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A B S T R A C T

Connected and automated vehicles (CAVs) offer significant potential to enhance the transport system; however, 
their implementation faces numerous barriers, including safety risks, ethical dilemmas, equitable road use, and 
challenges surrounding technology reliability, privacy, and environmental impact. Addressing these concerns is 
crucial to unlocking the benefits of this technology, particularly in promoting safe and just interactions with 
vulnerable road users (VRUs). This study consulted fifteen key informants from academic, policy, and opera
tional sectors globally to identify policies that would ensure responsible deployment. Through reflexive thematic 
analysis, seven key policy themes emerged: implementing regulation and standards; enhancing infrastructure 
and traffic management for effective integration; integrating with public transport; promoting value-driven 
approaches to policymaking; enhancing road safety; promoting shared responsibility between automated sys
tems and VRUs; and building public trust and acceptance. Participants highlighted the importance of conser
vative safety designs for CAVs, advanced infrastructure for VRU-heavy areas, the implementation of reliable 
sensor technology, and national standards for effective traffic management. Additionally, human-centric design, 
particularly accessibility for people with disabilities, was reinforced. To facilitate safe and just adoption of this 
technology, we propose policy recommendations that governments should implement to improve interactions 
between CAVs and VRUs. These are framed around four key policy levers: regulation, provisions, economic 
incentives, and exhortation. Each lever offers distinct policy approaches that guide the sustainable development 
of the technology, ensuring alignment with justice and safety outcomes. Future research should prioritise un
derstanding public perspectives and optimising automated–VRU interactions to support a more equitable 
transport system.

1. Introduction

Over the past decade, investment in in-vehicle connectivity and 
automation technologies has surged, driving the development of Con
nected and Automated Vehicles (CAVs) (Cohen et al., 2020). Although 
terms like connected car, autonomous car, and driverless car are often 
used interchangeably, they refer to different concepts (Kassens-Noor 
et al., 2021). For clarity, this work focuses specifically on CAVs. A 
Connected Vehicle (CV) communicates wirelessly with infrastructure 

and other vehicles but may not drive autonomously (Kim, 2015), while 
an Autonomous Vehicle (AV) operates without human input but may 
lack connectivity (Society of Automotive Engineers, 2021). In contrast, a 
Connected and Automated Vehicle (CAV) is capable of both: it drives 
autonomously without human control and also communicates in real 
time with other vehicles, infrastructure, and systems. This integration 
enhances decision-making, such as responding to traffic conditions or 
avoiding hazards, improving safety and traffic flow beyond what AVs 
alone can achieve (Sharma and Zheng, 2021; Nikitas et al., 2020). For 
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instance, a CAV can receive alerts from nearby vehicles about a road 
obstruction ahead and can anticipate the issue earlier through Vehicle- 
to-Vehicle (V2V) communication, allowing it to slow down or reroute 
proactively, while an AV would rely solely on its sensors to detect the 
hazard.

CAVs are expected to transform the transport landscape through 
their distinctive integration of automation and connectivity (Matin and 
Dia, 2022). For example, they can proactively reduce crash risks by 
communicating with each other and their environment, which also 
minimises injury severity (Ye and Yamamoto, 2019; Haque et al., 2021). 
This connectivity also enables better traffic coordination, reducing 
congestion and improving fuel efficiency (Jiang et al., 2022a,b; Sciar
retta and Vahidi, 2020). Additionally, CAVs can contribute to more 
walkable and vibrant urban environments by facilitating street redesigns 
and reducing parking demand (Riggs et al., 2020; Kim et al., 2019). They 
can also help reduce emissions by promoting smoother traffic flows and 
reducing the need for stop-and-go driving (Taiebat et al., 2019). More
over, CAV technology can offer potential improvements in mobility for 
older adults, people with disabilities, and those unfit to drive by better 
integrating with public transport and other infrastructure (Sundararajan 
et al., 2019; Faber and Van Lierop, 2020).

However, the path to widespread adoption of CAVs faces several 
significant challenges. A key issue is the high initial cost of these vehicles 
(Bösch et al., 2018; Inter-American Development Bank, 2020), which 
could restrict access for disadvantaged groups, exacerbating mobility 
inequalities (Shepard et al., 2022; Martínez-Buelvas et al., 2024a). Pri
oritising vehicles in infrastructure planning risks further disadvantaging 
vulnerable road users (VRUs) like pedestrians and cyclists, potentially 
increasing pollution, traffic injuries, and road space loss (Martínez- 
Buelvas et al., 2022). The public’s scepticism and unfamiliarity with 
CAVs further complicate their understanding and acceptance (Martínez- 
Buelvas et al., 2024b). Additionally, CAV deployment could result in job 
losses (Owens et al., 2019; Pettigrew et al., 2018) and insurance industry 
disruptions (Shannon et al., 2021), as well, concerns about data privacy 
and security persist due to extensive sensor use (Hussain et al., 2022; Lee 
and Hess, 2022). Therefore, all stakeholders must adapt their infra
structure, policies, and regulations to maximise CAV benefits while 
mitigating negative impacts, especially for vulnerable populations.

The transport sector plays a crucial role in fostering economic 
growth, reducing inequalities, and promoting sustainability. Sustain
ability, as a multidimensional goal, encompasses health, safety, and the 
reduction of inequities, with justice addressing these disparities. How
ever, various forms of transport contribute to challenges that threaten 
sustainability, including road trauma, environmental degradation, and 
unequal access to transport systems (Litman and Burwell, 2006). In 
recent decades, transport researchers and policymakers have increas
ingly focused on equity issues. Despite this focus, there remains to be 
more clarity about what justice truly means in the context of transport 
policies. Justice is a multifaceted concept without a single, universal 
definition. Drawing from various theoretical perspectives (Fraser, 1995; 
Kymlicka, 2002; Young, 1990), justice can be understood as encom
passing: (1) the fair distribution of benefits and burdens in society 
(Distributive Justice), (2) fairness in decision-making and distribution 
processes (Procedural Justice), and (3) the recognition and enforcement 
of individual rights. Equity, meanwhile, often refers to fairness in 
addressing individual needs and circumstances (Rawls, 1999), impar
tiality (Sen, 2009), and proportionality between contributions and 
outcomes (Schweitzer and Valenzuela, 2004).

Although equity is a key component of the broader justice frame
work, the distinction between the two often needs to be clarified in 
academic discussions. Despite expanding literature on equity in trans
port planning (Davoudi and Brooks, 2014; Martens, 2016; Mullen et al., 
2014), there is yet to be a universally accepted definition of justice. 
Some scholars advocate for a clearer separation between transport jus
tice and equity (Martens, 2020; Ogryczak, 2009; Vanoutrive and 
Cooper, 2019). In this study, we clarify this distinction by framing 

“transport justice” as a society-based approach, advocating for bottom- 
up efforts to ensure that no group, particularly marginalised or vulner
able communities, disproportionately bears the burdens of transport 
policies (Pereira et al., 2017; Martens, 2016). In contrast, “transport 
equity” is positioned as an authority-driven perspective, where the 
government’s role is central in ensuring equitable distribution of re
sources and opportunities through expert-led decision-making (Karner 
et al., 2020).

To provide a clearer understanding of how fairness can be achieved 
in CAV deployment, we distinguish between systemic injustices and 
practical measures for equitable transport outcomes. Martens (2016)
identified equality, fairness, and accessibility as fundamental principles 
for evaluating transport systems and developing interventions for a 
fairer system. Building on this, Martínez-Buelvas et al. (2022) proposed 
a structured approach to addressing the challenges of integrating CAVs 
and VRUs, arguing that while some issues can be easily mitigated, others 
will require significant policy reforms and infrastructure investments to 
prioritise VRUs. Effectively managing risks in socio-technical systems 
like transport requires a comprehensive framework that considers the 
multiple determinants of risk, including justice outcomes. Failure to 
address these risks in CAV deployment could undermine sustainability, 
as highlighted in the United Nations (2015)’ “2030 Agenda for Sustain
able Development”. Coordinated action across different hierarchical 
levels (e.g., government, regulators, companies, and staff) ensures the 
safe and sustainable operation of transport systems. Applying a transport 
justice framework in the context of CAV deployment helps identify and 
address risks related to systemic injustices and the practical challenges 
faced by VRUs. Involving all stakeholders, from policymakers to oper
ators, ensures a holistic approach to risk management, embedding jus
tice throughout the development, deployment, and regulatory 
processes. Ultimately, this approach aligns with achieving equity and 
justice, ensuring that no group disproportionately bears the risks or 
burdens associated with this emerging technology.

1.1. Policy-oriented research on CAV deployment

The government is a key stakeholder in coordinating the deployment 
and regulation of CAVs. Some initiatives have been implemented 
worldwide; for instance, the European Commission has taken a leading 
role in the European Union by crafting policies and regulations to 
advance CAV deployment, which aims to standardise legal requirements 
and promote cross-border cooperation. By harmonising regulations, the 
Commission aims to eliminate barriers to CAV deployment, fostering 
innovation and encouraging investment in the sector. This stand
ardisation not only simplifies the regulatory landscape for manufac
turers and developers but also instils public confidence in the technology 
(European Commission, 2018).

Additionally, the United States, the United Kingdom and Australia 
have made significant efforts to support CAV innovation. In the U.S.A., 
the National Highway Traffic Safety Administration (NHTSA) has issued 
guidelines and regulatory frameworks at both the federal and state 
levels. These frameworks address safety standards, testing procedures, 
and data collection, ensuring a consistent approach to CAV deployment 
across federal and state levels and facilitating innovation while priori
tising public safety (U.S. Department of Transportation, 2018). In the U. 
K., the Centre for Connected and Autonomous Vehicles (CCAV) pro
motes CAV innovation through supportive legislation and initiatives. 
The Code of Practice for Testing establishes guidelines for safe and 
responsible testing, ensuring that developers adhere to safety standards 
while facilitating the advancement of CAV technologies within the 
country (Department for Transport, 2023). These guidelines prioritised 
safety, recommending pre-trial testing at closed facilities and the pres
ence of human safety drivers during on-road trials, as well as the 
development of a comprehensive safety management plan. The federal 
guidance highlighted the importance of considering vulnerable road 
users in safety management and assessing the impacts of trials on 
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existing infrastructure. Trial organisations are required to maintain 
appropriate insurance, and the National Transport Commission (NTC) 
underscored the necessity of providing compensation for injuries caused 
by CAVs (National Transport Commission, 2017, 2019).

While some studies have examined government policy discussions 
surrounding CAV deployment, most of the current research tends to 
focus more on AVs. For instance, Tan and Taeihagh (2021) examined the 
technical risks of AV governance, highlighting that Singapore’s 
approach accelerates the adoption of disruptive technology. This success 
is driven by public policies that promote pilots and trials, dynamic 
public–private partnerships, an innovation-friendly business environ
ment, and inter-agency collaboration that supports deliberative, 
forward-thinking policy decisions. Dianin et al. (2021) discussed the 
implications of AVs for accessibility and transportation equity. Simi
larly, Emory et al. (2022) analysed AV policies with equity implications, 
categorising them as access and inclusion, multimodal transportation, 
and community wellbeing.

In the context of CAV policy research, Jiang et al. (2022a) tackled the 
absence of frameworks for evaluating city readiness for CAVs by 
examining stakeholders’ criteria regarding infrastructure, policy, and 
citizen preparedness. Employing an analytic hierarchy process (AHP) 
and an online survey, the authors emphasised the diversity of stake
holder perspectives and the importance of fostering dialogue among 
them. Khan et al. (2023) provided a comprehensive overview of key 
Intelligent Transportation Systems (ITS) stakeholders in CAV cyberse
curity, including road operators and consumers, outlining compliance 
requirements, regulatory standards, and the role of the CAV Network 
Operator Centre, assisting policymakers in developing a comprehensive 
Cybersecurity Regulatory Framework (CRF) for CAV stakeholders. On 
the other hand, Rebalski et al. (2024) explored the readiness of cities to 
integrate CAVs through a socio-technical transition lens, focusing on 
Gothenburg, Sweden. Using the Drivers, Pressures, State, Impact and 
Response (DPSIR) framework, the study identified key impacts and re
sponses to CAV introduction, which were further analysed through 
transition management strategies: strategic, tactical, operational, and 
reflexive governance. The findings highlighted the importance of re
flexive governance in adapting policies as CAV adoption evolved. 
Despite these contributions, the narrower focus of current research 
overlooks essential topics related to equity and justice for VRUs. This 
highlights the need for more comprehensive and inclusive policy 
frameworks that address the broader implications of CAV deployment to 
VRUs (Martínez-Buelvas et al., 2022).

1.2. The present study

While a growing body of scholarship now examines automated 
vehicle governance, policy readiness, and ethical implications, much of 
this work has focused on AVs in general, giving comparatively less 
attention to the distinctive policy, safety, and justice challenges that 
arise from the integration of both connectivity and automation in CAVs. 
In particular, few studies have considered how CAV governance can 
explicitly embed transport justice principles VRUs, despite their 
heightened exposure to risk. This gap is especially pressing given the 
rapid pace of policy experimentation in CAV deployment, which risks 
privileging technical efficiency over equity and safety considerations.

This study addresses this gap by examining the underexplored 
intersection of CAV governance, VRU safety, and transport justice. Our 
primary research question was: What policies could guide the design of safe 
and equitable interaction between CAVs and VRUs? Using a qualitative 
research design, we examined the CAV–VRU interaction as part of a 
complex system, enabling a holistic rather than fragmented approach to 
policy readiness. We explored key informants’ perspectives on measures 
needed to improve safety and justice prior to CAV deployment, as well as 
potential transport justice issues that could emerge for VRUs.

The primary contribution of this paper is to propose a set of policies 
aimed at improving CAV–VRU interactions, structured around four key 

levers: regulation, provisions, economic incentives/disincentives, and 
exhortation. Our analysis proceeded in two stages. First, we applied 
reflexive thematic analysis to identify themes related to justice and 
safety in CAV deployment from key informants’ insights. These themes 
guided the selection of policy levers, which serve as practical tools for 
addressing systemic risks and promoting equitable outcomes. Second, 
we translated these findings into actionable policy proposals framed 
within a transport justice lens, ensuring alignment with both safety 
objectives and the sustainable development of CAV technology. By 
grounding our recommendations in both empirical insights and justice 
principles, we aim to ensure that CAV implementation does not exac
erbate existing inequities for VRUs. These findings provide policymakers 
with a structured framework for navigating the complex governance 
landscape of CAV integration, helping to pre-empt unintended conse
quences and policy failures (Leong and Howlett, 2022).

2. Method

2.1. Materials and procedures

A semi-structured interview was conducted either face-to-face or via 
MS Teams with key informants, each lasting approximately 30  min. A 
semi-structured interview was chosen as a method for its unique ability 
to balance structure with flexibility, allowing us to explore key topics 
while also delving into unexpected areas that may arise during the 
conversation (Osborne and Grant-Smith, 2021). This adaptability 
enabled a deeper exploration of participants’ perceptions, capturing the 
intricacies and nuances of their perspectives related to CAVs deploy
ment. The interview format was structured to record participant de
mographics and gather insights regarding their expectations related to 
deploying CAVs into level 5 of automation, as well as concerns related to 
CAV introduction, particularly in relation to the safety and justice im
plications. A Level 5 CAV refers to a vehicle that is fully autonomous and 
can operate without any human intervention in all conditions and en
vironments. These vehicles are also equipped with advanced connec
tivity features that allow them to communicate with other vehicles, 
infrastructure, and external systems to enhance safety, efficiency, and 
navigation (Society of Automotive Engineers, 2021).

The first part of the interview collected demographic information 
such as gender, country of work, sector, years of experience, and field of 
experience to understand the background of participants. The second 
part explored participants’ opinions about what measures they believe 
should be taken to enhance safety and justice before introducing CAVs 
onto the roads and the potential transport justice problems that CAVs 
might bring. Participants were also invited to express any additional 
concerns about the implementation of CAVs. The third part presented 
participants with photos obtained through a previous photovoice study 
approved by the Research Ethics Committee (reference number 6593). 
In the photovoice study, we asked participants to critically reflect 
through photos on their perceptions of current issues, opportunities, and 
potential interaction scenarios/policies to develop a transport system 
that leverages CAV technology while addressing and avoiding exacer
bating inequities faced by VRUs. The photos captured images of poorly 
designed intersections that prioritise cars, blocked or closed pedestrian 
footpaths due to road work, and children crossing roads without proper 
signage. Other photos highlighted accessible infrastructure, busy roads 
near schools lacking footpaths, and the coexistence of different transport 
modes. There were also images of inadequate infrastructure for people 
with disabilities, speed limit signs, T-intersections, poorly lit areas with 
uneven footpaths, bus stops and timetables, unclear shared space rules, 
and parking regulations.

Participants were asked to provide their perspectives on each photo, 
discussing whether deploying CAVs would improve or worsen the 
experience for VRUs in each case and whether it would enhance safety 
and justice in the transport system more broadly. Participants were 
encouraged to suggest policies to improve safety and justice in the 
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interactions between VRUs and CAVs and share suggestions for man
aging these issues (See Appendix A for interview questions and photos).

2.2. Recruitment and participants

We purposefully identified and approached key informants at in
ternational, national, and local levels who have been actively involved 
in the academic, policy, or operational aspects of CAV deployment. 
These individuals were selected based on their diverse disciplinary 
perspectives and roles, encompassing areas such as road safety, trans
port and urban planning, future mobility, public health, automotive 
manufacturing, and enforcement. All interviewees had direct experience 
in designing, researching, or regulating interactions between CAVs and 
VRUs, either currently or in the past.

To compile our initial list of potential interviewees, we drew on 
professional networks, reviewed CAVs policy-relevant publications and 
projects, and consulted with contacts from government agencies, such as 
the Queensland Department of Transport and Main Roads, to ensure a 
diverse cross-section of expertise. Potential participants were pre- 
screened based on profession, institutional background, experience 
and field of work. We then reached out to these experts via email, using 
non-probability convenience sampling. No financial incentives were 
offered for participation. In total, we invited 75 experts to participate in 
formal online interviews. Of these, 40 responded, with some declining 
immediately and others withdrawing later due to scheduling conflicts. 
Ultimately, we conducted 15 interviews. The participants included 
males (46,67 %) and females (53,33 %), who were predominantly 
working in Australia (66,67 %), with three participants based in the 
Netherlands, one in the U.K. and one in the U.S.A. Participants repre
sented diverse sectors, including government, industry, and academia. 
Participants’ years of experience varied significantly, ranging from five 
to over forty years. Fields of expertise among the informants were 
equally diverse, encompassing transport and urban planning, human 
factors, road safety and the commercial deployment of automated ve
hicles (see Table 1).

All interviews were audio-recorded and transcribed verbatim by the 
first author, who also conducted the interviews. It was communicated to 
the participants, and they agreed that the data would be anonymised 
and used solely for research purposes. Verbal consent for participation 
and data use was obtained from all interviewees. Participants were 
encouraged to contact the research team to share additional information 
post-interview or to receive a brief report of the results.

2.3. Data analysis

To analyse the interview data, we used Reflexive Thematic Analysis 
(RTA) developed by Braun and Clarke (2006, 2021a) for its flexibility 
and theoretical adaptability in qualitative research. This approach 

allowed us to identify and explore patterns or themes in the dataset 
while maintaining a reflexive perspective that recognises the influence 
of researchers’ positionalities, biases, and preconceptions on the ana
lytic process (Finlay and Gough, 2008). We chose RTA because it cap
tures subjective experiences and aligns closely with our research 
objectives, enabling a detailed exploration of safety and justice issues in 
the context of CAV deployment.

All coding and analysis were conducted manually by the research 
team, without the use of generative Artificial Intelligence tools. Human 
coders provide contextual understanding, empathy, and interpretive 
depth that such tools cannot fully replicate, as noted by Prescott et al. 
(2024). Our primary research question was: What policies could guide the 
design of safe and equitable interaction between CAVs and VRUs? Themes 
were developed primarily inductively to align directly with this research 
question, while allowing the semi-structured interview format to cap
ture both anticipated and unexpected insights. Following Braun & 
Clarke’s RTA, we examined both semantic and latent patterns while 
remaining reflexive about our positionality. Although informed by the 
transport justice framework, we did not adopt formal hypotheses in a 
positivist sense, allowing flexibility to explore expected policy areas and 
uncover novel themes that enriched our recommendations.

Analysis began with immersion in the data, following the six phases 
of RTA outlined by Braun and Clarke (2021a). We repeatedly read 
transcripts and noted key insights to gain familiarity. We then generated 
initial codes by identifying significant data segments, addressing both 
explicit statements (semantic) and underlying meanings (latent) (Byrne, 
2022; Braun and Clarke, 2021a). These codes were grouped into pre
liminary themes, which were reviewed and refined to ensure they were 
clear and distinct. The final step involved defining, naming, and doc
umenting each theme. Throughout, the research team met regularly to 
discuss coding, theme development, and interpretation of participant 
accounts. To maintain credibility and transparency, we kept detailed 
notes of analytic decisions, documented our process in an audit trail, and 
held regular peer discussions to review and challenge interpretations. 
Participants were offered a summary of the findings; consistent with 
RTA, this was for engagement purposes only and not to validate themes. 
All quotations are anonymised, with “KI” used to indicate key in
formants. Finally, rather than using data saturation to determine sample 
size, we followed Braun and Clarke’s (2021b) recommendation to base 
this decision on the quality, richness, and relevance of the data for 
addressing the research objectives, drawing on established qualitative 
research guidance (Creswell, 1998; Terry et al., 2017; Qu and Dumay, 
2011).

3. Findings

The analysis identified seven interconnected themes (Fig. 1) out
lining policy responses for safe and equitable CAV–VRU interactions: (1) 

Table 1 
Demographic characteristics of key informants.

Participant Codes Gender Country Sector Field of expertise Years of experience

KI-1 Male Australia Government Road transport – CAVs deployment 30  years
KI-2 Male Australia Government Human factors 40  years
KI-3 Female Australia Academia Road safety – Social policy 25  years
KI-4 Female Australia Academia Public health 18  years
KI-5 Male Netherlands Academia Road safety – Human factors 10  years
KI-6 Female Netherlands Academia Human factors 6  years
KI-7 Male United States of America Transport Industry Road transport – CAVs deployment 20  years
KI-8 Female Australia Government Road transport – CAVs deployment 15  years
KI-9 Female Australia Academia Road safety – Human factors 25  years
KI-10 Female United Kingdom Academia Road safety – CAVs deployment 5  years
KI-11 Female Australia Academia Road safety – CAVs deployment 6  years
KI-12 Male Australia Government Road safety – CAVs deployment 10  years
KI-13 Male Australia Academia Road safety – Human factors 8  years
KI-14 Male Netherlands Academia Road safety – Human factors 25  years
KI-15 Female Australia Transport Industry Road safety – CAVs deployment 10  years
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Implementing regulation and standards for CAV technology, (2) 
Enhancing infrastructure and traffic management for effective CAV 
deployment, (3) Integrating CAVs with public transport, (4) Promoting 
value-driven approaches to policymaking concerning CAV deployment, 
(5) Enhancing road safety through CAV technology, (6) Promoting 
shared responsibility between CAVs-VRUs, and (7) Building public trust 
and acceptance of CAVs.

This section is structured following the principles of Reflexive The
matic Analysis (Braun and Clarke, 2006). Each theme is introduced as an 
interpretive account of patterned meaning in the data, followed by rich, 
illustrative participant quotes that ground the interpretation in partici
pants’ own words. This presentation ensures transparency by making 
explicit the link between raw data and the analysis, allowing readers to 
see how each analytic claim is supported by participant accounts. The 
sequencing of analytic narrative and data extracts reflects RTA’s 
emphasis on the co-construction of meaning between participants and 
researchers, while maintaining participants’ voices at the centre of the 
analysis.

3.1. Implementing regulations and standards for CAV technology

Current road rules often lack clarity and consistency, leading to 
confusion among users and stakeholders regarding the operation of 
CAVs. Additionally, the absence of comprehensive policies addressing 
safety, liability, and data privacy can hinder the integration of CAV 
technology within the transport system. Establishing clear and consis
tent national standards is essential for creating uniformity and predict
ability in CAV operations across various regions. Key informants 
emphasised the necessity of having comprehensive guidelines to facili
tate effective CAV integration into existing transport systems. KI-13 
noted, “We gotta have some kind of really, really clear national standards 

about this.” The absence of such standards could hinder the safe opera
tion of CAVs and exacerbate inequities in their deployment, particularly 
affecting vulnerable populations. Policymakers must create clear and 
consistent national standards that govern CAV operations. These stan
dards should prioritise equity research and policy development to assess 
the impacts of CAV technology on vulnerable populations.

Interdisciplinary collaborations and inclusive research practices 
should be encouraged to ensure diverse perspectives are considered in 
the decision-making process. As KI-15 highlighted, “If we do not have the 
right rules in place and the right incentives in place, then you know we will not 
see those kinds of accessibility benefits either because the vehicles [CAVs] are 
not designed to be accessible or because maybe the road rules do not allow 
people with disabilities.” Secondly, it is essential to enforce robust stan
dards for CAV manufacturing, incorporating performance tests and 
compliance measures. Investment in research and development can 
cultivate local expertise, as emphasised by KI-15, who also stated, 
“Developing standards and putting government employers to work, research 
and getting money from the government to work on the development of 
CAVs.”.

Moreover, recognising and interpreting road signs is vital for CAVs to 
comply with road regulations. Policymakers should mandate compre
hensive sign recognition systems accompanied by rigorous testing and 
validation to ensure CAVs can accurately interpret road signs. As KI-15 
also noted, “I think when it comes to road signs, it will help that the sensors 
can better pick up what is on there on that side. So I suppose if these roads 
have any road signs that are not clear, they will be updated to accommodate 
automated vehicles or to accommodate them, then I suppose that you know 
that would be a benefit to the road users.”.

Furthermore, establishing certification standards for automated 
driving systems is critical to ensuring their robustness, reliability, and 
safety, particularly in detecting and responding to VRUs. Key informants 

Fig. 1. Representation of the themes and relationships identified in this study.
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agreed that these standards should require rigorous validation and 
certification processes. As KI-1 remarked, “What kind of certification and 
assurance will the Australian government be asking for regarding this tech
nology? You can see that it is a very involved and very demanding regime that 
we are expecting for this car and the tech companies undertaking it. So 
without that, you know, they then will not be allowed at the moment.” Lastly, 
public awareness campaigns should be launched to educate VRUs about 
CAVs and how to interact with them safely. As suggested by KI-13, 
“Public awareness education about CAVs and what they can and cannot 
do. I think it also is probably going to need some standard international 
regulations.” Such initiatives can empower road users and enhance their 
understanding of CAV technology, contributing to safer interactions on 
the roads.

3.2. Enhancing infrastructure and traffic management for effective CAV 
deployment

Adequate infrastructure and traffic management are crucial for the 
safe and effective deployment of CAVs. However, existing infrastructure 
often fails to meet the needs of VRUs, particularly at intersections and in 
areas with limited or no footpaths. To address these gaps, policy must 
focus on inclusive infrastructure that supports all road users, especially 
VRUs. This involves redesigning intersections, improving pedestrian 
pathways, and updating traffic management systems to accommodate 
both CAVs and VRUs. Without these improvements, the benefits of CAVs 
may be limited, and existing inequities could worsen. A comprehensive 
approach is needed, one that not only leverages technology but also 
prioritises the unique needs of VRUs. As KI-5 mentioned, “The purpose of 
allowing mobility should also promote active mobility. We need to rethink 
infrastructure, not just for car users. Many people think red lights are pri
marily for drivers, but in a socio-technical system, we must consider the 
broader impact. Pedestrians, for example, may not directly use red lights, but 
they are still affected by them. It’s crucial to examine the consequences of 
these systems on all users, including those who aren’t actively engaged, to 
ensure a more sustainable and equitable approach.”.

Technology beyond CAVs can also play a role in reducing existing 
inequities. For example, intersection safety can be enhanced through a 
policy framework that integrates geofencing technology in VRU crossing 
zones and utilises real-time data analytics to adjust CAV speed limits. 
Additionally, refining intersection designs to ensure clear communica
tion between traffic lights and CAVs should be prioritised. As KI-8 noted, 
“The traffic light systems should recognise [VRUs] within that traffic flow 
system as well. So, it will make it more efficient for CAVs because if you are 
coming up to a traffic light and there is no one wanting to cross and no other 
vehicles wanting to get through the intersection, the light should already turn 
green for you.”.

Another policy action involves improving CAV algorithms to main
tain a more significant distance gap from VRUs, particularly in areas 
with narrow or absent footpaths. This approach would help lower the 
risk of collisions by ensuring a safer margin for VRUs. KI-11 illustrated 
this by stating, “When the footpath is very narrow, or there is even no 
footpath for pedestrians, they [CAVs] might keep a larger distance gap 
compared to other human drivers to make sure that pedestrians are at a safe 
distance, and that may create a safer margin for pedestrians.”.

In addition to adjusting traffic systems, implementing dynamic 
traffic signal adjustments and vehicle-to-vehicle communication is 
essential to optimise traffic flow while enhancing VRU safety. As KI-11 
also suggested, “When there are not many vehicles on the road, I think 
the waiting time for pedestrians could be reduced depending on the traffic 
situation on the road. Yeah, it could be more intelligent and more dynamic 
instead of just a stable period for pedestrians to wait.” Participants also 
highlighted that implementing innovative traffic light technologies can 
allow for safe crossing intervals without overly disrupting vehicle traffic, 
using real-time data from sensors and traffic cameras to adjust signal 
timings based on VRU and CAV volumes (e.g., “The real-time information 
that you would get by your public transport being connected to the system 

would be a benefit to you.” KI-8).
Finally, a long-term policy should focus on segregation strategies, 

such as creating separate paths with physical barriers to ensure 
smoother interactions between CAVs and VRUs. This would involve 
building or upgrading infrastructure like bridges, tunnels, and desig
nated crossings, especially for people with disabilities. As KI-6 pointed 
out, “The buses are completely separated from all other traffic. And I do see 
how it could be easier to implement automation there.” Furthermore, 
ensuring CAVs can safely navigate areas with proper crossing points is 
crucial. KI-3 remarked, “In areas like the tunnels, a lot of these, I think, are 
about smart infrastructure improvements rather than the reliance on the car’s 
being smart.”.

3.3. Integrating CAVs with public transport

Public transport is widely recognised as the safest and most sus
tainable transport option. However, current policies tend to prioritise 
private vehicle use and promote car-centric infrastructure, resulting in 
congestion, increased emissions, and inadequate support for public 
transport networks. To enhance mobility and safety, policies should 
focus on the seamless integration of CAVs with public transport through 
initiatives such as shared lanes, vehicle-to-vehicle communication, and 
the optimisation of transit schedules using real-time data from CAVs. For 
instance, reduced car ownership and increased use of shared CAVs could 
lead to fewer vehicles on the road, fostering a more sustainable transport 
system. KI-3 expressed, “I hope that car ownership goes down, we use more 
shared CAV experiences, and therefore, there will be actually less cars on the 
road.” Also, integrating onboard monitoring systems and emergency 
assistance features can enhance passenger security, particularly for 
VRUs; as KI-9 noted, “Vehicles shared, shared assisted mobility with CAV. 
Yeah, I think this is also the concept there.” Furthermore, integrating CAVs 
into rideshare services necessitates significant infrastructure upgrades. 
KI-4 pointed out, “The technology developed more on the private, individ
ually owned vehicle side. Maybe with Uber and Lyft, the rideshare side will go 
better.”.

Adequate infrastructure, including improved lighting and safety 
features, is essential to create a secure environment for shared CAV 
operations, as highlighted by KI-3: “There needs to be infrastructure and 
technology upgrades to make the whole environment safer.” In addition to 
safety improvements, adjusting road rules to facilitate shared lanes be
tween CAVs and buses is crucial. This adjustment can improve safety 
and traffic flow, particularly in scenarios where dedicated CAV lanes are 
impractical. KI-3 stated, “If we can have dedicated bus lanes for driverless 
vehicles and we know that there are more of them on the road so that the bus 
stops can be closer together or that you are again you are connected to the 
network.” Integrating CAVs into public transport systems as a core 
component of urban mobility can address both operational and equi
table considerations. As KI-15 mentioned, “With automated public 
transport options, you can potentially have more flexible operations so you 
can have more vehicles on the network. They could know each other more 
closely and follow each other, so potentially, you can increase the level of 
service that you provide as well.”.

Adopting a Mobility as a Service (MaaS) framework can further 
optimise public transport and enhance accessibility. However, concerns 
remain regarding its practical implementation, as noted by KI-6: “Having 
mobility as a service with automated vehicles. How would that work in 
practice? Oh, would it be a taxi service? Would it be this like buses?” 
Moreover, prioritising dedicated CAV services for people with disabil
ities, along with flexible schedules based on real-time demand, could 
significantly enhance the efficiency of mass transit systems. As KI-9 
highlighted, “It would open up options for transport for people with dis
abilities. But yeah, as you said, there is a lot more to be done.” For instance, 
improving access for individuals with visual impairments could facili
tate previously challenging journeys, thereby increasing mobility and 
independence. Additionally, implementing policies that encourage the 
use of smaller CAVs during off-peak hours can optimise resources and 
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reduce operational costs. KI-7 explained, “On some off-peak times when 
you can use smaller vehicles that are automated, you could also use auto
mated vehicles to provide more point-to-point services; how you integrate that 
with existing mass transit, I think, is challenging.”.

3.4. Promoting value-driven approaches to policymaking concerning CAV 
deployment

Current transport policies often fail to adequately address the needs 
of disadvantaged groups, leading to a lack of accessibility and inclu
sivity. While much of the conversation around CAVs has centred on 
safety, due to the reduction of human error, safety alone cannot be the 
sole guiding value. Other crucial values, such as sustainability, equity, 
and alignment with the Sustainable Development Goals (SDGs), must 
also be central to decision-making. CAVs offer a unique opportunity to 
reshape transport systems. Still, without a holistic approach that in
corporates these broader values, we risk missing the chance to build a 
more equitable and sustainable future. KI-15 highlighted this by saying: 
“When I talk about sustainability, it’s not just about the environment, it’s 
about all the Sustainable Development Goals. It’s about creating transport 
that’s safe for women and elderly people and where children can reach their 
potential while being safe. So when you ask me what CAVs will do, I say they 
can do many things if they have a clear purpose. Without that purpose, I don’t 
think they represent the future. For me, the best policy is to develop technology 
with a meaningful, purposeful direction.”.

Key actions include making CAV systems accessible to older adults, 
people with disabilities, and low-income individuals, as well as fostering 
interdisciplinary research to address transport justice issues and ensure 
equitable access to CAV technology. A key informant, KI-8, emphasised 
this necessity, stating, “There is probably a lot of pressure to get them 
[CAVs] here sooner rather than later, and I hope, from a national point of 
view, we do not lose sight of the social values rather than the benefits that 
connectivity can have to enhance the safety.”.

Implementing accessibility policies that mandate universal design 
principles is essential to ensure that CAVs cater to the needs of people 
with disabilities. Key informants emphasised the importance of inte
grating disability accessibility features into CAV design to ensure an 
inclusive transport system. This includes investing in infrastructure to 
accommodate these individuals and requiring manufacturers to priori
tise accessibility features. As KI-11 stated, “The manufacturers of those 
should take into account those types of people [with disabilities] in their 
external interface design to be able to indicate that − OK, I saw you, I detect 
you-. So, they should have a design approach to communicate with these 
kinds of people, even those with different types of impairments.” Considering 
cultural differences in road behaviour is crucial for CAVs to adapt their 
actions in diverse contexts, promoting safety and respect for non- 
motorised road users; as KI-14 noted, “Context matters. What might 
work in Brisbane does not necessarily work in Perth or Sydney. I can imagine 
that there are different mentalities, and even the road rules are not the same. 
We should be open to learning from experiences elsewhere. Planners should 
be willing to exchange and learn from experiences, and that will definitely 
also benefit road users.”.

Furthermore, developing sustainable and equitable frameworks for 
CAV deployment is crucial. Key informants highlighted the importance 
of strong business models, mainly through public–private partnerships, 
which are vital for addressing vehicle procurement, leasing, and oper
ation. Such partnerships can also explore innovative revenue streams, 
driving efficiency and innovation. As KI-15 pointed out, “When I say 
sustainability is not just the environment but all the sustainable development 
goals. Transport should be safe for everyone. We fail to imagine a world that 
is sustainable, and we have been focusing on really technology-heavy solu
tions.” Another important action is to provide subsidies and support 
services that make CAV technology accessible to individuals with 
diverse financial situations and transport needs. Financial support can 
significantly enhance access, especially for those with disabilities. As KI- 
9 mentioned, “Subsidies or whatever enable people with disabilities to access 

a CAV or provide some shared CAV system. There is potential there.” 
Without such financial assistance, the risk of exacerbating existing in
equalities looms large. KI-5 cautioned, “It will make it worse and even 
increase inequities because people who are in areas that have less infra
structure will have less access to CAV.”.

3.5. Enhancing road safety through CAV technology

Road safety remains a pressing concern, particularly for VRUs, due to 
high injury and fatality rates in current transport systems. Existing 
policies often fail to adequately address the safety of VRUs, as traditional 
approaches tend to prioritise vehicle performance and traffic flow over 
equitable safety measures. In the context of CAV deployment, policy 
actions must prioritise VRU safety by integrating robust and reliable 
mechanisms into CAV systems. One approach is ensuring CAVs are 
designed conservatively to prioritise VRUs, stopping when necessary to 
prevent crashes. As one participant, KI-8, noted, “CAVs will always follow 
the traffic rules. So if it says 40 km/h and there is a crossing ahead, they will 
be programmed into that.” Additionally, speed limits should be reduced in 
VRU-heavy areas, with automatic speed reduction mechanisms ensuring 
CAVs reduce speeds to 20 or 30  km per hour. KI-14 explained, “When 
there are pedestrians, the maximum speed should be 20 or 30  km per hour, 
and CAVs must respect the speed limits. So speed matters. Priority can change 
so that pedestrians have the right of way; they can be the first to use the 
asphalt and not the car.”.

To navigate safely around VRUs, key informants believe CAVs should 
be equipped to understand, adapt, and behave like humans, even if it 
occasionally means bending the rules. As KI-1 stated, “CAVs will stop for 
pedestrians. So, whatever the rule, they will follow the rules. So, if it has to 
break following the rule part to avoid a crash, it will do that.” Policies should 
also mandate the inclusion of fail-safe systems and backup mechanisms 
to address potential failures in automated systems. The transition be
tween automated and manual driving modes presents risks, and vehicles 
must be equipped to make safe decisions independently. As KI-13 
pointed out, “There are issues with the takeover from automated back to 
manual mode that people are investigating. So I guess it is all symptomatic of 
a larger issue about how the vehicle is going to make choices.”.

Another critical aspect of enhancing road safety involves mandating 
the use of advanced sensor fusion technology in CAVs. By combining 
various sensors, such as LIDAR, radar, and thermal sensors, CAVs can 
detect VRUs reliably, even in low-light conditions or when unexpected 
obstacles are present. KI-1 explained, “Some of the cars even talk about 
having thermal sensors that are precise to make sure that pedestrians are 
detected reliably in the darkness or the nighttime.” This technology would 
ensure that CAVs can respond effectively to diverse environmental 
conditions and various types of VRUs, including those pushing prams or 
requiring assistance. Also, predictive algorithms within CAV systems can 
anticipate VRU movements, adjusting vehicle speed to prevent collisions 
and promote safer interactions. KI-7 highlighted this by saying, “Photo 
radar detects speeding, and then CAVs adhere to the speed limits”.

CAVs must also be equipped with real-time communication systems 
to signal their intentions to VRUs clearly. Visual indicators and audible 
cues, especially at intersections and pedestrian crossings, can reduce 
ambiguity and foster safer interactions. As KI-4 pointed out, “Signalling 
at high-risk pedestrian crossings is really important. I do not think that zebra 
crossings really do enough. I think you need signalling that also… I mean, 
some are silent, so people who are sight impaired cannot hear it.” Moreover, 
policy should focus on integrating VRU crossings into CAV mapping 
systems. Improved mapping would enable CAVs to detect and respond to 
high-risk areas, supporting equitable interactions between CAVs and 
VRUs. KI-14 remarked, “It might become even more important that those 
networks be integrated into the digital maps for autonomous vehicles, and you 
can even say that those networks would give priority to pedestrians and 
cyclists.”.

Finally, ensuring CAVs can adapt to roadworks is essential for 
maintaining safety in unpredictable environments. CAVs must be 
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programmed to recognise and respond to roadworks, slowing down or 
stopping as needed. KI-9 explained, “I think one of the challenges with 
roadworks is that they will not be able to recognise roadworks because 
roadworks are very different depending on one roadwork to another. I think 
in the instance where there is a CAV, it will react conservatively, and so it may 
actually slow down or completely stop.” By designating pedestrian-friendly 
zones and implementing these safety measures, key informants believe 
we can create safer environments for VRUs without compromising CAV 
mobility, ensuring a transport system that is both equitable and safe for 
all road users.

3.6. Promoting shared responsibility between CAVs-VRUs

CAVs are designed to make decisions without human intervention, 
but interactions with VRUs pose unique challenges due to the unpre
dictability of human behaviour, and the varying degrees of protection 
and visibility VRUs have on the road. A major policy issue is the need to 
establish shared responsibility between CAVs and VRUs, ensuring both 
parties understand their roles and obligations in preventing crashes and 
ensuring fair use of road space. The government must establish and 
enforce fair policies and standards to regulate interactions between 
CAVs and VRUs. Enforcement measures, such as fines and penalties, are 
essential for deterring dangerous behaviours like intentionally blocking 
CAVs. As KI-14 noted, “It could be that it will be forbidden in that you get a 
high fine. If you would do that [block a CAV], it depends on how policy
makers deal with such behaviour.”.

Connectivity and communication systems are also vital for inte
grating VRUs into the CAV transport network. An essential policy action 
is implementing non-smartphone-based connectivity to incorporate 
VRUs into the data ecosystem of CAVs. By leveraging technologies that 
do not rely on smartphones, CAVs can detect VRUs more effectively, 
leading to safer decisions in complex road scenarios. As KI-7 suggested, 
“If you want to get to more technological solutions, automated vehicles can be 
better at detecting pedestrians than humans. And then similarly, you can have 
an additional system, some non-phone-based connectivity, to make it easier 
for the vehicle to detect them.” Lastly, personal responsibility on the part 
of VRUs is also crucial. Policy initiatives should encourage VRUs to take 
active steps to enhance their visibility, such as wearing reflective 
clothing in poorly lit areas. KI-6 noted, “Wear reflective clothing to be 
more visible during the dark season, but you are posing the responsibility of 
safety to the VRU. So, you have to wear reflective clothing because you will 
not be safe in traffic otherwise.”.

3.7. Building public trust and acceptance of CAVs

The success of CAV technology depends mainly on its acceptance, 
which is influenced by how easily end-users adopt it. Given the diverse 
predictions from various researchers, it is understandable that public 
opinion varies, with some expressing optimism while others remain 
sceptical. The policy gap lies in the absence of comprehensive measures 
that address these concerns and build public trust. Current policies may 
not sufficiently emphasise transparent communication, rigorous safety 
standards, cybersecurity protections, and data privacy. Policymakers 
have a crucial role in setting and enforcing safety standards, ensuring 
ongoing driver training, and implementing robust cybersecurity mea
sures to mitigate these risks. These actions are vital for safeguarding 
CAVs while instilling public confidence in their safety and reliability. 
Key informants emphasised the importance of addressing cybersecurity 
risks. KI-3 highlighted, “A safety critical issue like, say, if two big countries, 
especially now nowadays, it seems like they are not friendly to some of the 
other countries. And so if they have this technology and they are trying to 
make use of that to attack those, then you would automatically have a lot of 
risks in the city, and which could at you do not know who is going to attack to. 
So this is something I am worrying about. If, in the future, they could come up 
with some material solutions that can protect CAVs, it would be great.”.

Privacy concerns are also a critical factor in public acceptance. 

Policymakers must adopt privacy-by-design principles and enforce 
transparent data protection practices to ensure public trust that personal 
information remains secure within the digital ecosystem of CAVs. KI-8 
mentioned, “Whatever digital databases there are that CAV has access to, 
there may be issues.” At the same time, KI-3 added, “I think we need to 
make sure that safety is paramount but also that people’s data is secure.” In 
addition to cybersecurity and privacy protections, building confidence 
in the safety and reliability of CAV technology is essential. Transparent 
communication, rigorous safety standards, and active community 
engagement are necessary to foster trust. KI-9 suggested, “If there was a 
policy for CAVs that meant that they basically had to pass a driving test just 
before they were allowed to be used on Australian roads, that might be useful. 
The idea is that it has to be able to perform as well as a human driver; it has to 
know all the rules and respect those rules.” Finally, public acceptance can 
also be strengthened through comprehensive education campaigns that 
clarify misconceptions and highlight the benefits of CAV technology. As 
KI-13 noted, “Education campaigns for people about what a car could do are 
likely going to do how to communicate with the car… The other thing is with 
Australian people at the moment anyways, everybody likes their car, and they 
like only their car. So, it is an education kind of task as well.”.

4. Discussion and policy recommendations

The findings of this research reveal seven critical themes that can 
serve as foundational pillars for shaping policy responses aimed at 
ensuring safe and just interactions between CAVs and VRUs. Each theme 
underscored essential considerations for fostering an inclusive transport 
environment that prioritises both technological advancements and user 
safety. The data emphasised the need for robust CAV technology stan
dards, with several key informants advocating for national regulations 
that ensure consistency and clarity across regions. This aligned with 
prior research outlining the roadmap for the European regulatory 
framework, which highlights efforts by policymakers and regulatory 
bodies to modify existing regulations to accommodate new functional
ities while upholding safety standards, providing valuable consider
ations and proposals for all stakeholders involved in this paradigm shift, 
including users, manufacturers, approval authorities, and technical 
services (Lafuente et al., 2019).

Another critical aspect of CAV integration is the emphasis on safety 
design and the need for CAVs to prioritise VRUs in urban environments. 
Key informants stressed that CAVs should be programmed with con
servative safety protocols, especially in areas heavily frequented by 
pedestrians and cyclists. Morris et al. (2021) acknowledged the chal
lenges posed by unpredictable VRU behaviour at intersections, coupled 
with a lack of understanding regarding how CAVs respond to intersec
tion rules. They proposed that changes in nonverbal communication 
among road users could complicate these interactions further as CAVs 
become more widespread. To solve this problem, Reyes-Muñoz and 
Guerrero-Ibáñez (2022) highlighted the vital role of learning technology 
in the interaction process between CAVs and VRUs. They argued that 
this technology should effectively identify, classify, and predict the be
haviours of VRUs, thereby reducing the likelihood of risky situations 
leading to fatal outcomes. To achieve this, it is essential to improve the 
accuracy and reliability of sensing systems, ensure timely data pro
cessing, and design user-friendly interfaces that convey vehicle in
tentions. Implementing this perspective reinforces the argument that 
CAV deployment must include stringent safety measures to protect the 
most vulnerable road users, thereby promoting transport justice.

Participants also emphasised the necessity for improved infrastruc
ture and traffic management to accommodate both CAVs and VRUs in 
addressing road issues such as poorly designed intersections and inad
equate pedestrian pathways. They stressed that without targeted infra
structure enhancements; CAV deployment could worsen existing 
inequalities. This observation aligns with literature highlighting the 
importance of urban design in fostering safer and more inclusive 
transport systems (Liu et al., 2019). For instance, Johnson (2017)
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examined the current state of road infrastructure readiness for CAVs, 
identifying challenges stemming from existing gaps. The study noted a 
significant lack of research on critical issues, such as the preparedness of 
road infrastructure, the training and testing of new drivers, interactions 
between CAVs and other road users, the safety of vulnerable road users, 
and the management of CAV parking and breakdowns. The research 
revealed that for CAVs to realise their full potential, transport policy
makers, planners, and engineers must engage in proactive planning to 
ensure appropriate infrastructure modifications. Similarly, integrating 
smart technologies, such as geofencing and real-time data analytics, 
could optimise traffic flow and enhance safety for VRUs, particularly in 
densely populated areas. For example, Garg and Bouroche (2023)
demonstrated that CAVs can improve safety in mixed traffic conditions, 
even with unreliable vehicle-to-vehicle (V2V) communication and long 
reaction times, by employing a cautious car-following strategy with 
longer time headways; however, this may slightly decrease traffic 
efficiency.

This study also points to the importance of integrating CAVs with 
public transport to reduce congestion and improve sustainability. Key 
informants noted that policies promoting shared lanes and real-time 
data use between CAVs and public transit could enhance overall 
mobility and safety. For instance, Chakraborty et al. (2021) proposed a 
freeway network design featuring exclusive lanes for CAVs, which 
resulted in improved safety and traffic flow within a hybrid network 
comprising pedestrians, cyclists, automated vehicles, and conventional 
vehicles. Similarly, Ye and Yamamoto (2018) investigated the effects of 
a dedicated lane policy for CAVs on traffic flow throughput. Their 
research revealed that the performance of CAVs in dedicated lanes could 
be optimised by establishing a higher speed limit for CAVs than for 
vehicles in regular lanes. However, this strategy risked benefiting only 
those travelling on these specific corridors, potentially favouring 
wealthier individuals by allocating road space to them at the expense of 
others, aside from the potential applications of CAV technology in public 
transport. To remain competitive with private cars, public transport 
agencies and governments must harness emerging automated and con
nected technologies, integrate public transport with other mobility 
services, coordinate regional public transport offerings, and ensure that 
planning for public transport aligns with land use (Buehler, 2018).

Another significant theme involves the promotion of shared re
sponsibility between CAVs and VRUs. Key informants argued that pol
icies should ensure that both CAVs and VRUs are aware of their roles in 
promoting safety and justice. Several technological proposals have been 
made to enhance the protection of VRUs during interactions with CAVs. 
For instance, the U.S. government has suggested equipping cyclists and 
pedestrians with transponder beacons that can be automatically detec
ted by CAV sensors (Reid, 2021). While these proposals aim to enhance 
VRU safety, they also risk exacerbating existing disadvantages for these 
users. A primary concern is that such initiatives often place additional 
responsibility on VRUs to protect themselves from the potential dangers 
of CAV interactions. Martínez-Buelvas et al. (2022) stated that this 
imbalance in shared responsibility does not promote transport justice, as 
it imposes an unfair burden on VRUs to avoid harmful interactions while 
assuming they have access to or can afford advanced technology to 
mitigate risks. Policymakers must ensure that economically disadvan
taged VRUs are not further marginalised to accommodate the needs of 
others who are using the road.

Public trust and acceptance emerged as central themes in discus
sions, as the deployment of CAVs hinges not only on technological ca
pabilities but also on societal confidence in the systems. Key informants 
emphasised the need for public awareness campaigns and clear 
communication, particularly around safety features and data privacy. 
For example, Martínez-Buelvas et al. (2024b) identified safety as a top 
concern, with trust and system reliability varying based on participants’ 
roles and transport experiences. The study also found that public scep
ticism and unfamiliarity with CAVs complicate understanding and 
acceptance. Similarly, Chng, Anowar, and Cheah (2021) addressed a gap 

in the literature by comparing survey and public engagement data on AV 
preferences in Singapore’s public transport. They found key preferences 
such as clearer liability in accidents, public education campaigns on AV 
technology, and authority-led road testing. The authors also noted that 
trust in AVs can be bolstered by addressing concerns and uncertainties 
surrounding the technology.

While our findings reveal broad consensus among key informants on 
the need for conservative safety design, equity measures, and infra
structure upgrades, perspectives diverged on how to balance competing 
policy goals. Some participants emphasised rapid innovation and flex
ible regulation to accelerate CAV deployment, cautioning that overly 
stringent rules could slow technological progress and delay potential 
safety benefits. Others advocated for robust, precautionary regulation to 
prevent premature rollout, particularly where VRU safety and justice 
outcomes remain uncertain. Similar tensions arose around data privacy 
and safety: industry stakeholders favoured extensive data collection to 
enhance CAV algorithms and VRU detection, whereas privacy advocates 
and some policymakers warned that such practices could erode public 
trust without strong governance safeguards. These opposing views un
derscore that policy levers, whether regulatory (e.g., national safety 
standards) or economic (e.g., subsidies for inclusive CAV design), can 
either reconcile trade-offs or exacerbate them if applied without stake
holder alignment. For example, incentives aimed at speeding deploy
ment could inadvertently weaken safety requirements, while regulations 
prioritising VRU protection might slow adoption. Recognising and 
addressing these tensions is essential for crafting policy mixes that 
advance innovation while safeguarding equity and safety.

In terms of equity, this study accentuated inclusive CAV deployment, 
which includes ensuring that CAV technologies are accessible to people 
with disabilities and low-income populations. Key informants called for 
the implementation of universal design features in CAVs, along with 
financial incentives or subsidies, to ensure affordability for all. This 
approach is crucial in mitigating the risk of worsening existing transport 
inequities. Participants raised significant concerns about the economic 
barriers related to CAV adoption, highlighting that the high costs of 
these technologies could restrict access for disadvantaged groups, ulti
mately exacerbating social and mobility inequalities.

To further ground these findings in theory, we draw on the transport 
justice literature (Martens, 2016; Pereira et al., 2017) and ethics of 
technology, particularly value-sensitive design, to provide a normative 
rationale for the policy levers proposed. Distributive justice informs 
regulatory levers that prioritise equitable safety outcomes and prevent 
disproportionate burdens on disadvantaged groups. Procedural justice 
underpins provision-based measures that emphasise inclusive planning 
and participatory governance in CAV infrastructure development. Rec
ognitional justice aligns with exhortation-based levers that amplify 
marginalised voices, challenge discriminatory norms, and foster 
culturally responsive public engagement. From an ethics-of-technology 
perspective, value-sensitive design highlights the need to embed social 
values, such as safety, inclusivity, and transparency, directly into CAV 
algorithms, interfaces, and operational protocols. This integration 
moves the analysis beyond description by clarifying how justice prin
ciples shape both the interpretation of stakeholder perspectives and the 
design of policy responses, ensuring that the proposed levers promote 
safe, equitable, and socially legitimate CAV–VRU interactions.

In light of the promise and complexity of CAV integration, a smooth 
and well-planned transition is needed, one grounded in careful planning, 
a clear vision, and regulatory reforms that embed justice and safety from 
the outset. Building on this premise, we present policy recommendations 
structured around four key levers: regulation, provisions, economic in
centives and disincentives, and exhortation (Fenna, 1998). Each lever 
offers a distinct pathway for guiding the sustainable development of 
CAVs, addressing both the initial deployment phase and the refinements 
required over time. This approach recognises that CAV policies are 
evolving from early intervention to piloting stages and underscores the 
importance of incorporating public perspectives and tracking shifts in 
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expert opinion, particularly as scepticism about the benefits of CAVs 
continues to grow (Kroesen et al., 2023).

4.1. Regulation-based policy responses

A regulation-based policy can be a set of mandatory rules established 
by authorities to guide behaviour, ensure compliance with safety and 
ethical standards, and protect public interests through legal or admin
istrative enforcement. In the context of CAV deployment, these policy 
responses aim to ensure the safe and equitable integration of CAVs, 
particularly in their interactions with VRUs, while also considering the 
broader societal impacts. A primary focus of CAV policies must be the 
safety of all road users, especially VRUs. This requires CAVs to be 
designed with conservative safety protocols that prioritise cautious 
behaviour during interactions with VRUs. Equipping CAVs with 
advanced sensor systems and fail-safe mechanisms to detect and respond 
to VRUs, including children, in shared spaces like school zones or busy 
intersections, is essential. Sensor systems should be capable of func
tioning effectively in diverse conditions, including low-light environ
ments, to improve VRU detection and overall safety.

Regulations should also promote the integration of advanced tech
nologies within CAV systems, such as machine learning algorithms and 
sensor fusion, to better recognise and predict VRU behaviour. CAVs need 
to interpret ambiguous or missing road signs and traffic signals to make 
informed real-time decisions. Mandating systems that convey CAV in
tentions to VRUs through visual and audible cues can reduce ambiguity 
and improve safety, particularly in intersections and areas with high 
pedestrian traffic. Equally, the development of a standardised set of road 
rules governing CAV operations is critical for ensuring predictability and 
safety across regions. Uniform regulations will create consistent 
behaviour in CAV systems when interacting with both human drivers 
and VRUs. Strict compliance with traffic rules, such as speed limits and 
crossing regulations, should be enforced through CAV programming and 
onboard systems.

Finally, as CAV systems rely heavily on data, cybersecurity and data 
protection are paramount. Regulations must establish robust cyberse
curity standards to prevent potential cyberattacks on CAV systems. 
Privacy-by-design principles should be enforced to minimise data 
collection, with clear policies governing data protection and trans
parency, allowing individuals to maintain control over personal infor
mation. Besides, before CAVs are introduced onto public roads, rigorous 
testing and validation are essential. Not only must CAV systems meet 
general safety requirements, but they must also demonstrate the ability 
to interact with VRUs safely. Regulations should require CAV systems to 
pass stringent tests and simulations replicating real-world scenarios 
involving VRUs. Establishing certification standards for automated 
driving systems is necessary to ensure their reliability and safety.

4.2. Provision-based policy responses

Provision-based policy responses are associated with investing in the 
infrastructure and services necessary to support the smooth integration 
of CAVs into the transport system. Policies must focus on several key 
areas, starting with the prioritisation of safety and accessibility for 
VRUs. Creating safer environments for VRUs requires targeted infra
structure improvements, traffic management strategies, and specific 
programming for CAVs. Measures such as pedestrian-friendly zones, 
automatic speed reductions in high-risk areas, and physical segregation 
strategies like dedicated paths or barriers between CAVs and VRUs are 
essential steps toward enhancing road safety. Additionally, technologies 
such as geofencing and real-time data management can improve inter
section safety, particularly in busy or high-risk areas like bus stops or 
crossing zones. The programming of CAVs should prioritise VRU safety 
in all parking and manoeuvring scenarios while also ensuring that 
accessibility features for people with disabilities are integral to both 
vehicle design and supporting infrastructure.

A successful transition to CAV deployment will also require signifi
cant investment in infrastructure upgrades. Dedicated CAV lanes, 
enhanced communication systems, and the construction of bridges, 
tunnels, and designated crossings will contribute to safer, just and more 
efficient transport networks. Additionally, upgrading road systems to 
accommodate CAV rideshare services and integrating public transport is 
essential, particularly in ensuring that underserved communities gain 
equitable access to these new mobility solutions. Policies should also 
encourage the use of shared lanes with buses, dynamic traffic signal 
adjustments based on real-time data, and vehicle-to-vehicle communi
cation to optimise traffic flow. Incorporating smaller CAVs into off-peak 
mass transit systems could enhance efficiency. Similarly, regular up
dates to map-based navigation systems should account for VRU cross
ings and current road conditions, including roadworks, to improve 
navigation accuracy and safety outcomes for all road users.

Finally, sustainability and operational efficiency must be integral to 
CAV policy frameworks. Policies should promote the use of smaller 
CAVs during periods of low demand to optimise resource utilisation and 
reduce costs. Furthermore, encouraging the deployment of electric CAVs 
in rideshare fleets will support environmentally sustainable transport 
options. Developing the necessary infrastructure, such as charging sta
tions and designated pick-up/drop-off points, will further enhance the 
viability of CAVs as a sustainable mobility solution.

4.3. Economic incentives and disincentives policy responses

Economic incentives and disincentives use pricing strategies to 
encourage behaviours aligning with safety and justice values. Policies 
must incentivise responsible behaviour among all road users, including 
VRUs. Fines or penalties should be implemented to discourage actions 
that pose risks, such as intentionally blocking or interfering with CAVs. 
Furthermore, the transition to mobility as a Service (MaaS) is another 
crucial area where economic policies can facilitate the effective incor
poration of CAVs into existing transport systems. By supporting the 
integration of CAVs within MaaS platforms, public transport efficiency 
and accessibility can be significantly enhanced to improve equity. Pol
icies that promote shared ownership models and optimise last-mile 
connectivity will help reduce congestion while expanding mobility op
tions for a broader range of users.

Lastly, ensuring equitable access to CAV technologies requires tar
geted economic interventions, including subsidies and support services. 
These measures are crucial for making CAV transport affordable and 
accessible to individuals with limited financial resources or specific 
mobility needs. By bridging equity gaps in access to transport, such 
policies can ensure that vulnerable populations also benefit from the 
advancements in CAV technology. Addressing economic barriers in this 
manner will contribute to a more inclusive and just transport system 
where the benefits of automation are widely shared.

4.4. Exhortation policy responses

Exhortation-based policy responses seek to use persuasive campaigns 
to educate and influence public behaviour and attitudes. In the context 
of CAVs, this includes promoting a culture of safety and justice through 
initiatives such as educating the public to increase CAV acceptance, 
developing sustainable business models and addressing cultural differ
ences in road behaviour. For instance, policy efforts should centre on 
developing integrated strategies that involve collaboration between re
searchers, manufacturers, and communities. Resources should be allo
cated to reduce financial barriers and promote inclusive community 
involvement in the adoption of these technologies. Similarly, interdis
ciplinary collaboration and inclusive research practices are essential for 
capturing diverse perspectives, which will lead to more equitable out
comes. Another policy should be establishing ethical frameworks for 
CAV deployment to ensure alignment with community values. Policies 
should foster stakeholder engagement, facilitating discussions about 
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shared responsibilities and societal norms. Embedding ethical consid
erations into CAV design and operation will contribute to the broader 
goal of achieving the common good.

To conclude, global collaboration is also crucial for the successful 
deployment of CAVs, with policies promoting international knowledge- 
sharing networks. By learning from global experiences, countries can 
adapt effective strategies to improve road safety and efficiency. CAV 
systems should be designed with cultural adaptability in mind, ensuring 
safe operation in diverse traffic environments. Besides, policies should 
enforce ongoing driver training to ensure readiness for manual inter
vention when required. In this case, manufacturers must be obligated to 
update CAV systems regularly, based on real-world feedback and 
evolving technologies, to maintain safety and efficiency.

5. Limitations

When interpreting the findings of this study, several methodological 
limitations should be acknowledged, particularly those inherent in 
qualitative research. As is typical of such approaches, the relatively 
small sample size limits the extent to which results can be generalised or 
used to make population-level claims. In Reflexive Thematic Analysis 
(RTA), data saturation is not regarded as a meaningful or appropriate 
benchmark for determining sample size (Braun and Clarke, 2021b). 
Instead, participant numbers were guided by the richness, relevance, 
and depth of the data collected, following established principles of 
qualitative inquiry (Creswell, 1998; Terry et al., 2017; Qu and Dumay, 
2011).

This study was based on interviews with 15 participants, most of 
whom were located in Australia. Consequently, the findings reflect an 
Australia-centric perspective and may not capture the diversity of 
transport governance approaches or policy priorities present in other 
regions, such as North America, the European Union, or Asia. To address 
this, the study has been reframed as a qualitative case study situated 
within the Australian context, offering locally grounded insights rather 
than globally generalisable conclusions. Future research could broaden 
this work by incorporating stakeholders from multiple policy regimes to 
capture a wider range of perspectives on CAV deployment.

Readers are therefore encouraged to interpret the findings with 
caution. Qualitative research is inherently situated and contextual; its 
value lies not in producing universal conclusions but in generating 
grounded, exploratory insights that can inform further investigation 
(Leung, 2015). This study prioritised methodological rigour and 
analytical depth, contributing to transparent scholarship through 
detailed documentation of processes and rationale. Importantly, it pro
vides a nuanced understanding of the policy measures that could 
enhance safety and equity before the introduction of CAVs, as well as 
potential transport justice challenges that such technologies might pose. 
Policymakers may use these insights to inform community engagement 
strategies and policy development, particularly when assessing whether 
the identified challenges, benefits, and equity concerns are relevant 
beyond the study setting.

Finally, the potential influence of researcher subjectivity should be 
acknowledged. In qualitative research, and particularly within RTA, the 
researcher’s positionality, including their background, experiences, and 
interpretive lens, is not considered a limitation but an integral element 
of the analytical process (Braun and Clarke, 2021a). Reflexivity en
hances transparency and interpretive depth, though it necessarily shapes 
the findings. Recognising this influence is essential to maintaining 
analytical integrity.

6. Conclusion

This qualitative study examined expert perspectives on the policies 
needed to enhance safety and justice in CAV–VRU interactions, identi
fying seven interconnected policy themes: implementing regulation and 
standards for CAV technology, enhancing infrastructure and traffic 

management, integrating CAVs with public transport, promoting value- 
driven approaches to policymaking, enhancing road safety through CAV 
technology, fostering shared responsibility between CAVs and VRUs, 
and building public trust and acceptance. Together, these themes pro
vide a holistic view of the governance challenges and opportunities 
presented by CAV deployment. The findings highlight the need to embed 
VRU safety and equity principles directly into the design, testing, and 
operational protocols of CAV systems. This requires conservative safety 
programming, robust sensor fusion technologies capable of detecting 
VRUs in diverse conditions, and human-centric design principles that 
prioritise accessibility for people with disabilities, cultural adaptability, 
and clear communication between CAVs and all road users.

Participants underscored that the introduction of CAVs cannot be 
treated purely as a technological transition; it must be understood as a 
socio-technical shift that requires careful management of both technical 
performance and societal impacts. Without targeted governance mea
sures, CAV deployment could exacerbate existing inequalities in 
mobility, particularly for disadvantaged groups and VRUs in high-risk 
environments. The study’s findings align with the broader transport 
justice literature, which warns against narrowly efficiency-focused ap
proaches that ignore distributional and procedural fairness. In addition, 
the study reinforces that transport policy for CAVs must be proactive 
rather than reactive. As deployment trials and pilot programs expand, 
decisions made now will shape the equity and safety trajectory for years 
to come. Key informants stressed that embedding transport justice 
principles at this early stage can prevent the entrenchment of inequi
table practices and help build public trust in the technology. This in
cludes setting clear expectations for CAV behaviour in VRU-heavy areas, 
ensuring interoperability between CAV systems and existing infra
structure, and developing governance frameworks that are transparent, 
adaptable, and responsive to emerging evidence.

6.1. Implications for policymakers

To realise the potential of CAV technology while avoiding unin
tended harms, policymakers must adopt a multi-pronged approach that 
combines regulatory, infrastructural, economic, and community 
engagement strategies. First, robust and consistent national standards 
for CAV operation should be established, with explicit provisions for 
VRU protection, accessibility requirements, and certification processes. 
These standards should ensure uniform behaviour across jurisdictions, 
reducing confusion for both CAVs and human road users. Additionally, 
national testing and validation protocols should simulate real-world 
scenarios involving VRUs, including those with mobility impairments, 
to guarantee that CAV systems are fit for diverse operating 
environments.

Second, investment in inclusive infrastructure is critical. This in
volves upgrading pedestrian crossings, redesigning intersections, inte
grating dynamic traffic management systems, and embedding VRU 
detection technologies into both vehicles and traffic control infrastruc
ture. Policymakers should also ensure CAVs are integrated with public 
transport systems, enabling real-time data sharing to improve service 
coordination and accessibility. Special attention should be given to rural 
and underserved areas to prevent geographic inequities in CAV benefits. 
Alongside infrastructure, policies should mandate universal design in 
vehicle and interface development, ensuring that people with disabil
ities can interact safely and independently with CAVs.

Finally, building public trust must be a deliberate and sustained 
policy goal. This can be achieved through transparent communication 
about CAV capabilities and limitations, robust privacy-by-design data 
governance, and strong cybersecurity measures to protect against po
tential threats. Public education campaigns should be designed to 
improve understanding of CAV systems and safe interaction behaviours, 
particularly for VRUs. A policy framework that integrates these regu
latory, infrastructural, and engagement measures will help ensure that 
CAV deployment strengthens rather than undermines transport justice.
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6.2. Future research

While this study offers valuable insights into the policy landscape for 
safe and equitable CAV–VRU interactions, further research is needed to 
assess the applicability and effectiveness of these recommendations in 
diverse contexts. Future studies should examine how the proposed 
policy framework performs across different cultural, geographic, and 
regulatory environments, including high-density urban centres, regional 
towns, and rural communities. Comparative research across countries 
could illuminate best practices and highlight context-specific adapta
tions needed to ensure equitable outcomes. Additionally, simulation and 
field-testing studies could evaluate the real-world effectiveness of spe
cific measures, such as dynamic traffic control for VRUs, mandatory 
CAV–public transport integration, and universal design requirements. 
Longitudinal research will be essential to track the social, economic, and 
safety impacts of CAV deployment over time. This includes monitoring 
changes in transport equity indicators, such as accessibility for people 
with disabilities, affordability for low-income groups, and safety out
comes for VRUs. Such research could also explore whether early policy 
interventions lead to sustained improvements in justice outcomes, or 
whether unintended disparities emerge as CAV adoption scales. Finally, 
research should continue to investigate public perceptions and trust 
dynamics as CAV technology evolves. Understanding how attitudes 
change with increased exposure, media narratives, and high-profile in
cidents will be critical for designing effective engagement strategies. 
Studies should also examine how cultural norms, behavioural expecta
tions, and local transport patterns influence both acceptance and safe 
interaction behaviours.
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Bösch, P.M., Becker, F., Becker, H., Axhausen, K.W., 2018. Cost-based analysis of 
autonomous mobility services. Transp. Policy 64, 76–91. https://doi.org/10.1016/j. 
tranpol.2017.09.005.

Braun, V., Clarke, V., 2006. Using thematic analysis in psychology. Qual. Res. Psychol. 3 
(2), 77–101. https://doi.org/10.1191/1478088706qp063oa.

Braun, V., Clarke, V., 2021a. Thematic analysis: a practical guide. Sage Publications, 
London. 

Braun, V., Clarke, V., 2021b. To saturate or not to saturate? Questioning data saturation 
as a useful concept for thematic analysis and sample-size rationales. Qualit. Res. 
Sport, Exer. Health 13 (2), 201–216. https://doi.org/10.1080/ 
2159676X.2019.1704846.

Buehler, R., 2018. Can public transportation compete with automated and connected 
cars? J. Public Transp. 21 (1), 7–18. https://doi.org/10.5038/2375-0901.21.1.2.

Byrne, D., 2022. A worked example of Braun and Clarke’s approach to reflexive thematic 
analysis. Qual. Quant. 56 (3), 1391–1412. https://doi.org/10.1007/s11135-021- 
01182-y.

Chakraborty, S., Rey, D., Levin, M.W., Waller, S.T., 2021. Freeway network design with 
exclusive lanes for automated vehicles under endogenous mobility demand. Transp. 
Res. Part C Emerging Technol. 133, 103440. https://doi.org/10.1016/j. 
trc.2021.103440.

Chng, S., Anowar, S., Cheah, L., 2021. To embrace or not to embrace? Understanding 
public’s dilemma about autonomous mobility services: a case study of Singapore. 
Case Stud. Trans. Policy 9 (4), 1542–1552. https://doi.org/10.1016/j. 
cstp.2021.08.004.

Cohen, T., Stilgoe, J., Stares, S., Akyelken, N., Cavoli, C., Day, J., Wigley, E., 2020. 
A constructive role for social science in the development of automated vehicles. 
Transp. Res. Interdiscip. Perspect. 6, 100133. https://doi.org/10.1016/j. 
trip.2020.100133.

Creswell, J.W., 1998. Qualitative Inquiry and Research Design: Choosing among five 
Traditions. Sage, Thousand Oaks, CA. 

Creswell, J.W., 1998. Qualitative INQUIRY and Research Design: Choosing Among Five 
Traditions. Sage, Thousand Oaks, CA. 

Davoudi, S., Brooks, E., 2014. When does unequal become unfair? Judging claims of 
environmental injustice. Environ Plan A 46 (11), 2686–2702. https://doi.org/ 
10.1068/a130346p.

Department for Transport. (2023). Code of Practice: automated vehicle trialling. htt 
ps://www.gov.uk/government/publications/trialling-automated-vehicle-technolo 
gies-in-public/code-of-practice-automated-vehicle-trialling.

Dianin, A., Ravazzoli, E., Hauger, G., 2021. Implications of autonomous vehicles for 
accessibility and transport equity: a framework based on literature. Sustainability 13 
(8), 4448. https://doi.org/10.3390/su13084448.

Emory, K., Douma, F., Cao, J., 2022. Autonomous vehicle policies with equity 
implications: patterns and gaps. Transp. Res. Interdiscip. Perspect. 13, 100521. 
https://doi.org/10.1016/j.trip.2021.100521.

European Commission. (2018). On the Road to Automated Mobility: An EU Strategy for 
Mobility of the Future. Communication from the Commission to the European 
Parliament, The Council, and the European Economic and Social Committee, The 
Committee of the Regions. European Commission. https://eur-lex.europa.eu/Le 
xUriServ/LexUriServ.do?uri=COM:2018:0283:FIN:EN:PDF.

Faber, K., Van Lierop, D., 2020. How will older adults use automated vehicles? Assessing 
the role of AVs in overcoming perceived mobility barriers. Transport. Res. Part a: 
Policy Practice 133, 353–363. https://doi.org/10.1016/j.tra.2020.01.022.

Fenna, A., 1998. Introduction to Australian Public Policy. Longman.
Finlay, L., Gough, B., 2008. Reflexivity: a Practical Guide for Researchers in Health and 

Social Sciences. John Wiley & Sons.
Fraser, N., 1995. Recognition or redistribution? a critical reading of Iris Young’s Justice 

and the politics of Difference. J Polit Philos 3 (2), 166–180. https://doi.org/ 
10.1111/j.1467-9760.1995.tb00033.x.

Garg, M., Bouroche, M., 2023. Can connected autonomous vehicles improve mixed traffic 
safety without compromising efficiency in realistic scenarios? IEEE Trans. Intell. 
Transp. Syst. 24 (6), 6674–6689. https://doi.org/10.1109/TITS.2023.3238889.

Haque, M.M., Oviedo-Trespalacios, O., Sharma, A., Zheng, Z., 2021. Examining the 
driver-pedestrian interaction at pedestrian crossings in the connected environment: a 
hazard-based duration modelling approach. Transport. Res. Part a: Policy Pract. 150, 
33–48. https://doi.org/10.1016/j.tra.2021.05.014.

Hussain, N., Rani, P., Chouhan, H., Gaur, U.S., 2022. Cyber security and privacy of 
connected and automated vehicles (CAVs)-based federated learning: challenges, 
opportunities, and open issues. Federated Learn. Iot Appl. 169–183. https://doi.org/ 
10.1007/978-3-030-85559-8_11.

Inter-American Development Bank. (2020). Autonomous vehicles: A literature review on 
their impact on the mobility of cities in the region. (IDBTN technical note-1929). htt 
ps://doi.org/10.18235/0002491.

Jiang, L., Chen, H., Chen, Z., 2022a. City readiness for connected and autonomous 
vehicles: a multi-stakeholder and multi-criteria analysis through analytic hierarchy 
process. Transport Policy 128, 13–24. https://doi.org/10.1016/j. 
tranpol.2022.09.012.

Jiang, Z., Yu, D., Luan, S., Zhou, H., Meng, F., 2022b. Integrating traffic signal 
optimisation with vehicle microscopic control to reduce energy consumption in a 
connected and automated vehicles environment. J. Clean. Product. 371, 133694. 
https://doi.org/10.1016/j.jclepro.2022.133694.

Johnson, C., 2017. Readiness of the road network for connected and autonomous 
vehicles. RAC Foundation, London, UK, pp. 16–17.

Karner, A., London, J., Rowangould, D., Manaugh, K., 2020. From transportation equity 
to transportation justice: within, through, and beyond the state. J. Plan. Lit. 35, 
440–459. https://doi.org/10.1177/0885412220927691.

Kassens-Noor, E., Wilson, M., Cai, M., Durst, N., Decaminada, T., 2021. Autonomous vs. 
self-driving vehicles: the power of language to shape public perceptions. J. Urban 
Technol. 28 (3–4), 5–24. https://doi.org/10.1080/10630732.2020.1847983.

Khan, S.K., Shiwakoti, N., Stasinopoulos, P., Warren, M., 2023. Cybersecurity regulatory 
challenges for connected and automated vehicles–State-of-the-art and future 
directions. Transp. Policy 143, 58–71. https://doi.org/10.1016/j. 
tranpol.2023.09.001.

L. Martínez-Buelvas et al.                                                                                                                                                                                                                     Case Studies on Transport Policy 22 (2025) 101631 

12 

https://doi.org/10.1016/j.cstp.2025.101631
https://doi.org/10.1016/j.cstp.2025.101631
https://doi.org/10.1016/j.tranpol.2017.09.005
https://doi.org/10.1016/j.tranpol.2017.09.005
https://doi.org/10.1191/1478088706qp063oa
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0030
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0030
https://doi.org/10.1080/2159676X.2019.1704846
https://doi.org/10.1080/2159676X.2019.1704846
https://doi.org/10.5038/2375-0901.21.1.2
https://doi.org/10.1007/s11135-021-01182-y
https://doi.org/10.1007/s11135-021-01182-y
https://doi.org/10.1016/j.trc.2021.103440
https://doi.org/10.1016/j.trc.2021.103440
https://doi.org/10.1016/j.cstp.2021.08.004
https://doi.org/10.1016/j.cstp.2021.08.004
https://doi.org/10.1016/j.trip.2020.100133
https://doi.org/10.1016/j.trip.2020.100133
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0075
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0075
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0080
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0080
https://doi.org/10.1068/a130346p
https://doi.org/10.1068/a130346p
https://www.gov.uk/government/publications/trialling-automated-vehicle-technologies-in-public/code-of-practice-automated-vehicle-trialling
https://www.gov.uk/government/publications/trialling-automated-vehicle-technologies-in-public/code-of-practice-automated-vehicle-trialling
https://www.gov.uk/government/publications/trialling-automated-vehicle-technologies-in-public/code-of-practice-automated-vehicle-trialling
https://doi.org/10.3390/su13084448
https://doi.org/10.1016/j.trip.2021.100521
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM%3a2018%3a0283%3aFIN%3aEN%3aPDF
https://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM%3a2018%3a0283%3aFIN%3aEN%3aPDF
https://doi.org/10.1016/j.tra.2020.01.022
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0120
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0125
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0125
https://doi.org/10.1111/j.1467-9760.1995.tb00033.x
https://doi.org/10.1111/j.1467-9760.1995.tb00033.x
https://doi.org/10.1109/TITS.2023.3238889
https://doi.org/10.1016/j.tra.2021.05.014
https://doi.org/10.1007/978-3-030-85559-8_11
https://doi.org/10.1007/978-3-030-85559-8_11
https://doi.org/10.18235/0002491
https://doi.org/10.18235/0002491
https://doi.org/10.1016/j.tranpol.2022.09.012
https://doi.org/10.1016/j.tranpol.2022.09.012
https://doi.org/10.1016/j.jclepro.2022.133694
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0160
http://refhub.elsevier.com/S2213-624X(25)00268-8/h0160
https://doi.org/10.1177/0885412220927691
https://doi.org/10.1080/10630732.2020.1847983
https://doi.org/10.1016/j.tranpol.2023.09.001
https://doi.org/10.1016/j.tranpol.2023.09.001


Kim, T., 2015. Assessment of Vehicle-to-Vehicle Communication-based applications in an 
Urban Network (PhD). Virginia Polytechnic Institute and State University, 
Blacksburg, VA. 

Kim, M.K., Park, J.H., Oh, J., Lee, W.S., Chung, D., 2019. Identifying and prioritising the 
benefits and concerns of connected and autonomous vehicles: a comparison of 
individual and expert perceptions. Res. Transp. Bus. Manag. 32, 100438. https://doi. 
org/10.1016/j.rtbm.2020.100438.

Kroesen, M., Milakis, D., Van Wee, B., 2023. Automated vehicles: changes in expert 
opinions over time. Transp. Policy 136, 1–10. https://doi.org/10.1016/j. 
tranpol.2023.03.005.

Kymlicka, W., 2002. Contemporary Political Philosophy: An Introduction, 2nd ed. Oxford 
University Press, Oxford. 

Lafuente, I., Tobar, M., Luján, C., & Martínez, E. (2019). Different Approaches to the New 
Regulatory Challenges for Connected and Automated Vehicles (CAV). In 26th 
International Technical Conference on the Enhanced Safety of Vehicles (ESV): 
Technology: Enabling a Safer Tomorrow National Highway Traffic Safety Administration 
(No. 19-0192).

Lee, D., Hess, D.J., 2022. Public concerns and connected and automated vehicles: safety, 
privacy, and data security. Human. Soc. Sci. Commun. 9 (1), 1–13. https://doi.org/ 
10.1057/s41599-022-01110-x.

Leong, C., Howlett, M., 2022. Policy learning, policy failure, and the mitigation of policy 
risks: rethinking the lessons of policy success and failure. Admin. Soc. 54 (7), 
1379–1401. https://doi.org/10.1177/00953997211065344.

Leung, L., 2015. Validity, reliability, and generalizability in qualitative research. 
J. Family Med. Primary Care 4 (3), 324–327. https://doi.org/10.4103/2249- 
4863.161306.

Litman, T., Burwell, D., 2006. Issues in sustainable transportation. Int. J. Global Environ. 
Issues 6 (4), 331–347. https://doi.org/10.1504/IJGENVI.2006.010889.

Liu, Y., Tight, M., Sun, Q., & Kang, R. (2019). A systematic review: Road infrastructure 
requirement for Connected and Autonomous Vehicles (CAVs). In Journal of Physics: 
Conference Series (Vol. 1187, No. 4, p. 042073). IOP Publishing.

Martens, K., 2016. Transport Justice: Designing fair Transportation Systems. Routledge, 
New York, NY. 

Martens, K., 2020. How just is transportation justice theory? The issues of paternalism 
and production: a comment. Transp. Res. A Policy Pract. 133, 383–386. https://doi. 
org/10.1016/j.tra.2020.01.012.

Martínez-Buelvas, L., Rakotonirainy, A., Grant-Smith, D., Oviedo-Trespalacios, O. 
(2024a). Impact of Connected and Automated Vehicles on Transport Injustices. 2024 
IEEE Intelligent Vehicles Symposium (IV), Jeju Island, Korea, Republic of, 1609-1614. 
doi:10.1109/iv55156.2024.10588552.

Martínez-Buelvas, L., Rakotonirainy, A., Grant-Smith, D., Oviedo-Trespalacios, O., 2022. 
A transport justice approach to integrating vulnerable road users with automated 
vehicles. Transport. Res. Part d: Trans. Environ. 113, 103499. https://doi.org/ 
10.1016/j.trd.2022.103499.

Martínez-Buelvas, L., Rakotonirainy, A., Grant-Smith, D., Oviedo-Trespalacios, O., 
2024b. A multi-road user evaluation of the acceptance of connected and automated 
vehicles through the lenses of safety and justice. Transport. Res. Part F: Traffic 
Psychol. Behav. 107, 521–536. https://doi.org/10.1016/j.trf.2024.09.011.

Matin, A., Dia, H., 2022. Impacts of connected and automated vehicles on road safety 
and efficiency: a systematic literature review. IEEE Trans. Intell. Transp. Syst. 24 (3), 
2705–2736. https://doi.org/10.1109/TITS.2022.3227176.

Morris, A.P., Haworth, N., Filtness, A., Nguatem, D.P.A., Brown, L., Rakotonirainy, A., 
Glaser, S., 2021. Autonomous vehicles and vulnerable road-users—Important 
considerations and requirements based on crash data from two countries. Behav. Sci. 
11 (7), 101. https://doi.org/10.3390/bs11070101.

Mullen, C., Tight, M., Whiteing, A., Jopson, A., 2014. Knowing their place on the roads: 
what would equality mean for walking and cycling? Transp. Res. A Policy Pract. 61, 
238–248. https://doi.org/10.1016/j.tra.2014.01.009.

National Transport Commission. (2017). Guidelines for Trials of Automated Vehicles in 
Australia. National Transport Commission. https://www.ntc.gov.au/sites/default/ 
files/assets/files/AV_trial_guidelines.pdf.

National Transport Commission, (2019). Motor Accident Injury Insurance and 
Automated Vehicles, Aug. National Transport Commission. https://www.ntc.gov. 
au/sites/default/files/assets/files/Motor-accident-injury-insurance-and-automated 
-vehicles-August-2019.pdf.

Nikitas, A., Michalakopoulou, K., Njoya, E.T., Karampatzakis, D., 2020. Artificial 
intelligence, transport and the smart city: Definitions and dimensions of a new 
mobility era. Sustainability 12 (7), 2789. https://doi.org/10.3390/su12072789.

Ogryczak, W., 2009. Inequality measures and equitable locations. Ann. Oper. Res. 167 
(1), 61–86. https://doi.org/10.1007/s10479-007-0234-9.

Osborne, N., Grant-Smith, D., 2021. In-depth interviewing. In: Baum, S. (Ed.), Methods in 
Urban Analysis. Springer, Singapore, pp. 105–125. https://doi.org/10.1007/978- 
981-16-1677-8_7.

Owens, J.M., Sandt, L., Habibovic, A., McCullough, S.R., Snyder, R., Emerson, R.W., 
Soriano, B., 2019. Automated vehicles and vulnerable road users: envisioning a 
healthy, safe and equitable future. Road Vehicle Automat. 6, 61–71. https://doi.org/ 
10.1007/978-3-030-22933-7_7.

Pereira, R.H., Schwanen, T., Banister, D., 2017. Distributive justice and equity in 
transportation. Transp. Rev. 37 (2), 170–191. https://doi.org/10.1080/ 
01441647.2016.1257660.

Pettigrew, S., Fritschi, L., Norman, R., 2018. The potential implications of autonomous 
vehicles in and around the workplace. Int. J. Environ. Res. Public Health 15 (9), 
1876. https://doi.org/10.3390/ijerph15091876.

Prescott, M.R., Yeager, S., Ham, L., Rivera Saldana, C.D., Serrano, V., Narez, J., 
Montoya, J., 2024. Comparing the efficacy and efficiency of human and generative 
AI: qualitative thematic analyses. JMIR AI 3, e54482. https://doi.org/10.2196/ 
54482.

Qu, S.Q., Dumay, J., 2011. The qualitative research interview. Qual. Res. Account. 
Manag. 8 (3), 238–264. https://doi.org/10.1108/11766091111162070.

Rawls, J., 1999. A Theory of Justice (revised Edition.). Belknap Press of Harvard 
University Press, Cambridge, Mass. 

Rebalski, E., Adelfio, M., Sprei, F., Johansson, D.J., 2024. Brace for impacts: perceived 
impacts and responses relating to the state of connected and autonomous vehicles in 
Gothenburg. Case Studies Trans. Policy 15, 101140. https://doi.org/10.1016/j. 
cstp.2023.101140.

Reid, C. (2021). Biden’s $1.2 Trillion Infrastructure Bill Hastens Beacons For Bicyclists 
And Pedestrians Enabling Detection By Connected Cars. Forbes. Online at: https 
://www.forbes.com/sites/carltonreid/2021/11/06/bidens-12-trillion-infrastructure 
-bill-hastens-beacon-wearing-for-bicyclists-and-pedestrians-to-enable-detection 
-by-connected-cars/?sh=236328385a3d [31.03.2022].
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