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Long Abstract 

Each year, road traffic crashes (RTCs) cause approximately 1.2 million fatalities and an 
estimated 50 million injuries worldwide (WHO, 2023a, 2023b), making them ranked among 
the top three leading causes of death for individuals aged 5 to 50 for the past quarter 
century (IHME, n.d.). Apart from the immeasurable emotional toll caused by the immediate 
loss of lives and physical harms, the associated financial costs of RTCs (incl. lost income, 
medical expenses, and judicial proceedings) are estimated to amount to 12% of the global 
Gross Domestic Product (Chen et al., 2019). Given this extensive impact, preventing RTCs 
has been a central concern in safety science (Safarpour et al., 2020) and has driven 
significant technological innovations. 

Technology has long played a key role in improving road safety. Conventional safety 
technologies such as helmets, seat belts, and anti-lock braking systems are shown to be 
integral in preventing RTCs and reducing injury severities (European Commission, 2020). 
Recent advancements in AI have created new opportunities for enhancing road safety 
(Ehsani et al., 2023), with applications for road user assistance and vehicle safety to road 
infrastructure planning and traffic management (Eskandari Torbaghan et al., 2022; Sohail et 
al., 2023). A notable example is advanced driver assistance systems (ADASs), such as 
lane-departure warning or driver distraction detection, that help mitigate human errors in 
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performing driving tasks. On the infrastructure level, AI-driven risk mapping tools and road 
surface monitoring technologies also inform road authorities to make better targeted safety 
interventions. Similarly, intelligent traffic monitoring cameras and traffic flow prediction 
models support traffic management authorities in preventing RTCs and reducing their 
harmful impact.  

With such a wide range of applications, the full integration of AI into transport systems 
holds considerable promise for improving road safety. However, as with other emerging 
technologies, opportunities often come with risks and unintended consequences, such as 
harmful environmental impacts, potential human rights violations, or adverse socio-
economic effects. Therefore, the extent to which these tools are societally beneficial 
depends on their ability not only to fulfill their core purpose (here, road safety) but also to 
reflect on and address the broader challenges they may introduce. Since AI has been 
acknowledged as a technology with high-risk applications for the transport domain (EU 
Artificial Intelligence Act, 2024), it is essential to critically examine the ethical implications 
of its use for road safety.  

Research in AI ethics that has engaged with road safety technologies has largely kept its 
focus on CAVs (Lin, 2016; Nyholm, 2022) and their crashing-related ethical issues 
(Lundgren, 2021) even though their widespread adoption is not expected before 2035 due 
to technical, regulatory, and financial barriers (World Economic Forum, 2025). Road safety 
research, on the other hand, has acknowledged some ethical concerns common to AI, 
such as bias (Xu et al., 2024), misuse (Perrine et al., 2019), and unintended impact (Abebe 
et al., 2024), with regard to a broader range of AI-driven safety technologies (such as road 
traffic cameras, traffic signals, and safety investment planning tools) but has marginally 
explored associated normative concerns and governance challenges that shape their real-
world deployment and effectiveness (Wandelt et al., 2025).  

This study contributes to understanding these challenges by presenting a task-oriented 
categorization of AI applications for road safety, namely future forecasting, correlation 
analysis, detection, group formation, and optimization, and by examining how these 
functions give rise to ethical concerns related to responsibility, explainability, human 
autonomy, justice, and privacy. It argues that these concerns are directly linked to the 
regulatory design, public legitimacy, and safety performance of intelligent transport 
systems (ITS). 

The ethical concerns are not incidental but emerge from specific characteristics of the 
road safety domain, combined with some inherent technical features of AI. These include 
the pervasive presence of safety technologies in public space, their use by ordinary users 
without receiving adequate training (Murtaza et al., 2023), their gradual hidden influence on 



human action and decision-making (Nallur et al., 2025), their dependence on collective 
action, their operation in changing environments with multiple influential factors, their 
involvement in morally sensitive decisions (Braun et al., 2021; Rebentisch et al., 2019), and 
their promise to serve a societally shared goal. Some of the influential technical features of 
AI are also extensive data collection and inference capabilities (Ziakopoulos and Yannis, 
2024), opaque and complex internal workings (Kuznietsov et al., 2024), high accuracy in 
identifying correlations (Mosier and Skitka, 2018), reliance on complex actor networks 
(Santoni De Sio and Mecacci, 2021), and limitations in training data (Suresh and Guttag, 
2021). The above-mentioned characteristics together can activate some unexpected 
dynamics that undermine the effectiveness of AI tools for road safety.  

AI-driven tools do more than change road user behavior or assist policy implementation; 
rather, they actively participate in defining what counts as risk, whose safety matters most, 
how trade-offs are resolved, and how obligations are assigned. Group formation and 
detection systems, used in driver assistance and profiling, classify driver behavior into risk 
categories, promoting new safe driving norms. Correlation analysis and forecasting 
systems, used for identifying crash hotspots or planning infrastructure maintenance, 
privilege certain road users, locations, and forms of harm, thereby shaping how limited 
resources are allocated. Optimization systems, used for safety investment planning, weigh 
competing objectives to achieve a desired balance. Decision-support and behavior-change 
technologies redistribute responsibility across road users, system designers, technology 
providers, and public authorities, sometimes creating ambiguity.  

These dynamics are not merely technical concerns or detached ethical considerations but 
governance issues, as they challenge current legal frameworks, particularly regarding 
liability and accountability, take part in shaping public trust and policy legitimacy, and 
affect system performance. Utilizing AI for road safety decisions affects how they can be 
justified, contested, and held accountable in practice. While current legal frameworks 
need to evolve to address these complexities, this concern is mainly acknowledged in 
policy efforts pertinent to CAVs (Li et al., 2019) and overlooked with regard to other 
intelligent road safety systems. Moreover, people are more supportive of safety policies 
that are derived from a transparent decision-making process and perceived as legitimate 
and fair across different road users (Martínez-Buelvas et al., 2025; Ombagi et al., 2023). 
The safety gains of AI-driven tools, however, can be distributed unequally among different 
population groups, and they can be used for illegitimate purposes. Therefore, public trust 
and policy legitimacy are at risk. Lastly, the unforeseen behavioral and systematic 
responses to AI-driven tools can risk safety, with negative implications for their adoption 
and use. 



This study contributes to transport policy discourse by reframing the relevant ethical 
concerns of ITS as the issues that transport policy should address, instead of regarding 
them as merely subsidiary challenges or extra improvement opportunities for otherwise 
sound systems that are successful in delivering their main objective, here safety. From a 
policy and practice standpoint, governing AI for road safety requires moving beyond 
technical validation and harm reduction metrics toward institutional arrangements that 
make value assumptions explicit, support meaningful human control, raise public 
awareness and digital literacy, allow contestation and co-design, and facilitate cross-
sector collaboration and reflexive learning over time. This insight suggests that leveraging AI 
to enhance road safety should not be treated as a purely technical endeavor left to program 
developers and road safety professionals; rather, it requires sustained engagement with 
ethical and governance expertise. 
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