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Accepted: 27 Apr 2023 Intelligent Transportation Systems (ITS) across four global regions: the European Union, the United
States, China, and India. By conducting a comparative policy analysis, the study identifies key ethical
challenges such as algorithmic bias, transparency, accountability, and privacy, which are critical in
shaping AI deployment within transportation systems. The research also examines the regulatory
frameworks in place, highlighting the EU’s comprehensive approach through the AI Act, the
decentralized system in the U.S., China’s state-driven model, and India’s emerging regulatory
landscape. The findings reveal significant regional variations in the implementation of AI regulations,
with the EU emphasizing fairness and transparency, while China focuses on safety and social stability.
In contrast, the U.S. offers more flexibility to states, and India is still developing AI guidelines specific
to transportation. This study underscores the need for harmonized global standards in AI governance
to ensure equitable and transparent deployment of AI technologies. The paper concludes with
recommendations for future research and policy development, emphasizing the importance of cross-
national collaboration to mitigate ethical risks and promote effective governance.
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INTRODUCTION

Background

Artificial Intelligence (AI) has rapidly transformed industries, and the transportation sector is no exception.
In recent years, Al-driven technologies have been integrated into Intelligent Transportation Systems (ITS), which
are designed to enhance the efficiency, safety, and sustainability of transportation networks. ITS leverage Al to
collect, process, and analyze vast amounts of data from various sensors, traffic signals, vehicles, and infrastructure.
These systems use Al for real-time traffic management, route optimization, predictive maintenance, and
automated vehicle operations.

Al's role in ITS has grown significantly with the advancement of machine learning, computer vision, and data
analytics, enabling systems to make autonomous decisions that optimize traffic flow, enhance public
transportation systems, and improve road safety. For instance, Al-based traffic management systems analyze data
from cameras, sensors, and GPS signals to dynamically adjust traffic lights, prevent congestion, and prioritize
emergency vehicles. Autonomous vehicles, a prominent application of Al in ITS, rely on real-time decision-
making algorithms that use Al to interpret sensor data and make driving decisions.

Al-driven decision-making plays a pivotal role in optimizing transportation networks. In traffic management,
Al systems can forecast traffic patterns, detect accidents, and reroute traffic in real time, reducing congestion and
improving travel efficiency. In public transportation, Al facilitates demand-responsive transit, ensuring buses and
trains follow optimal schedules, reducing wait times, and enhancing commuter satisfaction. Road safety also
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benefits from AI through features like advanced driver assistance systems (ADAS) and collision avoidance
technology, which help prevent accidents and minimize human error.

Problem Statement

Despite its promising potential, Al-driven decision-making in ITS presents several ethical and regulatory
challenges. One significant concern is bias in AI algorithms, which can result from training data that lacks
diversity or is unrepresentative of certain population groups. This bias can manifest in traffic management
systems that prioritize certain routes or types of vehicles over others, inadvertently disadvantaging marginalized
communities. Another challenge is transparency. Al systems, especially those using deep learning models, often
operate as "black boxes," making it difficult to understand how decisions are made. This lack of transparency can
undermine public trust, as individuals may not understand how decisions affecting their daily commutes are
being made or how they can be contested. Accountability is also a major issue. In traditional systems, human
decision-makers can be held accountable for errors or accidents. However, when AI systems make decisions
autonomously, it becomes unclear who is responsible for the consequences of those decisions, particularly in cases
of accidents or bias in traffic management. Furthermore, AI decision-making raises critical concerns about
privacy. ITS often rely on real-time data collection from individuals’ vehicles and personal devices. This can lead
to the potential for surveillance, where individuals' movements are constantly tracked without their explicit
consent. Fairness is another issue; Al systems may unintentionally perpetuate societal inequalities if they are not
carefully regulated and designed to avoid exacerbating existing biases.

Aim and Objectives

The aim of this study is to analyze the ethical and regulatory implications of Al-driven decision-making in
intelligent transportation systems across different countries, focusing on how AI governance frameworks and
ethical guidelines shape these technologies in various global contexts.

The objectives of this study are:

To compare Al governance frameworks across global transportation ecosystems, identifying similarities and
differences in how Al is regulated and monitored.

To examine ethical concerns related to Al in transportation systems, particularly regarding bias, transparency,
accountability, and fairness.

To identify gaps in existing regulatory policies and propose improvements that can promote more ethical and
equitable AI adoption in transportation systems.

Significance of the Study

The importance of this study lies in its potential to inform policymakers, industry stakeholders, and
researchers about the ethical and regulatory challenges posed by Al-driven decision-making in transportation
systems. By comparing governance frameworks and identifying policy gaps, this research will provide valuable
insights for shaping future regulations. Ensuring that AI adoption in ITS is transparent, accountable, and fair is
crucial for maintaining public trust, promoting equitable access to transportation services, and mitigating
potential harms to society. This study's findings could contribute to the development of globally aligned
regulatory standards that foster innovation while safeguarding individual rights and societal well-being.

LITERATURE REVIEW

Ethical Issues in Al Driven Transportation Systems

The integration of artificial intelligence (AI) into intelligent transportation systems (ITS) has unlocked
remarkable opportunities for enhancing urban mobility, yet it also introduces profound ethical concerns that
demand scrutiny. A primary challenge is algorithmic bias: AI models driving traffic management, route
optimisation or autonomous vehicles (AVs) often rely on training datasets that may not adequately represent all
demographic groups or contextual conditions. Research shows that biased inputs—such as skewed sampling or
measurement error—can lead to unfair or discriminatory outcomes. For example, Lindgren and Bell highlight that
trafficc management models trained on mobile- phone data may inadvertently exclude populations without
smartphone access, producing routes or services that favour more affluent users. In the wider AI- ethics
literature, Lendvai (2025) argues that algorithmic bias is not simply a technical glitch but a legal and regulatory
dilemma because models may systematically redistribute benefits or burdens across social groups.

A second major ethical dimension is transparency and explainability. Deep learning models in ITS may
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behave as “black boxes,” meaning stakeholders—including drivers, commuters or transport regulators—cannot
easily ascertain how decisions (e.g., signal timing changes, route diversions, or vehicle prioritisation) are made.
This opacity limits accountability and undermines trust. Shukla (2025) proposes “hermeneutic reverse
engineering” of Al systems to disentangle the socio- technical assumptions embedded in algorithms.

Accountability is a third pressing concern. When Al systems make critical decisions—such as rerouting
emergency vehicles or controlling AV behaviour—it becomes complex to attribute responsibility if things go wrong.
Who is liable when an autonomous traffic- control system causes an accident, or when an algorithm favours one
group of commuters over another? Moreover, privacy is deeply implicated: many ITS applications rely on
real- time vehicle and passenger data, potentially enabling pervasive surveillance or profiling of travellers. As one
article puts it: “Al in transportation can potentially improve efficiency ... but addressing ethical considerations is
crucial for its successful implementation.”

Together, these ethical issues underscore the imperative for careful design, inclusive datasets, transparent
systems and robust oversight in AI- driven ITS deployments.

Regulatory Frameworks and Policies

In response to these ethical hazards, regulatory frameworks are emerging—though unevenly—across
jurisdictions. The General Data Protection Regulation (GDPR) in the European Union provides one of the most
prominent regulatory contours: it addresses automated decision- making and profiling under Article 22,
affording individuals rights to explanation and human- in- the- loop review. More recently, the Artificial
Intelligence Act (AI Act) proposed by the European Commission directly targets high- risk AI systems, including
those in transport, traffic management and infrastructure. Aytekin et al. (2024) analyse how standardisation,
certification and harmonised conformity mechanisms are central to the EU’s approach.

Beyond Europe, the regulatory landscape is fragmented. In the United States, there is no sector- specific
federal AI law for transportation; governance is largely decentralised via state laws, civil- rights frameworks and
industry guidelines. Lendvai (2025) notes this “mix” of sectoral regulation may accelerate innovation but can also
exacerbate enforcement gaps. Meanwhile, the International Transport Forum (ITF) has issued guidance for
transport authorities, emphasising trustworthy AI operations and recommending policy templates to ensure
reliability and human- centred design in transport AI systems. In the context of transportation specifically,
studies such as Zdravkovic et al. (2025) evaluate AI- driven public- transport safety platforms and point to how
regulatory guidance lags behind technological deployment. Thus, while regulatory instruments are accelerating,
their coverage in the ITS domain remains nascent, sector- specific, and often lacking harmonisation across
geographies.

Al Governance and Its Impact

Al governance can be understood as the ensemble of norms, standards, policy mechanisms and
organisational practices that guide the design, deployment and oversight of AI systems. Batool et al. (2025)
conducted a systematic review of Al governance literature, finding that only a small subset of frameworks fully
address who is responsible, what elements are governed, when governance occurs and how it is implemented.

In applied ITS environments, governance mechanisms directly shape outcomes. For instance,
trafficc management systems that incorporate governance controls—for example audit logs of routing decisions,
human override options, bias- monitoring modules—can better mitigate risk and improve public trust. Vehicles
integrated into an ITS require governance in terms of operational transparency, safety assurance and regulatory
compliance. One survey of Al in transportation systems emphasises that governance constraints (such as data
testing regimes, sensor diversity, oversight of autonomous vehicle decision loops) are key to successful
deployment. Governance structures therefore determine whether Al in ITS is safe, equitable and responsive, or
whether it amplifies risk, bias and exclusion. Governance also links to the regulatory frameworks discussed earlier:
without effective governance mechanisms, even robust regulation may fail in implementation or enforcement.

Literature Gap

Despite the growing body of research on Al ethics, bias, regulation and governance, significant gaps remain—
particularly in the ITS domain and in cross- national comparative analyses. Many studies focus on autonomous
vehicles, traffic prediction algorithms or case- studies in single jurisdictions (for example, the United States or
Europe). There remains a paucity of scholarship that systematically compares how different countries or regions
regulate Al in transportation systems, how ethical guidelines are embedded in policy across multiple contexts, and
how governance practices differ across global transport ecosystems. For example, while Aytekin et al. (2024) map
standardisation in the EU transport sector, there is limited equivalent research for Asia, Africa or Latin America.
Similarly, Batool et al. highlight that governance frameworks often fall short of addressing implementation across
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diverse sectors.

In summary, the literature calls for more comparative, cross- national, empirically grounded research that
links ethical issues, regulatory policy and governance practices specifically for Al in intelligent transportation
systems. Such research could illuminate best- practice policy transfer, harmonisation needs and
context- sensitive governance strategies.

METHODOLOGY

Experimental Design

This study employs a comparative policy- analysis design, aimed at systematically examining how different
national jurisdictions govern AI-driven decision- making in intelligent transportation systems (ITS). The focus is
on analysing the ethical and regulatory implications of Al in transportation across multiple countries. The design
is structured around three core phases: country selection, data collection, and analytical processing.

Selection of countries. Four jurisdictions were selected to capture a diversity of regulatory approaches,
governance philosophies and transportation infrastructures: the European Commission / European Union (EU)
(represented as a supranational block), the United States of America (USA), the People’s Republic of China
(China), and the Republic of India (India). These were chosen because they together represent major global
players with distinct regulatory styles: the EU with a comprehensive, risk- based AI law; the USA with a more
decentralised, sectorally- driven model; China with state- led, sector- specific controls; and India as an
emerging economy seeking to balance innovation and regulation. This variety enables a cross- national
comparative lens on Al governance in ITS contexts.

Data collection methods.

1. Policy/document analysis: Official regulations, draft bills, white papers, strategy documents and ethical
guidelines related to AI and transportation in each country were collected. Examples include the EU’s AI Act and
directives on transportation infrastructure, U.S. Executive Orders and state laws, China’s algorithmic and
transport- Al regulations, and India’s emerging Al regulation blueprints.

2. Secondary data: Academic journal articles, industry reports, and governance- framework reviews focusing
on Al in transportation and broader AI governance were used to extract insights about how regulations are
applied (or not) in ITS.

3. Expert input (optional exploratory interviews): Where available, interviews or expert commentaries from
regulators, transportation authorities or Al governance scholars in these jurisdictions were referenced to lend
nuance to how frameworks operate in practice (for example via policy analysis literature).

4. Comparative coding: All collected data were coded according to themes such as regulatory body, scope of
Al regulation (generic Al vs transportation- specific), ethical mandates (fairness, transparency, accountability),
and enforcement mechanisms.

Analysis Techniques

The study uses a qualitative comparative analysis (QCA) approach. After coding all policy and governance
documents, a matrix was developed (see Table 1). Comparative thematic analysis then identifies patterns across
jurisdictions — for instance, which ethical mandates are embedded in which frameworks, how enforcement is
configured, and how transportation- specific Al applications are addressed. Following pattern identification,
cross- case synthesis highlights divergences and convergences in governance. The results are interpreted in
relation to ITS implications: how trafficc management systems, autonomous vehicles, and public- transport Al
decision nodes are covered under each regime. Triangulation (via policy texts, academic commentary, and expert
insights) enhances validity by cross- checking claims about real- world regulatory impact. The design thus links
regulatory texts to their ethical implications in the transportation domain.

Table 1. Overview of Al Regulatory Frameworks in Select Countries

Country Regulatory Body / Lead Key Policies & Ethical Considerations
Agency Frameworks (relevant to ITS)
EU European Commission / EU Al Al Act (2024), GDPR Transparency, human- in- loop,
Office automated- decision rules fairness, accountability

USA Federal agencies + state Executive Orders, sectoral Accountability,
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regulators laws, state AI bias laws innovation- balance, decentralised
oversight
. Central government ministries / Algorlthmlc State- control, safety, surveillance
China o . recommendation rules, . . -
provincial bodies risk, social stability
transport Al regs
India Ministry of Electronics & IT, Draft Digital India Act, ATl  Innovation focus, risk of regulatory
sector regulators advisories lag, fairness debate

In summary, the methodological design links policy-text analysis with thematic coding, applied across
multiple jurisdictions, with a specific focus on the transportation application of Al. This comparative framework
allows for mapping regulatory variation, ethical mandate embedding and their implications for intelligent
transportation systems. The experimental (comparative) design is appropriate because the aim of the research is
not to test hypotheses quantitatively but to understand differences in governance frameworks and ethical
standards as they apply to Al in ITS across countries. By using policy analysis and qualitative synthesis, the study
generates insights about commonalities, gaps, and strengths in Al governance for transportation. The inclusion of
Table 1 aids in visually summarising complex regulatory structures and serves as a reference point for the
subsequent results and discussion.

This methodology thus establishes a solid foundation for examining how national policy frameworks intersect
with Al ethics in transportation systems, enabling a meaningful cross-national analysis and setting up the
subsequent findings.

RESULTS AND DISCUSSION

The comparative analysis of Al regulatory frameworks across the United States, European Union, China, and
India reveals several key findings, highlighting both commonalities and significant regional differences in how Al
in transportation systems (ITS) is governed.

Regulatory Body and Structure

The European Union (EU) stands out with a highly structured and centralized approach to AI regulation
through its AI Act (2024), which sets clear standards for high-risk AI systems, including those used in
transportation. The EU also integrates strong ethical considerations, with a focus on transparency, accountability,
and human oversight in AI decision-making.

In the United States, Al regulation is decentralized, with federal policies such as Executive Orders on Al
ethics and state-specific laws governing Al in sectors like transportation. While the federal government promotes
innovation, individual states have more flexibility to regulate Al systems, leading to a fragmented regulatory
environment.

China’s AI regulation is more centralized and state-controlled. The Regulation on Algorithmic
Recommendation focuses on Al systems' impact on societal stability, promoting safety and surveillance. China's
government controls Al ethics through state-driven policies that ensure Al systems align with national priorities,
including public safety and social stability.

India has drafted the Digital India Act, which lays the foundation for AI regulation, though specific guidelines
for transportation AI are still in development. India's emphasis is on fostering innovation, with regulatory
frameworks being constructed to balance AI growth with ethical considerations, especially in public
transportation.

Ethical Considerations

The EU prioritizes ethical mandates such as transparency and fairness, emphasizing that Al systems must be
explainable and not discriminate against vulnerable groups. Ethical considerations are embedded into the EU’s
GDPR, which governs data privacy and automated decision-making processes.

The US focuses more on accountability, allowing flexibility for states to enact policies that promote
innovation while ensuring that AI systems do not violate civil liberties or cause harm. The ethical concerns in the
US are typically framed around privacy rights and fairness, with state laws addressing bias in AI algorithms.

China emphasizes safety and social harmony, incorporating surveillance and monitoring as key ethical
components. China has focused less on transparency and more on controlling the societal impact of Al, ensuring
that AI systems do not threaten the state or disrupt social order.
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India places greater emphasis on innovation, and while ethical concerns such as fairness and transparency
are acknowledged, there is currently less emphasis on clear regulatory guidelines in AI deployment, particularly
for public transport Al systems.

Implementation and Success Rates

The implementation success of Al in ITS varies across the regions. The EU is leading in terms of developing
standards for autonomous vehicles and traffic management, with Al-based solutions already being deployed in
many cities across Europe. In China, Al technologies are being implemented at a rapid pace, especially in smart
cities where Al is used for traffic management and surveillance. However, concerns regarding privacy and state
surveillance persist. The US has seen slower adoption due to the fragmented regulatory landscape, with some
states embracing Al in transportation more readily than others. India is still in the early stages of implementing
Al in ITS, with pilot projects in smart cities and transportation hubs being tested.

Table 1. Overview of Al Regulatory Frameworks in Select Countries

Count Regulatory Body / Lead Key Policies & Ethical Considerations (relevant
Ty Agency Frameworks to ITS)
EU European Commission / EU Al Act (2024), GDPR Transparency, fairness, human
Al Office automated- decision rules oversight, accountability
Federal agencies + state Executive Orders, sectoral Accountability, privacy,
USA . ) .
regulators laws, state Al bias laws innovation- balance
. qu'ltI‘Egl government Algorithmic recommendation State control, safety, surveillance,
China ministries / provincial ] 'al stabili
bodies rules, transport Al regs social stability
India Ministry of Electronics & IT, Draft Digital India Act, Al Innovation focus, fairness, risk of
sector regulators advisories regulatory lag
Discussion

The findings from the comparative analysis underscore the regional divergence in AI governance frameworks
and their impact on ITS deployment. The European Union offers a more comprehensive, unified approach to Al
regulation through the AI Act, which not only addresses the ethical concerns of transparency and fairness but also
ensures that Al-driven transportation systems comply with privacy standards under the GDPR. This regulatory
rigor is beneficial for fostering public trust, but its implementation across diverse jurisdictions within the EU
presents challenges related to harmonization and enforcement.

In contrast, the United States follows a decentralized approach, where federal policies encourage Al
innovation, but individual states have different levels of regulation. This has led to inconsistencies, with some
states leading in AI implementation, such as California’s regulation of autonomous vehicles, while others lag
behind. The emphasis on accountability and civil liberties within the U.S. regulatory framework is essential to
protecting citizens' rights, though it can slow the adoption of AI technologies.

China’s centralized regulatory approach, focused on state control and safety, ensures that AI systems
contribute to national interests, but its limited emphasis on transparency and privacy raises concerns about
surveillance. The implementation of AI in ITS in China is fast and extensive, but it operates within an
environment where social stability is prioritized over individual rights.

India is at the early stages of formalizing Al regulation in transportation, with a strong focus on innovation.
However, as Al technologies evolve, it will be critical for India to establish a clear ethical and regulatory
framework to prevent potential misuse, especially regarding privacy and fairness.

Overall, these findings highlight the importance of cross-national regulatory collaboration to establish
standardized ethical guidelines and policies for Al in transportation. As the technology continues to evolve, these
regional differences will shape the future of AI governance globally. Future research should focus on global
harmonization of Al regulatory frameworks, balancing innovation with ethical standards, to ensure safe, fair, and
transparent Al systems in transportation.

CONCLUSION

This study has explored the ethical and regulatory implications of Al-driven decision-making in intelligent
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transportation systems (ITS) across four key global regions: the European Union, the United States, China, and
India. The findings reveal that while AI governance frameworks vary significantly, there is a shared emphasis on
ethical concerns such as transparency, fairness, accountability, and privacy. The European Union stands out with
its comprehensive regulatory approach, while the United States offers a decentralized, state-specific framework.
China’s centralized governance focuses on safety and social stability, and India is in the early stages of establishing
AT regulations. Despite the promising developments in Al governance, several limitations were noted. The study
primarily relied on secondary data, and the dynamic nature of Al regulations means that some of the findings may
quickly become outdated. Additionally, the focus on four countries may not fully capture the diversity of Al
governance across the global south or smaller jurisdictions.

Recommendations

To address these gaps, future research should aim for cross-national empirical studies that include a wider
range of countries, particularly those in the global south, to better understand regional challenges and
opportunities. Additionally, global harmonization of AI regulations and ethical guidelines is necessary to ensure a
fair, transparent, and accountable implementation of AI in ITS. Collaborative efforts among countries should
prioritize ethical standards to guide the future development of transportation technologies.
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