, and international relations. 

Geographical studies are of growing relevance as they are concerned with modern 
technologies, such as geographic information systems (GIS) and remote sensing that enable 
spatial analysis and data visualisation (Rakuasa and Latue, 2023). With these technologies, 
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we can more effectively monitor environmental changes, population distribution, and inter-
regional relationships (Musikhin and Karpik, 2023).  

2. Ai and Geotechnology / GIS 
Geotechnologies broadly includes digital mapping, remote sensing, global positioning 
systems, drones and Geographical Information Systems (GIS) with other geospatial 
technologies. Like all forms of ICT they are not value-neutral, they are embedded in 
particular contexts and may serve to advance particular social and political agendas, giving 
rise to questions of ethics in relation to their effects on society (Cinnamon, 2020). 

According to Hey (2009), the development of AI techniques in Geography is caused by a new 
culture of data creation and sharing. Hey (ibid) described this as a new paradigm of data-
intensive exploration which highlights the increasing role of data synthesis (Janowicz et al. 
2015) alongside analysis.  

Artificial Intelligence (AI) plays a transformative role in understanding geography in a 
modern context, enhancing our ability to understand and manage complex spatial patterns 
and environmental issues in an increasingly connected world (Huang et al., 2021). This 
suggests that combining multiple data sources can support a more holistic understanding of 
a research question and help in mitigating problems of data sparsity or representational 
bias.  

AI enhances complex tasks like mapping land use changes, forecasting climate impacts, and 
optimising complex systems like transportation networks. AI-powered tools can process 
satellite imagery, detect environmental changes, and support disaster management, making 
geospatial analysis much faster and smarter. For instance, AI applications support disaster 
response, land-use planning, and climate modelling by offering precise, real-time insights, 
allowing more proactive and informed decision-making.  

AI is commonly being used in geography and GIS to automate spatial data analysis, identify 
patterns, and make predictions. Machine learning and natural language processing are 
facilitating the extraction of geographic information from unstructured (textual) data, such 
as news articles and Wikipedia (Hu, 2018) as well as the matching of natural features. As AI 
also aids in addressing challenges like urbanisation, deforestation, and resource 
management, making it an indispensable tool for sustainable and resilient development. 

Through AI-driven data analysis, we can process vast amounts of geographic information 
from satellite images, climate data, and urban landscapes, identifying trends and changes 
that were previously difficult to detect, spatial interpolation and therefore advances in 
forecasting (Polson and Sokolov 2017).  

AI technologies are being employed to improve geographic information retrieval and to 
construct advanced geographic knowledge. This is described by Vockner and Mittlböck, 
(2014) as geo-enrichment as it enhances data by adding geographic context, such as 
demographics, climate, or points of interest, to improve analysis, insights, and decision-
making  (Mai et al. 2019) for example with autonomous vehicles with intelligent transport 
systems by incorporating real-time information gathered by traffic cameras and other 
sensors (Seif and Hu 2016) 

Advances in the field of Artificial Intelligence have led to opportunities to integrate this 
technology in Geography learning processes (Chang and Kidman, 2023). Indeed, AI is already 
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considered to have transformative potential in Geography education and knowledge 
production but it demands critical usage. Wilby and Essom (2023) urge geographers to 
enhance their AI literacy in order to enable responsible and effective use of these assistive 
technologies in academic and educational practice.  

Rakuana (2023) discusses the potential and challenges of integrating Artificial Intelligence 
(AI) in geography learning and the role of geography in an era of globalization. The 
opportunities of AI in geographic data analysis and addressing global challenges such as 
climate change are highlighted. 

2.1 GeoAI and Social Sensing 
GeoAI, or Geospatial Artificial Intelligence, is a term used to describe the processes 
transforming the ways spatial data is analysed and managed. GeoAI is the integration of AI 
techniques with geographic data and GIS (Geographic Information Systems) (Gao, 2021). 
Geospatial information, such as maps, satellite imagery, GPS data, and other location-based 
data, can be integrated with artificial intelligence (AI) algorithms through machine learning 
(ML) and deep learning (DL) to extract meaningful insights, make predictions from spatial 
data and statistical models, visualize spatial patterns and trends. automate decision-making 
processes and make more accurate predictions (Mowry-Mora, 2023).  

According to Janowicz et al. (2020) GeoAI is a subfield of spatial data science that utilises 
advancements in techniques and data cultures to support the creation of more intelligent 
geographic information as well as methods, systems, and services for a variety of tasks. 
These tasks can include image classification, object detection, scene segmentation, 
simulation and interpolation, link prediction, (natural language based) retrieval and 
question answering, on-the-fly data integration, geo-enrichment. GeoAI contributes to 
question answering, for example with smart digital assistants that are quickly becoming part 
of our everyday lives. 

GeoAI is able to process and analyse immense volumes of spatial data  for feature 
extraction, classification, and object detection in satellite imagery and geospatial datasets 
for example for land cover classification, land use mapping, and the identification of 
different types of terrain based on satellite or aerial imagery, by automatically detecting and 
classifying land cover types, buildings, roads, and other objects in satellite imagery; this 
saves time and effort when compared with manual feature extraction. 

Social sensing is a term that involves the extraction of multi-dimensional data signatures 
from the digital trace that is left behind as people’s digital lives interact with their physical 
activities (Janowicz et al. 2019). As a result of the plethora of sensors existing on mobile 
devices, the data being produced by human activity not only includes information related to 
your location, but also other attributes such as the ambient temperature, luminosity, noise 
level, and so on. This data produces a digital trace of human activity collected through 
sensor-rich mobile and IoT devices. The huge volume of data collected, as well as the 
heterogeneity of the actual content, make these data particularly well suited to the analysis 
through novel techniques situated in GeoAI (Martin et al. 2018).  

Social sensing uses machine learning and artificial intelligence methods to better 
understand the human dynamics from digital traces (Janowicz et al. 2019). Social sensing 
has been applied to a range of tasks from identifying human mobility patterns (Liu, Gao et 
al. 2021) and urban planning solutions (Zeile and Resch 2018) as well as environmental 
monitoring, disaster response, and sustainable resource management. Digital trace data 
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collected through these sensors is usually referred to as passive data collection. Other user-
contributed data may include social media check-ins, posts and shared photos. Table 1 gives 
five examples of how GeoAI is used across different sectors.  

Table 1: Five examples of how GeoAI is being used across (source: Mowry-Mora, 2023) 
1. Wildfire Prediction and Management 
GeoAI is used to predict wildfire risks by analysing spatial data, weather patterns, and 
vegetation conditions. AI models can assess real-time data from satellites and sensors to 
forecast where wildfires are likely to occur and how they might spread. This enables early 
intervention, better resource allocation, and improved safety measures.  
2. Urban Planning and Smart Cities 
In urban planning, GeoAI is employed to optimize land use, transportation networks, and 
resource allocation. AI-driven GIS can analyze large datasets, including demographic, 
environmental, and infrastructure data, to create more sustainable and efficient city plans. 
GeoAI applications can also be used in smart city initiatives for real-time traffic 
management, pollution monitoring, and energy consumption optimization. 
3. Agricultural Optimization 
GeoAI plays a significant role in precision agriculture, where AI-powered GIS systems help 
farmers make data-driven decisions about crop planting, irrigation, and harvesting. By 
analysing satellite imagery, soil health data, and weather patterns, GeoAI can optimize 
agricultural practices, reduce resource use, and increase crop yields.  
4. Disaster Response and Humanitarian Aid 
GeoAI assists in disaster response by analyzing satellite and drone imagery to assess damage 
and plan relief efforts. AI can rapidly process vast amounts of geographic data to identify 
affected areas, predict the movement of natural disasters like hurricanes, and prioritize 
resource distribution.  
5. Biodiversity and Conservation 
GeoAI is used in biodiversity conservation to monitor wildlife populations and protect 
ecosystems. By analyzing geographic data from satellites, drones, and field sensors, AI 
models can track species movements, detect illegal activities like poaching, and predict 
habitat changes due to climate change. Conservation organizations use GeoAI to guide 
protection efforts, such as the Global Forest Watch platform, which combines satellite data 
with AI to monitor deforestation in real-time. 
 
Alternatively, we can organise the information in this table as (a recommendation of a draft 
table): 

Application Area GeoAI Use Case Benefits/Outcomes 

1. Wildfire 
Prediction and 
Management 

GeoAI predicts wildfire risks by analyzing 
spatial data, weather patterns, and 

vegetation conditions. AI models process 
real-time data from satellites and sensors to 

forecast wildfire occurrence and spread. 

Enables early 
intervention, better 

resource allocation, and 
improved safety 

measures. 
2. Urban Planning 
and Smart Cities 

GeoAI optimizes land use, transportation, 
and resource allocation in urban planning. AI-

driven GIS analyses large datasets 
(demographic, environmental, infrastructure) 

for sustainable city planning. 

Supports more 
sustainable, efficient city 
designs, and smart city 
initiatives (e.g., traffic 

management, pollution 
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monitoring, energy 
optimization). 

3. Agricultural 
Optimization 

GeoAI aids precision agriculture by using AI-
powered GIS systems to assist with crop 

planting, irrigation, and harvesting decisions. 
It analyses satellite imagery, soil health data, 

and weather patterns. 

Improves crop yields, 
reduces resource use, 

and optimises 
agricultural practices. 

4. Disaster 
Response and 

Humanitarian Aid 

GeoAI supports disaster response by 
processing satellite and drone imagery to 
assess damage and plan relief efforts. AI 

analyses geographic data to predict disaster 
movements and prioritize resources. 

Enhances rapid damage 
assessment and more 

efficient resource 
distribution. 

5. Biodiversity and 
Conservation 

GeoAI monitors wildlife populations and 
ecosystems, analysing data from satellites, 
drones, and field sensors. It tracks species 
movements, detects illegal activities, and 
predicts habitat changes due to climate 

change. 

Helps guide conservation 
efforts, including real-

time deforestation 
monitoring (e.g., Global 

Forest Watch). 

 
2.2 AI in Geography Education 
Rakuasa (2023) suggests that the main benefit of integrating Artificial Intelligence in 
Geography learning is to provide a more interactive and personalised learning experience. 
With AI technology, educators can design learning materials that suit students' individual 
needs and interests (Simon, 2019). For example, intelligent systems can be used to analyse 
each student's learning progress and adapt learning content to suit their individual level of 
understanding. AI can thus offer a new approach to teaching and learning geography, 
helping students develop a better understanding of the world around them.  

With personalised learning, AI can be used to analyse student behaviour and learning 
patterns through data, which allows for adaptation of learning according to individual needs 
and preferences (Zawacki-Richter et al., 2019). AI can be used to enable personalising 
learning experiences as learning materials, teaching methods, and task difficulty levels can 
be tailored to meet each student's characteristics (Zhai et al., 2021). This helps students 
who take longer to understand concepts get additional support, and others can be given 
more challenging activities (Cope et al., 2021).  

There is a growing role for AI in enhancing the learning experiences within geography. For 
instance, by allowing students to engage with different scenarios through interactive maps 
and simulations. Students can explore complex environmental and spatial patterns in real-
time. enhancing analytical skills, preparing them to address real-world issues like climate 
resilience, urban planning, resource management and environmental sustainability. AI thus 
enables interactive mapping, data-driven insights and quantitative predictions (Ahmad et 
al., 2023). Building AI in geography learning can therefore transform education by providing 
dynamic tools for spatial data analysis, real-time monitoring, and predictive modelling.  

The integration of Artificial Intelligence (AI) in geography learning brings significant benefits 
in the form of interactive visualizations and highly realistic simulations of geographical 
environments (Lavallin and Downs, 2021). This helps create a more immersive learning 
experience, allowing students to interact directly with geographic content virtually 
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(Papanastasiou et al., 2019). With visualisations, geography concepts become easier to 
understand and apply in a real-world context which helps foster critical thinking. According 
to Rakuasa (2023) this includes studies using in-depth geographic data analysis (Huang et al., 
2021), identifying patterns, and drawing deep insights into environmental changes, 
population movements, and other geographic phenomena (Li et al., 2024). This can help in 
understanding the impacts of climate change, anticipating natural disasters, and forecasting 
changes in human migration patterns.  

According to Lambert et al., (2015), the opportunities offered by the integration of Artificial 
Intelligence in Geography education have the potential to bring significant positive changes 
in understanding and addressing global challenges (Pedro et al., 2019). As AI technology can 
enable faster and more accurate analysis of complex spatial data (Knox, 2020) this also 
brings up the challenge of ensuring that students not only rely on the technology, but also 
understand the fundamentals of Geography concepts (Guan et al., 2020).  

The integration of Artificial Intelligence in geography learning has the potential to help 
students understand complex global challenges. For example, by mapping the spread of 
diseases, forecasting sea level rise due to climate change, and analysing the impact of 
urbanisation on the environment (Liu and Biljecki, 2022). With a better understanding of 
these global challenges, the potential of public policies and mitigation measures can be 
more effectively considered. The integration of AI in geography learning also prepares the 
younger generation to contribute to solving global problems by applying geographic 
technology and knowledge (Huang et al., 2021). 

According to Cope et al. (2021), the integration of Artificial Intelligence in geography 
learning offers exciting opportunities to improve the quality of education and prepare 
students for an increasingly complex world. Using AI has potential to create a generation of 
students who have a deeper understanding of how humans interact with the environment 
and how technology can help solve complex problems (Zawacki-Richter et al., 2019). 
However, these implications also coexist with the responsibility of managing data with 
proper ethics and privacy, as well as considering the long-term impact of AI technologies on 
the environment and society as a whole. 

2.3 Digital Earth 
Digital Earth has been used as a term to envision a comprehensive, interactive, and multi-
dimensional virtual representation of the Earth. It integrates vast amounts of geospatial 
data, real-time observations, and advanced simulations . The notion was initially proposed 
in the late 1990s by former U.S. Vice President Al Gore. Digital Earth aims to make complex 
Earth systems accessible and understandable for everyone, from scientists and policymakers 
from students to citizens (Annoni et al., 2023).  

Digital Earth makes use of digital technologies to visualise, simulate, and model real-world 
situations. The potential for Digital Earth applications has increased significantly with the 
evolution of artificial intelligence systems and the capacity to collect and process large 
amounts of geospatial data of complex phenomena. Using these different technologies, like 
satellite imaging, AI, and virtual reality, Digital Earth provides an immersive platform to 
explore issues like climate change, urbanisation, biodiversity and population development. 
It serves as a vital tool for decision-making, education, and global collaboration toward a 
sustainable future (Micheli et al., 2022). 
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DE has been envisaged as a platform to support national and international cooperation for 
global sustainable development, economic growth, and well-being (Guo et al., 2020). Digital 
Earth fosters this by providing a shared virtual platform for understanding global challenges, 
enabling collaborative research, data sharing, and coordinated responses to environmental 
and societal issues. 

AI and Digital Earth tools together creates this powerful platform used for analysing global 
challenges. AI processes vast geospatial data within Digital Earth, enabling real-time insights 
into environmental changes, urban development, and disaster response. This combination 
fosters data-driven decision-making, enhancing our ability to monitor, predict, and address 
complex global issues. 

Digital Earth is also a powerful tool for education, offering learners access to an interactive, 
3D virtual model of the Earth that integrates vast geospatial data (Liu, Foresman et al., 
2021). It enables students to explore real-world issues like climate change, biodiversity and 
patterns of mobility through a dynamic, visual platform, making complex concepts tangible 
and engaging. By simulating global environments, Digital Earth fosters experiential learning 
and critical thinking, encouraging students to investigate environmental impacts and 
cultural geography (Lindner-Fally and Zwartjes, 2012). It also promotes global citizenship by 
connecting learners to issues beyond their immediate surroundings (Donert, 2015). As an 
educational resource, Digital Earth supports interdisciplinary learning in geography, 
environmental science, and social studies, enhancing spatial awareness and understanding 
(Wang et al., 2020). 

3. Ethics  
Ethics is the study of moral principles that guide human behaviour, determining what is 
right and wrong. It examines values like honesty, fairness, and respect, shaping the 
decisions we make and actions we take in personal, social, and professional contexts. Ethics 
promotes responsible conduct, fostering trust, justice, and well-being within society. 

Ethics relates to concepts such as power, responsibility, and values that are important 
aspects of decisions about how to avoid harmful practices with technology, and how to 
consider its goals, politics, and consequences (Shilton, 2018).  

Crampton (1995) suggested there is a four-stage sequence in the development of ethical 
practice:  

a. ignoring ethics (or rather being unaware of ethical issues), 
b. considering ethics from an internal perspective only, 
c. considering ethics from both an internal and an external perspective, and 
d. establishing a dialectical relationship, which modifies both internal and 
external perspectives. 

According to Proctor (1998), ethics typically involves reflection upon moral questions that 
arise in research, publication, data collection and analysis, and other professional activities, 
all governed by a set of moral principles or codes of behaviour. 

“Ethical consciousness” is a term described by Hildt (2023) as the ability to understand the 
ethical implications of one's actions and how they are perceived by others. It refers to a 
desire to ‘‘do the right thing’’, motivated by moral awareness rather than being concerned 
with profit, or responsibility, culpability, and laws . It includes the integration of codes of 
conduct and compliance and considers reputational issues, corporate social responsibility, 
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and, most relevant in education to the development of ethical consciousness, institutional 
philosophy and culture (Sywelem and Mahklouf, 2024).  

3.1 Ethics in Geography / GIS 
Ethical issues intersect uniquely with the field of Geography and GIS due to the nature and 
impact of geoinformation, data gathering and the power of cartographic visualisation. 
GeoEthics is an example of domain-specific ethics (Peppoloni and Di Capua, 2017) 
introduced to address gaps from an anthropocentric perspective. 

Generally, ethics in Geography and GIS concerns responsibly handling spatial data, 
respecting privacy, and ensuring accuracy in mapping and analysis. Goodchild (2021) 
discussed various approaches to addressing geoethical concerns in the geospatial research 
and teaching community, focusing on data collection, privacy, surveillance, workplace 
monitoring, governance, and ethical data analysis (Alam, 2022).  

GIS is a social technology, which means that questions of ethics are important, a reality that 
has been recognized relatively widely within human geography and geographic information 
science (GIScience) since the late 1980s–early 1990s period. At this time, “GIS and Society” 
became a new research area dedicated to investigating the societal issues embedded in GIS 
technology and practices. 

According to Bobrowsky et al. (2017), the geosciences play a fundamental role in defining 
the limits of sustainability of the planet and in leading to behaviour required to respect 
these limits. The awareness of how our technical actions impact on earth systems brings us 
to the ethical issue of determining what will best ensure the present and future 
preservation of life for all species, by seeking a balance between scientific-technological 
progress and the conservation of geodiversity and biodiversity.  

Geoethical issues related to governance are increasingly important as Digital Earth 
approaches involving complex interactive models, AI methods, and geo-techniques have 
been capturing the interest of policy makers for their potential to provide tailored models 
for policy, monitoring, and simulating possible futures, referred to as “interactive digital 
twins of the Earth and its inhabitants (Nativi et al., 2021).  

Geoethics deals with the ethical, social, economic, and cultural implications of using Earth 
sciences for societal benefits. It represents an opportunity for geoscientists to consider their 
activities under an ethical perspective, and provides an avenue for increasing societal 
awareness of problems related to geo-resources exploitation and energy supplies, geo-
environmental changes and geohazards. 

Geoethics provides a framework for any human action on the geosphere. It signifies the 
duty of mankind to behave responsibly and become the natural consciousness of the planet 
(Bobrowsky et al., 2017). It defines principles and practices for human interaction with the 
environment. It concerns concepts such as geo/bio-diversity, conservation, sustainability, 
prevention, adaptation, and education as ethical decision-making criteria for all geo-
sciences (Janowicz, 2023). In a nutshell, GeoEthics is about establishing processes for the 
recognition of human responsibility for our environment.  

Geotechnology and GIS has addressed ethical issues in areas related to day-to-day technical 
questions of the discipline and scientific enquiry. As GIS is used to accurately map the 
environment, and then solve problems in a rational manner by compiling sufficient reliable 
data, ethical behaviour is equated with good conduct, such as adhering to standards of 
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accuracy. Specifically, when collecting public participatory, crowdsourced or citizen science 
data (Radil and Jiao, 2016). The public help in developing GIS-led planning decisions, policy 
development and other social actions. As the public is involved, ethical guidelines are 
needed so that participants are aware of how their data is used and what steps are taken to, 
for instance, anonymise information or make it difficult to access any individual’s specific, 
private details. 

Research undertaken by Zhang et al. (2023) concerned the ethics of using DALL-E2, a deep 
learning AI tool, in generating maps (Figure 1). Their detailed exploration confirmed the 
resulting maps contain inaccuracies, misleading information, unanticipated features, and 
irreproducibility.  

 
Figure 1: Example AI-generated maps: (1) inaccuracies, (2) misleading information, (3) 
unanticipated features, and (4) irreproducibility. 
(source: Zhang et al., 2023) 
 
Their research emphasised the importance of ethical considerations in the development and 
use of AI techniques in cartography and research on trustworthy maps. The findings indicate 
that AI-generated maps could potentially be used to spread misinformation, particularly in 
sensitive political or cultural contexts. They developed an AI map detector which was 
proposed as a solution to curb such misinformation. The article stressed the need for 
cartographers to collaborate with AI developers to mitigate ethical risks and improve the 
trustworthiness of AI-generated maps. 

Nelson et al. (2022) discussed ethical issues arising from locational privacy and cartographic 
integrity, how our ability to build knowledge that will lead to empathy can be curbed by 
data that lack representativeness and by inadvertent inferential error, and how GIScience 
can lead toward equity by supporting social justice efforts and democratising access to 
spatial science and its tools. Olouch (2024) states however, that those working with geo-
information technologies often overlook the ethical dimensions that are central in AI 
guidelines, such as fairness, autonomy, and justice. He identifies the increasing use of AI-
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assisted mapping brings both opportunities and risks, particularly in humanitarian efforts, 
where vulnerable communities may face further marginalization. 

Arguments suggest social theory should shape how GIS is used, as the improper use of a 
technology could cross ethical guidelines. In effect, the access to technology tempts people 
to use that technology, particularly as GIS is generally detached from interaction with 
people, in a way that could threaten someone’s liberties or even private information 
(Sheppard, 2005). Since the time of those early works on ethics and GIS, smart phones and 
other mobile technologies that can store, access, or apply spatial data have made it easier 
to acquire potentially sensitive data. Increasingly, courses on GIS at university level apply 
these technologies; however, the ethics of application have been mostly overlooked or have 
not been emphasised (Scull et al., 2016).  

Researchers such as Janowicz et al. (2020) believe that ethical considerations should be an 
essential part of responsible GeoAI research and education, both on the level of individual 
researchers as well as the community as a whole. Oluoch (2024) lists the 19 ethical concerns 
of the use of AI and geo-information in terms of values and principles (Table 2) and 
definitions of key terms (Table 3).  

Table 2: List of GeoAI ethical concerns (source: Oluoch, 2024) 
Access to data algorithms and 
geoinformation technology 

Justice in the benefits and opportunities 
for AI and geo-information technologies 

Accountability for decisions and impacts of 
AI and geoinformation technologies 

Harm/non-maleficance suffered by 
individuals and groups from decisions 
made using AI and geo-information 
technologies 

Autonomy of individuals and groups to 
make decisions for themselves should not 
be taken away by AI and other 
geoinformation technologies  

Inclusion of marginalised individuals and 
groups in the the design,m development 
and use of AI and geo-information 
technologies 

Beneficence or improving the wellbeing of 
individuals and groups by using AI and geo-
information 

Privacy of individuals and groups being 
endangered by the level of detail captured 
from data 

Bias within data, algorithms and decision-
making of AI and geo-information 
technologies 

Responsibility of those collecting, storing 
and making use of data in AI and geo-
information technologies 

Consent given or revoked by individuals or 
groups during data collection, retention 
and distribution 

Rights of individuals and groups needing to 
be protected   

Dignity of individuals and groups should be 
respected and not reduced by AI and geo-
information technologies  

Risks that could arise from data used in AI 
and geo-information technologies 

Discrimination against individuals and 
groups being worsened by AI or geo-
information technologies 

Transparency of data used in AI and geo-
information technologies 

Explainability/interpretability of data and 
algorithms when decisions are made 

Trust in the sharing, decisions and 
representation of data used in AI and geo-
information technologies. 
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Fairness in access to AI and geo-
information technologies 

 

 
Table 3: Definitions of ethical principles (source: Oluoch, 2024) 

Ethical Principle Description 
Accessibility to Data 
algorithms, and 
Geoinformation Technology 

Ensuring equal access to Data algorithms, and 
Geoinformation Technology used in AI and 
geoinformation systems. 

Accountability for Decisions 
and Impacts 

Holding teachers and students, as well as the education 
institutions responsible for the outcomes of AI and 
geoinformation technology decisions. 

Autonomy Preserving the ability of individuals and groups to make 
their own decisions, without undue influence from AI or 
technology. 

Beneficence/ Wellbeing Using AI and geoinformation technologies to improve the 
wellbeing of individuals and groups. 

Bias Addressing biases within data, algorithms, and decision-
making processes in AI and geoinformation technologies. 

Consent Ensuring individuals and groups can give, withdraw, or 
revoke consent during data collection, retention, and 
distribution. 

Dignity Respecting the inherent dignity of individuals and groups, 
ensuring AI and geoinformation technologies do not 
undermine it. 

Discrimination Preventing AI and geoinformation technologies from 
exacerbating discrimination against individuals or groups. 

Explainability/Interpretability Ensuring that data, algorithms, and decisions made using 
AI and geoinformation technologies are understandable 
and transparent. 

Fairness in Access Guaranteeing equal access to AI and geoinformation 
technologies for all individuals and groups. 

Justice Promoting fairness in the distribution of benefits and 
opportunities provided by AI and geoinformation 
technologies. 

Harm/Non-Maleficence Preventing or minimizing harm to individuals and groups 
from decisions made by AI and geoinformation 
technologies. 

Inclusion Ensuring marginalized individuals and groups are included 
in the design, development, and use of AI and 
geoinformation technologies. 

Privacy Protecting the privacy of individuals and groups, ensuring 
that data collected does not compromise personal 
privacy. 

Responsibility Holding accountable those who collect, store, and utilize 
data in AI and geoinformation technologies. 
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Rights Protection Safeguarding the rights of individuals and groups in the 
context of AI and geoinformation technologies. 

Risks Identifying and mitigating potential risks that could arise 
from data used in AI and geoinformation technologies. 

Transparency Promoting openness in how data and algorithms are used 
within AI and geoinformation technologies. 

Trust Building trust in the sharing, decisions, and representation 
of data within AI and geoinformation technologies. 

 
According to Cinnamon (2020), the five key ethical principles are of particular relevance to 
Geography/GIS are:  

• Autonomy: the right of individuals or groups to make decisions about their lives.  
• Confidentiality: to protect personal privacy, a right enshrined in democratic 
constitutions and multilateral agreements such as the International Declaration of 
Human Rights.  
• Beneficence: a requirement to produce beneficial outcomes for individuals, society, 
or both.  
• Nonmaleficence: a requirement to do no harm to others, or to minimize any harms 
as a result of our actions.  
• Justice: treating all persons and groups fairly and equitably.  

Nelson et al. (2022) review geoethical approaches. They advocate embedding the 3Es 
(Ethics, Empathy, and Equity) into GIScience as ethics is tied to responsible data use, 
empathy to understand diverse perspectives of the lived experiences of people and places, 
and equity for ensuring inclusivity and fairness in scientific practices (Figure 2).  
 
Figure 2: Ethics, empathy, and 
equity (source Nelson et al., 2022) 

 
They suggest there should be a 
clear focus on locational privacy 
and cartographic integrity, 
highlighting concerns about the 
ethical implications of locational 
data, such as privacy breaches and 
potential misuse of maps, urging 
greater caution in how geographic 
information is gathered and shared. 

As many geographic datasets are 
biased due to their reliance on passive data sources like smartphones or social media, 
excluding marginalised populations, data representation and bias may be an issue, leading 
to skewed knowledge and flawed decisions. 

They confirm the need for robust Geoethical frameworks in GIScience to handle the 
increasing complexity of geospatial data, particularly regarding privacy and the potential for 
unethical applications. 
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This detailed focus on integrating ethics, empathy, and equity emphasises the growing 
importance of ethical considerations in handling and applying geographic data, as well as 
the need for inclusive practices in scientific research and education. 

The UK Statistics Authority’s Centre for Applied Data Ethics guidance on ethical 
considerations in the use of geospatial data for research, analysis and statistics highlights 
key areas such as confidentiality, disclosure risk, inclusivity, bias, and the ethical 
presentation of data (Walker and Calder, 2021). It emphasises the importance of ensuring 
privacy, mitigating bias, and using geospatial data responsibly to avoid discrimination. 
Access their checklist for practical recommendations for those working with geospatial data 
(https://uksa.statisticsauthority.gov.uk/publication/ethical-considerations-in-the-use-of-
geospatial-data-for-research-and-statistics/pages/1/). 

Some GIS certification, such as GISP from the GIS Certification Institute has incorporated 
ethics in its framework (https://www.gisci.org/Ethics/Code-of-Ethics), where professionals 
promise to abide by ethical guidelines, rather than any formal education on the use of GIS 
within ethical limits (Ahamer, 2016)  

3.2 AI and Ethics 
According to Mäntymäki et al. (2022) there is a growing consensus on the necessity of 
tackling the ethical risks and potential harms, such as bias and discrimination, brought about 
by advanced AI technologies. A multitude of AI ethics principles have been proposed to 
tackle these risks, but the outlines of organizational processes and practices for ensuring 
socially responsible AI development are in a nascent state. 

AI ethics, refers to the psychological, social, and political impact of AI (Kasim and Koshiyama, 
2021). The psychological refers to the likes of mental autonomy, protection from undue 
manipulation, and the right to know when one is interacting with a non-human agent; the 
social refers to the likes of issues of justice and fairness, as well as environmental concerns; 
and the political refers to impacts on democratic processes and the economy. 

Ethical AI relates to the responsible design, development, deployment and use of artificial 
intelligence systems that prioritise fairness, transparency, privacy, and accountability and 
promote fairness, accountability, and respect for creators' rights. Whereas AI ethics 
concerns the moral implications of artificial intelligence in society, focusing on responsible 
development and use of AI systems that create content, such as images, text, or music. Key 
issues include ensuring transparency, preventing misuse, protecting intellectual property, 
and avoiding bias in generated content.  

AI ethics addresses the fusion of technologies that blur the digital, physical, and biological 
spheres, including cyberspace, virtual and augmented reality, body-machine interface, and 
robotics. It relates to a ubiquitous adoption of these technologies and futurism, i.e. the 
potential opportunities and risks in contemporary and future contexts. 

Kmetz (2023) explores the ethical considerations, privacy concerns, and data reliability in 
the context of generative AI for geospatial analytics, emphasising the importance of 
responsible and ethical usage. Chugh (2023) presents a series of ethical challenges from the 
use of Generative AI producing new content by leveraging existing data in various forms. 
These challenges include the distribution of harmful or offensive human-like content; 
copyright, IPR and legal exposure, data privacy violation; disclosure of sensitive information; 
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the amplification of existing bias, loss of jobs and workforce morale; data provenance and 
integrity and lack of AI transparency. 

A comprehensive 2019 review of AI ethics guidelines by Jobin et al. (2019) identified eleven 
‘‘ethical principles’’ namely: (1) transparency; (2) justice, fairness, equity; (3) non-
maleficence; (4) responsibility and accountability; (5) privacy; (6) beneficence; (7) freedom 
and autonomy; (8) trust; (9) dignity; (10) sustainability; and (11) solidarity. However, as 
noted there is overlap and these terms require considerable disambiguation. As AI becomes 
increasingly influential in decision-making, ensuring ethical standards helps prevent issues 
like bias, discrimination, and privacy violations. Ethical AI seeks to protect human rights, 
foster trust, and support societal well-being by aligning the technologies with moral 
principles and social values. This approach promotes sustainable innovation, ensuring that 
AI's advancements are inclusive, equitable, and beneficial for all.  

Trustworthy AI is another term introduced in the literature as a basis to ensure technologies 
respect human rights, prevent discrimination, and make trustworthy, unbiased decisions, 
fostering positive societal impacts (Kazim and Koshiyama, 2021). They recommend(ed six 
themes for Trustworthy Ai introduced by the European Commission’s ‘‘Ethics Guidelines for 
Trustworthy AI’’ (European Commission, 2019).  These were human agency and oversight; 
safety; privacy; transparency; fairness; and accountability,  

3.3 AI Ethics in education (AIED) 
AI in Education (AIED) specifically refers to the application of artificial intelligence 
technologies to enhance learning experiences, personalize education, and support 
educators. AIED tools can be used to adapt learning to individual student needs, provide 
instant feedback, and automate administrative tasks, thus creating a more efficient, 
engaging, and accessible educational environments for diverse learners. AIED raises far-
reaching questions with important ethical implications for students, educators, parents, 
policymakers, and other stakeholders.  

AIED involves ensuring fairness, privacy, and transparency in AI-driven learning tools 
(Mahmood et al., 2022). Ethical AIED addresses issues around data security, bias in 
personalised learning algorithms, and accountability in educational outcomes, aiming to 
create inclusive, supportive, and trustworthy AI systems for diverse student needs. 

Concerns exist about the large volumes of data collected to support AIED, such as the 
recording of student competencies, inferred emotional states, strategies and 
misconceptions. Most early efforts to address ethics in AI principally focused on data, 
involving issues such as informed consent, data privacy, and biased data sets, as well as how 
that data is analysed. In the context of open learner modelling, this includes issues such as 
biased assumptions, transparency and statistical apophenia or finding patterns in random 
data where no meaningful, causal patterns are present (Conati et al. 2018). Ethical issues 
also relate to who owns and who is able to access the data, privacy concerns and who 
should be considered responsible if something goes wrong. 

The ethics of educational data and learning analytics has been the focus of much research 
(Ferguson et al. 2016). Some key issues emerged such as the ethical and privacy aspects of 
learning analytics, as the use of data reveals information that could not be previously 
accessed. The ethics of learning analytics involves issues related to informed consent and 
privacy, data interpretation and data management as well as much broader concerns such 
as power relations, surveillance, and the purpose of education (Slade and Prinsloo 2013).  
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The learning analytics community have endeavoured to agree principles, called the 
DELICATE checklist (Table 4), against which research and practice can judge itself and be 
judged (Drachsler and Greller 2016). It is a set of eight action points that help ensure the 
responsible use of learning analytics, intended to help managers and decision makers 
implement learning analytics solutions in a trusted way. 

Table 4: DELICATE Checklist (source: Drachsler and Greller, 2016) 
Determination: Decide on the purpose of the learning analytics 
Explain: Define the scope of data collection and usage 
Legitimate: Ensure the data collection is legal and fit for purpose 
Involve: Involve stakeholders and provide assurances about data use 
Consent: Seek consent through clear questions and provide an opt-out option 
Anonymize: De-identify individuals as much as possible  
 
Ethical questions also include the accuracy of diagnoses of learners interacting with AIED 
systems; choices of pedagogies employed by AIED systems; predictions concerning learning 
outcomes made by those systems; issues of fairness, accountability and transparency; as 
well as questions related to the influence of AI and learning analytics on the decision making 
of teachers and educators. 

Holmes et al. (2022) say issues such as fairness, accountability, transparency, bias, 
autonomy, agency, and inclusion explicitly need to be considered. Generally they advise it is 
also necessary to distinguish between “doing ethical things“ and “doing things ethically”. 
Educators need to understand and to make pedagogical choices that are ethical, and to 
account for the ever-present possibility of unintended consequences.  

Research in AIED also needs to account for the ethics of education which, despite being the 
subject of decades of research, is all too often overlooked. Holmes (ibid) suggests AIED 
research needs to explicitly address issues such as:  

(1) the purpose of the learning (e.g., to prepare students to pass exams or to help them 
self-actualise),  
(2) the choice of pedagogy (with a common approach, instructionism, being contested 
by the learning sciences community),  
(3) the role of the technology with respect to teachers (to replace or augment human 
functions), and  
(4) access to education (often seen by the community through the ethical dimension of 
fairness and equity).  

According to Holstein et al. (2019), there has been very limited research into what teachers 
and students actually want from AIED systems, such as requirements concerning student 
agency and privacy about which teachers and students might not agree. Furthermore, 
where AIED interventions target behavioural change, such as by ‘nudging’ individuals 
towards a particular course of action, the entire sequence of AIED-enhanced pedagogical 
activity needs to be ethically acceptable in the context of the broader activities within which 
AIED systems are being deployed. 

AI ethics education teaches the principles and challenges of responsible AI development and 
use. It should equip students and educators with the knowledge to identify ethical risks in 
AI, make informed decisions, and foster AI innovations that prioritise social good and 
accountability. 
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According to Slimi and Carbaillo (2023), AI ethics education should address: 
• Fairness where student services should not perpetuate or exacerbate existing biases 

and discrimination based on race, gender, and socioeconomic status. 
• Transparency: Making sure that the decision-making processes of AI systems used in 

grading, student evaluations, and other decisions are explainable and 
understandable so students and educators can trust and have confidence in them. 

• Accountability: Holding education organisations responsible for the actions and 
decisions of AI systems and ensuring that there are mechanisms in place for redress 
and remediation in case things go wrong. 

• Safety: Minimising the potential negative impacts of AI systems on students and 
staff, such as privacy violations and physical harm. 

• Human autonomy: Ensuring that the decisions of AI systems are consistent with 
human values and do not undermine human independence. 

They suggest these criteria are still “work in progress” and will be subject to change as 
technology, society and laws continue to evolve.  

Kerski (2020) addresses the teaching of ethics in geography, GIS, health, planning, 
engineering, business, and other courses in which the “where” question is being asked. He 
proposes that GIS tools can be used to teach and foster discussions around ethics in 
practical, memorable ways to guide students as they graduate and enter the workforce. 
According to Havriushenko et al. (2024), Geo-Ai can inspire geography teachers to rethink 
the content of the educational materials offered to students, and in particular, to increase 
the proportion of higher cognitive level tasks with elements of creativity when compared 
with those of a descriptive nature. Chang and Kidman (2023) however, stress the need for a 
framework to consider how best we can use AI tools to support good and meaningful 
geographical and environmental education. 

Holmes et al. (2022) suggest it is desirable to establish a framework for the ethics of AI in 
education. They identified three foci, the ethics of data, computational approaches and 
education (Figure 3), each with areas of overlap between them. However developing such a 
framework will be a challenging and long-term task, given the diversity of interpretations 
within the community. 
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Figure 3: A draft framework for the 
ethics of AIED  (source: Holmes et 
al., 2022) 
 
Borenstein and Howard (2021) 
emphasise the integration of AI 
ethics education in both formal 
and informal settings, focusing on 
building moral sensitivity among AI 
developers. It explores approaches 
like embedding ethical 
considerations throughout the AI 
design process and using 
interdisciplinary teams to teach 
ethics. 

AI has the potential to cause harm, 
especially through biased 

algorithms and privacy violations. The lack of consistent ethics education among AI 
developers exacerbates these risks. They advocate for teaching AI ethics across curricula, 
encouraging a professional mindset where developers are aware of their ethical 
responsibilities and how their decisions impact society. 

4. AI Governance: Guidelines, Codes and Frameworks 
AI is a disruptive technology rvolutionising entire industries (Păvăloaia and Necula, 2023). 
Concern has been rising about the potential misuse of the technology. This led to a response 
of stakeholders with ethics-focused research, principles, and frameworks drafted by 
academic, governmental, and private institutions, seeking to establish AI governance 
measures by raising ethical challenges and suggesting potential solutions.  

AI governance is a set of principles, regulations, and frameworks that guide the 
development, deployment, and maintenance of AI technologies. It considers various aspects 
such as ethics, bias and fairness, transparency, accountability, and risk management 
(Modulous, 2023). Its primary intent is to ensure the ethical and responsible use of AI. Its 
significance lies in the ability to mitigate risks associated with AI applications, including bias, 
privacy breaches, and unexplainable outcomes. Proper AI governance builds trust among 
users and stakeholders. It ensures AI technologies are used for beneficial purposes and 
aligned with legal and societal expectations (Fenwick, 2024). 

In response to the potential harm and risks associated with AI technologies, ethics 
guidelines that inform and direct the use and development of these technologies have been 
produced. They usually consist of principles and recommendations aimed at harnessing the 
“disruptive” potential of new AI technologies.  

Informed by academic debates, calls for a GIS code of ethics began to emerge in the early 
1990s to help guide ethically responsible applications of GIS. Ethics guidance is now widely 
available to GIS practitioners, initially established through the GIS professional ethics project 
(DiBiase et al., 2012), codified as a set of standards or guidelines for professional conduct.  
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Research has attempted to compare and contrast these efforts. Hagendorff (2020) compiled 
an overview of 22 ethical guidelines for AI and the aspects they cover, highlighting overlaps 
and omissions among these guidelines (Table 5). 

Table 5: AI ethics terms (source: Hagendorff, 2020) 
Terms used in the guidelines Guidelines 
privacy protection  18 
fairness, non-discrimination, justice  17 
accountability  17 
transparency, openness  16 
safety, cybersecurity  16 
common good, sustainability, well-being  16 
human oversight, control, auditing  12 
solidarity, inclusion, social cohesion  11 
explainability, interpretabiliy  10 
science-policy link  10 
legislative framework, legal status of AI systems  10 
future of employment/worker rights  9 
responsible/intensified research funding  8 
public awareness, education about AI and its risks  8 
dual-use problem, military, AI arms race  8 
field-specific deliberations (health, military, mobility etc.)  8 
human autonomy  7 
diversity in the field of AI  7 
certification for AI products  4 
protection of whistle-blowers  3 
cultural differences in the ethically aligned design of AI systems  2 
hidden costs (labelling, clickwork, contend moderation, energy)  2 

 

These AI ethics guidelines generally address challenges arising from a lack of accountability, 
privacy, representativeness and discrimination, robustness, and ‘explainability’. The answers 
to these ethical issues lie, at least partially, within the field of artificial intelligence and 
computer science more broadly. Hagendorff (ibid) suggested the guidelines lack 
mechanisms to reinforce any principles and that efforts to create a binding legal framework 
tend to be discouraged.  

The increasing use of artificial intelligence (AI) with geographic information technologies for 
monitoring and mapping varying phenomena on the Earth’s surface led to a growing 
number of critical commentaries and specific guidelines. Some of these issues, such as 
explainable AI (Phillips et al., 2020) and debiasing methods have become widely studied 
areas in the GeoAI community (Li, 2022).  

Nations across the world such as China, the USA, India, Canada, and member states of the 
European Union have developed AI strategic plans, ethical guidelines, and 
recommendations for responsible AI (European Commission, 2018; UNESCO, 2021), but as 
yet there is little guidance on how to practically implement these guidelines in geospatial 
applications and how to develop data governance structures that support these values. 
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Globally, the UNESCO Recommendation on the Ethics of Artificial Intelligence (2021) is one 
of the most prominent, providing a “universal framework of values”. Recommendations like 
UNESCO’s are not legally binding. Nevertheless, public and private organizations across the 
world are already voluntarily holding themselves accountable to various AI ethics principles 
and guidelines (Jobin et al., 2019). 

In general, Jobin et al. (ibid) suggest there appear to have been three main approaches to 
guidance, (i) producing a set of values as first principles, (ii) developing and applying 
legislative standards and norms, and (iii) making AI guidelines analogous with those existing 
for bio/medical ethics.  

A values-based approach tends to be problematic as the principles identified are mostly 
vague, lacking clarity and thereby difficult to interpret and challenging to monitor. They also 
may contradict one another, for example ‘openness’ and ‘privacy’. There is also a lack of 
consensus between the guidance.  

Using a legal compliance approach requires clear and objective standards. However, 
generally these standards do not yet exist and there are many nuanced and ambiguous 
issues, including who is culpable and who has jurisdiction in international contexts. The 
European Union’s General Data Protection Regulation (GDPR) is a European Union law that 
attempts to protect an individuals’ privacy and their personal data, enforcing strict rules on 
data handling, consent, and individuals' rights (Hijmans and Raab, 2018). It came into force 
in 2018, extending data protection and requiring informed consent for all current and future 
uses of personal data. However, data protection laws are variable around the world and the 
transborder nature of data means that legal protections are still inadequate in many places. 
It is suggested that AI governance measures ought to include both technical and non-
technical guidance (de Almeida et al., 2021), where technical governance concerns any 
systems and processes that render the activity of the technology itself accountable and 
transparent. Whereas non-technical governance should concern human aspects concerning 
systems and processes that focus on providing appropriate training and education.  

Studies have attempted to identify convergences and divergences in the available ethical 
guidelines (Jobin et al., 2019). For instance, Oluoch (2024) reviewed 16 ethical guidelines of 
AI (Table 6) and 8 guidelines of geographic information technologies (Table 7), analysing 
how these guidelines define and employ ethical values and principles such as autonomy, 
bias, privacy, and consent. 

Table 6: A list of 16 AI guidelines (source: Oluoch, 2024) 
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Table 7: List of Geoinformation Guidelines (source: Oluoch, 2024) 
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These AI guidelines make very clear the potential of AI to negatively impact social and 
environmental justice, autonomy, fairness and dignity (Figure 4), while far less attention is 
given to these impacts in the geographic information guidelines (Figure 5).  

 
Figure 4: Co-occurrence of ethical values in AI guidelines (source: Oluoch, 2024) 

 
Figure 5: Co-occurrence of ethical values in geoinformation guidelines (source: Oluoch, 
2024) 

Comparative analyses reveal two main tendencies, on the one hand, guidelines converge on 
a set of ethical principles, including transparency, justice, non-maleficence, responsibility, 
accountability, privacy, safety, and trust. On the other hand, guidelines lack indications on 
how to implement these principles in the research, development, and application of AI 
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systems (Morley et al., 2020) especially when considering region-specific and culture-
specific values.  

Oluoch (2024) calls for a) a set of harmonised AI and geoinformation ethical guidelines, 
providing a unified ethical framework emphasising values such as fairness, justice, and 
autonomy, b) greater transparency, especially in humanitarian contexts, to ensure that data 
is used responsibly and ethically; c) measures avoiding biases in both AI and geoinformation 
systems, especially when addressing vulnerable communities; and d) ensuring the 
communities being mapped are informed and provide consent for the use of their data. 

Many of the guidelines point out the need for these technologies to be developed based on 
human-centric and risk-based approaches and it is thus very challenging to develop and 
adopt global principles given the diversity of local cultures and settings. Therefore, Gevaert 
et al. (2021) suggest it is critical to establish more inclusive data governance and give local 
agencies sufficient power to help them frame and balance their own perspectives and 
priorities especially as ethical AI in the geospatial domain has a strong local dimension 
(Michell et al., 2020). For example, by including a principle that “individuals have a right to 
make decisions for themselves” (Floridi et al., 2018: 697) is prominent in many Western 
cultures. 

Calo (2017) believes that, in science and industry, internal self-governance based on ethics 
guidelines of the AI industry will be sufficient and that no specific laws are necessary to 
mitigate possible technological risks and eliminate abuse. In situations when more concrete 
laws concerning AI systems are demanded, these demands remain relatively vague and 
superficial (Amodel et al., 2016; Schneider et al., 2024). 

Calzati and van Loenen (2023) introduce the integrated geospatial information framework 
(IGIF) of the United Nations, which aims to provide guidance for the management of 
geoinformation and related tools, considering these as Digital Earth mirrors of the physical 
world (Figure 6). IGIF is designed as a set of guidelines whose integration can help harness 
the power of georeferenced data and GIS. They confirm that the framework is currently 
missing an ethics dimension.  
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Figure 6: An Overview of the IGIF (Calzati and van Loenen, 2023) 
(source: https://www.researchgate.net/figure/Overview-of-the-IGIF-Source-http-
ggimunorg_fig1_370112240)  
 
To address this they suggest the IGIF and similar geoinformation initiatives would benefit 
from an ethical reflection for georeferenced practices. They explore the Assessment List for 
Trustworthy Artificial Intelligence (ALTAI) released by the Artificial Intelligence High-Level 
Expert Group (AI HLEG) of the European Commission (2019), mapping it onto IGIT to 
propose an ethics assessment list for self-evaluation of the ethical robustness of 
geoinformation initiatives.  

Calzati and van Loenen (2023) also introduce the JUDMA model as a maturity model for 
data ethics, designed to help organisations evaluate and improve their own ethical data 
practices. It is a framework supporting responsible, ethical data practices by outlining five 
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maturity levels of data ethics, guiding organisations from basic compliance to advanced 
ethical data use (Figure 7).  

 
Figure 7: The five maturity levels of data ethics in the JUDMA Model.  
(source: https://www.researchgate.net/figure/The-five-maturity-levels-of-data-ethics-in-
the-JUDMA-Source-https-wwwdata4sdgsorg_fig3_370112240)   
 
DataIku (2023), a data innovation company, developed a Framework for Responsible AI 
design, deployment, and governance. This is a described as a baseline approach to 
Responsible AI, which they called the RAFT Framework, meaning one which is Reliable, 
Accountable, Fair, and Transparent (Figure 8). They address the specific risks of Generative 
AI and broader approaches to Responsible AI practices. This is considered as a starting point 
for organisations looking to build best practices in governed and responsible AI. 

 
Figure 8: RAFT Framework for Responsible AI (source: DataIku, 2023) 
 
AI governance through guidelines, codes, and frameworks is essential to ensure responsible 
AI development and use. These tools provide a structured approach to address ethical 
concerns like privacy, bias, and accountability. By implementing clear standards, 
organisations can foster trust, promote fairness, and align AI technologies with societal 
values, ultimately supporting sustainable innovation and protecting individual rights in the 
digital age. 
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5. Future Visions  
The integration of Artificial Intelligence (AI) in geography learning carries great potential to 
change the way we teach and understand geography. With the combination of AI 
technologies and geography knowledge, there are opportunities to enhance learning, 
provide deep insights, and address complex challenges (Guan et al., 2020). For example, the 
interactive visualisations and realistic simulations possible with AI can bring a deeper 
understanding of geographical phenomena (Simon, 2019). 

Rakuasa (2023) believes the future of geography learning with artificial intelligence 
represents a significant shift in learning approaches. He confirms,  

“the future vision of geography learning with artificial intelligence is to 
create a holistic, personalised, and interactive learning experience. 
Students will be able to explore geographic environments through realistic 
simulations, design research based on in-depth geographic data analysis, 
and solve real problems with AI-generated solutions.” (Rakuasa, 2023: 80) 

Students will be able to reflect on the impact of human interaction with the environment 
and how technology can help address global challenges such as climate change, inequality 
and urbanisation (Lambert et al., 2015). AI technology will be used to help students 
understand geographic patterns and forecast future trends. Rakuasa (2023) suggests the 
role of teachers will predominantly be as learning facilitators, helping students articulate 
questions, explain concepts, and direct their exploration in the increasingly complex world 
of geography.  

AI-enhanced geographic data analysis can help understand and address global challenges 
such as climate change and urbanisation. DeMers (2016) believes global collaboration will 
be important, where students from different parts of the world can interact and collaborate 
on solving complex geographic problems. The integration of Artificial Intelligence in 
geography learning opens the door to a smarter and more informed future. However, 
success requires an effective integration strategy with a focus on personalisation of learning 
to optimise student learning experiences, as well as collaboration between education, 
technology and government. 

6. Recommendations 
As AI continues to evolve, it holds the potential to revolutionise how we live, work, and 
interact, making it one of the most transformative technologies of the 21st century. Since AI 
is rapidly pervading society, students, teachers and educators should all become adopters of 
the technology, in order to become effective users in both professional and personal 
contexts.  

As teachers may fear that the use of AI in geography learning may replace their role or raise 
ethical issues (Janowicz et al., 2020), efforts are needed to ensure that teachers have the 
necessary knowledge, support and trust to adopt AI technologies confidently and effectively 
in their teaching (Chang and Kidman, 2023). 

Strict regulations and policies are needed to ensure that data relating to students is not 
misused and their privacy is maintained as the use of AI technology in monitoring student 
learning progress may involve the collection of sensitive personal data. 
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In terms of curriculum and learning, teachers need to be able to design learning materials 
that are responsive to AI technologies. The learning materials should be adaptable by AI so 
that learning can be personalised according to individual student needs. Developing 
engaging and relevant learning content also requires sufficient time and resources. 
Educators need to be trained and empowered to utilise these technologies effectively. 

Teacher concerns need to be addressed by defining codes of conduct around the use of AI, 
and by explicitly defining acceptable uses in teaching and assessment. To ensure responsible 
AI use, ethical guidelines must continue to evolve alongside technological advancements, 
ensuring that these technologies are used with trust and ethics in mind.  

We need to ensure that AI ethics is effectively threaded throughout Geography/GIS courses 
in interesting and practical ways through examining data through hands-on activities, 
followed by reflections, discussions, and short presentations. Educators should draw on 
GeoAI ethical guidelines and applied, practical approaches to teach learners about 
responsible practice, for example the ethical implications of using AI in geospatial analysis, 
focusing on issues like privacy, data consent, and bias.  

There is a need to raise awareness among students of the existence and capabilities of AI. 
Practical case studies should be used to illustrate real-world ethical dilemmas, making 
abstract concepts more relatable. The importance of critical thinking should be reinforced . 
Real world case studies involving AI applications in geography should be used, such as urban 
planning or disaster management, to highlight ethical dilemmas and best practices.  

Practical Geo-AI ethics should be taught using real-world or hypothetical case scenarios in 
which the application of geoinformation could produce outcomes that uphold or violate a 
professional code of ethics, or which has implications for normative societal values. For 
example, the GIS Professional Ethics Project (https://sites.psu.edu/gisethics/project-
description/)  has developed a practical case study approach in which learners are taught to 
develop ethical awareness and moral thinking skills using a seven-step method based on 
authentic experiences of using GIS in the workplace.  

Students should be encouraged to work on projects that involve ethical considerations in 
geospatial data collection and analysis, fostering critical thinking, ethical design and critical 
decision-making. Interdisciplinary examples should be encouraged, where geography is 
combined with ethics, law, science and technology studies to provide a more 
comprehensive understanding of AI’s impact. 

AI tools can help advance education in different fields, including the geosciences. To steer 
geography learning into the future with artificial intelligence (AI), effective integration 
strategies are required. Teacher training is necessary to address methods and structures 
through which ethical AI use can be achieved. This aligns with the call for an increase in 
‘‘literacy’’ facilitated through an education and training agenda, touching upon and 
integrating ethics, policy, and geo-technology. 

Ethical AI in the geospatial domain should have a strong local dimension, good practices 
highlighting community-based approaches should be collected and critically examined to 
understand how guidelines and principles can be applied in local contexts to ensure 
inclusive innovation.  

Teachers need to understand the potential and limitations of these technologies and how to 
integrate them into teaching effectively. Ongoing professional development in ethics and 
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GeoAI is crucial. Training for educators should focus on the effective integration of AI and 
ethical concerns in geography learning. This requires both technical and pedagogical 
understanding from teachers. Relevant training is important as teachers will not have 
sufficient knowledge or experience to use AI in educational contexts.  

Need to encourage teachers to use feedback from AI data and analytics to monitor and 
evaluate student learning progress and the training should help teachers design appropriate 
interventions for students who may need additional support. 
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