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Summary

This thesis explores the factors influencing the implementation of shared
autonomous vehicles (SAVs) as part of public transport. Originally titled "Societal
Readiness Levels for Autonomous Vehicles," the research shifted early on to focus
on SAVs, distinguishing itself from studies on privately owned autonomous
vehicles. Conducted as an industrial PhD project, the research examines the
interplay between technological acceptance and societal adaptation in the
deployment of SAVs in a public transport context.

The study focuses on Australia and Sweden, with its methodology adapting to the
challenges posed by the COVID-19 pandemic. The pandemic significantly
influenced the scope and approach, prompting a shift toward digital data collection
methods. This allowed for continued exploration of shared mobility, even when it
became a sensitive topic for stakeholders and users.

A multilevel analytical model (MLAM) was developed to identify and evaluate
factors affecting the adoption of SAVs within a sociotechnical system. The model
examines three interconnected levels:

e Macro level—encompassing national policies, regulatory frameworks,
technological development, infrastructure investment, cultural values,
and economic conditions, with key actors shaping the enabling
environment.

e Meso level—focusing on regional stakeholders like transportation
authorities and local governments, who interpret and adapt national
policies to meet local needs, particularly within regional mobility
networks and digital infrastructure.

e Micro level—centered on individual users, analyzing sociodemographic,
psychographic, and behavioral drivers of acceptance.

The research identified 53 factors influencing SAV adoption across these levels.
Willingness to share mobility journeys (human-driven, as in dynamic ridepooling or
ridehailing) emerged as a strong predictor of acceptance of SAVs, as did prior
experiences with public transport or ridesharing. Key barriers include sharing
anxiety and authority vacuum, both of which reduce users’ trust in and willingness
to share AVs with others, positive

The thesis also highlights interdependencies between factors, emphasizing their
cascading effects across societal levels. For instance, national policies directly shape
regional implementations, which in turn influence individual behaviors. The lack of
a coherent vision among Swedish stakeholders was identified as a challenge for



integrating autonomous technology into public transit systems, complicating long-
term planning.

Building on these findings, the study developed a preliminary Societal Readiness
Index for Shared Autonomy (SRISA). This index offers a structured framework for
assessing societal readiness and mapping pathways to implement SAVs in public
transport. It underscores the need for alignment between technological
advancements, societal expectations, and regulatory frameworks to achieve
sustainable and inclusive mobility, particularly when using autonomous technology
in as part of the public transport offer.

This research contributes to academic literature by offering a sociotechnical system
perspective on SAV implementation. It emphasizes the importance of macro-level
stakeholders creating a strong regulatory and administrative environment for meso-
level stakeholders to make decisions, take actions, and engage with the public. It
also enables regional stakeholders to understand the micro-level social concerns
surrounding AV systems so that they can design better, more effective public
transport for all.

Keywords: Autonomous vehicles; Public transport; Shared Autonomous Vehicles;
Autonomous public transport; Implementation; Societal Readiness; Multilevel
analytical model, Shared autonomy
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Sammanfattning

Denna avhandling undersoker faktorer som paverkar implementeringen av delade
sjalvkorande fordon (SAV) som en del av kollektivtrafiken. Fran att forst ha kallats
"Societal Readiness Levels for Autonomous Vehicles" skiftade forskningen tidigt
fokus till SAV och skiljer sig alltsé fran studier om privatdgda sjdlvkérande fordon.
Forskningen dr genomford som ett industriellt doktorandprojekt och undersoker
samspelet mellan teknologisk acceptans och samhéllelig anpassning vid
implementeringen av SAV inom en kollektivtrafikmil}o.

Studien fokuserar pa Australien och Sverige, och dess metodik anpassades till de
utmaningar som COVID-19-pandemin medférde. Pandemin paverkade forskningen
och ledde till en 6vergédng mot digitala datainsamlingsmetoder. Detta mojliggjorde
fortsatt utforskning av delad mobilitet, &ven nir &mnet blev kansligt for intressenter
och anvéndare.

En analytisk modell 1 flera nivaer (MLAM) utvecklades for att identifiera och
utviardera faktorer som paverkar upptagningen av SAV inom ett sociotekniskt
system. Modellen analyserar tre sammankopplade nivaer:

e« Makronivd — omfattar nationella policyer, regelverk, teknologisk
utveckling, infrastrukturinvesteringar, kulturella véarderingar och
ekonomiska forhallanden, med centrala aktorer som formar de
overgripande forutsittningarna.

e Mesoniva — fokuserar pa regionala aktorer som
kollektivtrafikmyndigheter och kommuner, vilka tolkar och anpassar
nationella policyer till lokala behov, sérskilt inom regionala
transportsystem och digital infrastruktur.

e Mikronivi — centrerad kring anvidndare, didr sociodemografiska,
psykologiska och beteendemaéssiga drivkrafter for acceptans analyseras.

Forskningen identifierade 53 faktorer som paverkar upptagningen av SAV pa dessa
nivaer. Centrala hinder inkluderar "delningsangest" och ett "auktoritetsvakuum",
vilka bidda minskar anviindarnas fortroende och vilja att dela fordon med andra. A
andra sidan péverkade positiva tidigare erfarenheter av kollektivtrafik eller
samakning anviandarnas benidgenhet att anvdnda SAV positivt. Viljan att dela resor
(med ménskliga forare, som vid samakning eller ridehailing) visade sig vara en stark
indikator pa vilja att anvdnda SAVs.



Avhandlingen belyser ocksa beroenden mellan faktorer och deras kumulativa
effekter pa samhallsniva. Exempelvis paverkar nationella policyer direkt regionala
implementeringar, vilka 1 sin tur formar individuella beteenden. Avsaknaden av en
sammanhédngande vision bland svenska aktorer identifierades som en utmaning for
att integrera sjdlvkorande och delade mobilitetssystem, vilket forsvérar langsiktig
planering.

Utifran dessa resultat utvecklades ett preliminért samhaéllsberedskapsindex for delad
autonomi (SRISA). Detta index erbjuder en strukturerad ram for att bedoma
samhdllsberedskap och kartligga végar for implementering av SAV i
kollektivtrafik. Det betonar behovet av att harmonisera teknologiska framsteg,
samhdlleliga forviantningar och regelverk for att uppnd hallbar och inkluderande
mobilitet, sarskilt nédr sjdlvkorande teknologi implementeras inom kollektivtrafiken.

Forskningen bidrar till den akademiska litteraturen genom att erbjuda ett
sociotekniskt systemperspektiv pa implementeringen av SAV. Den lyfter fram
vikten av att makronivaaktorer skapar en stark reglerande och administrativ miljo
for att mesonivdaktorer ska kunna fatta beslut, agera och samverka med
allmdnheten. Den mojliggér ocksd for regionala aktorer att forstd mikronivéns
sociala fragor kring sjalvkorande system och darigenom utforma battre och mer mer
effektiv kollektivtrafik for alla.

Nyckelord: Sjilvkoérande fordon; Kollektivtrafik; Delade sjdlvkérande fordon;
Sjalvkorande kollektivtrafik; Implementering; Samhillsberedskap; analytisk modell
1 flera nivéer
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You got a fast car
I want a ticket to anywhere
Maybe we make a deal
Maybe together we can get somewhere

Tracy Chapman, “Fast Car”
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Terminology and definitions

Autonomous vehicle: Autonomous vehicles, or an automated or self-driving
vehicle, can be generally understood as vehicles with varying levels of capabilities
for navigation and operation without human intervention. SAE International has
defined AVs at levels 0-5, with 0 being completely human-operated with limited
computerized features like emergency braking and blind spot detection. At level 5,
the vehicle operates entirely independently, handling all aspects of driving,
including navigation, obstacle avoidance, and decision-making, in all environments
and weather conditions.

Shared autonomous vehicle: Shared autonomous vehicles are a service design that
uses autonomous vehicles to offer rides to multiple unrelated passengers. This could
be part of a taxi, community transit or public transport offer.

Shared autonomous public transport: Autonomous vehicles explicitly used for
public transport services and settings.

Ridesharing: Ridesharing connotates that the driver and passenger(s) share the
same, or at least nearby final destinations, thereby reducing the number of cars and
hence net road space required to complete the journey of at least two separate parties.
It is somewhat related to the idea of carpooling. However, due to the popularity of
ridehailing, it is often confused in usage by the media, users, and practitioners alike
to describe ridehailing and dynamic ridepooling services.

Ridehailing: Users download a mobile phone application for a transportation
network company that allows them to digitally connect with a driver. Some TNCs
use licensed taxi drivers, others contract out to ordinary citizens who own their own
vehicle. These drivers then take the user to the requested destination. The primary
differences between ridehailing and taxi services are a) TNCs spread the use of app-
based, on-demand rides before traditional taxi companies; and b) TNCs in most
countries do not require taxi licenses for drivers on their platform

Transportation Network Company: a business that connects passengers with
drivers of personal, non-commercial vehicles via a digital platform, typically a
mobile app. TNCs operate as intermediaries, facilitating ride-hailing or ride-sharing
services between users and drivers.

On-demand ridehailing: refers to a transportation service that allows users to
request a ride in real-time through a mobile application, connecting them with
nearby drivers immediately available to transport them to their desired destination.
This service operates without the need for prior reservations, offering flexibility and
convenience to users.
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Dynamic ridepooling: a sub-set of ridehailing services that expand on the typical
on-demand matching of taxis or TNCs to potential riders, and in a tradeoff of
convenience and price, place multiple riders in the same vehicle. This is the truer
sense of ridesharing, since riders without previous association share the mobility
journey and vehicle as they travel to their respective destinations.

Implementation: the process of putting a decision or plan into effect; execution; the
carrying out of planned, intentional activities that aim to turn evidence and ideas
into policies and practices that work for people in the real world.

Integration: the process of combining two or more things into one, to bring together
or incorporate (parts) into a whole. To make up, combine, or complete to produce
a whole or a larger unit, as parts do.
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1. Introduction

This introductory chapter describes the background and motivation for exploring
the implementation of shared autonomous vehicles (SAVs) as part of the public
transport’ system. It discusses the problematic nature of public and expert
perceptions surrounding autonomous vehicles, emphasizing the importance of
shared mobility for achieving environmental and societal benefits. Highlighting the
gap in discussions about the societal use and acceptance of AVs for shared public
transport, it references key studies advocating for electric, autonomous, and shared
transport solutions and apply autonomous technology specifically for public
transport deployment. The chapter proposes examining factors influencing SAV
acceptance and thus its implementation for public transport.

1.1.  Scope

While the public imagination has been captured by autonomous vehicles (AVs)?, the
narrative and promise of what AVs would do for cities and modern life has spun in
many, sometimes conflicting directions; autonomous vehicles will reduce
greenhouse gasses (Pyper, 2014); driverless cars could eliminate traffic and reduce
vehicles in the city (Claudel and Ratti, 2015); increased safety and mobility for low-
income groups is possible, but not until 2040 (Litman, 2015); AVs are a potential
liability minefield (Bagloee, 2016). In just a few years, robotic cars will drive us
everywhere; deliver our dry-cleaning, pick up our children (Tremoulet et al., 2020)!
Or, in a darker timeline, fleets of Teslas will be hacked, becoming dispassionate,
two-ton threats that will block highway exits (Council, 2023).

Against this fanciful backdrop, the automotive industry has worked diligently on
improving the 5G, LiDAR sensors, and artificial intelligence that will make AVs a
reality. Commercial operators promise environmental benefits that could undo the
damage conventionally fueled vehicles have wrought; and so, numerous studies
have been done on the potential environmental impacts of AV technology, such as
how the conversion from conventionally fueled, conventionally driven vehicles to

! Being American, I am inclined to refer to government-subsidized and organized transportation systems as
“public transit”. However, depending on country and the dominance of either American or British English,
“transit” could be understood to mean transport systems in an urban context. To avoid confusion I reluctantly
cede use to the term “public transport” in this thesis to refer to government-subsidized and organized
transportation systems, irrespective of their urban or regional setting. But it does sting a little to do so.

2 Autonomous vehicles, or an automated or self-driving vehicle, can be generally understood as vehicles with
varying levels of capabilities for navigation and operation without human intervention. SAE International has
defined AVs at levels 0-5, with 0 being completely human-operated with limited computerized features like
emergency braking and blind spot detection, and 5 being a fully automated vehicle that requires no human
operation and can drive under all conditions (SAE International, 2021).
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electric, self-driving vehicles would reduce emissions (e.g., Metz, 2018; Wang et
al., 2018) or how AVs driving empty to pick up passengers would actually worsen
congestion (Levin, 2017). A common refrain among many studies is the assumption
that AVs (assumed electric), are an improvement over conventional vehicle. These
studies explore various aspects of energy efficiency, congestion patterns, and user
acceptance of AV technology, yet despite differing focuses, they often converge on
one point: AVs are most efficiently used when they are shared among multiple
passengers, optimizing vehicle capacity on limited roadways (Fagnant and
Kockelman, 2014; Levin, 2017; Moreno et al., 2018).

This thesis is built on the first core assumption that shared autonomous vehicles
(SAVs) represent the most effective and socially beneficial use of AV
technology.

Different approaches to sharing vehicles and mobility journeys already exist, each
offering different levels of user control and access. For instance, options like
bicycles, private cars, and kickscooters allow users a high degree of control over
their usage, providing flexible, individualized mobility while technically remaining
within the framework of shared mobility (Guidon et al. 2019). A step further is car-
sharing, where a vehicle is shared among multiple users but not owned by any single
person or household (Mounce and Nelson, 2019). While users retain some control,
they must adhere to booking systems or designated drop-off points, trading some
flexibility for accessibility.

Further along the sharing spectrum is carpooling, often used for commuting with
colleagues. Carpooling requires passengers to relinquish more control, as travel
decisions are dictated by the driver’s schedule and route preferences, underscoring
a collaborative use of the vehicle. Moving toward more flexible shared mobility,
ridehailing services, such as those offered by Uber and Moia, involve bringing a
vehicle directly to the user on-demand, via an app. However, this model also
involves a tradeoff; while users select their pickup point, route flexibility and
availability depend on fleet management, sometimes determining the eventual
pricing or pickup order (Wright, et al., 2020).

A subset of ridehailing, ridepooling, sacrifices additional convenience for cost
savings by allowing several parties to share the same vehicle (Bansal et al., 2019).
Although it maximizes vehicle occupancy, ridepooling often lengthens travel time
for some passengers (Sanguinetti et al., 2019). Nevertheless, it exemplifies a cost-
effective and shared use of resources, reflecting the principles of high-efficiency
mobility in urban settings.

As driving technology advances, it becomes increasingly feasible to introduce AVs
into these existing shared mobility models. Autonomous taxi services, such as those
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by Waymo, Didi Chuxing, and Uber, illustrate AV applications within the
ridehailing sector. However, as these autonomous taxis often resemble privately
owned cars in form and function, they largely retain the personal-use orientation of
traditional vehicles, limiting the broader societal benefits that shared mobility might
achieve and potentially contributing to the same negative externalities that privately
owned, conventionally driven cars cause today (Nunes and Hernandez, 2020).

This brings us to the core concern: while AVs in private or ridehailing contexts offer
advancements, they lack the shared benefits of more structured public transport
systems. Public transport inherently involves shared rides, making it a logical area
to explore the potential of autonomous vehicle technology in maximizing societal
and environmental benefits. Autonomous public transport could achieve greater
efficiency, reducing personnel costs and enabling flexible, on-demand services for
passengers (Gray, Farrington, and Kagermeier, 2008; Imhof, Frolicher and von Arx,
2020). Furthermore, by deploying different vehicle types, AV services could cater
to diverse user needs, improving both accessibility and user experience (Lenz and
Fraedrich, 2016). The integration of dynamic ridepooling and live routing into
autonomous public transport could further transform the system’s flexibility,
allowing for real-time route adjustments based on passenger demand. This model
would eliminate the constraints of fixed routes and schedules, especially benefiting
users in both urban and rural areas (Clewlow and Mishra, 2017; Sorensen et al.,
2021).

Thus, I draw the conclusion that forms the second core assumption of this thesis:
shared AVs are best suited for public transport contexts, providing on-demand
service when desired. Given this assumption—that shared, autonomous public
transport provides the most societal value—preparing society for its implementation
is critical. The question then arises: What factors contribute to the successful
implementation of shared, autonomous public transport (SAPT)? This thesis will
explore these factors, examining societal readiness and the interplay of technical,
social, and infrastructural elements necessary to implement shared autonomous
vehicles into public transport systems.

1.2. Research Gap

The successful implementation of shared autonomous vehicles (SAVs) for SAPT
relies on people accepting and being willing to use such services. Several studies of
shared mobility on car-sharing and carpooling (Bansal, Kockelman and Singh,
2016; Burghard and Scherrer, 2022; Krueger, Rashidi and Rose, 2016; Lavieri and
Bhat, 2019) identify individual factors in terms of demographics and socio-
economic factors (e.g., gender, age, income level, education, etc.) as relevant for
user acceptance of these shared mobility contexts. Other well-studied factors refer
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to how users perceive and assess shared mobility services provided in terms of costs,
usefulness, convenience, and safety. However, less explored or poorly understood
factors appear to be those of regional and societal norms, personal space, or herd
behavior (or community culture), which may also impact an individual’s willingness
to engage in shared mobility—they might even emerge as strong predictors of
willingness to use shared, autonomous mobility.

Regarding AVs, most of the existing literature has focused overwhelmingly on
technological user acceptance of AVs (Adnan et al., 2018; Bala et al., 2023; Becker
and Axhausen, 2017; Haboucha et al., 2017; Merat et al., 2017; Lee et al., 2018;
Nastjuk et al., 2020). These are studies supported by theories and models such as
Davis's Technology Acceptance Model (TAM) (Davis, 1989). Ajzen's Theory of
Planned Behavior (TPB) (Ajzen, 1991) further explores how individual attitudes,
subjective norms, and perceived behavioral control influence decision-making.
Venkatesh et al.’s Unified Theory of Acceptance and Use of Technology (UTAUT)
(Venkatesh et al., 2003) integrates these factors, offering a comprehensive
perspective on individual user acceptance of AVs.

However, shared autonomous vehicle environments introduce additional
complexity, such as interpersonal trust and privacy concerns. Little attention has
been given to the social dimensions of SAVs, particularly if integrated within public
transport systems. Specifically, there is limited research on how individuals feel
about sharing AVs with others or their willingness to do so.

Yet understanding more about the individual’s experience and acceptance of SAVs
is not enough. There is a significant knowledge gap in understanding how SAVs
interact with broader social and cultural dynamics, as well as the sociotechnical
systems that support their deployment. The successful implementation of shared,
autonomous public transport relies on more than just micro-level actors, 1.e. users,
and their acceptance of AV technology or their willingness to share. Several studies
(e.g. Karlsson et al., 2020; Lindkvist and Govick, 2024; Melander et al., 2022) point
out that a multilevel perspective is necessary to understand conditions for the
successful development and implementation of new mobility solutions in a transport
system. In addition to the micro-level, which refers to individuals as users, the meso
level represents regional stakeholders, politicians, organizations, and agencies,
tasked with enforcing national policies and programs, while the macro level
represents the national organizations, highest level decision-makers, as well as
existing cultural norms of a society.

There are a few studies investigating the opinions and concerns of actors on
primarily a meso level regarding the introduction of AVs (exceptions include e.g.
Andersen et al., 2014; Dokic et al., 2015; Stromberg et al., 2021). Even fewer
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studies have addressed or investigated the necessary conditions at the meso and
macro levels for the implementation of SAVs for SAPT.

The third assumption made is that the implementation of SAVs, as a new model
of public transport, depends upon how ready different levels of society—the
factors and the actors that make up those levels—are for introducing and using
this service type. Essentially, this describes ‘societal readiness’. In this thesis,
societal readiness refers to the extent to which a society is prepared to accept, adopt,
and sustainably integrate a new technology or mobility innovation across various
levels—from individual users at the micro level to national policy frameworks at the
macro level. An instructive precursor to this concept appears in the work of Yun and
Lee (2015), who advocated for a balanced strategy that advances societal readiness
alongside technological development. Importantly, they emphasized that societal
readiness encompasses more than just technological maturity or user-friendliness; it
also includes cultural, regulatory, infrastructural, and psychological factors that are
critical to the successful implementation of any new technology (ibid.).

Given that there has been so much emphasis on technological acceptance at the
individual level, there is a need to expand the perspective for a holistic view of the
societal system, to include the organizations and pressures that impact public
transport—from the macro and national level and the regional, meso actors that create
the environment in which users exist and make decisions.

Therefore, the research gap that this thesis seeks to address is the lack of
understanding of the factors that influence societal readiness for implementing
SAVs as part of public transport.

This requires exploring a broad range of factors, such as cultural norms, user
expectations, public support, and governance structures, and how they might could
be meaningful for the implementation of shared autonomous vehicles in a public
transport context—and how prepared societies are to embrace this shift.

1.3. Aim and Research Questions

The overall aim of the thesis is to contribute to the development of shared,
sustainable mobility. Broadly, the thesis primarily aims to contribute to the
emerging literature on societal acceptance of SAVs. The following three research
questions have shaped the work:

RQ 1: What factors potentially influence the implementation of shared autonomous
vehicles as part of public transport at the macro level?

RQ 2: What factors potentially influence the implementation of shared autonomous
vehicles as part of public transport at the meso level?
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RQ 3: What factors potentially influence the implementation of shared autonomous
vehicles as part of public transport at the micro level?

Through identifying potential factors, this thesis engages in a cross-study synthesis
to form a model of these factors that could influence the implementation of shared,
autonomous public transport. Building on that work, I suggest a tool that could
support stakeholders at the macro- and meso-level (e.g., transportation leaders,
public entities) who consider implementing autonomous technology in a public
transport context, the Societal Readiness Index for Shared Autonomy.

1.4. Delimitations

An important distinction that must be emphasized is that this work focuses on public
autonomous transport systems and thus does not cover or consider the use of
autonomous vehicles for private transportation. This thesis explicitly explores the
shared context of AVs, used for public transport, and ignores the market attraction
of autonomous taxis or self-driving, privately owned cars.

While this thesis sets out ambitious goals to explore the potential of shared,
autonomous public transport, there are some important limitations. Firstly, this
thesis does not investigate deeply the form factor of what these autonomous vehicles
might look like; whether they are shuttles (as the earliest forms of AVs have been
thus far), sedan-like cars with autonomous capabilities, full-length buses, or some
new vehicle type. This research tries to focus on the service offer of SAVs for public
transport use and does not perform studies comparing user preferences on vehicle
design.

Although there are aspects of these findings that could be applied in many different
global contexts, this empirical work was focused on two key regions: New South
Wales, Australia, and urban areas in Sweden, particularly Stockholm and
Gothenburg. Because of this, the results may not directly translate to rural areas or
regions with different infrastructure, political, or cultural conditions. Indeed, the site
selection of Australia and Sweden excludes the context and conditions of the global
south, which limits aspects of my work’s applicability. In addition, the data in this
study were mainly collected through qualitative interviews, focus groups, and
surveys of respondents in Australia and Sweden. While these provide valuable
insights, they may not fully capture every relevant perspective, particularly across
different demographic or socioeconomic groups. Also, the data was collected during
a specific period (2019 — 2023), so any changes in technology, policy, or a global
pandemic that may have happened since then might not be fully reflected here.
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Another aspect of this work is the assumption of who the actors in a transportation
system are; the actors described in the multilevel analytical model can be understood
as the most common participants in developing, administering, evaluating, and
implementing mobility services and transport. I introduce these actors and discuss
their interactions with factors in the model, but as my focus is on exploring factors
and not actors, I do not go into great detail about each stakeholder type, and I did
not perform studies exploring potential actors.

The Societal Readiness Index for Shared Autonomy (SRISA) proposed in this thesis
is still in a preliminary stage. More research is needed to refine and develop it before
it can be applied more broadly. And finally, while this thesis focuses on the social,
regulatory, and technological aspects of implementing autonomous public transport,
it doesn’t delve into economic factors like cost-benefit analyses or detailed
economic forecasting, which would be necessary to get a full picture of how feasible
these systems really are.

1.5. Thesis Structure

This thesis consists of eight chapters, the contents of which are briefly described
below.

Chapter 1 introduces the area of research by giving background into the topics of
AVs, SAVs, and commercial dynamic ride hailing, as well as the problem area—the
lack of understanding of the societal readiness for implementing SAVs as part of
public transport. The aim and research questions are presented, and the chapter ends
with a brief outline of the thesis structure (the current section).

Chapter 2 provides the Framework and relevant theoretical concepts for this work
and introduces the concept of the multilevel analytical model.

Chapter 3 covers a literature review spanning many articles, focusing on mobility
concepts up and to the inclusion of autonomous vehicles: ridehailing, ridepooling,
car-sharing, carpooling, AV pilots, and on-demand public transport. The wide scope
of the literature review was needed to identify factors that previous work confirmed
as meaningful for accepting shared AVs with a variety of features typically
associated with AVs: on-demand, shared, driverless, and part of public transport.
Factors were found and categorized according to macro, meso, and micro levels,
with further thematic groups within each level.

Chapter 4 describes the research design and methods used in the studies on which
the thesis is built.

Chapter 5 highlights and analyzes the findings of the research studies, including
which factors were confirmed as meaningful at the micro, meso, and macro levels
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(i.e. for RQs 1, 2, and 3, respectively). This gives the basis for understanding what
mechanisms are available for managing the implementation of SAPT, and the
implications of each study on the multilevel analytical model.

Chapter 6 presents the results of a cross-study synthesis, an analysis of the
outcomes of the literature review and empirical studies, and how the findings and
factors relate to each other. It develops the connections between factors, actors, and
the interlevel dependencies in the multilevel analytical model.

Chapter 7 is a brief introduction to a tentative Societal Readiness Index for Shared
Autonomy (SRISA); using factors that were confirmed from the studies as its basis,
this chapter explains how they could be used to construct a descriptive and
prescriptive tool for stakeholders and practitioners who want to prepare a group or
region for SAPT.

Chapter 8 is a discussion of the results and the research approach taken and
provides implications for what the study findings mean for stakeholders; what the
SRISA could be used for, and how it could be further improved or tested.

Chapter 9 concludes the thesis with a reflection of where this work could go from
here, including avenues for future research on SAVs and autonomous public
transport.



2. Framework

In the previous chapter I have presented the framework for exploring societal
readiness for shared autonomous public transport and the rationale behind
investigating factors that could affect the implementation SAVs as part of public
transport. This chapter explains and motivates how a multilevel analytical
framework and sociotechnical theory are applied for the research in this thesis.

2.1. A Sociotechnical Systems Lens

Numerous technological advancements have been introduced to the public with little
preparation, such as the iPhone or Uber; being first to the market with a new device
or service is often the hallmark of innovation or “disrupting the industry” (Isaac and
Davis, 2014; Lepore, 2014). However, technological maturity alone does not
guarantee successful deployment, and it doesn’t guarantee that negative externalities
will not arise from adoption and use.

As noted by the Netherlands Organisation for Applied Scientific Research (TNO),
societal concerns are often overlooked during early technology development, which
can lead to delays or failures in implementation (Sprenkeling et al., 2022).
Sociotechnical systems theory is a fundamental lens through which to examine the
intricate relationship between society and technology. Sociotechnical theory
originated at the Tavistock Institute in London, led by Trist and Bamforth (1951). It
was developed in response to models that were technologically deterministic and
ignored human factors (Kling, 1980; Trist, 1981). Going against the predominantly
technological approach of the time, Trist and Bamforth proposed that individuals
were not just extensions of machines, but complementary. Their approach
encouraged a viewing of social as well as technological subsystems as contributing
to a greater, interrelated system. According to Pasmore et al. (1982), “the
sociotechnical system perspective contends that organizations are made up of people
that produce products or services using some technology, and that each affects the
operation and appropriateness of the technology as well as the actions of the people
who operate it.”

Perhaps more simply, sociotechnical research is about what is derived from the
intersection of social and technical elements (Emery, 1980; Ropohl, 1999). And as
more aspects of society become indivisible from technology, this “heralds the need
for an integrated perspective to understand innovation as emerging from the
complex interplay of multiple, partly autonomous elements and processes at
different scales” (Spijkerboer et al., 2022). A sociotechnical system “displays how
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social functions are actively produced in processes where societal groups act in
systemic interactions—these groups are not only part of the production,
development and refinement of a sociotechnical system, they also bring in various
interests, perceptions, values and norms, preferences, strategies and resources”
(Fraedrich et al., 2015). When I discuss a societal readiness index, it is an attempt
to reconcile the fact that AV technology is a component of a sociotechnical system.

Goals/Metrics People

P £ .
Processes/ ( Infrastructure

Procedures

SN

Culture Technology

Figure 1 The sociotechnical systems model, adapted from Clegg (1979); Challenger
et al. (2010); Davis et al. (2014). Illustrates how different elements in the system
impact and are connected to one another.

Thus, from a sociotechnical systems perspective, the successful implementation and
adoption of technological innovations are dependent on the integration of both the
technical systems and the social systems in which they operate (Emery and Trist,
1960); neither technological nor social factors can be considered in isolation when
seeking to understand technological change and its societal impacts. Ultimately,
change within a sociotechnical system is not sparked by technology alone (such as
autonomous vehicles); instead, it is the result of intricate interactions among societal

groups, various stakeholders, and the convergence of certain factors (Fraedrich et
al., 2015).

Sociotechnical systems thinking has been applied to various domains, including
transportation systems. For example, Auvinen and Tuominen (2014) describe, "a
transport system is a socio-technical system that consists of a cluster of aligned
elements: artifacts, knowledge, markets, regulation, cultural meaning,
infrastructure, maintenance networks, supply networks, etc." Furthermore, transport
systems are complex, involving interactions between social components, such as
travel behaviors, and technical infrastructure. This relationship underscores “the
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necessity of understanding how these social and technical elements interact within
transportation systems” (Chan et al., 2024). Using a socio-technical systems
perspective, this research sets the foundation for a multilevel analytical model that
examines the factors influencing the implementation of SAPT. These factors span
individual user attitudes, organizational stakeholder roles, and national legislation,
providing an overview of the complex pathways needed to implement SAVs as part
of public transportation successfully.

2.2.  The Multilevel Analytical Model

As described in the Introduction to the thesis, much of the discussion surrounding
AVs for passenger transport has focused heavily on technological factors and
technological user acceptance. Yet social changes also take place beyond the
individual user, i.e. at levels above the micro level. Organizationally, there are
regional and national governmental stakeholders who are charged with the very
policy-making that must navigate the balance between promoting innovation and
ensuring public safety and equity, actively positioning shared autonomous
technology as preferable to privately owned.

As an emerging, future mobility service, shared autonomous public transport exists
within a sociotechnical system that involves multiple layers of stakeholders who
operate at different levels of influence. The multilevel model introduced here
provides a structured approach for examining and understanding how actors and
factors at different levels interact to shape the development and deployment of
innovative mobility solutions.

The same multilevel approach has been used in various studies to examine drivers
and barriers across different levels of influence. For instance, Levidkangas and
O6rni (2020) studied cooperative intelligent transport systems (C-ITS) from a
business ecosystem perspective, looking at the end-user, business models, the
business value of a supply chain, and societal value. Similarly, Karlsson et al. (2020)
conducted a macro, meso, and micro analysis of the barriers to the implementation
of Mobility-as-a-Service (MaaS), while Melander et al. (2022) investigated
uncertainties at these levels by examining drivers and barriers to using electric
freight vehicles. Nemoto (2022) used a multi-level perspective framework to discuss
how automated minibuses (ASBs) serve as niche innovations within such systems,
demonstrating the importance of aligning technological advancements with societal
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readiness and sustainability goals.? These examples demonstrate how macro, meso,
and micro levels can provide insight into complex transportation systems.

The multilevel model is based on three elements. The first is the levels, or the distinct
areas in the system which include different actors: macro (national policy and
governance), meso (regional and organizational), and micro (individual users) levels
(cf. Karlsson et al., 2020; Melander e al., 2022).*

The second is the actors. In sociotechnical systems theory, an actor is an entity that
can influence or be influenced by the system.’ This includes individuals,
organizations, and institutions that play a role in the functioning and development
of the system; these actors are integral components of systems, influencing each
other and the system's environment, driving change and adaptation. I include actors
and stakeholders that are commonly understood to be drivers and participants in a
transportation system (but an exhaustive description of actors is not the focus of this
work).

The third, which is the main focus of the thesis, are factors. By factors, this thesis
refers to various elements that have the potential to impact or affect events,
situations, decisions, behaviors, or outcomes in different contexts such as
demographic, geographical, and psychological factors. Each of these plays a critical
role in shaping the implementation and adoption of shared autonomous vehicles at
various levels of society.

By applying this multilevel analytical framework, the thesis can investigate how the
implementation of shared, autonomous public is affected by factors like national
policies and actors like regional transport authorities and individual users.

2.2.1. The Macro Level

The macro level refers thus to factors and actors at a primarily national level. At this
level, national legislation, cultural values, and infrastructure investments are
assumed to shape the environment in which SAPT can develop and be directed or
applied towards public transport use.

At the macro level, actors typically have a broad influence and operate at the
national (or international) scale. Examples of actors in the macro level are:

3 The multilevel analytical model I suggest to use may seem similar to Geels” work in developing the

multilevel perspective (MLP), which also uses macro, meso, and micro terms. However, Geels and MLP
focuses on technological transitions and innovation, characterising the meso level as actors who are resistant
to change and the micro level as niche innovations or technical advances.

4 There could technically be a zeroth level, interpreted as the meta or globalized, multinational collection of
factors and actors, but for the purposes of this thesis, I refrain from including it.

5> Some authors use the term agent, but they can be interchangeable terms in a discussion of sociotechnical
systems and systems theory (De Bruijn and Herder, 2009).
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e Government parties and ruling coalitions that handle the daily state of affairs
for a country, usually setting long term environmental and economic goals
for the public.

e Government agencies and authorities, such as transportation ministries,
which influence the legal and regulatory landscape and make decisions that
can impact the speed and scope of SAPT deployment, the availability of
shared mobility services, and set the budget for public transport and mobility
infrastructure.

e National research institutions, like (in Sweden) Research Institutes of
Sweden (RISE) or (in the United States) the Transportation Research Board;
these institutions conduct essential research and provide data and
recommendations that shape national transportation policies and innovation
priorities.

e Large national and international corporations, such as Volvo Group,
Ericsson, or Telia: these companies provide infrastructure and services that
support transportation systems, either through vehicles, communication
networks and/or data services.

An analysis of macro level actors and factors or actions that impact them—or are a
product of their actions—extends to national policies, legislative actions and even
wider societal trends that shape the broader deployment landscape for SAV
technologies. This includes examining how national frameworks for technology
adoption and infrastructure development influence the rate and manner in which
SAVs are integrated into public systems. An example of this is detailed in previous
work such as the KPMG Autonomous Vehicle Readiness Index (2019), which
focuses explicitly on the technological adoption of AVs; it lists policy and
legislation, technological innovation, and infrastructure spending as national factors
contributing to a region or country’s ability to implement AVs. Similarly, work by
Lindkvist and Govick (2024) and Melander (2022) highlights the issues in
implementing highly technical, digital infrastructure that needs to transcend
traditional or long-held roles between private and public actors. Understanding
factors that affect the macro level can help align national policies with both
technological advancements and societal needs, ensuring a welcoming environment
for the acceptance and implementation of SAPT.

2.2.2. The Meso Level

The meso level refers to factors and actors at a regional scale; usually it is a
significant geographic area, encompassing several cities and towns, with distinct
organizations and authorities that administrate the area. While policies may be
determined at the macro level, they are implemented by meso level actors—who, in
turn, can develop and implement policies of their own.
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The actors on the meso level include regional stakeholders, such as transportation
authorities, local governments, and research institutions. These actors operate in a
limited geographic capacity, implementing and adapting national policies or
programs to local contexts, manage public transportation infrastructure, and engage
with the community to ensure that the benefits of SAPT, especially those for public
use and not private deployment, are realized at the regional level. They work
directly with communities and businesses to develop and maintain transportation
infrastructure. Examples of actors in the meso level are:

e Regional planning councils or transportation authorities: these organizations
coordinate regional development and transportation planning, ensuring that
infrastructure projects meet the needs of local communities and align with
broader regional goals.

e Universities and regional research institutions: these institutions conduct
applied research and pilot projects that address local transportation
challenges and opportunities, providing data and innovations tailored to the
region.

e Regional business associations and chambers of commerce: these
organizations represent the interests of local businesses, advocating for
transportation solutions that support economic activities and improve access
to markets.

e Community advocacy groups: these groups represent the interests of
residents, usually around an issue or characteristic (such as a bicycle-safety
group) advocating for transportation solutions that meet the needs of diverse
community members, including marginalized populations.

At the meso level, the focus is on organizational adaptation and stakeholder
engagement at regional levels. According to Karlsson et al. (2020), the organizations
at the meso level are not just service providers but also act as intermediaries and
facilitators in the broader adoption of the new mobility technology; in the context of
SAVs, these organizations are needed to align their own strategic goals with broader
public interests. Municipalities and transport providers must consider these changes
as part of their strategic planning to ensure that AVs can operate efficiently and
safely within their jurisdictions.

2.2.3. The Micro Level
The micro level refers here to and focuses on individual users of the transportation
system and their interaction with SAPT. This level is concerned with how personal

factors, such as age, income, travel preferences, and previous experiences with
ridehailing affect users’ willingness to use shared autonomous transport.
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Understanding user behavior is critical to designing systems that meet the needs of
diverse populations, from daily commuters to tourists.

These actors have diverse needs and preferences, which any transportation system
must accommodate to be effective and inclusive. There are different types of
transport system users, for example, commuters and regular user of the transport
system, tourists and occasional users, students, the elderly, families with small
children, and users with special needs due to physical and/or mental characteristics
that raise the difficulty of using standard transport systems. Nevertheless, in the
multilevel analytical model I am creating, ‘user’ refers to an individual. I do not
delve further into different types or the unique needs and nuances that impact
decision-making for those different types.b

At the micro level, it is necessary to understand people’s current engagement with
shared mobility services, like on-demand ridehailing and dynamic ridepooling, with
autonomous vehicles, and with public transport, and how they react to the trade-offs
involved. Haboucha et al. (2017) examined user preferences and willingness to share
rides in autonomous vehicles, revealing how privacy concerns and convenience are
key trade-offs that influence user acceptance; Fagnant and Kockelman (2014)
highlighted the potential benefits of shared autonomous vehicles in urban areas,
while also acknowledging trade-offs related to congestion and operational
efficiency. Additionally, research by Clewlow and Mishra (2017) explored how
ridehailing services like Uber and Lyft interacted with public transport systems,
showing that these services can complement or compete with public transport,
depending on user perceptions and preferences. Understanding these dynamics is
crucial for developing an effective shared autonomous public transport system.

2.3. Interdependencies Between Levels

By applying a sociotechnical framework that covers micro, meso, and macro levels,
this research aims to capture a range of factors that potentially affect SAPT
implementation. Insights gathered from the micro level can inform policy
adjustments at the macro level, ensuring that national strategies are sensitive to user
needs and concerns. Similarly, the meso level, involving regional transportation
authorities and service providers, also plays a crucial role in facilitating or hindering
implementation through organizational strategies and regional policies.
Understanding the challenges and opportunities at the meso level can help in
designing interventions that align organizational practices with both individual user

61 refrain from differentiating between users, not because I hold the perspective that all people are the same,
but because to add this dimension to my research would vastly increase its complexity. I also do not evaluate
users as citizens or participants in the governance system.
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expectations and national policy mandates. Thus, the multilevel analytical model
can help explore these relationships and potential interdependencies.

Often multilevel models infer a hierarchical perspective (see Figure 2, below) and
based on the assumption that input and effects take place at the highest level and
influence the levels and factors below.

Figure 2 A common hierarchical depiction of macro, meso, and micro levels.

However, my thinking is that the levels are not so straightforwardly hierarchical
with top-down directionality. Through consideration of the macro, meso, and micro
levels and the actors within them, the model in Figure 3 aims to capture the diverse
and interdependent transport system.

16
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3. Literature Review: Identifying Potential Factors

This chapter presents a comprehensive review of existing literature on autonomous
vehicles and shared mobility services and systems. At the time of this research, there
were few concrete studies looking at explicitly shared AVs and their users (given
that the technology is new). As a result, many of these factors are investigated for
their potential value towards the acceptance or adoption of AVs, ridehailing, or
SAVs, which are seen as components towards the implementation of autonomous
public transport.

3.1. Introduction

With this multilevel perspective in mind, the literature review examines the body of
literature related to on-demand ridehailing, dynamic ridepooling, and AV
technology from the micro, meso, and macro levels, in order to identify factors that
could influence the implementation of shared autonomous public transport.

Determining to which level the factors belonged was straightforward in some cases
and unclear in others. Age and gender, for example, are obviously sociodemographic
characteristics applied to individuals at the micro level. It became apparent over the
course of the literature review that, between the three levels, the meso level was
particularly difficult to define because of its complex interplay and placement
between macro and micro levels. While there is work, particularly from EU Horizon
2020 projects (e.g., Doiber et al., 2019; Homem de Gouveia et al., 2023), that discuss
and involve regional actors as participants in shared mobility or autonomous
systems, there appears to be limited research on factors that affect the regional actors
and their decision-making processes. This realization was confirmed by the fact that
there were far fewer articles relevant for the meso level than compared to either
micro or macro.

3.2. Macro Level Factors

To understand how to affect societal readiness for SAPT, understanding the macro-
level factors influencing SAPT implementation is essential. These factors, spanning
policy, economic, technological, and socio-cultural domains, collectively shape how
AV technologies are developed, deployed, and accepted. Macro factors often reflect
broader societal, economic, and regulatory landscapes that can either accelerate or
hinder the progress of SAPT.

Through a thematic exploration of the following categories of policy and regulation,
economic and infrastructure investment, technology development and security, and
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social and cultural influences, this section aims to provide structured insight into
which macro factors have been revealed by previous work.

3.2.1. Policy and Regulation Factors

Under the broad umbrella term of policy, the literature revealed several distinct
factors: cybersecurity and data privacy, environmental policies, legislative and
regulatory frameworks, machine ethics and safety/security, and public safety laws
and policies.

Cybersecurity and data privacy concerns refer to protecting the integrity,
confidentiality, and availability of data collected and used by AVs from
unauthorized access and breaches. Kouroutakis (2020) looked at legislation in
Germany and the UK and found differences in how each country created regulations
for AVs, including the issues of cybersecurity or data privacy, finding that “the
German law-making process takes into consideration the concerns of data protection
and privacy, while the UK lawmakers did not include a provision on this issue”,
along with setting clearer expectations and requirements for vehicles, compared to
the UK. Another aspect of data privacy is what the KPMG AV Readiness Index calls
“a data-sharing environment”, or how well countries are to adopting open and shared
data approaches to enable greater collaboration between government and private
industry (KPMG, 2019). Khan et al. (2023) examined the role stakeholders in
various countries have in creating cybersecurity policies, finding that it would be
necessary to have regulatory requisites for automakers, encompassing certification
for fundamental cybersecurity standards and effective management of software life-
cycle. According to Khan et al. (ibid.), “policy decisions made at the national and
international levels have resulted in gaps within the regulatory framework
concerning the transformation of ITS infrastructure. Closing this gap is vital,
particularly for automakers to adapt their advanced driver assistance systems
(ADAS) to comply with regulations in different countries.”

Environmental policies refer to prioritizing environmental goals and choices at a
national scale and are considered crucial in shaping decisions about transportation
infrastructure and innovations. Toth et al. (2022) suggest that replacing traditional
route-and-timetable public transport with on-demand autonomous taxis would be
more sustainable, and Kammerlander (2015) highlights the environmental benefits
of lowering emissions through advanced transportation solutions. Suck et al. (2023)
found that most interviewed transportation experts agreed that AVs would have
environmental benefits but disagreed on how to maximize that potential. Wolf
(2021) discussed how the national government of the United States’ substantial
purchasing power was a pivotal tool for encouraging the private sector to advance
emerging technologies, particularly in the development of smart, environmentally
friendly vehicles. In particular, the Environmental Protection Agency (EPA),
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through its Environmentally Preferable Purchasing Program, initiated guided federal
agencies in choosing products that minimize environmental impact, including the
adoption of greener vehicle technologies (Wolf, 2021).

Legislative and regulatory frameworks refer to the laws, regulations, guidelines, and
policies established by governments or governing bodies that dictate how certain
technologies, industries, or practices are governed, controlled, and operated within
a society- in this case, that of AVs and mobility systems like public transport.
Frameworks that are conducive to new commercial actors entering the transportation
ecosystem, or policy interventions designed to making private car ownership more
difficult, all demonstrate a country’s willingness to use its legal system to affect
transportation choices. The works of Milakis et al. (2017), Marletto (2019), and
others highlight the necessity of proactive policy interventions to manage the
transition towards autonomous mobility, including its potential societal impacts,
existing regulatory challenges, and the need for infrastructure adjustments.
Kammerlander et al. (2015) call these policies or policy interventions “push” or
“pull” measures; “push measures” aim at making driving a car less attractive and
“pull measures” aim at offering alternative mobility options. This can include efforts
such as congestion charges or higher taxes for unsustainable modes of travel,
limiting parking places and expanding pedestrian zones, as well as campaigns and
initiatives that support cycling, walking and using public transportation and
investments in well-developed bicycle lanes, safe and well-designed footpaths.
Riggs and Pande (2022) highlight the Americans With Disabilities Act (ADA) with
changing the approach to accessible transportation and support the idea that this
attitude is necessary to adopt early into the development of AVs. Authors like Wolf
(2021) and Kouroutakis (2020) explored technological uncertainties, public
skepticism, and the rapid pace of technological change that made it difficult to
introduce new policies for AVs and saw these elements as barriers to policy
formation. They argued for more adaptive regulatory frameworks that can quickly
respond to new developments and challenges in the field, thus facilitating smoother
implementation of AVs into existing transportation systems.

Feasibility and accessibility concerns involves evaluating whether AV technology
is realistically implementable in a given area and how accessible it is for various
populations, including those with disabilities or those in rural areas. Prioleau et al.
(2021) discusses how availability of AV technology could be most useful in rural
areas, which typically have greater access issues to mobility services, of any kind,
than compared to urban users; in the authors’ estimations, the financial aspect of
AVs needs to be assessed because if rural communities cannot afford them, it further
victimizes these communities as they do not have access to the same opportunities
as their urban counterparts (Prioleau et al., 2021). Riggs and Pande (2022) discussed
how current accessibility legislation in the United States improved traditional modes
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of transportation, and that policies for AVs need to include better collaboration and
adoption of best practices to address the needs of individuals with different disability
types. Khan et al. (2023) point out that factors like age, wealth, and population
impact ethical decisions in the operation of AVs, and they argue that future AV
policy needs to incorporate the needs of disadvantaged groups, as without the buy-
in or acceptance from these users, critical mass of acceptance and a strong enough
user base for shared, autonomous public transportation is not possible. In other
words, the justification for acceptance from users cannot only be around the
economics of scale but should include scales of access (the concept of transport
equity).

Machine ethics, safety and security refers to the safety measures implemented to
ensure that AV operations align with societal norms and safety standards.
Kouroutakis (2020) addresses the critical importance of integrating ethical
considerations and strong safety protocols in the technical development and
deployment of AVs and emphasizes that the advancement of AV technology must
be accompanied by rigorous testing, transparent ethical guidelines, and
comprehensive security measures to protect users and pedestrians from potential
risks associated with automation. In some countries, such as Sweden,
Transportstyrelsen (the Swedish Transport Agency), required “safety hosts” on
board AVs during pilots and trials that had a bus-format driving license.” While it is
rather humorous to think of a driverless vehicle legally requiring an on-board driving
authority, it is an example of a country trying to address this factor. Martinho et al.
(2021) note that AV companies often take a pragmatic, low-liability risk approach
by implementing crash-avoidance algorithms, data tracking through "black-box"
devices for post-accident analysis, and setting rules for responsibility allocation in
accidents; unfortunately, this shows the AV manufacturing industry’s technical
problem-solving focus rather than on ethical theory implementation.

Public safety laws and policies refer to the laws and regulations that are meant to
prevent potential harms associated with new transportation technologies, especially
AVs. According to Anderson et al. (2014), effective public safety laws and policies
address the unique challenges posed by AVs, such as decision-making in emergency
scenarios and liability in accidents. These policies are crucial for ensuring that AVs
enhance rather than compromise public safety, and they contribute to a wider
societal acceptance of AVs as part of the transport offer in a region or country.

Central government facilitation involves the role of national governments in
creating favorable policies and legislation that enable AV technology to be

7 As of July 2024, the “drivers” of AVs no longer need to be on board, so they can operate or supervise the
vehicle remotely, but depending on the size and class of vehicle, the “driver” still needs the requisite license.
Transportstyrelsen, 2024.
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deployed, both on public roads and for the public’s consumption. Effective
facilitation can include legislation that supports AV testing and integration into
public transport systems. Olin and Mladenovi¢ (2022) examined the discourse
surrounding self-driving vehicles in the Finnish context; they describe a “false
dichotomy of laissez-faire versus dictatorial control” regarding government
behavior and its facilitation of policies. Instead, they categorize the roles of national
bodies as “facilitators of specific dynamics, mitigators of undesired effects, and
enablers of societal engagement”. The lack of central government facilitation, in
their estimation, leads to “insufficiently inclusive, unreflective, and
incomprehensive deliberation”.

3.2.2. National Infrastructure, Investment, and Innovation Factors

The next theme of macro factors includes those factors that revolve around national
infrastructure; not only the infrastructure itself, but the investment in future
infrastructure and the innovative atmosphere in the region or country that supports
more development.

Government-funded innovation investment and collaboration in AV research and
development can accelerate innovation and lead to more advanced and reliable
technologies. This support can also help reduce the commercial risk for private
companies. Auvinen and Tuominen (2014) identified government-led collaborative
efforts as a natural part of long-term planning and foresight for autonomous
transportation, highlighting the importance of cooperation between various
stakeholders including government bodies, technology developers, and the public.
Collaborative governance can help address complex issues such as route planning
for autonomous buses in urban areas and create the right conditions for
commercialization. With another mobility innovation, Smith et al. (2018) examined
the development of Mobility-as-a-Service (MaaS) in Sweden and Finland and found
that Finland’s institutions demonstrate the importance of top-level support, of inter-
organizational collaboration and of trust among key stakeholders, while the Swedish
case study “reiterates the need for inter-sectorial collaboration”. Their work showed
that macro-level Swedish and Finnish institutions (e.g. public funding of pilots)
affected the chances of a viable mobility-as-a-service product being able to launch
to the public. Thus, government-funded innovation investment into a new service or
technology, such as SAVs, can reflect national priorities and directly contribute to
acceptance and success.

Cost and implementation of new technologies refer here to the financial aspects of
adopting AV technologies and the logistical challenges involved in integrating them
into existing transport systems. Wolf (2021) discussed how the development of AVs
requires significant financial investment; in 2016, manufacturers reportedly invested
over $50 billion in autonomous vehicle technology research and development. Wolf
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suggested regulatory bodies that govern environmental policy could offer emissions
credits to companies that earnestly strive to develop cleaner technologies. Such an
emissions credit program would give manufacturers more regulatory flexibility and
financial motivation to innovate in the field of autonomous vehicle technologies
than would be possible with technology waivers alone, and cost-effective
implementation is crucial for widespread adoption and sustainability.

Existing infrastructure and its effectiveness can both contribute to a region or
nation’s prosperity but also make it more difficult to embrace new technologies or
systems. Nikitas (2021) and Litman (2020) analyze the challenges and opportunities
in adapting existing roads, bridges, and transit systems to accommodate next-
generation vehicles, such as machine-readable signage and 5G or 6G connectivity.
Fagnant and Kockelman (2015) specifically look at the implications of autonomous
vehicles on current infrastructure, suggesting that significant upgrades may be
necessary to fully realize the benefits of automation. Giesecke, Surakka, and
Hakonen (2016), emphasize the need for comprehensive planning and investment
to ensure that existing infrastructure can meet future demands and support new
mobility services. This factor can be affected by legal and regulatory frameworks,
as Anderson et al. (2014) discusses the need for updated frameworks, since
"infrastructure improvements may increase the performance and safety of
autonomous vehicles" (ibid.).

A related factor would be digital infrastructure. Several studies focused on digital
infrastructure in the context of AV governance, looking at the technological
requirements and considerations needed to support the deployment and operation of
AVs, which was confirmed as a meaningful factor for the successful introduction of
AV technology (Canitez, 2021; Taeihagh and Lim, 2019; Khan et al., 2023).
Audouin (2019) found that digital infrastructure is crucial for the successful
implementation of new mobility services. The work emphasized that a strong digital
infrastructure or backend is necessary for integrating various modes of
transportation (e.g., public transport, car-sharing, bike-sharing) into a unified
platform, thus supporting real-time data exchange, seamless payment systems, and
efficient management of mobility services (ibid.). They concluded that digital
infrastructure can enhance user trust and confidence in AVs and shared mobility
services by ensuring reliability, safety, and ease of use. Public authorities and state-
owned enterprises exhibited reluctance towards digital infrastructure-supported
integrated mobility schemes brought by external actors, primarily due to concerns
about losing control over transportation systems and the challenges of integrating
new technologies with existing digital infrastructures (ibid.).

Planned infrastructure investments at the national level are critical for supporting
economic growth, improving quality of life, as well as leading to significant
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economic benefits that could reduce travel time or vehicle costs. Kammerlander et
al. (2015) highlighted the impact of strategic infrastructure investments on urban
revitalization and the enhancement of public transportation systems; interestingly,
in their study, interviewed stakeholders with a government or public sector
background seemed to think the market drove innovation, yet recognized a need for
government frameworks to set conditions under which new businesses could operate
successfully and manage risks. Such a balancing act would be necessary in an
environment that seeks to introduce a new technology (AVs) and a new behavior
(sharing them or using them as public transport). The KPMG AV Index of 2019
identified several potential indicators for infrastructure, such as EV charging
stations and 4G coverage.

Technology maturity refers to the development stage of AV technology and its
readiness for public deployment. Maturity in this context ensures that the technology
is reliable, safe, and capable of operating under a variety of urban and rural
conditions. Nieuwenhuijsen et al. (2018) created a model based on varying levels of
AV maturity and found that the maturity of AV technology is influenced by
investment, which is driven by the potential market size of that level, and that as
technology develops the fleet size and adoption rate also grows because it is
inspiring consumer confidence. The KPMG AV Index of 2019 identified specific
indicators of technological maturity, such as industry partnerships, AV technology
firm headquarters being based in the region or country, and the number of AV-
related patents.® Technology maturity at this level depends heavily on government
policies, infrastructure readiness, and collaboration between industries and public
agencies, which are typically influenced by broader economic and regulatory
environments.

3.2.3. Social and Cultural Impact Factors

For this literature review, “social and cultural impact factors” encompasses a range
of examined factors including cultural values, economic status, and market
penetration of shared mobility services. These elements reflect the unique trends and
tendencies within a nation that distinguish it from its neighbors and other countries
globally.

Cultural values reflect the societal values and goals that permeate throughout the
population and, in turn, guide everything from public policy to individual behavior
within a country. Studies, such as those by Kouroutakis (2020), illustrate how
Germany and the UK have had different approaches to creating AV policy; Germany
has a “precise and strict definition” of liability, whereas in the UK the law is written

8 I categorized this as a macro-level factor because it involves large-scale aspects that transcend organizational
actions.
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to be more flexible, but vague, with a different emphasis on who bears liability for
the vehicle, indicating that cultural values have impacted their approaches. Soh and
Martens (2023) state a little more broadly that “in a policy vacuum, public values
can serve as a basis for creating policies aligned with public interest”; in other
words, the cultural values of a region or nation can serve or direct its policies later.

Economic status also plays a crucial role in shaping national culture as it determines
the financial capacity of governments and individuals to invest in and adopt new
technologies like AVs. This financial aspect can greatly influence the feasibility of
implementing advanced transportation systems and thus directly affects the pace at
which innovations are integrated into societal frameworks. Spickermann et al.
(2014) identified how strong economies and high tax revenues make it possible to
subsidize multimodal transport, yet uncertainty in future market behavior makes it
necessary for private sector support. Milakis and Miiller (2021) describe how
international economic policies exert influence on the transition path of a
technology, which Nordhoff et al.’s (2018) international survey compared GDP per
capita of the nations of respondents, finding that respondents from higher-income
countries gave more negative ratings to intention to use AVs and less responsive to
a potential future car-free environment.

Countries with a higher presence or market penetration shared mobility services
exhibit a greater willingness to use AVs. For instance, the KPMG Autonomous
Vehicles Readiness Index (AVRI) highlights nations like the Netherlands and
Singapore, which have strong shared mobility infrastructures, rank highly in
consumer acceptance and readiness for AVs (KPMG, 2019). In their research report,
Fulton, Mason and Meroux (2017) state that in some countries, like India, “high
levels of shared vehicle trips already largely exists, and the main challenge is to
preserve it.” They suggest that “support for small bus and van programs that can
provide on-demand and at least near door-to-door service may also hold major
potential for improving system efficiency”, which suggests that integrating shared
AV services with public transport can increase overall acceptance and usage.
Ruhrort (2020) further suggests that shared mobility services significantly
contribute to the acceptance of AVs by promoting an alternative socio-technical
regime of mobility. This shift would encourage a reduction in private car usage, as
individuals become more accustomed to the benefits of shared, on-demand travel
modes.

3.3. Meso Level Factors

Having identified macro-level factors that the literature supports having likely
influence shared mobility or AVs, I introduce the next level of the multilevel
analysis, the meso level, and associated factors that have been found in other
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literature to play a role in shaping the deployment and acceptance of either shared
mobility services, or shared autonomous technology, within specific regions and
communities.

At this intermediate scale, I identified throughout the literature two themes, which I
categorized as infrastructural factors, and economic and policy factors. By
examining factors in these themes, one can better understand the complex interplay
between regional economic conditions, demographic trends, specific policy
frameworks, and the readiness of existing infrastructure to support advanced
mobility solutions. This analysis is critical for identifying actionable strategies that
can enhance the effectiveness of SAPT implementation tailored to meet regional
needs and conditions.

3.3.1. Infrastructural Factors

The first theme in the meso level is the infrastructural factors, of which I identified
five: transit accessibility, regional mobility and public transport network, digital
infrastructure, and geographic location.

Transit accessibility, or what aspects of the transportation system are designed for
persons with mobility challenges or disabilities, is a factor. I categorized this as a
meso factor and not a micro factor because it’s not about individual accessibility —
although that is of course, also important! — but how a region, or nation handles
accessibility issues with contemporary transportation can also be meaningful for
how future plans are made for introducing SAVs. AVs have the potential for
enhancing mobility access for persons with difficulties, but that largely depends on
whether it is made a priority by metropolitan planning organizations, through
legislation and infrastructure commitments.

Allu et al. (2017) discussed the state of U.S. legislation on AVs, noting that 41 states
have considered legislation, with 12 states enacting laws allowing high-level
operation of AVs. Yet while existing legislation for AVs is advancing, Allu et al.
(2017) claim that this legislation often fails to address the accessibility needs of
people with disabilities in current transportation modes and overlooks requirements
it could enact that would support the development of AVs for people with mobility
challenges, suggesting a need for more inclusive laws to ensure AVs are accessible
to all. Therefore, this factor, transit accessibility, refers to how well a city or region
has developed their transportation network, so that they have high or low
accessibility for their residents, as well as the overall access residents in one
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neighborhood or region at one income level might have compared to residents at a
different income level.’

Cohn et al. (2019) investigated how AVs might impact transportation equity across
different populations. Their study focused on the Washington, D.C. region and used
a travel demand model to analyze how AV adoption might influence disadvantaged
and non-disadvantaged communities. Their findings suggested that AVs and
enhanced transit systems provided greater equity benefits by increasing accessibility
and reducing the mobility gap for disadvantaged communities; thus, they highlight
that investment decisions will play a crucial role in determining the accessibility and
benefits of AV systems for different population groups.

Next in infrastructure factors, regional mobility and public transport network refer
to the movement of people and goods across a specific geographical area. These
patterns can highlight disparities in mobility options and access to different travel
modes, particularly between urban and rural areas, or across different
socioeconomic groups. Additionally, regional mobility patterns consider the
frequency and types of transport modalities used, such as private vehicles, public
transport, walking, and cycling, which in turn helps urban planners and
policymakers identify where to focus infrastructure improvements and policy
interventions to enhance overall mobility efficiency and equity. A region’s public
transport networks (a part of the regional mobility pattern) indicate how strong a
region’s commitment to offering transport is and how much potential infrastructure
already exists to support it. Understanding what patterns exist today is increasingly
important in the context of integrating new technologies such as shared AVs into
existing networks.

Moreno et al. (2018) designed a modeling simulation of AVs to understand how AV
usage would affect regional mobility patterns in the city of Munich, noting that “to
prepare cities to the upcoming arrival of AVs, transport models need to be built
today to analyze the impact of this technology”, and admitted that their study was
built on what was available and a possibly incomplete understanding of the current
mobility pattern. Moradi and Vagnoni (2018) performed a comprehensive review of
related literature and stakeholders to investigate the driving and restraining forces
of transition process for future mobility. In doing so they found that the dominant
transportation system (private cars) and alternative systems (public and non-
motorized transport) are in a sort of tug-of-war, each hindered by the entrenched
interests and infrastructural biases of the other; the transport operators and
authorities have complained about the high operational costs of public transport

 While the argument could be made that this latter description is closer to transit equity and belongs in a
different category at the meso level, often poor transit equity is related to lack of infrastructure and
investment, so I defend my choice to include both definitions as the same factor here.
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systems as these costs are so high that the income generated from fares doesn't cover
them, making public transport heavily reliant on government support. This financial
dependency weakens the public transport system, preventing it from being a strong
competitor to private cars (ibid.). Lim et al. (2023) used Delphi methodology with
public and private experts and found that there were contrasting views between
respondents over the ability of AVs to adapt to existing infrastructure; according to
one participant, “Three to four years ago, the view was that AVs would be
infrastructure-free, but the reality is that we are not likely to get there, so we will

need to change all the infrastructure that we currently have in place” (Lim et al.,
2023).

Digital infrastructure, first identified at the macro level, also was identified at the
meso level. Chen et al. (2020) noted that among their interviewed stakeholders,
significant concerns existed about the potential damage to existing communication
systems and the costs involved in upgrading or building new infrastructure
necessary for AVs to operate efficiently, involving everything from internet
connectivity to traffic signal systems. Suck et al. (2023) conducted an expert survey
with 28 stakeholders from Austria, Germany and Belgium, and found that data lines,
satellite systems and 5G networks were seen by respondents as much-needed digital
infrastructure components, the lack of which was a barrier to implementing AVs for
transport.

Lim et al. (2023) found that some level of digital infrastructure development and
investment into improving existing digital infrastructure is necessary to
accommodate AVs and facilitate their wider acceptance, although to what extent is
still unclear. Some of their participants point to the intertwined nature of digital and
physical infrastructure issues by pointing out that not all roads are government
owned, which complicates the funding process. In Sweden, Mukhtar-Landgren and
Paulson (2021) studied how administrative practices of governing create smart
mobility as a governable object. The public authorities in Sweden used experimental
governance methods to form pilots and testbeds, through government-funded
financing of special and specific programs, in order to learn from new mobility
services and technologies in a controlled setting (Mukhtar-Landgren and Paulson,
2021). One such project was the Drive Sweden initiative LIMA — Lindholmen
Integrated Mobility Arena — which was government-funded and focused on
developing and testing a new smart, shared mobility service for a group of 1000
people working in Lindholmen Science Park; this involved government financing to
create both physical infrastructure (mobility hubs and stations) and digital
infrastructure (an app) (Mukhtar-Landgren and Paulson, 2021).

The nature of a region's geographic location — whether rural or urban — is another
factor believed to affect how a large group of people will accept or reject shared AV.
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Urban areas, with their higher population densities and more complex transportation
needs, may drive faster adoption and offer more immediate benefits from AV
technology. Conversely, rural areas might face challenges due to longer distances,
higher rates of car ownership, and less dense infrastructure, a potential barrier to the
implementation of SAPT. But they also offer the most opportunity, given that there
are fewer other transportation modes to compete with and less existing infrastructure
to change or interfere. Dijkhuijs et al. (2023) found major regional differences in
acceptance between respondents in the Randstad, Netherlands, compared to
respondents living in Sydney, Australia and Montreal, Canada; they performed
factor analyses which suggested that those living in the Randstad tend to have a
positive attitude towards sharing, in contrast to the other two regions. Dijkhuijs et
al. (2023) theorized that regional locations might influence this difference since
walking, cycling and the usage of public transport are more common in the
Netherlands compared to the more car-centric travel cultures found in Australia and
Canada. A review by McAslan et al. (2021) of metropolitan planning organizations
throughout the United States found that one of the most commonly mentioned issues
was that of land use and parking and how it related to public transportation, and
travel demand and behavior. While the adoption of AVs might result in more
efficient land use and reduce the need for parking in the cities, AVs “may just as
easily facilitate sprawl. By reducing the cost, time and effort to drive, advanced

vehicles could encourage choices to live further from urban centers” (McAslan et
al., 2021).

3.3.2. Economy and Policy Factors

After exploring the infrastructural influences on the implementation of SAVs, [ now
turn focus to the economic and policy theme, where I found literature that confirmed
or made claims that five factors influence the regional adoption and integration of
AVs: economic investment or advantage, public transport and AV policy, public-
private frameworks, affordability, and the labor market.

Regions with a strong economic investment or have significant economic advantages
are often better positioned to develop and implement AV technology or incorporate
new technologies (such as vehicle-to-infrastructure devices) for public transport use;
this includes investments in infrastructure or direct funding for AV projects.
Walters et al., (2022) describe how “rural communities continue to have higher
levels of poverty, social exclusion and inequality compared with urban
communities” and that improving access to transportation in these areas could
address these problems. However, if these areas are already experiencing poverty
and do not have the economic resources to invest in transportation solutions, then it
stands to reason that they will not be able to take advantage of technological

30



LITERATURE REVIEW: IDENTIFYING POTENTIAL FACTORS

innovations such as AVs, potentially falling further behind wealthier neighboring
communities.

Freemark et al. (2019) performed a study with municipal planners in various U.S.
cities and presented data indicating that there is variation in the responses of
municipal officials based on the median household income of their cities. For
example, cities in the top quartile of median household income tend to have different
concerns and preparedness levels for AVs compared to cities in the bottom quartile;
thus higher income cities might be more concerned about AVs reducing
transportation employment or less worried about AVs reducing transit ridership,
which contrasted with lower income cities which might prioritize different concerns
due to their unique economic situations (Freemark et al., 2019). Merfeld et al. (2019)
performed a Delphi study with 40 transport planners and municipal employees and
found that economic factors were highlighted as potential drivers of a shared, on-
demand AVs; “the service must be financially attractive to consumers in terms of
cheaper transportation costs compared to other modes of transport” (Merfeld et al.,
2019). (Household income as a micro-level factor is examined later.)

Crafting public transport and AV policy is considered significant for shaping the
integration of AV technology with existing public transportation systems. Guerra
(2016) performed a review of long-range transportation plans and interviews with
city planners, finding that because of the uncertainties presented by how AVs might
impact the city, planners saw AVs as removed from the types of policy decisions
that long-range planning supports and justifies. Interviewees routinely described the
long-range planning process as reactive and, as one planner lamented, they tend to
plan in the rear-view mirror. Brovarone et al. (2021) had similar findings in their
study, which found that door-to-door AV usage and wider access to individual car
trips could be to the detriment of public transport and active mobility; moreover,
their case study of Turin found that the attitude of local authorities was dominated
by a laissez-faire approach, noting that “planners are reluctant to play an active role
in this transition, due to the great uncertainty and the lack of usable knowledge to
act in the short and medium term”.

Yet in some cases, policymakers craft regulations that shape mobility usage in ways
that (intentionally or not) benefit mobility services, now and in the future. Cheong
et al. (2023) described how MOIA, an on-demand ridehailing service in Hamburg,
was forced to have a virtual pickup and drop-off network rather than “door-to-door”
service because German regulation does not allow pickup or drop-off commercially
for long periods of time at just any point. While reducing somewhat the convenience
of the service, this regulation effectively reduces empty vehicle mileage, increases
the efficiency of the ridesharing mode and, furthermore, reduces the overall energy
consumption by transportation in general.
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Public-private frameworks refer to the different roles, responsibilities, and
interactions between public (governmental) and private (business or individual)
entities in shared mobility and AV services. One common form of collaboration is
public-private  partnerships, where government regulators, transportation
departments, urban planners, AV manufacturers, technology firms, and service
providers collaborate to manage the AV ecosystem (Chen and Johnson, 2020;
Marucci et al., 2021). Audouin (2019) discusses public-private partnerships (called
PPPs) and collaborative frameworks; they define them as “some sort of durability
between public and private actors in which they jointly develop products and
services and share risks, costs, and resources which are connected with these
products”. In the context of transportation, they examine how public authorities
engage with private actors to develop Mobility-as-a-Service (MaaS) through data-
sharing agreements, ICT-supported integration, and smart cards, highlighting the
evolution from government-led to collaborative governance approaches, where both
sectors share resources and responsibilities for innovative mobility services, through
frameworks like multi-level governance and collaborative structures.

However, the degree of cooperation in these partnerships and frameworks can vary
widely across cities, regions, and states. The World Bank outlined several key
components of these frameworks, including legal structures, clearly defined
processes for project selection and implementation, and public financial
management practices (World Bank, 2017). These components ensure that
collaborations between the public and private sectors are transparent, accountable,
and aligned with both economic and social goals (Sillberg and Numminen, 2021).

Jiang et al. (2022) explored the readiness of cities for shared AVs, finding that no
concrete frameworks or criteria currently existed to measure city readiness. Their
study surveyed both professional and public stakeholders, assessing cities’
infrastructure, policy, and regulation readiness. The results indicated that
infrastructure readiness was considered the most important factor, while policy and
regulation readiness were deemed less critical.

Interestingly, Jiang et al.'s findings contradict those of Anderson et al. (2014), who
authored a comprehensive guide for policymakers on AVs. Anderson et al. (2014)
concluded that regulatory readiness is crucial for AV deployment, particularly in the
context of conflicting state laws across the U.S. Original equipment manufacturers
emphasized the need for a unified legislative framework that applies consistently
across all 50 states, arguing that legislative fragmentation could significantly hinder
AV deployment. This divergence highlights the potential disconnect between the
priorities of technology developers and those of policymakers. Supporting Anderson
et al.'s concerns, Suck et al. (2023) found that regulatory conflicts between political
entities and technology-producing companies are an ongoing challenge. Their
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expert stakeholder survey revealed that the rapid introduction of new mobility
technologies, such as e-scooters, often outpaces regulatory frameworks, leading to
chaotic road incidents due to a lack of clear legal rules.

Anderson et al. (2014) use data sharing agreements as an example of how this
public-private framework should function: AV service providers, or private entities,
would collect extensive data through their fleet operations. This data can include
traffic patterns, vehicle performance, and usage rates. City governments, or public
entities, require access to this data to better understand traffic flow, plan for
infrastructure needs, enhance public safety measures, and integrate AVs into their
urban planning strategies.

Therefore, an agreement where AV companies share relevant operational data with
city authorities under specific guidelines that protect user privacy and proprietary
information would help cities optimize their transportation systems and allows
companies to operate within city environments effectively. These frameworks can
sometimes be revealed by the presence of a public-private partnership for
developing a new service, technology, or infrastructure feature (Meier and O'Toole
2011). Thus, I see public-private frameworks (and the partnerships that arise from
such frameworks) as a key factor for the implementation of SAVs for public
transport.

Another meso-level economic factor is affordability. Merfeld et al. (2019) quoted
one of the respondents in their study, who said “cheaper costs will make door-to-
door transport more affordable than taxis in many developed countries, where taxis
are way too expensive, in areas which are ill-served by mass transportation”.
Affordability could play a crucial role; the relative costs of gasoline versus
electricity can influence consumer preferences for AVs, particularly electric AVs,
depending on their cost-efficiency compared to traditional vehicles. Affordability
has historically been a driver for other forms of shared mobility; Hwang and
Guiliano (1990) performed a literature review on the determinants of ridesharing
and found there are two main reasons for the higher propensity to carpool among
long distance commuters: the inconvenience is relatively small and the benefit of
sharing the cost of the travel is significantly larger. So economic circumstances that
affect the cost of living in a region will most likely impact the adoption of a new
mobility service, if that service is offering reduced cost or increased benefit for cost.

The labor market and the presence of major industries, such as technology or
automotive sectors, can also drive the adoption of AVs. Regions with a strong
presence of relevant industries might experience quicker adoption due to better
access to skilled labor, technological expertise, and institutional support Taeihagh
and Lim (2019) examined the risks associated with AV acceptance, and identified
economic consequences and changes to employment as significant barriers, as
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automation may lead to significant job displacement for professional drivers and
create ripple effects in related industries, including motor trades, insurance, vehicle
repair, and law enforcement; they emphasize that to reduce these potential negative
outcomes, “it is crucial to begin retraining and transitioning affected workers as soon
as possible”. Their study draws the conclusion that regions or countries that have
strong labor markets or are willing to protect their vehicle-based industries during
the transition to AVs, are more likely to have higher societal acceptance for shared
AVs. Additionally, the public transport industry (in Sweden, and in many countries,
as a result of pandemic) suffers from a lack of availability of bus drivers (Nordic
Labour Journal, 2023; International Road Transport Union, 2024), which should be
considered a component of evaluating the labor market. Groshen et al. (2018)
estimates that over a million driving jobs would be lost over the course of 30 years,
and different skills and roles would emerge to address the deployment and
maintenance of autonomous transport systems.

3.4. Micro Level Factors

Transitioning from the broader societal and infrastructural considerations at the
meso level, I now investigate the micro level factors that directly influence
individual user acceptance and utilization of shared AVs.!° I break down the factors
here into three categories: sociodemographic factors, psychographic factors, and
behavioral factors. These factors are necessary in understanding how personal
circumstances, preferences, and attitudes can significantly shape the perception of
and interaction with shared mobility, AVs, and SAPT.

3.4.1. Sociodemographic Factors

Sociodemographic characteristics such as age, gender, income, education, and
household size have been found to impact user acceptance and utilization of AVs
and shared mobility services. These factors often dictate not only the usability of
such services, but also the attitudes and preferences towards them.

Age is a fundamental demographic factor and is often associated with changes in
physical abilities, cognitive function, life experiences, and behaviors. Research by
authors like Bansal et al. (2016) and Clayton et al. (2020) investigated how age
influences people's mobility choices, technology adoption, health outcomes, and

19T make a point here to differentiate between the macro, meso, and micro levels with the use of the terms
“implementing SAPT” and “adopting” or “accepting” AVs or SAVs. Macro- and meso-level actors can
implement SAPT; however, users can only choose or refuse to use it. They are not responsible (or capable)
of pushing its implementation. Given that there are few true representations of SAPT in which to study micro-
level factors, much of my review of the factors and discussion about how users are affected by these factors
will thus sometimes refer to users’ acceptance or adoption of SAVs.

34



LITERATURE REVIEW: IDENTIFYING POTENTIAL FACTORS

social behaviors, particularly in how certain age groups respond differently to
technological innovation and adoption.

Gender is a socio-cultural term referring to roles, behaviors, activities, and attributes
that a given society considers appropriate for men and women.'! The work of other
authors such as Sarriera et al. (2017), Park et al. (2018) and Patel et al. (2023)
explored how gender roles and gender identities impact occupational choices,
consumer behavior, and interaction with technology, all of which could also affect
acceptance at the micro level for shared, autonomous public transport.

Household income refers to the total gross income of all working members of a
household and is considered a measure of economic status, particularly at the
individual level. It can significantly impact an individual’s quality of life, access to
resources, and opportunities; income is tightly connected to transportation access.
Studies by Dias et al. (2017) and Barbour et al. (2019) looked at how household
income affects access to transportation as well as attitudes towards new mobility
modes or technology.

Education examines the impact of individuals' educational backgrounds on various
aspects of societal participation and behavior (Dias et al. 2017; Gerte, Konduri, and
Eluri 2018). Othman (2023) performed a study focused on education and found that
the northeastern regions of the United States and high educational levels were highly
correlated with high willingness to trust and to pay more for trips with AVs.
However, Othman’s study also noted that the more informed someone was about
AVs, the less they were willing to use or adopt AVs, which infers that publicly
dissemination information may predominantly emphasize negative aspects, leading
to a negative shift in willingness to use.

Employment status has been found to impact commuting patterns, car ownership,
and the use of public transportation. Neoh, Chipulu and Marshall (2017) studied
how occupational demands influence commuting times and preferences. Nazari et
al. (2018) and Clayton et al. (2020) studied the correlation between employment
stability and the utilization of public transportation services. Nair and Bhat (2021)
examined the relationship between employment patterns and commuting habits,
suggesting that higher educational levels and certain employment sectors favor
specific transit options. Gkritza et al. (2022) found that those who were innovators
and early adopters of mobility services in Chicago were from significantly higher
income and more highly educated groups than their counterparts in Indianapolis.
Nikitas et al. (2021) performed a multinational study on how respondents felt about
AVs potentially challenging their employment status, noting that “awareness about

' And in more contemporary examinations, other categories; however this thesis is limited in its scope to
binary gender roles, an oversight the author apologizes for.
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the risks on own employment were factors influencing respondents' perceptions of
whether transport professionals' job security will be jeopardized”, and that
governments were not prepared for the impact AVs would force upon workplace
conditions.

Ethnicity-related studies examine how cultural and ethnic backgrounds influence
behavior patterns, including mobility and transportation use. Sarriera et al. (2017)
and Gerte, Konduri and Eluru (2018) discuss the variance in transportation
preference across different ethnic groups; in Gerte, Konduri and Eluru’s study,
which looked at demand for Uber and the percentage of the population that was
African American in a taxi zone, they found a negative relationship, raising
questions of equity. Zhao et al.’s (2017) work on how ethnicity impacts the
experiences of users in shared rides is quite significant for understanding how shared
mobility journeys effect and are affected by users’ perceptions of safety, trust, and
how ethnicity can be part of that equation. Confirming this effect, Lavieri and Bhat
(2019) found that non-Hispanic white users of ridehailing services are hesitant to
use pooled ridehailing services. Middleton and Zhao (2019) found that
“discriminatory attitudes toward fellow passengers of differing class and race in the
shared ride are positively correlated with respondents that are male or are women
with children”; put more simply, men and women with children were more likely to
express discriminatory attitudes towards fellow passengers of different class and
race. They found that while their respondents’ own race did not directly influence
distriminatory attitudes, white respondents in majority-white countries were more
likely to have discriminatory attitudes (Middleton and Zhao, 2019). These findings
have strong implications for not only what will affect users’ willingness to share
AVs in an SAPT context, and with who, but raise questions about how to mitigate
discrimination and racism in a driverless setting.

Household size plays a crucial role in shaping mobility needs and preferences,
impacting everything from car ownership rates to preferences for public transport
and shared mobility solutions. Research by Lavieri (2018) has indicated that
household size is significantly correlated with the utilization of carpooling options
and the likelihood of participating in ridesharing programs, as larger families might
prioritize cost-efficiency and convenience.

Residential density influences public transport usage and the adoption of non-
conventional mobility services like bike-sharing and electric scooters. Research
such as that by Dias et al. (2017) has shown that high-density residential living (like
in city centers where homes and apartments are close together) leads to a higher
likelihood of people participating in ridesharing. This is because such areas often
have more ridesharing options, and it is more convenient to share rides in busy,
compact areas. Low-density residential living (like in suburbs or rural areas where
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houses are spread out) leads to a lower likelihood of people participating in
ridesharing; in these areas, people are more spread out, making ride-sharing less
convenient and thus less appealing (ibid.).

The distinction between wurban and nonurban residences significantly affects
transportation behaviors and preferences, reflecting differences in infrastructure,
accessibility, and cultural attitudes towards various modes of transport. Those living
in nonurban areas face challenges such as longer travel distances and less frequent
public transportation services, leading to a greater reliance on personal vehicles and
higher fare sensitivity, as shown by researchers like Golbabaei et al. (2023), who
argued that “respondents residing in peri-urban areas tend to be more concerned
about fares when using autonomous shuttle busses (ASBs) compared to
conventional shuttles”. Hilgarter and Granig (2020) showed that residents in rural
areas had a stronger positive reception towards AVs than urban areas. Jiang et al.
(2020) did a high-level geographic examination and compared regions of the United
States, revealing significant geographical differences in attitudes towards AVs; the
northeastern United States, for example, showed a higher receptivity to AVs
compared to other regions in clusters that correspond to the locations of Washington
D.C., Philadelphia, Boston, and New York City — places of high urban density. This
suggests that location significantly influences how people perceive and are willing
to interact with AV technology.

3.4.2. Psychographic Factors

Psychographic characteristics encompass the attitudes, values, personalities,
lifestyles, and interests of individuals. Unlike sociodemographic factors that
describe "who" the consumer is, psychographic factors are concerned with "why"
consumers behave the way they do. These traits offer a deeper understanding of the
motivations behind the acceptance and utilization of autonomous vehicles and
shared mobility services.

Environmental attitudes reflect the personal and societal values concerning
environmental conservation and sustainable living. A positive perception of
environmental impacts, such as reduced emissions and efficient energy use,
associated with AVs can significantly shift public opinion in their favor. Research
by Acheampong et al. (2021) highlighted that consumers who prioritize
environmental benefits are more likely to support and adopt AV technology,
underlining the crucial role of green preferences in the acceptance of new mobility
solutions.

Social norms play a role in the adoption of AVs. At the micro level, since it refers
to individuals, it can be difficult to distinguish which cultural norm is affecting
users, especially if they have a multinational or multicultural background. As
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Amirkiaee and Evangelopoulos (2018) discussed, societal acceptance can be heavily
influenced by examples of what they called “commitment to community” (which I
consider as social norm). Bachmann et al. (2018) and Liu and Yang (2018) explored
how societal pressures, and perceived social acceptance can drive or hinder the
adoption of AVs, something which Liu and Yang termed “herd behavior” (I consider
all of these pressures as social norm as well). A review from Bala et al. (2023) found
that the proportion of people with positive intention to use SAVs varied substantially
cross-culturally; for example, respondents from North America, Europe and
Australia displayed lower willingness to use AVs in the form of ridepooling services
compared to respondents from Asia, where more than 80% of the respondents from
Singapore and China found shared AVs to be a desirable service which they intend
to use themselves and are also willing to recommend to their social circle. This
indicates that cultural values from the macro level can affect social norms and
societal image, which in turn can affect attitudes towards technological adoption.

Perceived benefits, including enhanced safety, increased efficiency, and time
savings, are considered critical in shaping public opinion towards SAVs. Margolin
et al. (1978) highlighted that perceptions about time savings and social interactions
within carpools (both positive and negative) significantly affect the willingness to
participate in carpooling. Solo drivers often viewed carpooling less favorably due to
perceived inconveniences and a lack of flexibility. Xu et al. (2018) found that
perceived usefulness were positive predictors of participants’ intention to use SAVs.
Merat et al. (2017) considered several aspects of perceived benefits, such as comfort,
privacy, and hedonic motivation as factors that increased AV acceptance.

Conversely, perceived risks were often found to be present in the participants of
studies reviewed in the literature. Research by Efthymiou et al. (2013) found strong
safety concerns among users of both bike-sharing and car-sharing programs.
Etminani-Ghasrodashti et al. (2021) found in focus groups that safety was a
universal concern among their participants, focusing on “the lack of human
operators in a self-driving vehicle, safely boarding the vehicle, notifying the SAV
about the stop locations, stopping it at the destination, and assisting in an emergency
while riding in a self-driving car”. Interestingly, Nair and Bhat (2021) found that
how people feel about AVs — whether excited or anxious — influenced their sense of
safety around AVs, confirming that perception of safety is a factor in SAV
acceptance, yet what influences or impacts safety and security concerns is complex.
Sarriera et al. (2017) examined ridesharing users, and found that safety concerns
were paramount, especially for women, who often preferred ridesharing with
passengers of the same gender to feel safer.

Personality traits have been found to influence how individuals perceive and
interact with technology, as well as other people. Personalities can be shaped by
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culture and geography, and they govern likes and dislikes which, in turn, steer the
choices that individuals make. Authors like Mack, et al. (2021) focused on traits
such as openness to experience and technophilia, which can predispose individuals
to be more receptive to autonomous vehicle technologies; Zhang et al. (2022) found
that traits such as extraversion, agreeableness, conscientiousness, and emotional
stability positively influenced expectations of AVs. Understanding how personality
traits could impact the acceptance of shared, driverless spaces is important for
knowing how to introduce and market such services.

Privacy concerns are especially significant in the context of AV adoption, where the
potential for data breaches and surveillance exists. Lavieri and Bhat (2019) found
that privacy concerns are a major reason why many people, particularly non-
Hispanic white users of ridehailing services, are hesitant to use pooled ridehailing
services. It is natural to conclude that this reluctance would translate to a lower
acceptance of using future shared AVs, especially since there's no driver to act as a
safeguard when sharing rides with strangers.

Technological attitudes impact the acceptance of shared mobility and AVs. Wang
et al. (2020)’s main finding was that people who are favorable towards technology
and prefer more regulated traffic conditions generally have more positive attitudes
towards AVs. Nair and Bhat (2021) found that positive experiences with technology
had a stronger impact on improving perceived safety (and thus on acceptance of
AVs) than just being ‘tech-savvy’. Jiang et al. (2020)’s investigations looked at
technological acceptance regarding AVs through the concept of "Pro-Technology"
attitudes; they identified four key factors affecting attitudes toward AVs: technology
acceptance, driving enjoyment, risk-taking, and traffic regulation. They saw that
those with positive technology acceptance were more likely to view AVs favorably
and consider purchasing or using them.

(AV) Technological familiarity is my broad categorization of factors that different

authors investigated regarding the experience and ease potential users had with
sharing, ridehailing, or driverless services. Becker and Axhausen (2017) found in
their literature review that individuals who already own vehicles equipped with
ADAS are particularly positive about using AVs. Alemi et al. (2019) looked at the
use of smartphones for determining trip destinations and routes, and the frequency
of air travel as indicators of technological engagement and found that individuals
who frequently use technology for travel logistics and those who travel often by air
are more likely to adopt and use ridehailing services.

Trust fundamentally shapes how individuals perceive and interact with AVs and
shared mobility services. Diels et al. (2017) believed “the major challenge for
automated and shared vehicles is to instill a sufficient and appropriate, or calibrated,
level of trust. Trust develops over time but can be facilitated by providing the right
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type of information”, inferring that the passenger must have trust in both the
technology and the SAV system and service. Ekman (2023) examines user trust in
AV technology, finding that trust as affected by the perceived predictability,
reliability of the AV, and how well the vehicle behaved when executing tasks; users’
trust in AVs was higher in highway settings and lower in urban settings, due to the
complexity of these areas and the greater perceived risk.

Diels et al. (2017) proposed that trust encompassed three types of awareness: mode
(who or what is controlling the vehicle at any moment); situation (what the vehicle
perceives in its surroundings) and behavior (anticipating the vehicle’s next actions
based on situational context). It is worth noting that Diels and colleagues focused
primarily on technological trust and only briefly touched on the concept of
proxemics, stating that “Privacy and personal space are critical factors influencing
the acceptance of shared mobility services” (ibid.). Paddeu et al. (2020) defined trust
as an essential factor influencing both acceptance and comfort in AVs; in their study,
trust is seen as an attitude that depends on people’s beliefs about automation,
affecting their intention to use the technology. Like Diels et al. (2017), they too only
briefly mention the interpersonal dimension in their definitions of trust. However,
other studies have shown that trust in both the technology itself and the entities that
manage and regulate ridehailing and AV services is essential for their adoption; for
instance, Park et al. (2017) examined the ridesharing service Cabbit in Korea and
found that even though they had created a trust-based network for finding people to
share cabs with, it was difficult to recommend effective matches based on the
relatively small size of the user pool.

Examining social or interpersonal trust, a study by Middleton, and Zhao (2019)
reveals trust issues are driven by discriminatory attitudes based on race and social
class and significantly impact the adoption and satisfaction of ridesharing services.
Users harboring these biases are less likely to choose shared rides, report lower
satisfaction with them, and, if they haven't yet tried shared services, are more
hesitant to do so in the future; thus, they considered this lack of trust in others to
pose a considerable challenge to the long-term success and widespread adoption of
shared mobility options (ibid.).

Given that the different studies interpreted trust to suit their own contexts, I
interpreted the factor of trust broadly—to refer to not only technological trust, and
not only trust in the actors or companies providing mobility services, but trust in the
people participating in the service alongside the user.
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3.4.3. Behavioral Factors

Behavioral factors are crucial for understanding how individuals might interact with
and accept SAVs, particularly in a public transport context. This is a broad
interpretation of actions and factors that cover demonstrated and learned behaviors.

In my literature review, I identified four factors: car ownership, travel preferences
and behavior, user experiences and expectations of AV, user experiences and
expectations of ridehailing as distinct factors other researchers have investigated or
confirmed as impactful. (I also found three latent constructs—not factors themselves,
but heavily researched and confirmed as impactful nonetheless that I will briefly
review—willingness to pay, willingness to share journeys, and willingness to use
AVs.) Together, these factors provide valuable insights into user preferences and
the challenges that may hinder the adoption of SAVs for public transport use.

Car ownership often indicates a preference for private transportation, potentially
reducing openness to shared services; it can also indicate a user’s subscription to the
“social norms” around them. Nielsen et al. (2015) examined car owners and their
reasons for using a car as their main transportation mode, and how they responded
to carpooling as a transportation option. Pakusch et al. (2018) found that car owners
prefer autonomous taxis to autonomous public transport, which suggested that users
value privacy, independence, and convenience— elements that present challenges for
the sustainable use of AV technology, which relies on sharing vehicles. Taking
measures to reduce private car ownership is a typical measure in urban areas to
increase public transport. Dias et al. (2017) found that households owning vehicles
are generally less likely to use car sharing services, which suggested that car
ownership directly competes with car-sharing as an option for mobility. Patel et al.
(2023) confirmed these findings by demonstrating that car ownership is negatively
correlated with the willingness to use shared AVs, indicating that private vehicle
users are less likely to switch to shared forms of vehicles.

Travel preferences or travel behavior was another common behavioral
characteristic found in my literature review. Bansal et al. (2016) asked respondents
in Austin, Texas about their current travel patterns, finding that current car owners
were eager to add driverless features to their vehicles, but that more than 80% of
those who relied on car-sharing or ridehailing services were unwilling to pay more
for AV versions of those services than they already did at the time of the survey.
Like age and gender, travel preferences or behavior—especially those at the time of
data collection—are commonly investigated factors that, on their own may, not be
strong enough to increase the acceptance of SAVs, but in confluence with other
factors (such as willingness to pay or willingness to share, which I describe later)
contribute or inhibit that acceptance. For example, Middleton and Zhao (2019)
examined racially discriminatory attitudes in survey respondents who had used
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ridehailing and found that discriminatory attitudes among riders do not significantly
affect whether someone tries a ridesharing service for the first time, yet those
attitudes are linked to less frequent use, lower satisfaction, and reduced willingness
to continue using ridesharing services in the future.

User experiences and expectations of AV technology cover both responses to actual
uses (typically of AV pilots) and stated preferences to future or hypothetical
situations. Fraederich et al. (2016)’s study showed that in the case of unfamiliar
technological innovations where earlier experiences are not available yet, people
tended to base their attitudes more on emotional responses; thus, perceived affects
towards AVs offer added explanatory and predictive value for the overall attitudes
and future behavioral intentions. For example, users who experienced autonomous
driving features such as automatic parking saw the function as reducing stress,
saving time, and increasing comfort; this function increased respondents’ trust and
positive impressions of AVs (Fraederich et al., 2016). Harb et al. (2018) conducted
a naturalistic experiment where users always had a chauffeured vehicle available to
them. This led to user groups such as retirees to benefit from the ability to travel at
night and on longer trips without having to worry about safety; for families, children
were brought to activities without their parents, giving the children more freedom
to travel and the parents more time to focus on other tasks or chores. Given that
vehicle miles traveled went up for all participants involved in Harb et al. (2018)’s
experiment, it is safe to assume that the service had a positive impact on users, and
they were willing to continue using the “autonomous” vehicles.

Similarly, user experiences and expectations of ridehailing also impact how
satisfied people are with ridehailing or ridepooling services, and by extension, how
they might embrace or reject SAVs. Dedema and Zhang (2019) found that
passengers’ emotional experiences in rides, particularly shared rides'?, impacted

12 First, it must be noted that the term “ridesharing” was used in different contexts and not consistently across
the literature. Sometimes using that term revealed articles focused on “carpooling”, a behavior where a car
driver already headed to a destination takes on an additional passenger (sometimes a familiar person, like a
co-worker, and sometimes a stranger), facilitated by the use of a matching service. Other times it revealed
articles that were focused on short-term car-sharing schemes, where a member of a service has access to a
vehicle as part of a fleet of vehicles, uses it privately, and then returns it so that the next member can utilize
the vehicle. Twenty-six articles used the term “dynamic rideshare” or “dynamic ride-share” (DRS) to identify
the subset of ridehailing services that expand on the typical on-demand matching of taxis or transportation
network companies (TNCs) to potential riders, and in a tradeoff of convenience and price, place multiple
riders in the same vehicle. However, because SAE International has deprecated the term “ridesharing” due to
its widespread use in a variety of mobility contexts, two articles used the term “ridepooling” or “ride-pooling”
to cover the same service and behavior type as other authors called “dynamic ridesharing”. To avoid future
confusion, while acknowledging that the general public still uses the term ridesharing to refer to a diverse
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their likelihood to ride again; while satisfied customers had generally similar reasons
for being satisfied and would return to using the service quickly, dissatisfied
customers had widely ranging experiences, which made them more reluctant to use
the ridesharing service again, thus costing the ridesharing services repeat business
in the future. Sarriera et al. (2017) examined the influence of social aspects on the
use of dynamic ridesharing and found that while social interactions—such as
networking opportunities or engaging conversations—are recognized and seen as
positives, they are less influential than practical concerns like time and cost. Their
study also revealed that negative social experiences, such as being paired with an
unpleasant passenger, deterred users more significantly than the potential for
positive interactions encouraged them.

3.4.4. Not Factors but Facets

Lastly, three behavioral characteristics I want to mention are not factors, yet they
are the focus of much work in the field and thus bear mentioning here. They are
facets of willingness: willingness to pay, willingness to share, and willingness to use
AVs. These three are distinctly different concepts but deeply intertwined—with each
other, and with the previously mentioned factors. It may be better to describe
willingness as a latent construct, a predisposition that reflects an individual's
likelihood of adopting and using shared mobility and AVs, influenced by various
beliefs, attitudes, and sociodemographic factors.

Willingness to pay reflects the financial commitment that users are prepared to make
towards using a mobility service, be it ridehailing, car-sharing, or AVs. This
willingness is often influenced by perceived value, convenience, and the
comparative costs of alternative transportation modes. Quite obviously for
expensive technology such as AVs, willingness to pay for autonomous mobility can
be a strong indicator of the economic viability of such services; yet willingness to
pay for contemporary, similar services, like Uber or car-sharing schemes, also
indicates market tolerance. For instance, Shaheen et al. (2016) identified that
although consumers express interest in the features of AVs, their willingness to pay
a premium for these features is dependent on tangible improvements over
consumers’ existing transportation options, such as reduced travel times or increased
productivity during commutes. Lavieri and Bhat (2019) found that discounted fares
for sharing rides encouraged on-demand ridesharing, and Gurumurthy and
Kockelman (2019) found that if a SAV service offers minimal added travel time and
competitive pricing, it becomes more attractive to users, thus showing that effective

array of mobility services, I focused on the term “dynamic ridepooling” to be explicit about the on-demand,
co-riding nature of the mobility experience I am investigating.
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pricing strategies that reflect the real and perceived benefits of AVs can enhance
user willingness to engage with these technologies, thereby increasing their desire
to use them regularly. The same study also showed that willingness to pay varied
depending on income levels or if users live in areas with high employment density.

Willingness to share encompasses the readiness of individuals to engage in shared
mobility services and SAV services, rather than opting for private vehicle usage.
This characteristic is, as established earlier, crucial for assessing the potential
success of shared mobility solutions like SAPT. Research by Cohen and Shaheen
(2018) suggests that willingness to share is often hindered by concerns over privacy,
security, and the reliability of sharing with strangers, indicating that successful
implementation of SAVs for public transport must thoroughly address these
concerns. A report by Hou et al. (2020) examined willingness to share in ridehailing
trips in the Chicago area, identifying that an incremental 10% increase in the
difference in fare between shared/private trip corresponds to a 0.82% increase in
willingness to share a ride. Konig et al. (2021) found that detailed information about
fellow passengers, such as names, pictures, and ratings, increased willingness to
share among users, meaning they would require less of a discount to agree to share
a ride. However, only providing a name, especially a male name, had the effect of
increasing compensation demands from both men and women, a finding that bears
the inference that all participants were more reluctant to share their journeys with
strange men. All of this has strong implications for how shared AVs might be
accepted, promoted, or rejected in the future.

Willingness to use AVs is an indicator of the general acceptance and readiness of
potential users to adopt autonomous driving technology for their personal or shared
mobility needs. This willingness has been found to be significantly shaped by factors
such as trust in technology, perceived safety, and personal experiences with
technology-based services. Nordhoff et al. (2018) performed a large, multinational
survey which indicated that sociodemographic characteristics like age, gender, and
income had less influence on the willingness to use AVs compared to specific
attitudes about AV technology; for example, men generally exhibited a more
positive attitude towards AVs and a higher willingness to pay for automated
features. A study by Nazari et al. (2023) confirmed that perceived benefit as a
primary factor on behavioral intention to use AVs, and that attitudes on shared
mobility influence willingness to use AVs by influencing desire for ownership—
those who have low trust of strangers prefer to own their AV or ride alone. Becker
and Axhausen (2017)’s seminal review found a number of factors that influence the
acceptance and willingness to use AVs, not the least of which are attitudes towards
using technology—the acceptance of advanced driving systems, for example, and
general awareness of technology and how it is developing, were positive factors in
increasing willingness to use AVs.
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3.5. Initially Identified Factors at Micro, Meso, Macro Levels

This review made it possible to begin building the foundational “model” for a
multilevel analysis of shared, autonomous mobility, including the revealed factors
at their appropriate levels. For clarity, the model is shown by level in Figures 4, 5,
and 6, below.

45



9

"MOTAI QINJBIDI] O} WOIJ SI0}OR] PIAFNUIPI UIAIZ
‘uodsuen o1qnd snowouoine Jo uonejudwo[dwI 10J [OpOwW [BONAJRUE [QAS[[NW JY) JO UONJRION JSIJ AU ], "SI0IOR] [9AJ] OIORIA {7 9In31]

saidojouyray
SSAUIANIYS o
Sy pue 4
aunPnsesyul | |
pueso)
unsixy
i (jeuoneu) Aundas
san|jod pue sme e 4
\_:_w mmvu_._ n, _ 3Jnynaseljul JRyajes pue
485 |qnd - = — - [eudig S duIyIRN
_ suoneziuedso 3531331 _ (4 ‘e1ueds ‘uossou3
-[e12ads 10 SUOHNYNSUI Y2IeAsAI [euoneN _ ‘onop “8-3) Auedwod [eqojd / jeuonen _
1607 PPN .0 N o R O 5.7 L
Aunjew Aoeaud ejep pue
San|eA [eanyn; ! !
IeA [eINYN) ASojouyda] Andasiagh)
£ o e e i i e e e e e e e ey
_ Aduade 10 Ajuoyine uawuianos |euonen _ _ JuawusaA0ed jeanijod Juaun) _
e 1 |
SUJAUOD SoMas
Ayjiqow paseys SUOREJIPISUOD
SNJEYS AWOU0I3 uawdojanap W 23} !
pue Ayjgiseay S}omawesy pue ydseasas jo uonenau [[RUETHEIAE |
G SaduIYIP uoney|ey S)UAISAAUL e
N Aioje|ndas h 4 AV Ut uoneaouut
|euoiday Juawusanod aunpnsesul :
pue aane|sida) eau) pauveld papuny
RUEIELL D




Ly

"MOTAI QINJBIDNI] O} WOIJ SI0JOB) PAYNUIPI USAIS Y1odsuen
o11qnd snowouoine ‘pareys Jo uonejudwo[dwI 10J [OpOW [BONAJRUE [9A[[NW O} JO UONBINI ISIJ Y |, "SI0JOR] [OAJ] OSIA § 2InJ1

ainjanjsesjul
[endia
T T 00— 1
_ suonez|uedio YaIeasal ‘sanisIanlun _
Lttt v s e e S S S e e i S |
uoidai ayy
Ul JuawilsaAul
AyjigepJo. . | s s e Wi | S S S
UIEPIOHY 10 adewuerpe | | |
21Wou03 _ (81092109 uauo13ay ssauIsng ‘UBPaIMSIALIQ _
‘1eSenseds $81042109 ‘gy euals '8'3) si032e |ewysnpul / Auedwod jeuoiSay
yomyppnuo.7 =+—| | - - -"-"-""="-""-""7-"7-""7""7W¥-"-"—————
Jisuesy oqnd SyIoMawel)
pue Ayjiqow awaudalgnd | o o e e e o e
|euoiSay _ 1
(81nquayion jo A ‘Quiei Jo A “YeNAIN3||0) _
_ YSUIAS ‘UduoIZay puejeion elisep “8'3) siapjoyayels pue suoneziuedio |euoiday
Crmn e st ove e e e e |
Aupqissanny Adtjod Ay pue
Jsues) Jodsuesy d1gngd
_ (Nyeaasen “Yuyesyjexol swioyydols “8-3) saruade podsues| _
b e e o — — |
uonelo| BENTLE
J1ydesdoan Joqe| ayy

SYOLOVA TVILNALOd ONIAALLNAAIL -MHAIATY HINLVIALIT



1%

"MOTAI QINJBIDII| Y} WOIJ SI0JOR) PAYIIUAP! uaAI3 Qiodsuen orjqnd snowouoine ‘pareys jo uonejuowd[dwr
10J [opow [BONIA[BUR [QAJ[II[N AU} JO UONBINI ISIIJ Y[, "PIPNOUL SIONIISUOD JUJR[ JOIY) Y} M ‘SI0JORJ [9AJ] OIOIJA 9 InJI]

SAY 2Jeys
sapu
03 ssaudul|jIm SAY 3sn 0} P Aed 0} sapmime awodul
- ssauduljiim e O [ [ssausumm leaiBojouya) PPREREoN
- ssauduy|l e :
syesn sapmine Auerjiwey
: snJ uonean
AU M Kyijeuosiag |eIUBWIUOIIAUT L [ea13ojouyda Heanp3

SYSU PaAIRdIRg

| T s e e e e |

135 [ENPIAIPU]

B v w— — — — — — — — — — — — — — — —

az1s ployasnoH

AV

uijieyapu

Jo1neY3q
siyauaq Jo suopepadx Jo suopeRsdad diysiaumo Je) pue sasuasajald Ay
PanIadIAg pue sadualiadxa | | pue saouaniadxa : i S
1950 1950
3
P KD e w_uow m_““_meac {Ausuap uonejndog) 23uapisas smess JawAopduws 13puag/as
pue Ajunwwo) IR0 Aysuap jenuapisay Ly e puao/asy

[B10S JO Auanjju|

uequnuou sA ueqin

SYOLOVA TVILNALOd ONIAALLNAAI -MAIATY HINLVIHLIT



4. The Research Process

This chapter first explains the structure of the doctoral research project and the
assumptions that informed the methodological choice. An overview of the
methodology is provided, thereafter followed by descriptions of the included
empirical studies.

4.1. Overview of the Research Process

Initially, this research began with a focus on micro-level factors, specifically
examining individual users’ behaviors, attitudes, and experiences related to the use
of SAVs for public transport. The goal was to understand the personal barriers and
enablers that influence the readiness for SAPT. By concentrating on these micro-
level dynamics—such as trust in autonomous technologies and personal barriers to
ridesharing—the research sought to assess individual-level readiness for shared
autonomy. As my research progressed, it became clear that broader macro- and
meso-level factors, such as stakeholder engagement, policy frameworks, and
infrastructure, also played significant roles in shaping the successful implementation
of SAPT. This realization led to the expansion of the research scope and the adoption
of a triangulated methodology that better captures the complex interdependencies
across all levels of SAPT implementation. An overview of the studies can be seen
in Figure 7.
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THE RESEARCH PROCESS

The studies were carried out during a period of four years, 2019 — 2023. Data
collection during the COVID-19 pandemic in 2020 significantly impacted the
project's methodology, particularly affecting data collection on shared mobility as
that was an extremely sensitive topic among both stakeholders and prospective
users. As a result, the research shifted towards digital methodologies for data
collection and analysis.

4.2. Triangulation

Triangulation is a research strategy often used in qualitative research to enhance the
validity and depth of findings by integrating multiple perspectives. According to
Denzin (1978) and Patton (1999), triangulation involves combining various
methodologies, data sources, or theoretical perspectives to provide a more
comprehensive understanding of a phenomenon and to verify the accuracy of
findings. Denzin (1978) and Patton (1999) proposed four different types: method;
investigator; theory and data source. Method involves using multiple data collection
methods, such as interviews, observations, and surveys, to examine the same
phenomenon. Investigator involves multiple researchers or evaluators examining the
data. Theory triangulation incorporates multiple theoretical frameworks to interpret
the data. Data source triangulation involves using various sources of data, such as
information from different groups, settings, or time points, to study the same
phenomenon. The work of Kaulio and Karlsson (1998) added a fifth: location
triangulation, which involves gathering data in different settings to capture diverse
perspectives and understand the impact of context on user behavior and
requirements.

The empirical studies involved data collection from multiple international markets,
1.e. location triangulation, specifically focusing on Sweden and New South Wales,
Australia. These countries were chosen for their strong commitments to new
mobility models and technologies. Both areas have demonstrated a commitment to
sustainable mobility solutions, supported by strong policy frameworks and
significant infrastructure investments (Becker and Axhausen, 2017; Jiang et al.,
2022).

The work has also involved data source triangulation. To capture a diverse range
of perspectives, I engaged different stakeholder categories, including policymakers,
transportation authorities, and users. This allowed me to gather critical insights on
the technical and societal readiness for SAVs from both organizational and user-
level perspectives. The intention was to include national level stakeholders, and I
made attempts to directly contact politicians and policymakers. However, this
proved to be more challenging than expected and I was able to get direct input from
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only one, Trafikverket, the Swedish Transport Administration which is the
governmental agency responsible for the long-term planning of the Swedish
transport system.

Multiple data collection and analysis methods, i.e. methodological triangulation,
were employed to ensure data cross-validation. Both quantitative and qualitative
methods were used to cover all three levels. Using these methods, I ensured that my
findings were corroborated across different scales, contexts, and data sources. As
Kaulio and Karlsson (1998) emphasize, triangulation not only enhances the
reliability of findings but also provides a more comprehensive picture of complex
systems by addressing areas of convergence and divergence across different
methods—and hopefully, ultimately contributing to a more accurate depiction of the
factors that influence the successful implementation of shared autonomous public
transport.

4.3. Choice of Research Context

To identify confirmed and widely applicable factors, it was necessary to collect data
across multiple markets, particularly in countries with strong commitments to new
mobility models and technologies. Therefore, the research covers Sweden and New
South Wales, Australia as case studies. Both areas have demonstrated a commitment
to sustainable mobility solutions, backed by supportive policy frameworks and
significant investments in infrastructure, which are crucial for studying the adoption
and impact of new technologies (Becker and Axhausen, 2017; Jiang et al, 2022).

Sweden, with strong policies on environmental sustainability, has been a pioneer in
promoting electric vehicles and cycling, whereas Australia offers diverse
perspectives due to varying urban densities and car dependency (Broadbent et al,
2024; Lim et al, 2023; Rajper and Albrecht, 2020). Australia has embraced
transportation network connection companies (TNCs) like Uber, thus educating
their populations on ridehailing and shared ridehailing services (Mulley and Nelson,
2019), whereas Sweden greatly restricted TNCs (Oppegaard et al, 2020). In
Australia, shared on-demand mobility is commonplace, yet in Sweden, it effectively
does not exist as a commercial product. Both sites were chosen as sites of study
because they were of interest to representative stakeholders—Keolis, a public
transport operator; Transport for New South Wales, a state-level transportation
authority; Vinnova, a Swedish national innovation and research funding agency; and
Research Institutes of Sweden (RISE), a nationally-owned research institute—and
because both sites were, at the time of the project’s conception, heavily investing in
AV pilots.
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Of the empirical studies, five are derived from Australian and Swedish sources; the
literature review and the Delphi study were more broadly international in scope.

4.4. Overview of the Studies

The studies and their analysis included a formal identification process of searching
for factors, organizing confirmed factors and comparing literature and empirical
study findings to one another. I also used internal and implicit discussions with other
researchers and practitioners about how those factors may connect, impact, or affect
others in the system. These discussions, sometimes confirmatory and sometimes
argumentative, were always generative. By engaging with others focused on
transportation, I gained valuable perspectives that clarified how shared mobility,
AVs, and autonomous public transport are perceived and developed.

The studies addressed the three research questions by examining a variety of factors
influencing societal readiness for shared autonomous vehicles from the three levels
of micro, meso, and macro perspectives, contributing to the overall understanding
of the dynamics at play and allowing me to find answers for the three research
questions. Table 1 displays the connection between the research questions and my
studies.
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Study A was the literature review (reviewed in greater detail in Chapter 3 of this
thesis). The literature review examined prior research in the topics of AVs and on-
demand ride-hailing to identify potential factors into the user acceptance,
stakeholder perspective and policy directions towards societal readiness for SAPT.
The study’s literature was researched from Elsevier, SAGE, MDPI, Taylor and
Francis’ databases of open-access journals, and Google Scholar. The tools used for
organizing the literature, such as Mendeley and Research Rabbit, facilitated this
categorization and helped refine and enhance the literature review process. The
findings of confirmed factors from the literature were categorized into the three
levels— micro, meso, and macro, which gave the foundational knowledge for the
thesis.

Study B and Study C were focus groups run in Australia and Sweden. Focus group
methodology was chosen specifically as this is an acknowledged qualitative
research technique that reveals insights difficult to obtain from other methods, such
as close-ended questionnaires (Krueger and Casey, 2009). According to Krueger
and Casey (2009), focus groups provide a natural environment where participants
influence and are influenced by others, yielding data not possible with other
approaches. Participants were able to freely disclose their experiences, opinions,
thoughts, and feelings without constraint, which was considered essential when
discussing with potential users for a service that does not currently exist. These
studies served to gather data that could explore factors primarily at the micro level,
although participants had feedback and insights that also related to the meso level.

Study D, a web-based survey, was developed to confirm factors that contribute to
the willingness of potential users to use SAVs revealed in Studies A, B, and C. The
survey methodology enabled collection of a large volume of data across the
geographically and culturally distinct contexts of Sweden and Australia in order to
quantify the impact of various predictors on the willingness to use SAVs. The survey
included various question types, such as multiple-choice and Likert scales, to
measure respondents' attitudes, knowledge, and behaviors towards SAVs. This
study identified factors at multiple levels, informing strategies for promoting SAV
implementation into public transport systems. The approach allowed for statistical
testing derived from the qualitative findings and provided a quantifiable measure of
how demographic factors, previous mobility experiences, and attitudes towards
shared mobility influence the willingness to use shared AVs, offering a broader
validation or rejection of trends that emerged from the qualitative data.

To capture perspectives from the meso level, Studies E and F consisted of
interviews with a total of 27 experts and stakeholders in New South Wales, Australia
and throughout Sweden. By interviewing stakeholders from transit agencies, public
transport operators, vehicle manufacturers, municipal workers and policymakers,
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these interviews were designed to capture insights that could be used for better
understanding factors at both the meso and macro levels. Participants were recruited
using chain referral sampling. The emphasis was on recruiting interviewees
representing transport operators or the transport authority, since these were groups
that traditionally have a history of business-to-consumer customer relations in the
public transport sector. The expert interviews were conducted in person, over the
internet (i.e., Skype) and by telephone.

To accurately capture the national, or international perspectives that form the macro
level, I performed two studies, Study G and Study H, and complemented these
findings with the factors of time and national cultural differences from the repeated,
international survey that formed Study D.

To collect more information on the macro level, Study G involved analyzing the
Swedish national government’s call to action and request for stakeholder
perspectives and information about AVs over two separate occasions. The first
occasion was in 2021, with “The question of responsibility in automated driving and
new rules with the aim of promoting increased use of geofences”, which had two
goals: firstly, to consider a division of responsibility in the case of automated
driving, and secondly, to consider rules promoting and increasing the use of
geofences for road vehicles. The second occasion was a memorandum in 2023,
proposing a new regulation on fully automated vehicles, to meet the requirements
of the European Parliament and of the Council as regards uniform procedures and
technical specifications for type approval of automatic driving systems in fully
automated vehicles. Ninety entities—regional municipalities, original equipment
manufacturers, energy companies, research institutes (including RISE, my
employer), public transport agencies, technology developers, communication
agencies and even the courts—were given the opportunity to respond to the proposal
and explain their interests and position on the topic of AVs.

Study H was a modified Delphi methodology study, which was applied to gather
and synthesize expert opinions from transportation professionals, urban planners,
and industry manufacturers in multiple countries across three rounds of web-based
surveys, culminating in an interactive online workshop. This approach effectively
addressed the research questions by building consensus on critical issues where
empirical data was scarce, and refining and prioritizing the factors influencing the
adoption of SAVs (cf. Skulmoski et al., 2007). The participants were asked to give
insights on potential factors on all three levels— micro, meso and macro.

By integrating qualitative insights from focus groups, expert interviews, and the
Delphi study with quantitative data derived from extensive surveys and the iterations
of the Delphi waves, the research captured a detailed picture of user attitudes,
organizational perspectives, and broader societal implications. This methodology
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not only highlighted the diverse factors at play across different levels—micro, meso,
and macro—but also revealed the intricate interplay between individual
experiences, technological advancements, and policy frameworks.

4.5. Cross-study Synthesis

After the studies were completed, an analysis and synthesis of all the affirmed
factors across the studies was conducted, involving discussions with other
researchers and practitioners and time for reflection. The factors identified in each
study were carefully compared; if new factors were identified, they were
incorporated into the framework. The categorization of these factors was done based
on their influence at different levels to ensure a structured understanding of their
role in the implementation of SAVs. Additionally, the connections between these
factors and the relevant actors, such as policymakers, industry stakeholders, and
users, were analyzed and added to the multilevel analytical model. This process not
only enriched the multilevel analytical model (introduced in Chapter 2), but also
provided a more detailed understanding of how various factors interact to shape the
implementation of shared autonomous public transport.

In examining where connections might lie between factors and actors, a combination
of empirical evidence from the studies and informed assumptions was used. Where
direct evidence was provided by the studies, these connections were confirmed
through empirical findings. In cases where no explicit evidence was available,
logical assumptions were made based on established theoretical frameworks, prior
research, and the observed dynamics within the sociotechnical system. Similarly,
careful consideration was done to examine how factors at one level influenced or
interacted with factors or actors at other levels. This analysis revealed
interdependencies between factors, highlighting the complex, dynamic relationships
that exist across the multilevel framework.

4.6. Drafting the Societal Readiness Index for Shared Autonomy

Having completed the multilevel analytical model (presented in detail in Chapter 6),
I used the confirmed factors, their relationships, their considered strengths, and
evidence of their interdependencies to develop a first draft of the Societal Readiness
Index for Shared Autonomy. Creating this index required a methodical approach to
identifying relevant factors from the multilevel analytical model and using those as
a basis for selecting different indicators.

I was inspired by the process and methodological guidelines proposed in the
"Handbook on Constructing Composite Indicators: Methodology and User Guide"
(OECD, 2008). This resource was instrumental in guiding the selection of indicators
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that are both relevant and representative of the multifaceted aspects of societal
readiness for autonomous transport, as well as readily available to support
measurement and evaluation.

The specific process followed the three-phase approach outlined by Walters, Marsh,
and Rodrigues (2022) in their work on the CARTI method, which stands for the
CAEYV Rural Transport Index. Their methodology includes three main phases: (1)
Defining index goals, (2) Indicator selection, and (3) Index construction, with
specific steps that ensure a structured progression from identifying goals to
consolidating indicators. In structuring SRISA, I applied part of this methodology.
This involved Phase (1), Steps I and II, and Phase (2), Step III, (Figure 8), including
defining SRISA’s index goals based on development domains and confirmed
factors, as well as assembling and refining potential indicators drawn from the
literature and studies. The factors were refined based on feasibility criteria to ensure
the index included only the most relevant, measurable, and impactful indicators. The
process is further developed in Chapter 7.

Scheme Step Description Outputs
1. Defining I Structure decision problem based on Results inform step II and
index goals research aims and identified step 111

development domains

1I Define goals and need/capacity Index Goals and index
element requirements requirements
2. Indicator Il Assemble collection of indicators from Existing indicators, their
selection existing literature relevant to Stage 1 measurement methods and
problem identification and goals original sources

Figure 8. CARTI methodology-inspired for the development of the SRISA. The
CARTI methodology includes three main phases and 11 steps. In this thesis, I
performed steps 1-3.
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5. Findings

The fifth chapter of this thesis describes the eight studies conducted to answer the
research questions, the main findings from each study, as well as the implications
for the multilevel analysis model. It offers deeper insights into the empirical data
collected on the factors identified in both Sweden and New South Wales, Australia.
By examining these findings closely, one can better understand the practical
implications for stakeholders and policymakers aiming to implement SAVs into
existing public transport networks, thereby contributing to the broader goal of
sustainable urban mobility.

5.1.  Study A Literature Review

Study A was a literature review (reviewed in greater detail in Chapter 3 of this
thesis).

5.1.1. Aim

The literature review sought to examine prior research not only on AVs and on-
demand ride-hailing, but also on a broader range of mobility innovations, user
expectations towards shared mobility, and technological readiness. Given the
limited number of AV pilots and their diverse implementation contexts, the review
explored the topic as a synergy of multiple systems: public transport, on-demand
ridehailing and dynamic ridepooling, and autonomous vehicle technology.

5.1.2. Method

The literature was sourced from databases such as Elsevier, SAGE, MDPI, Taylor
and Francis, and Google Scholar. Keywords like "autonomous," "demand

nn nn

responsive," "shared autonomous vehicles," "ridesharing," "dynamic ridepooling,"
and "user acceptance" were used to identify relevant studies. Articles were
organized using Mendeley and Research Rabbit, which also facilitated cross-
referencing and identifying duplicates. Peer-reviewed articles were prioritized, and

the literature review process is detailed in Figure 9, below.
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With all the eligible articles in place, articles were then sorted in terms of the factors
explored and their research findings. This allowed for another grouping of these
articles into micro, meso, and macro categories. To update these categories further,
my literature organizational tool (Research Rabbit) had a feature which allows for
mapping articles and suggesting similar content. While previous research databases
and search engine preferences explored dates until February 2024, exploring new
articles through this feature helped to specify the search in terms of suggested
authors, previous work, and later work that helped in the synthesis of the thesis'
literature review. The analysis categorized the factors potentially influencing shared,
autonomous public transport into three levels: macro, meso, and micro. Each level
contains specific themes that were identified through the (comprehensive) literature
review. To determine whether a factor was classified as micro, meso, or macro,
thematic analysis was used based on the context and scope of influence described in
the literature.

Factors categorized at the macro level were those with broad societal, economic,
and regulatory impacts, often involving national or international policies, large-scale
economic investments, and cultural attitudes affecting entire populations. Examples
of macro-level factors included policy and regulation themes such as cybersecurity
and data privacy, legislative frameworks, economic and infrastructure investment
like national infrastructure investments, and social and cultural impacts such as
national cultural values.

Meso level factors were identified as those affecting specific regions, communities,
or organizational structures. These typically involved regional infrastructure,
economic conditions, and localized policy frameworks that would directly impact
the implementation of SAVs in a specific region. Examples of meso-level factors
included infrastructural factors like accessibility, regional mobility, digital
infrastructure, and economic and policy factors such as economic advantages and
public transport policies.

Micro level factors are those that directly impact individual users or small groups,
including personal characteristics, attitudes, and behaviors influencing how
individuals perceive and interact with SAVs. Examples of micro-level factors
included sociodemographic characteristics such as age, gender, income, and
education, psychographic characteristics like environmental attitudes and social
norms, and behavioral characteristics (defined in Chapter 3 as “actions and factors
that cover demonstrated and learned behaviors™), such as car ownership, travel
preferences, and user experiences with ridehailing and AVs.

The categorization process also involved interpreting the context provided by each
study. For instance, if a study discussed national policy impacts on AV adoption, it
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was categorized as a macro factor. If another study focused on regional
infrastructure development, it was classified as a meso factor. Studies examining
individual behaviors and attitudes towards SAVs were categorized as micro factors.
This contextual interpretation ensured that each factor was appropriately classified
based on its scope and influence.

5.1.3. Findings

(As the first study of this thesis, these findings formed the foundation of the
multilevel analysis. Thus, they considered one and the same in this reflection.)

At the macro level, effective policy frameworks, strong cybersecurity measures, and
clear legislative guidelines were considered by the authors in the literature study as
enabling factors for AVs, which could mean that they are also enablers for the
implementation of shared autonomous public transport. National environmental
policies and public safety laws significantly influence the implementation of AV
technologies, either facilitating or hindering their adoption depending on the rigor
and implementation of these policies. Economic and infrastructure investments also
play a crucial role, with central government facilitation and innovation investment
proving essential in driving SAV adoption. For example, countries like the
Netherlands and Singapore, which have advanced shared mobility infrastructures
and supportive policies, exhibit higher societal readiness and acceptance of SAVs.
Conversely, regions with less developed infrastructure or lower prioritization of
environmental and technological advancements face more significant barriers to
adoption. Social and cultural factors are also presumed to significantly influence the
implementation of shared AVs; national cultural values, such as strong
environmental policies and a societal emphasis on sustainability, contribute to
higher readiness and acceptance of SAVs. Economic statuses are also recognized to
play a crucial role; wealthier nations with strong economic conditions are generally
better positioned to invest in and adopt SAV technologies. Furthermore, cultural
attitudes towards innovation and technology can vary greatly, impacting the
integration of SAVs. For instance, countries with a forward-looking approach to
technology and high public trust in technological advancements tend to show greater
acceptance. Conversely, regions where there is skepticism towards new
technologies or lower prioritization of environmental and technological
advancements face more significant barriers to the adoption of AVs and thus the
implementation of SAVs for public transport.

At the meso level, infrastructural factors such as accessibility, regional mobility,
and public transport networks are assessed as critical. Regions with well-
developed public transport systems and digital infrastructure are likely better
positioned to support the deployment of AV technologies. Geographic location
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likely also plays a significant role, with urban areas showing faster adoption due to
higher population densities and more complex transportation needs. Rural areas,
despite facing challenges, offer unique opportunities due to fewer existing
transportation options. Economic and policy factors at the meso level include
economic investments, public transport policies, and collaboration between public
and private sectors. Regions with substantial economic investments and supportive
policies are more likely to develop and implement AV technologies successfully.
The affordability of AV services and the impact on the labor market were also
found to be crucial considerations, influencing both user willingness to adopt these
technologies and the broader economic implications.

At the micro level, sociodemographic characteristics such as age, gender, income,
and education are believed to significantly impact user acceptance and utilization of
SAVs. Younger individuals and men are generally more accepting of SAVs, while
higher income and education levels correlate with greater acceptance. Interestingly,
highly informed individuals may exhibit more skepticism towards AV technologies.
Psychographic characteristics, including positive environmental attitudes and social
norms that favor technology adoption, generally encouraged a greater willingness
to use SAVs and SAPT. The perceived benefits of SAVs, such as increased safety,
efficiency, and convenience, positively influence user willingness to adopt these
technologies, while perceived risks, particularly related to safety and security, pose
significant barriers.

Behavioral characteristics such as car ownership and current travel preferences
assumingly also affect the willingness to use shared AVs. Users who have positive
experiences with existing technologies and services, such as ridehailing and car-
sharing, are more likely to accept SAVs. And, while not strictly factors themselves,
the latent constructs of willingness to pay, share, and use AVs are critical indicators
of potential adoption, and thus were the focus of much of the micro-level research
from the literature review.

5.1.4. Implications for the Multilevel Analytical Model

Study A reveals factors in policy, regulatory, economic, social, infrastructural, and
demographic areas—by applying the multilevel analytical model to the literature
review, I was able to reveal a large number of factors and categorize them across
macro, meso, and micro levels. The findings support the assumption that each level
plays a unique role, especially in terms of regulation and user acceptance, which
appear highly influential at the macro and micro levels, respectively.

The different articles also discussed or inferred a high degree of cross-level
influence, especially between meso and macro levels. For example, the role of
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national infrastructure and digital investments is shown to affect regional
capabilities, which therefore impacts operational effectiveness at the meso level.

The literature review also revealed a significant number of factors at the micro level
which confirms that there has been intense interest at individual behavior and
decision-making when it comes to the use and acceptance of shared mobility
services, and the use and acceptance of AVs, respectively.

5.2.  Study B Focus groups with potential users in Australia

Study B centered around focus groups with potential SAV users in New South
Wales, Australia and is described in Paper 1.

5.2.1. Aim

Study B aimed to investigate users’ willingness-to-share, based on experiences from
autonomous vehicle trials and on-demand pilot programs in New South Wales
(NSW), Australia. The goal was to understand which factors contributed to high or
low willingness to share. NSW was selected because its transportation authority,
Transport for New South Wales (TfNSW), funded several innovative on-demand
public transport services and AV demonstrations, making it a prime location for this
study. At the time of the study, TINSW had 17 active on-demand van or bus
transport services, most of which were pilots, along with three AV pilots.

5.2.2. Method

Data collection involved four focus groups with 19 participants in total, held
throughout Sydney and Newcastle. Participants were categorized as experienced or
potential users of dynamic ridepooling services. Experienced users were currently
using Keoride, an on-demand public transport service operated by Keolis Downer
and promoted by TENSW, launched in November 2017 in the Northern Beaches and
Macquarie Park areas. Potential users were those living in areas where autonomous
shuttle pilots or commercial dynamic ridepooling services (like UberPool or Ola)
were available. These participants, while not using Keoride, were familiar with
similar commercial dynamic ridepooling services and could potentially use on-
demand public transport.

To analyze the qualitative data from the focus group interviews, a combination of
deductive and inductive analysis of themes was used. The audio recordings were
transcribed in full, and the transcriptions broken down into categories for conceptual
analysis. First, an initial list of categories, i.e., pre-defined codes, was generated
based on the literature on dynamic ridepooling, ridehailing, carpooling, and similar
shared mobility experiences. A second set of pre-defined codes was developed; the
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codes were then used to label segments of interview data to depict the content of
each segment. However, the codes were not sufficient to cover all the content of the
focus group interviews. Thus, in a third step, further codes were developed using a
more inductive approach.

To provide insight into which factors or issues were the most concerning for
different users, the coded material was further examined to determine what themes
had emerged, which were the most frequent throughout all four focus groups, and
which ones were the most frequent in a particular focus group as well as the rationale
behind them. Through thematic analysis of the focus group discussions, factors such
as perceived benefits (cost, comfort, convenience), safety, community culture, and
trust in authority emerged as influential to the willingness-to-share.

5.2.3. Findings

All participants had used commercial, dynamic ridepooling services because they
were cheaper than traditional taxis, provided greater flexibility, or offered a more
comfortable experience. Yet enthusiasm for either commercial dynamic ridepooling
or on-demand transport dropped significantly in all four focus groups when
presented with a scenario of using such services in an autonomous vehicle.

A clear difference emerged between potential users and experienced users. Potential
users, whose experiences with commercial ridehailing were inconsistent, valued
perceived benefits such as vehicle amenities and comfort as key factors for their
willingness to use on-demand transport or share rides. They felt less safe,
comfortable, or trusting of other passengers or drivers, often perceiving a lack of
community atmosphere. Conversely, experienced users from the on-demand
transport groups felt confident in the service, partly because it was branded by a
public transport authority. They exhibited a sense of community and trust in the
service, believing that other riders understood the premise, thereby creating a
perception of a community of like-minded riders.

Three themes emerged across all focus groups: cheaper trips, better comfort, and
increased convenience motivated the use of shared mobility services. Participants
felt public transport was not always convenient or comfortable; however,
experienced users of on-demand public transport appreciated significant
improvements over public buses and commercial dynamic ridepooling services. The
experienced users’ satisfaction stemmed from their consistent and shared
experiences with drivers, vehicles, and other riders, fostering a sense of community
and trust in the public transport agency.

When potential and experienced users were presented with the possibility of using
a driverless, shared, on-demand service, their willingness dropped significantly—
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even if they had been previously enthusiastic proponents of dynamic ridepooling or
on-demand transport. One of the biggest findings from the Australian focus groups
was "sharing anxiety," defined as the discomfort or reluctance to share rides with
strangers, particularly within the context of autonomous and driverless vehicles.
This anxiety stems from a mix of concerns about safety, journey quality, personal
space, and a perceived lack of authority or control within the vehicle due to the
absence of a driver. Without a driver, passengers worry about their own and others'
behavior, with some fearing that a lack of authority could lead to unsafe or
uncomfortable interactions.

Experienced users spoke warmly about the personal attention and high-quality
service from van or bus drivers. Conversely, potential users had low opinions of
drivers from services like Uber or Ola, citing concerns about well-being and safety.
Participants, especially women, emphasized how the presence of a driver impacted
their sense of safety. Some individual users mentioned how their perspectives were
influenced by their multicultural background (e.g. if they were an international
student studying in Sydney but was used to shared rides and dynamic ridepooling in
India).

Both groups stressed the importance of knowing "who is in control" within the
vehicle. The absence of a driver removed an important element, leading to an
"authority vacuum" and heightened insecurity about the journey. The presence of a
driver is often taken for granted, and users only recognize its importance when faced
with its absence.

5.2.4. Implications for the Multilevel Analytical Model

The study was designed to address RQ1 and understand micro-level factors.
However, I found interdependencies between user experiences at the micro level,
and influences from meso or macro actors or factors.

The participants from the downtown Sydney focus groups expressed distrust of state
and national governments, while participants from Newcastle were strongly
distrusting of Uber as an international, non-local organization. This demonstrates
that while trust in organizations is experienced by the user at the micro level, it is
still shaped by macro-level policies and frameworks. Regulatory frameworks, one
of the factors identified in Study A, would support high standards of service quality
and safety, which would support the credibility and reliability of public transport
providers, thereby fostering user trust in SAVs.

Participants who were disappointed with commercial dynamic ridepooling
emphasized the need for high-standard vehicle amenities, comfort, and overall
service quality, whereas participants who had experienced on-demand transport
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simply wanted more of the service, which would have required a significant
infrastructure investment on the part of Transport for New South Wales. This
indicates that regional planners and service providers must focus on developing and
maintaining superior infrastructure to support the adoption of SAVs to satisfy user
expectations, which speaks to the importance of regional infrastructure at the meso
level, and service quality, a form of perceived benefits, at the micro level.
Additionally, the study found that a sense of community (an aspect of trust) and
shared understanding among users significantly influenced their willingness to share
rides; participants from less diverse communities had a stronger sense of “kinship”
with other riders, even though all were still effectively strangers.

At the meso level, the study showed the need for regional transport authorities and
service providers to address user concerns and facilitate acceptance through
transparent communication; the experiences and feedback about low levels of trust
in companies like Uber and the government from participants showed that
organizational strategies should focus on building trust through transparent
communication, prompt and clear customer service, and the gradual implementation
of SAV services.

At the micro level, users' personal experiences with ridepooling—both positive and
negative—greatly influenced their willingness to adopt SAVs. Participants with
commercial dynamic ridepooling were motivated by advanced technology and
features; participants with on-demand transport wanted greater customer service and
enjoyed a sense of community. Micro level factors such as previous experiences,
personal comfort, and perceived safety need to be addressed to encourage adoption.
Cultural context was also shown here as the possibility for an individual user to have
multiple cultural influences aside from the dominant, macro-level cultural values.
The study revealed that users valued the perceived benefits of vehicle amenities and
comfort as key factors for their willingness to use on-demand transport or share
rides; addressing “sharing anxiety” and the “authority vacuum” would be crucial for
stakeholders and policymakers.

5.3.  Study C Focus groups with potential users in Sweden

Study C centered around focus groups with potential users of AV pilot technology
in several cities within Sweden. The study is described in Paper I1.

5.3.1. Aim

Like the Australian focus groups (Study B), the Swedish component of data
collection commenced with a detailed investigation into the acceptance of shared,
autonomous vehicles among participants exposed to AV pilots in Sweden,
emphasizing shared mobility and public transport scenarios. The objective was to
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explore individual attitudes, acceptance levels, and willingness to use AVs within
these contexts, employing focus groups for qualitative insights from users who had
been either used or lived nearby to existing AV pilots in Sweden, with a specific
focus on shared mobility and public transport contexts.

5.3.2. Method

Like Study B before it, focus groups were chosen as a qualitative research technique
to facilitate in-depth discussions and gather qualitative insights related to shared
AVs in public transport settings. Given the nascent stage of on-demand shared
mobility and limited AV pilots in Sweden, this qualitative approach was at this stage
chosen over broader survey methods (which was the primary methodology of Study
D).

In Study C, there were 25 participants in total, who represented various age groups,
genders, and socio-economic backgrounds (i.e., different education levels).
Participants in Stockholm, Linkoping and Gothenburg were recruited through
exposure and use of the existing AV pilots in those cities; participants in the focus
groups in Trollhdttan were given an exclusive demo ride on a NEVS vehicle during
the session. These shuttles were Navya Armas (Figure 8), EasyMile EZ-10s, or
NEVS Pons, all of which are short format, Level 4 vehicles'® going on prescribed
routes. Most participants (22 out of 25) had used one of the autonomous shuttles in
their nearby pilots at least once. One thing that is important to note is that in Sweden,
even though Level 4 autonomous vehicles have no steering wheel and can be
monitored or stopped remotely, Swedish Transport Authority regulations insist that
a human “driver” is on board the vehicle at all times.

The focus group discussions were held in English and followed a semi-structured
format, allowing participants to express their opinions, share personal experiences,
and engage in interactive dialogue. Specifically, the discussions focused on smaller-
format vehicles (see Figure 10, below) such as a bus, minibus, or something like a
car and their potential autonomy and excluded larger vehicle formats like trains or
trams.

13 SAE J3016 defines autonomous ability in vehicles from Level 0 (no driving automation) to Level 5 (full
driving automation). Level 4 autonomous vehicles are seen as vehicles that can operate completely
autonomously in specific conditions or environments without human intervention, but still have the option
for human control.
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Figure 10 The Navya Arma used in the Gothenburg pilots, accommodating
approximately 12 persons in the vehicle. Permissions for photo granted by RISE.

As in Study B, thematic analysis was employed to identify recurring themes,
patterns, and insights within the collected data. The analysis involved coding,
categorizing, and organizing the data to extract meaningful information related to
user acceptance and preferences for shared AVs in public transport settings; the
same codes in Study B were applied in Study C. The segments were then labeled
with codes to represent their content. To gain insights into the most concerning
factors or issues for different users, the coded material was further examined to
identify recurring themes and explored the rationale behind these perspectives.

5.3.3. Findings

In a shared, autonomous vehicle for public transport context, such a service builds
on behaviors often found in on-demand ridehailing, dynamic ridepooling, and public
transport. While many countries have embraced dynamic ridepooling (as seen in
commercial services like UberPool or transit-based ones like Keoride), Sweden's
primary context is app-based taxis where users ride alone. Compared to the previous
focus groups in Australia (Study B), participants in Study C were largely unfamiliar
with dynamic ridepooling and displayed initial apprehensions about shared
mobility.

Several prominent themes emerged from the exploration of Swedish participants'
views on shared and autonomous rides. As the concept of dynamic ridepooling is
not widespread in Sweden, it was challenging for some participants to imagine
themselves using such a service. This absence leads to skepticism, which can
dissuade potential service providers from offering dynamic ridepooling services; |
termed this “causal ambiguity”, because it was unclear if participants’ reluctance to
use shared ride services were because the services did not exist, or if the services
didn’t exist because potential users were so skeptical. Participants did acknowledge
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the potential cost savings and environmental benefits of sharing rides. However,
contrary to prior research, cost-effectiveness alone was not the primary motivating
factor. Instead, Swedish respondents were highly motivated by environmental
concerns.

Cultural differences and priorities in sharing vehicles with strangers also emerged
as a significant theme. Participants generally expressed no major reservations about
sharing their mobility rides with strangers, as they already do this in public transport
settings. However, they were hesitant about sharing in some contexts, such as
smaller vehicles. Both Swedish-born participants and foreign students or
immigrants noted that Swedish culture is characterized by a preference for privacy
and reserved behavior, which could impact the acceptance of sharing smaller
vehicles with strangers. A mix of cultural differences and causal ambiguity led to
one of the most interesting exchanges of the group:

K-F-22 (facial expression getting increasingly happy): "Well, me
and my boyfriend. We didn't know what 'UberPool' was. So, it was
like, we got into the car. And the driver, he said like, 'Oh, we will
stop somewhere on the way to become a few people.’' And we were
like, 'Okay, this is so weird, what's going on?' And then they came.
And then I looked at the app, and I Googled it, and I was like,
'Okay, now I get it." So, we're headed the same way for a lower
price. And then they were really nice and gave us
recommendations for what to do in Paris. We actually used that
the whole trip."

Moderator: "So how would the rest of you feel about using
something like that? Would you ever use a service like that?”

K-F-22 (with facial expression falling): "Oh, no. It would never
work in Sweden."

Safety concerns were another prominent theme. Participants who had experienced
an autonomous vehicle pilot in Kista, Stockholm, commented that the shuttle moved
too slowly, to the point where one could potentially outrun it. This led to distrust
that a vehicle needing to operate that slowly could be safe at higher speeds.
Additionally, potential users expressed concerns about sharing a space with
unknown persons, particularly in the AVs they had experienced. These differences
in concern and perception may be related to the amount of personal and public space
available in different modal types.
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5.3.4. Implications for the Multilevel Analytical Model

Like Study B’s focus groups, the participants discussed micro-level factors, but their
discussions and perceptions affirmed macro and meso-level factors as well.

For example, technology maturity was affirmed when participants raised doubts
about AV technology’s ability to operate safely at higher speeds, which reflected
concerns about the readiness of the technology. Cultural values were affirmed when
the participants noted that their cultural tendency for privacy and reserved behavior
as a Swedish trait which could hinder the adoption of shared AV services. Market
penetration of ridehailing services became obvious when participants had mixed
reactions and limited experiences with such services.

There was also some discussion about the role of public versus private sectors in
offering shared mobility services; some participants believed that public initiatives
might be better suited to implementing shared AVs than private companies, due to
concerns about affordability and accessibility.

The focus groups revealed that Swedish participants had initial apprehensions and
unfamiliarity with dynamic ridepooling and shared mobility services. Initially, the
preferences for privacy were categorized as an affirmation of the factor, social
norms; however, later studies made me rethink this finding as a different factor,
cultural context.'"* The study also identified perceived environmental benefits and
safety concerns as significant factors influencing acceptance, directly contributing
to the micro-level analysis of perceived benefits and risks. Another micro-level
factor that emerged was the low level of trust participants had in other people
(particularly those with whom they imagined sharing their journeys), as mentioned
in Study B by Australian participants. Building trust in technology and the
organizations providing SAV services is considered crucial for enhancing
acceptance and willingness to use shared autonomous vehicles.

Additionally, Study C highlighted environmental benefits as a personal motivation
for using SAVs. This finding contributes to the idea that micro level factors could
impact macro level factors such as environmental policies. Therefore,
environmental focus and causes can play a significant role in policy formulation and
public acceptance strategies.

5.4. Study D Multinational Survey

Study D was a multinational survey in Sweden and Australia reported in Papers I11
and IV.

14 The discussion in Study H, the Delphi Study, led me to rethink the nuances between factors.
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54.1. Aim

Study D was designed to investigate the factors influencing the willingness to use
SAVs with unfamiliar people, focusing on the impact of four key factors: prior
experience with shared mobility, prior experience with AVs, willingness to share
rides, and willingness to use AVs. By recruiting participants from Australia and
Sweden, I also wanted to examine whether or not national cultural differences
contributed to the results. The study aimed to address gaps in existing research that
have primarily focused on either technological or socio-demographic factors,
leaving a need for a more comprehensive understanding of the determinants of
potential users’ willingness to use SAVs.

5.4.2. Method

A web-based survey was developed and distributed to participants in Sweden and
Australia. The survey targeted adults from major urban centers, specifically
Gothenburg and Stockholm in Sweden, and primarily New South Wales in
Australia.

The study was carried out in a two-phase approach. Data collection occurred
between May 2022 and June 2023, resulting in 3,666 completed questionnaires for
the first wave. Due to data quality issues from the Australian contractor in the second
survey wave, only Swedish Wave 2 data was analyzed separately. This wave
involved over 1,900 respondents. The final sample included 1,819 complete
responses and 121 partial responses, with incomplete responses being discarded.

The survey consisted of three main sections. The first section gathered data on age,
gender, family background, and prevalent transportation modalities. Sensitive data
like income was not collected, but respondents self-identified personality traits from
six options: Realistic, Traditional, Progressive, Adventurous, Spiritual, and
Environmentally conscious. The second section explored respondents’ experiences
with shared forms of mobility, such as public transport and car-sharing, and their
willingness to take shared rides in ridehailing or public transport. The third section
defined what an AV was with a visual artifact and text description, assessed
participants' exposure to AVs, and asked about their willingness to share a journey
in an AV with different types of people, such as family, friends, neighbors, and
strangers. Due to a data collection error by our contractor, I was only able to create
profiles for the Swedish Wave 2 data.

Data analysis was performed using SPSS software. The statistical analysis included
cross-tabulations and multinomial logistic regression to model the relationship
between several predictors and individuals' willingness to use SAVs with unfamiliar
people. The predictor variables included country, previous ridehailing experience,
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previous AV experience, willingness to share rides, and willingness to use AVs. |
also used crosstabulations and Decision Tree analyses, specifically Exhaustive Chi-
squared Automatic Interaction Detection (CHAID). The decision trees were
constructed to visualize interaction effects and hierarchical relationships among
variables. Distinct profiles for potential users and potential refusers of SAVs in
Swedish cities were created. The analysis focused on identifying key variables
influencing willingness to share AVs with strangers, with top-node splitters
indicating the most influential factors, such as demographic traits, previous ride-
hailing experience, and concerns about health and safety. Multiple decision trees
were generated thematically, each targeting specific categories ("Very Likely" or
"Not at all likely" to share AVs). The risk estimate and standard error metrics
indicated the accuracy and predictive power of the decision trees.

5.4.3. Findings from Wave 1

One of the first differences revealed in the findings of Wave 1 was that of familiarity
with ridehailing services between the two countries. In Australia, 85.5% of
respondents had previously used app-based ridehailing services, reflecting a high
acceptance and penetration of such services; in contrast, 51.4% of Swedish
respondents had no prior experience with ridehailing. Despite this, nearly 90% of
respondents from both countries had no previous experience with AVs, indicating
that AV technology is still relatively novel to the public in both regions.

When it came to sharing rides, Australians showed a higher reluctance, with 22.1%
unwilling to share rides under any circumstances, compared to 11.2% of Swedes.
On the other hand, Swedes demonstrated a greater openness to sharing rides, with
53.0% fully willing to share rides, in contrast to only 20.8% of Australians. In terms
of willingness to use AVs, Australians were more open, with 48.4% expressing a
willingness to try AVs, compared to 37.8% of Swedes. However, a notable
percentage of respondents from both countries were uncertain or unwilling to use
AVs, highlighting ongoing apprehensions about this technology. Both Australian
and Swedish respondents showed a clear pattern of increased willingness to share
AV rides with familiar individuals, such as family and friends, and decreased
willingness as the familiarity with co-riders decreased. Only about 10% of
Australian respondents and 12% of Swedish respondents were willing to share AVs
with complete strangers.

Through the multinomial logistic regression analysis, I found that Swedish
respondents were more likely than Australians to be "Not at all likely" to share AVs
with unfamiliar people. However, this geographic difference, though statistically
significant, was less impactful compared to other factors. It was “willingness to
share rides” that emerged as the strongest predictor of whether a respondent was
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willing to share an AV with strangers. Individuals who categorically refused to share
rides under any circumstance were the most unlikely to share AVs with strangers—a
logical conclusion, and one that suggests that personal attitudes towards ride sharing
are a major barrier to the adoption of SAVs. Having prior experience with AVs
positively influenced willingness to share AVs, though this factor was less impactful
than a general willingness to share rides.

5.4.4. Findings from Wave 2

Potential users are characterized as well-educated men who identify as progressive
and environmentally conscious. These individuals are likely to use public transport,
have some experience with AV technology, and are comfortable with technology
influencing their mobility. They show a high tolerance for sharing their mobility
journeys with others and are motivated by cost or environmental benefits. Adopters
are also inclined to view AVs as a future form of autonomous public transport.

In contrast, potential refusers tend to be women with traditional or realistic
personality traits, possibly with less formal education than a university degree. They
are more likely to be private car users with little to no experience with AV
technology and express concerns or discomfort with technology governing their
mobility. Refusers demonstrate a lower tolerance for sharing mobility journeys with
strangers, often due to safety or privacy concerns. Their reluctance to embrace AVs
for shared transport could stem from skepticism about the technology's reliability,
safety, and the absence of a human operator.

5.4.5. Implications for the Multilevel Analytical Model

At the macro level, the study reveals country-specific differences in familiarity and
acceptance of ridehailing services and AV technology between Australia and
Sweden. The study highlights that Australians have greater familiarity with
ridehailing services compared to Swedes. However, Australians are more reluctant
to share rides, while Swedes show a higher willingness to share rides. Despite the
familiarity with ridehailing, both countries have minimal experience with AVs.

In micro-level factors, the strongest predictor for willingness to use SAVs with
unfamiliar people was the existing willingness to share rides. Individuals who
categorically refuse to share rides under any circumstance are the most unlikely to
share AVs with strangers. Prior experience with AVs positively influences
willingness to share AVs, although this factor is less impactful than a general
willingness to share rides. The study also created distinct profiles for potential users
and refusers of SAVs in Swedish cities. Potential users are characterized as well-
educated men who identify as progressive and environmentally conscious, use
public transport, have some experience with AV technology, and show a high
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tolerance for sharing mobility journeys. In contrast, potential refusers tend to be
women with traditional or realistic personality traits, possibly with less formal
education, more likely to be private car users with little to no experience with AV
technology, and express concerns about the technology's reliability and safety.

Another meso-level factor that emerged was that of transit accessibility, or the
opportunities and ease with which users can use public transport services in a region.
It was indirectly demonstrated in the usage patterns of respondents; 81% of
Australian respondents were primarily car users, while 58% of Swedish respondents
were frequent users of public transport. This could be interpreted as the Australian
respondents having poorer transit accessibility compared to the Swedish
respondents, or else not so many would rely on private vehicle transportation.

Despite earlier literature and studies suggesting previous experience with ridehailing
supported a willingness to share AVs, Study D found that familiarity with
ridehailing services did not significantly predict the willingness to share SAVs. This
suggests that exposure or previous experience alone does not necessarily translate
into a readiness to embrace SAVs. On the other hand, positive public transport
experiences emerged as a strong predictor of SAV adoption. On the surface this
might be contradictory, as on-demand, shared autonomous vehicles combine
elements of both services, yet only experiences from one of those services seemed
interdependent with willingness to share AVs. This confirms a kind of meso-level
effect on these micro-level factors, as it shows that public transport agencies play a
critical role' in preparing society for shared, driverless mobility by enhancing the
quality of public transport services and influencing user perceptions and acceptance.

5.5. Study E Australian Stakeholder Interviews

Study E, the interviews with Australian stakeholders, is described in Paper V.
5.5.1. Aim

Study B highlighted "sharing anxiety”, which significantly hinders the acceptance
of SAVs. This anxiety arises from the prospect of sharing rides with strangers
without a driver or authority figure present. Thus, Study E aimed to explore the how
well understood "sharing anxiety" was among transportation experts involved with
AV pilots in New South Wales, Australia.

1520 for initiative.
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5.5.2. Method

Qualitative, conversational interviews were conducted with 13 participants from
October 2019 to February 2020. The participants included six transport operators,
two representatives from Transport for New South Wales (TfNSW), two
representatives from the Point-to-Point Transport Commission, two technology
providers (autonomous vehicle manufacturers), and one academic. The interviews,
ranging from 35 to 70 minutes, aimed to gather insights on three core questions:

1. What do transportation experts believe customers expect from future shared
or autonomous public transport?

2. Who do transportation experts believe is responsible for encouraging or
increasing willingness-to-share among the public regarding autonomous
public transport?

3. How could transportation stakeholders increase societal acceptance of
dynamic ridepooling in preparation for a shared AV future?

The interviews were recorded, transcribed, and analyzed using Atlas.ti qualitative
analysis software. The coding followed a concept-driven approach, with initial
codes based on literature and additional codes generated during the analysis.

5.5.3. Findings

The interviews revealed a general lack of awareness about sharing anxiety within
the mobility industry; experts tended to focus more on technological acceptance of
AVs than addressing the socio-technical systems and behavioral changes necessary
for successful adoption of SAV.

The interviewees believed that customers have several key expectations from future
shared or autonomous public transport. Customers need reassurance and education
about the safety and reliability of using on-demand and shared AVs, bridging the
familiarity gap to make users comfortable with these new technologies. Competitive
pricing was considered a significant factor, with some interviewees saying that
customers expected shared rides to be cheaper than private ones, so lower prices
were a necessary incentive for the adoption of SAVs. Safety, reliability, and comfort
were also significant concerns, especially regarding the behavior of other passengers
in a shared space, making it essential to ensure a safe and pleasant experience.
Additionally, the perceived benefit of convenience and ease of use were considered
extremely important for disadvantaged groups in rural and suburban areas, which
would require better integration with digital technologies and simplified processes.

The interviewed experts believed that multiple stakeholders share the responsibility
for encouraging or increasing the public's willingness to share rides in AVs.
Transport authorities were the ones primarily seen as responsible for shaping public
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attitudes and creating a supportive environment for shared mobility through
deregulation and proactive policies; yet transport operators and technology
providers were also seen to play significant roles in creating attractive, safe, and
reliable services that encourage user adoption, needing to develop user-friendly and
appealing service models to increase public acceptance.

5.5.4. Implications for the Multilevel Analytical Model

Since the experts believed multiple stakeholders bore responsibility for encouraging
or increasing the public's willingness to share rides in AVs, this supported a
relationship between meso-level actors on processes and factors at both the macro,
meso and micro level.

At the macro level, Study E confirmed the importance of policy, legislative, and
regulatory frameworks by highlighting stakeholders’ belief that there is a strong
need for supportive regulatory environments and proactive policies from transport
authorities. The interviewees suggested that government incentives and support for
dynamic ridepooling are necessary, confirming the importance of government-
funded innovation investment and collaboration in AV research and development.

At the meso level, the interviews also highlighted the need for better integration with
existing public transport systems, which can be interpreted as confirming the
importance of another meso factor, transit accessibility. The recommendation for a
standardized, unified interface for on-demand transport services touches on that
factor as well as underscores the need for strong digital infrastructure. The
interviewees also discussed competitive pricing and affordability as ways to attract
users (thus a micro-level factor), but being mentioned by stakeholders reflects meso-
level concerns about the costs of implementing new technologies and services,
confirming costs as a factor at the meso level as well as at the micro level.

The interviewees discussed rural and suburban areas (compared to urban ones) as
potential places for pilot deployment of SAVs. Although this was an explicit
discussion of a meso factor concept (geographic location), in this way, it also can be
interpreted that the interviews confirmed the importance of considering the impact
urban vs. nonurban residence has on individuals’ decision-making at the micro level.
And lastly, but certainly not least, concerns about sharing rides without a driver or
authority figure highlighted the issue of an authority vacuum, which needs to be
addressed to increase user confidence in SAVs; the concern over shared rides is part
of the equation when users are considering perceived benefits and perceived risks,
and if meso-level stakeholders are aware of that, they need to design service
elements and safety policies that tilt the mental math in favor of shared rides.
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5.6. Study F Interviews with Swedish stakeholders

Whereas study E, focused Australia, this study, Study F consisted of interviews with
Swedish stakeholders and have been reported in Paper VI.

5.6.1. Aim

The study aimed to explore the attitudes and perspectives of Swedish transportation
experts and stakeholders regarding SAVs for public transport. It sought to compare
these insights, from the Swedish interviewees, with those from stakeholders in New
South Wales, Australia in Study E, in order to understand the factors influencing
societal acceptance and readiness for SAVs. The goal with this activity and
comparison is to identify the best practices and policy interventions for introducing
SAVs into public transport systems.

5.6.2. Method

The study employed a qualitative research design, utilizing semi-structured
interviews with strategists, operators, academics, and regulators in Sweden.
Fourteen experts participated, including mobility researchers, consultants, transport
planners, agency project managers, transport operators, and project leaders from
manufacturing companies, categorized into four role categories: service providers,
researchers and academics, manufacturers and industry professionals, and public
transport planners and authorities. The sampling process involved purposive
sampling followed by snowball sampling to ensure a diverse range of transport
professionals.

The interviews were recorded, transcribed, and analyzed using thematic coding to
draw out insights and comparisons between the Swedish and Australian contexts,
identifying key themes relevant to the study.

5.6.3. Findings

The findings of the study reveal several key themes. First, there are significant
challenges for public transport to innovate, marked by a tension between the desire
for innovation and existing bureaucratic obstacles within the Swedish public
transport system and the way it is structured. For example, the long-term tendering
process for public transport operations is perceived to hinder innovation due to its
inflexibility, making it difficult for operators to try new services or pilot programs
when they do not have any additional innovation funding. Additionally, Swedish
stakeholders acknowledged “sharing anxiety” as a significant barrier to SAV
implementation. This was in direct contrast to their counterparts in Australia, who
were more dismissive of sharing anxiety as a barrier. Swedish stakeholders believed
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that sharing anxiety reflects a broader cultural resistance to sharing personal space
without an authority figure present, which highlights the need for measures that
build public trust and ensure safety in shared autonomous environments.

Most Swedish interviewees believed that public transport authorities and
governmental bodies are primarily responsible for introducing SAVs and increasing
public acceptance. The high public trust in Swedish public transport authorities
could facilitate the adoption of SAVs if these entities are seen as the providers, using
their established reputation to promote new mobility solutions. Regarding the best
routes for introducing SAVs for public transport use, rural and low-density areas
were identified as highly feasible environments due to the high car dependency in
these regions and the lack of existing public transport options. Previous SAV pilots
were criticized for being too small-scale and not useful enough to encourage
significant user adoption, indicating a need for larger, more impactful trials. There
was a call for more substantial government support and potentially incentivizing
shared mobility through tax reliefs or refunds, aiming to create a more favorable
environment for SAV introduction, and to overcome existing barriers to public
acceptance and the implementation of autonomous public transport.

Moreover, the study showed that collaboration among various stakeholders, while
essential, often slows down the process of innovation. This collaborative approach,
which is typical and often lauded in Sweden, involves multiple levels of government
and private sector partners. The complex web of partners seems to often lead to
delays. Addressing this would require a well-coordinated strategy that includes both
public education campaigns and policy support is emphasized to ensure the
successful implementation of SAVs for public transport. The interviewees believed
that public attitudes towards SAVs could be positively influenced by demonstrating
their safety, reliability, and the perceived benefit of convenience, if there was a bold
and proactive approach by the government, supported by targeted incentives and
comprehensive pilot programs.

5.6.4. Implications for the Multilevel Analytical Model

The interviewees in Study F discussed the role of public transport authorities and
governmental bodies in introducing SAVs, which confirms the importance of policy
and regulation as a factor towards societal acceptance. Additionally, the
interviewees’ comments on the complicated and slow collaboration process in
Sweden—unlike their counterparts in Study E—indicate that the interaction between
public and private frameworks is also an important and confirmed factor. Safety,
how it is perceived and who was responsible for ensuring it, was also mentioned in
the interviews, which can be seen as confirming safety as a macro factor, as well as
a micro factor. Some interviewees noted that there is significantly high public trust
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in Swedish public transport authorities and institutions, which they saw as a
potential facilitator for SAV adoption. Both safety and public trust are concepts that
can be encouraged and grown at the macro level and revealed at the micro level.

Many of the interviewees spoke at great length about national infrastructure,
investment, and innovation; this supports the idea that substantial government
support is needed for overcoming barriers to innovation. One such proposal (and
factor) is that of central government facilitation for improving new technology
adoption. This was discussed to hopefully address the collaboration quicksand the
interviewees felt Sweden’s transportation ecosystem was trapped in, especially
regarding SAVs. Furthermore, that stakeholders identified rural and low-density
areas as ideal for SAV deployment supports the tentative multilevel analytical
model’s listed factors (Figure 4, 5, and 6 from Chapter 3) of existing infrastructure
and innovation funding as key factors, complementary to economic and policy
factors like government incentives and funding.

In discussing sharing anxiety, the Swedish stakeholders anticipated significant
issues at the micro level. This implies that the multilevel analytical model should
give weight to individual attitudes and perceptions, particularly around sharing
anxiety.

5.7.  Study G Governmental Policy Reviews, Sweden

Study G involved analyzing the Swedish national government’s call to action and
request for stakeholder perspectives and information about AVs, over two separate
occasions.!®

5.7.1. Aim

Study G was specifically designed for the exploration of meso or macro-level
factors. The Swedish government's remiss provides insight into how a national
government is approaching the regulatory challenges and opportunities associated
with autonomous driving. By understanding these approaches, it becomes more
evident how Sweden plans to handle issues like responsibility distribution, criminal
sanctions, and the use of geofences.

16 The first occasion of this legislation in action was in 2021, with “The question of responsibility in
automated driving and new rules with the aim of promoting increased use of geofences”, which had the goal
to firstly to consider a division of responsibility in the case of automated driving, and secondly to consider
rules with the aim of promoting an increased use of geofences for road vehicles. The second occasion was a
memorandum in 2023, proposing a new regulation on fully automated vehicles, to meet the requirements of
the European Parliament and of the Council as regards uniform procedures and technical specifications for
type approval of automatic driving systems in fully automated vehicles.
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5.7.2. Method

The study employed thematic coding and frequency analysis to analyze the
responses and positions of various stakeholders regarding the Swedish government's
proposals on autonomous vehicles. Two key documents from the Swedish
government were analyzed: the 2021 call for proposals on the responsibility in
automated driving and geofences, and the 2023 memorandum proposing new
regulations for fully automated vehicles. Ninety entities—regional kommuns (similar
to the definition of municipality), original equipment manufacturers, energy
companies, research institutes (including RISE, my employer), public transport
agencies, technology developers, communication agencies and even the courts—
were given the opportunity to respond to the proposal and explain their interests and
position on the topic of AVs. Analyzing the responses from the Swedish
organizations also required categorizing the stakeholders, which was done based on
their roles and interests in the AV ecosystem. They were categorized as government
agencies (regional and national transport authorities, law enforcement, and
regulatory bodies); industrial actors (original equipment manufacturers, technology
developers, communication agencies and energy companies); the public sector
(municipalities, public transport agencies, research institutions, courts, and
environmental organization).

Lastly, responses were systematically coded to identify recurring themes and
concerns and to match them with confirmed, existing factors in the multilevel
analytical model from earlier studies, or to create additional, newly confirmed
factors. Key themes included role and mission confusion, cybersecurity and data
privacy, legal frameworks, central government facilitation, safety, liability,
economic implications, technological maturity, and environmental priorities.

5.7.3. Findings and Implications for the Multilevel Analytical Model

When analyzing how many times concepts emerged from the different responses,
(see Table 2 below), it became clear that two were the most discussed: legal
frameworks, and role and mission confusion.

The frequent mention of the legal framework suggests that there are significant
regulatory challenges and complexities that stakeholders face. This could involve
navigating existing laws, compliance with regulations, or the need for new
legislation to address emerging technologies and practices. The frequent mention of
role and mission confusion suggests that many organizations struggle with defining
and understanding their specific place in the transportation system, particularly in
how they could support or introduce new mobility services and technologies. This
can lead to inefficiencies and overlaps in responsibilities, hampering overall
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effectiveness. In some ways, these concepts can be seen as interdependent factors—

a strong legal framework leads to might give clarity that reduces role and mission
confusion.
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Table 2 Revealed factors by level and organization from the Swedish government
remiss.

Meso Macro .
Factor Count Organizations
level level

City of Goteborg, DriveSweden, Einride,

Role and
e an Mobility Sweden, Nobina, RISE, SKR, SMC,
mission v v 13 .
confusion Svensk Kollektivtrafik, Trafikanalys,
Trafikverket, Visttrafik, Region Stockholm
City of Goteborg, City of Malmo, Einride,
Legal v vV 13 Mobility Sweden, Polisen, RISE, SKR, SMC,
framework Svensk Kollektivtrafik, Trafikanalys,
Trafikverket, Visttrafik, Vistra Gotaland
City of Malmo, Einride, Mobility Sweden,
Liability v v 6  Polisen, Swedish Transport Workers' Union,
Transportstyrelsen
Cybersecurity vV Vv 5 City of Goteborg, Nobina, SMC,
and data privacy Transportforetagen, Visttrafik
Safet v v 4 Polisen, Swedish Transport Workers' Union,
Y Transportforetagen, Volvo
Digital
eita v 2 Svensk Kollektivtrafik, Transportforetagen
Infrastructure
Societal Benefit v 2 DriveSweden, Region Stockholm
Economic
situation and v 2 Svensk Kollektivtrafik, Transportforetagen
labor market
Permit
emy 'p.rocess v 1 Region Stockholm
rigidity
Regional
mo‘b ility and v 1 Visttrafik
public transport
network
Infrastructure v v 1 RISE
Role of driver
and road v v 1 Transportstyrelsen

authority
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When it came to macro factors, the responses emphasized the role of central
government in facilitating the adoption of AVs. Einride (an autonomous truck
manufacturer) and DriveSweden (a Swedish organization for sustainable
transportation collaboration) pointed out the necessity of national-level coordination
and incentives to drive innovation and implementation, and the Swedish Transport
Workers’ Union highlighted the importance of government support in ensuring a
smooth transition for the workforce.

The environmental impact of AVs was discussed by the Swedish Environmental
Protection Agency and the City of Goteborg—but only by them, and hence coming
up far less often than expected, given that Sweden has a strong reputation abroad for
putting a high priority on environmental causes and concerns. The Swedish
Environmental Agency and City of Goteborg emphasized the potential for AVs to
contribute to sustainability goals, however, they also cautioned about the financial
costs of producing and maintaining AV infrastructure. The cost of implementing
new technology was also mentioned by Region Vistra Gotaland (county council
governing the territory Vistra Gotaland) and Transportstyrelsen (the Swedish
National Transport Administration).

Safety concerns were paramount for many stakeholders, with the Police specifically
pointing out that legislative frameworks were lacking to address future infractions
and unsafe conditions for AVs. Many stakeholders, including Einride and the City
of Goteborg, called for comprehensive legislation to address liability issues,
regulatory compliance, and the role of drivers in autonomous systems.

For meso factors, many stakeholders expressed concerns regarding the lack of
clarity in roles and responsibilities in the AV ecosystem. This confusion extended
to who should be accountable in various scenarios involving AVs. For example,
Visttrafik (agency responsible for public transport services in Vistra Gotaland)
highlighted the need for clearer guidelines on the division of responsibility between
vehicle operators and manufacturers. Similarly, Trafikanalys (a government agency
for transport analysis) and the Swedish Association of Local Authorities and
Regions emphasized the importance of defining the roles of different government
agencies and private entities in managing AVs.

Cybersecurity and data privacy emerged as critical concerns among stakeholders,
with several organizations, including Nobina (a multinational public transport
operator) and Sveriges Motorcyklister (an association for Swedish motorcyclists),
highlighting these issues. Economic considerations, particularly the financial burden
on public and private sectors, were discussed by Region Vistra Gotaland and The
Swedish Public Transport Association, who also mentioned the need for government
incentives to support the sociotechnical transition to AVs.
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5.8. Study H International Delphi Study

Study H focused on identifying factors across the three societal levels; the micro,
meso, and macro level, for the implementation of shared, autonomous public
transport. The study has been reported in Paper VII.

5.8.1. Aim

The aim of Study H was to deepen the understanding of meso-level stakeholders'
and actors' considerations regarding shared, autonomous public transport. The study
sought to collect and distill expert opinions from transportation professionals, urban
planners, and industry manufacturers across multiple countries to ask for their
perspectives on meaningful factors that could impact the introduction and
implementation of SAVs for public transport.

5.8.2. Method

Study H employed a modified Delphi methodology, a systematic approach to gather
expert opinions through a series of questionnaires distributed over multiple rounds,
tailored for achieving consensus among a group of experts. The Delphi method
utilized involved three iterative rounds of surveys and an interactive, online
workshop to refine expert opinions and achieve a consensus on the critical factors
affecting implementation of SAVs for public transport. Each of the survey rounds
had a specific focus and methodology aimed at refining and deepening the
understanding of critical factors from various stakeholder perspectives. The initial
wave of the survey established a baseline understanding of the factors influencing
the implementation of autonomous public transport. Successive waves refined these
factors, incorporating feedback and reducing the number of factors to those deemed
most significant. The process included follow-up reminders to ensure participation.

Experts from diverse backgrounds, including transportation professionals, urban
planners, and industry manufacturers, participated in these surveys. The final wave
of the Delphi survey engaged 38 experts from various countries, providing a diverse
set of perspectives on the integration of AVs into public transportation. Seven of
these experts were able to participate in the online workshop.

5.8.3. Findings and Implications for the Multilevel Analytical Model

The study involved a diverse group of respondents from various regions, with the
largest groups being from North America (40%), Europe (30%), and Asia (20%).
Participants represented public agencies, academic institutions, consultancies, and
industry manufacturers, providing a broad spectrum of perspectives. Across three
waves of surveys, factors influencing the implementation of shared autonomous
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public transport were identified and refined. Initially, the factors revealed in Study
A (the literature review) were discussed, but the participants narrowed the list down
to 24 significant factors by the third wave.

At the micro level, expert respondents believed that the implementation of shared
autonomous public transport hinges on individual beliefs and behaviors towards
autonomous vehicles and current transport modes (such as the number of cars per
household) and that personal experiences and perceptions would be crucial for
guiding that acceptance. These micro level factors included exposure to AVs,
familiarity with related apps, and overall attitudes towards new technology and
public transport. (The strength of influence that previous experiences with
ridehailing and shared rides has on willingness to share AVs has not been consistent
across the studies; this will be discussed further in the next chapter.) However,
experts in other studies from the literature review had similar conclusions as the
participants in study H.

Safety concerns, frequency of service, convenience, and competitive pricing were
also seen as meaningful by the respondents. This is a strong indication that
stakeholders and expert actors view a positive user experience as necessary for the
implementation of shared autonomous public transport.

Meso level factors involving the quality of existing public transport, regional
policies, and population density were consistently seen as important across all three
waves, but the meso level was the one to suffer the most “loss” across waves;
respondents had more trouble reaching consensus on the importance of these factors
than they did for the micro or macro levels. This could be interpreted to mean that
organizational dynamics, such as the collaboration between transportation agencies,
local governments, and industry stakeholders, is diverse and more difficult for even
transportation experts to understand and reach consensus on. Statistical indicators,
such as population density, were consistently seen as important, while finer
demographic details like age ratios or major regional employers were eliminated in
later survey waves. The meso level factors point to the need for regional authorities
and transportation agencies to work collaboratively and develop clear policies that
facilitate the implementation of autonomous public transport alongside and into
existing transport systems.

At the macro level, two key factors consistently emerged as significant across all
waves of the Delphi study: national laws and policies, and the economic status or
gross domestic product of the country. These factors underscore the importance of
having a supportive legal framework that facilitates the deployment and operation
of autonomous public transport systems. National policies that promote
technological innovation and provide regulatory clarity are essential for creating an
environment conducive to the implementation of autonomous public transport.
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Additionally, the economic strength of a country plays a critical role, as higher GDP
levels enable the necessary investments in infrastructure, technology, and public
education to support the implementation of autonomous public transport.

The Delphi workshop confirmed the findings from Wave 3 of the survey, although
some previously discarded factors from Wave 1 were reintroduced during the
discussion. These factors and others that the participants discussed as the most

significant for the implementation of SAVs for public transport are summarized in
Table 3, below.
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Table 3 While 24 factors remained at the end of the survey, 14 factors were explicitly
discussed during the post-survey workshop. These factors are listed here.

| Level | Factor | Rationale
Provides the legal and political foundation needed for
. . SAPT. Clear policies on safety, operations, and standards
Macro  Policy and Regulation make it easier for entities to engage confidently in SAPT
deployment.
Wealthier countries can make necessary investments in
Macro Economic Status infrastructure, technology, and public education,
enabling the success of autonomous transport systems.
Meso Public Transport/ AV Ensures alignment and structured integration of AV
Policy technology into existing transport systems and goals.
Regional Mobility and  The structure and efficiency of regional transportation
Meso Public Transport networks determine how well AVs can be integrated into
Network existing transport systems to enhance regional mobility.
Higher density allows shared vehicles to reach more
. . users efficiently, with experts noting that urban areas
Meso Population Density benefit from economies of scale and ride-matching
potential.
: Lower car ownership rates correlate with openness to
Car Ownership or e . . : .
. shared mobility, as regions with fewer private vehicles
Micro Number of Cars per . )
are more likely to adopt SAPT as a convenient
Household .
alternative.
User experiences and ~ Familiarity reduces hesitation; previous positive
Micro expectations of AV experiences or AV demonstrations can alleviate user
technology concerns and increase comfort.
User experiences and  Familiarity with shared mobility increases acceptance of
Micro expectations of SAPT, as users understand the convenience and benefits
ridehailing of on-demand services.
. Technological familiarity is crucial as SAPT often relies
. Technological . . o .
Micro oo on app-based booking and navigation, making it easier
Familiarity :
for users to adopt the service.
Positive views on innovation correlate with openness to
Micro Technological attitudes trying new mobility solutions, reflecting a readiness to
engage with SAPT.
Experts thought users with favorable attitudes toward
. Travel preferences and . . . :
Micro . public transport are more inclined to consider alternatives
behavior . . . )
to private vehicles, making SAPT more appealing.
Users who perceive SAPT as convenient and useful are
Micro Convenience more likely to adopt it, as perceived utility directly
impacts willingness to use the service.
Safety concerns are significant barriers; experts
. emphasized that addressing these concerns through
Micro Safety concerns .
visible measures and transparency can encourage
adoption.
Pricing must be financially attractive compared to other
Micro Competitive Pricing transport options. Competitive rates increase the

likelihood of users choosing SAPT over private or
traditional public transport options.
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Some participants suggested that “environmental policy” was also a relevant factor,
or potentially indicator, for the implementation of shared, autonomous public
transport; but ultimately this preference for environmental policy stemmed from the
belief that economic status was significant. The reasoning was that only countries
with strong resources were able to prioritize environmental policy, and therefore see
mobility innovations, such as autonomous public transport, as a worthwhile
investment. This suggests that transport experts see countries with strong economic
conditions and progressive legislative environments as better positioned to
implement shared, autonomous public transport successfully.

Participants emphasized the need for government intervention to support shared,
autonomous public transport implementation, as the private market alone may not
prioritize such transitions. The workshop also explored the bi-directional
relationships between individual, regional, and national factors, noting that these
levels influence each other. However, attempts to map out the relationships between
these factors proved challenging. One expert suggested that the lack of connections
between certain factors might indicate unexplored relationships. Another participant
observed that some factors appeared redundant or correlated with each other,
particularly when viewed through the lens of different demographic groups. For
instance, a person’s age and life patterns might influence their willingness to use
public transport or share vehicles with strangers.

Another key point of discussion was who should be responsible for implementing
shared AVs in public transport. While some participants believed that commercial
operators might take the lead due to market forces, others argued that public
transport authorities should drive the change. Examples, such as Norway’s plan to
prohibit private car ownership (Minja, 2021; Rydningen et al., 2017), were cited as
a way to ensure that the focus in urban areas was on public transport. The “private
car ban” (as the “Car-Free Liveability Programme” was sometimes called) aligned
well with the idea that AV fleet usage should be developed as a public good. Most
participants agreed that strong government involvement at the regional or national
level is critical for introducing SAPT to a receptive public, as it ensures that policies
align with public interests.

Finally, several participants raised concerns about stakeholder collaboration,
particularly in Sweden, where unclear chains of command between government
authorities, private companies, and public transport agencies often hinder effective
coordination. The challenge of distinguishing between professional opinions and
personal perspectives was also noted, with many experts struggling to identify their
role as meso-level stakeholders.

I also performed Chi-square tests on the respondents' professional backgrounds and
their responses, which revealed one significant relationship—that between

89



FINDINGS

professional background and the importance of policy and regulations for AVs and
public transport. The linear trend observed indicates that as respondents'
professional backgrounds shift from public agencies towards consultancies and
commercial OEMs, the perceived importance of policy and regulatory factors
increases. Not only does this confirm policy and regulation as a significant meso
level factor, but it also shows that experts from different parts of the transportation
system will prioritize different factors or activities when making plans for
implementing a shared and autonomous public transport system in their specific
locales. This has implications for how stakeholders can interact with each other and
collaborate on best courses of action.

The online workshop was held with the purpose of confirming the selected factors,
which it did, but it also provided additional insights. Participants discussed the
influence of cultural values. In the U.S., for instance, the prevalence of car culture
was cited as a significant barrier to the acceptance of autonomous public transport,
and the transportation experts believed that societal expectations such as obtaining
a driver’s license could challenge efforts to shift to shared autonomous vehicles.

During the workshop, after forty-five minutes of discussion, it became apparent that
even among transportation experts, there was a lack of consensus and difficulty in
reaching a common understanding of which factors were truly meso-level. Some
participants also had difficulties in distinguishing between professional opinions and
personal perspectives among stakeholders, underscoring complications in the efforts
to reach consensus. I came to term this lack of clarity as “role and mission
confusion”; identifying it first in Study H; however, once this factor was revealed,
it became obvious that it had emerged in Study G as well. Role confusion emerges
when meso-level actors struggle to define their responsibilities in the SAV
ecosystem. This lack of clarity creates inefficiencies and disrupts coordination, as
stakeholders are uncertain of their specific roles, leading to overlaps or gaps in
actions essential for creating shared, autonomous services. This was an important
realization, because it points to the challenging environment for collecting accurate
data as well as developing ideas for addressing issues like sharing anxiety.
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6. Synthesis of Factors

The sixth chapter of this thesis looks at the findings across the eight studies and
weaves them together for a comprehensive understanding of how they relate to one
another and their interdependencies. Through this synthesis, the multilevel
analytical model across macro, meso, and micro levels is further developed.

6.1. Potential Factors and Their Rationale

Altogether 49 factors!” were identified in the literature review (Study A) and an
additional four: role and mission confusion, authority vacuum, sharing anxiety, and
cultural context were identified through the subsequent studies (Studies B-H). Some
factors emerged across several studies, whereas others only appeared in a few. This
could be interpreted to infer differences in the strength or influence of the factor but
is here interpreted because of the explorative nature of the research approach.
Further studies are needed to determine the weight of the respective factors.

It is important to note that the factors identified in Study A were based on studies
primarily of the implementation and/or acceptance of shared mobility services,
and/or the implementation and/or acceptance of AVs, whereas the number of studies
on shared autonomous vehicles were few at the commencement of this work and
there were even fewer on shared, autonomous public transport. The focus of
Studies B to H was on SAV with a public transport context— SAPT specifically.
However, most of the factors from Study A were affirmed in the subsequent studies
and are therefore considered potentially relevant also for the implementation of
SAPT.

In addition, the eight studies were designed to explore potential factors across the
three levels; however, even if a study’s focus was on exploring micro-level factors,
occasionally meso- and/or macro-level factors were referred to and discussed. This
was usually the first indication of intra- and interlevel dependencies. Altogether, this
was considered affirmation of these factors as well as confirmation of the framework
(described in Chapter 2), based on the premise that the implementation of SAPT is
a sociotechnological system that needs to consider different types of actors, and
which factors influence them at different societal levels.

The macro-level factors, the studies that affirmed them, and their argued rationale
for inclusion in the multilevel analytical model can be found in Table 4. The 17
factors were introduced and organized thematically already in Chapter 3, Literature
Review, in the following categories: policy and regulation factors, infrastructure

17 And three latent constructs, but who is counting?
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factors, and social and cultural impact factors. The macro level factors are heavily

biased towards examining autonomous technology for future mobility from the
technological perspective of its implementation. I believe this overfocus on the

technical part of the sociotechnical system that is autonomous transport is the result

of the assumption that users will embrace the technology no matter under what
context it is introduced into the system, which I think is a dangerous assumption.

(This thesis is a small step towards correcting that overfocus.)

Table 4 Macro-level factors, the studies that affirmed them, and their rationale for

inclusion into the multilevel analytical model.

responsible integration of these technologies into
public transport, enhancing urban sustainability.

Macro Rationale Affirmed in
Factors Studies
Laws specific to the operational challenges of SAVs
Public safety and SAPT (like being able to handle safety issues
laws and between passengers) are necessary to ensure that A.B
policies these solutions are aligned with public safety and
societal expectations.
Frameworks that are conducive to new commercial
actors entering the transportation ecosystem, or policy
C interventions designed to make private car ownership
Legislative and . .
more difficult, all demonstrate a country’s willingness
regulatory . . . A,C,D
frameworks to use its legal system to affect transportation choices.
Frameworks enable macro actors to take actions that
permit meso actors to implement SAPT and increase
the likelihood of their adoption by micro-level users.
SAPT embodies AVs, which means technological
. safety and security are needed to make such mobility
Cybersecurity . .
and data services run safely and reliably, yet every country has
. different laws concerning data sharing and A,E,F,G,H
privacy laws . . }
and regulations cybersecurity. Having strong laws and regulations for
the digital side of autonomous technology is vital to
public acceptance.
This factor is needed to ensure that technological
advancements are compatible with societal
Machine ethics expectations and safety standards; not just that the
and safety / vehicles drive safely, but they behave as expected and
. . . P . : AF,G
security as desired. It is crucial given the inherent risks
policies associated with AVs in public spaces, where their
operations directly affect users, pedestrians, and other
vehicles.
A core assumption of this work is that AVs and
shared mobility services together have the potential to
Environmental reduce emissions by decreasing the reliance on AB.C
policies private vehicles. Environmental policies support the T
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As a factor, it encompasses both the realistic

Feasibility and implementation of AV technology and its reach
accessibility across diverse populations. This accounts for not only A,G,H
priorities technical and economic viability but also equitable
access to mobility services.
The quality and adaptability of existing infrastructure
Existing significantly impact the feasibility and reliability of
infrastructure SAV networks. Effective infrastructure (for example, AE.F.H
(national) high quality roads) supports the integration of SAVs
into existing transportation systems.
Digital Digital infrastructure enables AVs to function
infrastructure properly as well as a networked system of rides to be AH
(national) managed, much like public transport fleets are today.
This factor determines the reliability, safety, and user
acceptance of AV technology and therefore can
Technology impact the adoption and implementation of SAPT. Al
maturity Mature technology reflects a higher degree of ’
development, which inspires confidence in potential
users and regulatory bodies alike.
Planned infrastructure investments at the national
Planned level allows for the development and upgrading of
infrastructure infrastructure to accommodate AV technology, which
. . . 27 A,D,H
investments can include improvements to roads, connectivity, and
(national) vehicle-to-infrastructure systems, making SAPT more
feasible.
Government support (typically in the form of a “one-
stop-shop” office or authority that can answer
Central questions from service providers and city officials
government alike) can develop and promote a cohesive strategy A.E,F,G,H
facilitation for SAVs and SAPT, ensuring both national interests
and regional variations are considered in regulatory
and operational frameworks.
Government- This factor accelerates technological progress and
funded reduces financial risks for private companies.
innovation in Through funding and collaborative efforts, AFG
AV research governments can drive advancements in AV 7
and technology that make other systems —like SAPT —
development possible.
Closely tied with technological maturity and
Cost and govemrl}er}t—funded innoyattion2 tl‘le.cost of
implementation technology will impact how quickly it is implemented
and how widely it is used. (LiDAr sensors are a prime AE.F.H
of new . .
. example.) Understanding the potential benefits allows
technologies

national actors to balance set-up expenses with long-
term societal gain.
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A strong cultural openness to shared transportation or
shared services can foster (or be used to foster) wider
acceptance of SAVs. However, these values often
exist at a national level, or they don’t; changing
cultural values can be a complex and slow
undertaking.

Economic status influences both governmental and
individual capacity to support and invest in AV

Economic technology; countries with stronger economies can

status afford to subsidize or invest in new transportation
solutions, which speeds up the implementation of
SAPT.
The existing presence of shared mobility services,
such as ridehailing or car-sharing, sets the stage for
Market the introduction of SAVs by familiarizing the public
penetration of with shared transit options. A strong market
shared mobility | penetration indicates a country’s population is already
services used to some shared mobility services and could
signal readiness for more advanced shared
autonomous systems.

Cultural values AE.F.H

AE,F.H

A,B,C,D,E.H

The meso-level factors, while more nebulous to define, revealed the importance of
regional infrastructure, existing public transport systems, and local governance in
influencing the progress and implementation of shared autonomous public transport
(Table 5). Two factors placed at the meso-level were revealed in Study A (and only
Study A): labor market and geographic location. They were not affirmed in any of
the Studies B to H; even so, I chose to keep them as part of the multilevel analytical
model given that they still can influence the public transport system as a whole. For
example, the public transport industry has suffered from a lack of availability of bus
drivers, which should be considered a component of evaluating the labor market.
Groshen et al. (2018) estimates that implementing autonomous technology would
eliminate over a million driving jobs over the course of 30 years, and different skills
and roles would emerge to address the deployment and maintenance of autonomous
transport systems. That there are organizations, companies, and entities for whom
this would be a significant shift means there are meso (or macro, if the company is
big enough) actors who have reasons to slow down the transition, just as there are
actors who may be forced by the labor market to implement autonomous technology.

The factor of role and mission confusion emerged as a significant barrier at the meso
level; it was the only new factor revealed at the meso level after Study A. Role and
mission confusion emerges when meso-level actors struggle to define their
responsibilities in the SAPT system, disrupting efforts to coordinate as stakeholders
are uncertain of their specific roles, leading to overlaps or gaps in actions essential
for creating shared, autonomous services. However, I believe role and mission
confusion is essentially a barrier that can be addressed through strengthening the
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macro factor of central government facilitation. The meso level, therefore, presents
an area in need of focus and intervention where better coordination and
infrastructure development are necessary to bridge the gap between policy and user
acceptance. (These interlevel dependencies will be explored in greater detail later in
this chapter.)

Table 5 Meso-level factors, the studies that affirmed them, and their rationale for

inclusion into the multilevel analytical model.

Factor Rationale Afﬁrmfzd m
Studies
. The geographic characteristics of an area, including its urban or
Geographic . . .
location rural nature, affect transportation planning, vehicle technology,
. infrastructure needs, and users' travel needs and behavior. For A
(regional . .
cography) example, in extreme areas and climates, SAPT may not be
£ feasible.
Economic Regions with greater economic resources and investments in
investment technology are more likely to lead in the adoption and ALEF
or advantage development of AV technologies.
The presence and stability of job opportunities can impact the
Labor . .
market demand for public transport options and the acceptance of A
autonomous solutions for commuting.
i Digital systems that support AV operations, such as
Digital - . .
. connectivity and data analytics platforms, are essential for the
infrastructure . . AF
. efficient management of AV fleets and for routing requests or
(regional) o .
building trips for users.
Encompasses collaborative structures and agreements between
. public and private entities. These frameworks, including public-
Public- . . . .
. private partnerships (PPPs), enable resource sharing, risk
Private L ; ) . AF,G,H
frameworks distribution, and regulatory alignment, fostering an environment
where SAV technology can be effectively integrated into
existing public transport.
Unclear roles among stakeholders at the meso level (e.g.
Role and transport agencies, city officials in terms of, e.g., who should be
mission responsible for introducing new mobility?) can hinder effective F.G,H
confusion collaboration and implementation efforts, necessitating clear
guidelines and alignment from the macro level.
Regional
mobility and | The structure and efficiency of regional transportation networks
public determine how well AVs can be integrated into existing A.B.C,G
transport transport systems to enhance regional mobility.
network
Public Policies that integrate AVs with public transport strategies can
transport and | enhance the effectiveness and acceptance of AVs as part of the AE;F.H
AV policy broader public transport system.
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This factor looks at the accessibility of a regional transport
network. By addressing the accessibility needs within public
transportation systems, SAV usage can help bridge mobility A.B,.C,F.G,H

gaps, supporting equitable access to transportation for diverse
populations.

Transit
accessibility

If the cost of using SAPT is high relative to the average income
in a region, lower-income populations may not utilize it,
jeopardizing the region’s investment and reducing the
implementation of the system to a greater public.

Affordability AB,C,EF

And lastly, at the micro level, 30 factors were revealed and affirmed, including four
that had not emerged during the literature review, i.e. Study A (Table 6). These
included sociodemographic, psychographic and behavioral factors that emerged as
potentially influential factors for the implementation of shared autonomous public
transport. Notably, familiarity with similar technologies and positive user
experiences emerged as significant in shaping perceptions and behaviors toward
SAPT. Familiarity with ridehailing or shared mobility systems did not correlate
directly with willingness to share AVs with unknown persons in both Australia and
Sweden. However, when users have had positive experiences with public transport
or on-demand services, those experiences seem to increase willingness to share AVs
with unknown persons.

Sharing anxiety and the concept of an authority vacuum were particularly prominent
findings, reflecting user concerns about sharing space with strangers in the absence
of a (human) driver. Additionally, the factor of community trust emerged from the
focus groups, highlighting that the idea of the “familiar stranger” was significant to
users in giving them a sense of security and safety when riding with strangers.
Lastly, cultural values emerged from Study H as meso-level actors discussed how
not only their own experiences from other countries impacted their expertise, but
how this might translate for users at the micro level; similar to the influence of social
norms, cultural values highlights cultural differences and influences that might be
outside of a particular group’s social norms (for example, a refugee community).
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Table 6 Micro level factors, the studies that affirmed them, and their rationale for
inclusion into the multilevel analytical model.

Factor

Rationale

Affirmed in
Studies

Age/Gender

Sociodemographic factors such as age and gender
influence individual preferences and acceptance of AV
technology, and by extension, SAPT. In Study B,
female focus group participants in Australia talked
extensively about their concerns about public transport,
which would influence their willingness to use SAPT.

A,B,C,D,F

Education

Educational background impacts an individual’s
understanding and acceptance of AV technology,
affecting how they perceive the benefits and risks
associated with AVs (Gerte, Konduri, and Eluri 2018;
Dias et al. 2017).

A,D.H

Employment
status

Employment-related mobility needs and the impact of
AVs on commuting patterns are important factors in
how AVs are perceived and used. Nair and Bhat (2021)
examined the relationship between employment patterns
and commuting habits, suggesting that higher
educational levels and certain employment sectors favor
specific transit options.

AB

Household size

The size (and composition) of a household can
determine transportation needs and preferences,
influencing the acceptance of SAVs for family or group
travel.

AD

Household
income

Household income impacts the financial resources
individuals have available to put towards their mobility
needs, influencing the constructs of willingness to pay
and willingness to share.

AB,C,E

Travel
preferences
and behavior

An individual's existing travel preferences and
behaviors can influence their willingness to use shared
AVs as part of their transportation choices.

A,B,C,D

Car ownership

A high level of car ownership often indicates a
preference for private transportation, potentially
reducing an individual’s openness to shared services; it
can also indicate a user’s subscription to the “social
norms” around them. Ownership patterns may change
with the introduction of AVs, affecting individual
mobility choices and the overall transportation
landscape.

A,D.H

Social norms

People tend to conform to the behaviors and standards
that are perceived as acceptable or typical within their
community, often seeking to align themselves with
group norms for social acceptance or to maintain a
positive societal image. In some countries and cultures,
this factor can be very strong and shape individual
behavior. Social acceptance and the perceived image of
AVs can significantly affect their adoption and usage,
with societal norms influencing individual and
collective behavior towards AVs.

AB,CF
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Cultural
context

Variations in an individual’s cultural background can
affect their attitudes towards technology, privacy, and
mobility, which in turn can affect their perspective and
use of shared mobility, AVs and SAPT, which could
lead to accepting or rejecting the macro-level cultural
values.

B,C.H

Environmental
attitudes

Attitudes toward environmental conservation can
influence the acceptance and preferred use of AVs,
particularly if they are perceived as greener alternatives
to traditional vehicles.

A,B,C,D,H

Technological
attitudes

Technological attitudes can be shaped by past
experiences, knowledge, social influences, and the
perceived benefits or risks of using technology.
Attitudes towards technology and innovation can affect
how individuals perceive and use AVs or on-demand
mobility services, which will impact how quickly they
are adopted and can be implemented into society.

A,D.H

Personality
traits

Personality traits influence how individuals perceive
and interact with technology, as well as with other
people. Personality traits govern likes and dislikes
which, in turn, steer the choices that individuals make.
Differences in personality can affect how people
perceive and interact with AV technology, as well as if
they want to share their mobility journeys with people
they don’t know, influencing their overall willingness to
use SAPT.

AD

Safety
concerns

Individual users’ perceptions of personal security and
physical safety will be part of their decision-making
when choosing to use SAPT. Is the technology ready?
Are there security measures in place against unruly co-
passengers? This factor is affected by other factors
(trust, technology maturity) and can, in turn, impact
willingness to use SAPT.

A,B,C,D,H

Perceived
benefits

Social acceptance and the perceived image of AVs can
significantly affect their adoption and usage, with
societal norms influencing individual and collective
behavior towards AVs.

A,B,C,D,H

Perceived risks

Users’ concerns about potential risks (which could
range from data privacy and the length of time of the
journey, to exposure to illness in a public setting) affect
their decision-making when it comes to choosing a
mode of transport. SAPT presents some unusual risks
compared to other forms of mobility, given that it is
driverless.

A,B,C,D,H

Privacy
concerns

Privacy concerns are especially significant in the
context of AV adoption, where the potential for data
breaches and surveillance exists. High levels of privacy
concerns impact public trust and acceptance, requiring
strong protective measures.

A,D.H
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Individuals' trust in the technology, its providers, the
regulatory environment, and the people in their

Trust community (with whom they would be sharing their A,B,D.E.F.H
journey or using the service) is essential for the
successful implementation of SAPT.
The lack of an obvious, human authority figure in a
driverless vehicle is a type of safety concern.
Authority Addressing authority vacuum is paramount in the B.CD
vacuum acceptance and use of SAVs, with higher safety 7
consciousness potentially leading to greater trust and
implementation of SAPT.
Sharing anxiety, or the discomfort with sharing space
with strangers, could slow the adoption of SAVs in
Sharin public transport. If potential users feel uneasy about
rng riding in shared autonomous vehicles, particularly in B,C,D,F.H
anxiety
smaller, confined spaces, they may be reluctant to use a
SAPT service, preferring private or personal transport
options.
Familiarity with and understanding of AV technology,
Technological | on-demand ridehailing, or dynamic ridepooling can AB.CDH
familiarity influence how comfortable and willing individuals are S
to use AVs in shared contexts.
User . . .
. User experiences with and expectations of AV
experiences . . .
technology directly influence its acceptance and the
and . L7 .. . A,B,C.D.H
. effectiveness of its implementation into daily
expectations of transportation systems
AV technology p y '
}eiseer:riences Positive experiences in ridehailing can increase
P willingness to use SAPT, but negative experiences with
and . . S . A,B,C.H
. ride quality or social discomfort could hinder
expectations of
. e acceptance.
ridehailing
Ethnic backgrounds can influence users’ cultural
attitudes towards technology, their transportation
preferences, and their willingness to share mobility
journeys. There is not much research done on the
.. potential “racism” and conflicts that could occur due to
Ethnicity , . . A
users’ concerns about co-riders of other ethnic groups,
but Zhao et al. (2017) highlighted issues of prejudice
and safety concerns, particularly among female users,
which affect the potential adoption of shared rides. This
has strong implications for SAPT.
Higher densities may facilitate more efficient use of
Residential AVs in urban areas given the economies of scale and
density the higher potential to match rides for sharing, while AH
(Population lower densities in rural areas present different ’
density) challenges and opportunities, like less competition with

other modes of transport.
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Affects transportation behaviors and preferences,
reflecting differences in infrastructure, accessibility, and
cultural attitudes towards various modes of transport.
Those living in nonurban areas face challenges such as
longer travel distances and less frequent public
transportation services, leading to a greater reliance on
personal vehicles and higher fare sensitivity.
Differences in infrastructure, accessibility, and
transportation needs between urban and nonurban areas
may affect the deployment and use of AVs.

Urban vs non-
urban
residency

A,B,C,H

Building on the findings of factors identified across the three levels, the next figure
(Figure 11) presents an evolved version of the multilevel analytical model. This
updated model adds the newly revealed factors from the studies— role and mission
confusion, authority vacuum, sharing anxiety, and cultural context. Revisiting the
findings in Study H allowed me to add another dimension to the analysis of these
factors, using the transportation expert participants’ discussions as a starting point
for analyzing interdependencies between factors and levels. The model offers a
comprehensive perspective on the factors affecting the implementation of SAPT,
but in this figure, does not demonstrate previously discussed connections and intra-
and interdependencies (those are highlighted later on in this chapter).
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6.2. Interdependencies Between Factors and Levels

Study H, the Delphi study, was distinct among the research described in this thesis;
unlike other studies, which were designed to focus on factors in one specific level,
Study H directly engaged a panel of experts and practitioners to evaluate factors
across all three levels. Not only did it reveal a new factor, that of role confusion, but
the post-survey workshop allowed me to observe in real time how meso-level
participants perceived (however briefly or incompletely) the larger multilevel
system of transportation.

The Delphi survey and its workshop gave my first evidence that the previously
identified factors (Table 3 in Chapter 5) were significant for the implementation of
SAPT. Some of those factors were also affirmed in multiple other studies; policy
and regulation, role confusion, trust, user experience and expectations of AVs,
sharing anxiety. The workshop also offered evidence of cross-level
interdependencies.

The transport experts and practitioners emphasized that national legislation, a macro
level factor, set the foundational regulatory environment that could either empower
or constrain regional planning efforts at the meso level. In turn, these regional
frameworks and infrastructure decisions directly affected individual user behaviors
and preferences at the micro level.

Individual attitudes and behaviors at the micro level, such as willingness to share
rides, could feed back into meso-level policy decisions if public demand or
resistance was strong enough; if enough of the public wants a product or service,
governments generally look for ways to make them regulated, but available.
Similarly, infrastructure investments at the meso level, such as dedicated lanes for
autonomous vehicles, were argued to be often initiated by national funding programs
at the macro level.

Cultural values added another layer of complexity to cross-level interdependencies.
Cultural factors, such as societal norms and the degree of individualism or
collectivism (that being the second of Hofstede’s five cultural dimensions; Hofstede,
2007), can vary significantly across regions, influencing how factors at one level
impact the others. For instance, in collectivist societies, social norms (macro-level
cultural factors) may exert a stronger influence on individual behaviors (micro level)
than in individualistic societies, where personal preferences tend to prevail. This
suggests that the effectiveness of certain policies or approaches could differ
depending on regional cultural values.

Using these insights as a starting point, I explored the connections between other
factors at other levels. Where the initial idea of a multilevel model assumed a
hierarchical perspective (as originally discussed in Chapter 2), after completing the
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various studies, a different form emerged in my understanding of the relationships
between the levels, as illustrated in the figure below (Figure 12).

Macro

Macro

Meso

Micro

Figure 12 On the left, the hierarchical version of multilevel interaction (as originally
shown in Chapter 2); on the right, a more nuanced version of the levels and their
interaction and interdependencies.

The following described interdependencies are only those connections I feel are best
evidenced in the findings of my work.

6.3. Macro-level factors and their Meso and Micro Interdependencies

Cultural values are seen to play a significant role in implementing SAPT. As
mentioned previously, Hofstede’s framework on cultural dimensions explains how
cultural variations, such as collectivism versus individualism, affect attitudes toward
shared mobility. Thus, national cultural attitudes presumably impact individual
openness to shared transport solutions (micro level) and influence regional policy
approaches to SAPT (meso level).

Legislative and regulatory frameworks provide a foundational structure for SAPT
deployment. These frameworks guide the development of infrastructure and
influence public trust by ensuring safety and environmental protections. Study A
revealed the importance of this factor and its influence at other levels, noting that
“effective legislation can help manage the societal impacts of AVs, facilitate
infrastructure adjustments, and ensure that technological advances benefit society at
large” (Marletto, 2019; Milakis et al., 2017). This means legislation helps align SAV
technology with public welfare goals, which determines how actors at the meso-
level can carry out national laws and programs aimed at increasing individual
acceptance of the proposed transport system at the micro level.

Another macro factor with interlevel dependencies is that of economic status.
Wealthier countries have greater financial capacity to invest in essential
infrastructure, public education, and technology, which enhances the feasibility of
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SAPT systems regionally and supports affordability at the individual meso level.
Study A referenced Spickermann et al. (2014), noting that nations with robust
economic conditions can better support SAV infrastructure, enabling increased
accessibility and adoption. A country that is in a recession or dealing with other
major financial concerns cannot prioritize SAPT services, which is currently an
expensive undertaking.

Yet another macro-level factor is that of technological maturity. Mature
technologies lead to more reliable systems, fostering public trust and encouraging
adoption. Several of the respondents in the focus groups, i.e. Studies B and C,
mentioned that they were unsure how ready the AVs they had seen were for real-
world conditions. This perceived lack of technological maturity impacted their
perceptions of safety, benefit, risk, and willingness to use AVs.

Perhaps one of the most significant macro-level factors was that of central
government facilitation. By providing centralized guidance and resources, having a
single entity for managing regulations, permits, and national objectives empowered
meso-level actors such as regional transit authorities and mobility companies to
navigate the complex regulatory and operational landscape of SAPT. This macro-
to-meso support is evident in Study E, where Australian national policies established
critical frameworks and legislation that clarified roles and mitigated the existence of
the meso-level factor “role and mission confusion” among regional authorities. This
national level of assistance could help regional actors design and implement SAPT
systems that are perceived as reliable and trustworthy by the public, which can go
on to impact micro-level factors such as trust and perceived benefits. What happens
without this link between macro-level facilitation and meso-level stakeholders was
further starkly demonstrated in Study G and Study H, which highlighted how the
lack of central government facilitation caused confusion and delays among
stakeholders and policymakers. An illustration of this relationship is shown in
Figure 13.
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Macro Level

these factors have an inverse,
interlevel relationship. Where
one exists, the other is reduced
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Figure 13 This image demonstrates how central government facilitation affects
factors in other levels, primarily regional actors and the factor of role and mission
confusion. (Note: This image does not display the entirety of the macro level or
meso level.)

6.4. Meso-level factors and their Macro and Micro Interdependencies

Meso-level factors, such as public-private frameworks, regional mobility networks,
digital infrastructure, and role clarity, are considered inherently complex due to their
dual role in both adapting national policies to local contexts and shaping user
experiences. These factors are not only influenced by macro-level government
policies and strategic investments but are argued to also directly impact micro-level
user acceptance by affecting accessibility, trust, and usability. This complexity was
reflected by practitioners and experts in Studies E, F, G, and H.

The meso-level factor of public-private frameworks, i.e. environments that are
designed to enable public-private partnerships, is assumed crucial for translating
macro-level legislative intentions into practical, regionally adapted solutions that
encourage public-private collaboration. These frameworks not only bridge the gap
between national policies and local needs but also facilitate partnerships that can

105



SYNTHESIS OF FACTORS

effectively foster user acceptance at the micro level. Study E illustrates this through
the contrasting experiences of Australia and Sweden; while public-private
collaborations in Australia were largely fruitful, facilitating smoother SAV
deployment, Swedish stakeholders encountered practical challenges due to regional
regulatory barriers and shared responsibilities. These experiences underscore that
the success of public-private frameworks is context-dependent and requires tailored
approaches to foster cohesive and efficient eventual implementation.

Study H also emphasized that regional mobility networks directly impact micro-
level user engagement, as access to reliable transit influences public acceptance of
SAVs. When regional transit systems are well-integrated, cover a large area, and
function reliably, the participating experts surmised they facilitate positive user
experiences and therefore encourage acceptance at the micro-level. Another meso-
level factor that could impact regional mobility networks is that of digital
infrastructure—not only part of most public transport systems today, it contributes to
the macro-level factor of technological maturity and is part of what ensures public
trust in AV systems. Adequate digital infrastructure is considered essential for
delivering the reliability that both users and policymakers expect from AV
technology; Studies F and G emphasize that digital infrastructure is crucial for
maintaining public trust and aligning AV functionality with national technology
goals.

Identified in Studies G and H, role and mission confusion emerges when meso-level
actors struggle to define their responsibilities in the SAPT system. This lack of
clarity creates inefficiencies and disrupts coordination, as stakeholders are uncertain
of their specific roles, leading to overlaps or gaps in actions essential for creating
shared, autonomous services. This critical issue extends to both macro and micro
levels.; as stated earlier, central government facilitation reduces the likelihood of
role confusion impacting the transport system. Yet when that macro factor is absent,
this meso factor emerges where no clear directive exists for how meso-level actors
should collaborate with macro actors. Additionally, role confusion indirectly
impacts the micro level by creating a less stable environment for users. Without
clear responsibilities assigned to transit agencies, local governments, and private
operators, the system's reliability, and thus, the confidence of the public, can suffer.
This would increase safety concerns, experience of authority vacuum, and sharing
anxiety. This factor’s connectedness to the macro level was already illustrated in
Figure 13 (above); I illustrate its connectedness to the micro level below in Figure
14.
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Figure 14 This image demonstrates how central government facilitation affects
factors in other levels, primarily regional actors and the factor of role and mission
confusion. (Note: This image does not display the entirety of the macro level or
meso level.)

6.5. Micro-level factors and their Macro and Meso Interdependencies

In contrast to the macro and meso levels, which had numerous factors and actors,
the micro level includes many factors but essentially, only one actor— that of
individuals, or users. While there are varying types of individuals, this infers that all
users are subjected to, or must consider, far more factors than at any other level. |
propose that users are influenced by external factors from other levels. Users are
directly responsible for making personal decisions about whether to trust, use, and
accept SAVs; widespread implementation of SAVs for public transport ultimately
depends on individual acceptance of the technology, service, and concept. If users
are not convinced that SAVs meet their safety, privacy, and convenience
expectations, the entire system fails to gain traction. This highlights that the success
of macro- and meso-level factors, actions, and policies is contingent upon their
ability to address micro-level concerns and ensure a positive user experience. And
yet, the studies did not reveal micro-level factors that could be argued to have a
directional impact on factors at the macro or meso level. Many of the factors in the
micro level were intraconnected, influencing each other and then by extension, the
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user.!'® It is possible other studies would have revealed factors that had stronger
interlevel dependencies or directionality. A depiction of these connections to the
micro level factors is shown below in Figure 15.
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Figure 15 This image illustrates how actors and factors from the macro and meso
levels impact factors and users in the micro level. (Note: This image does not display
the entirety of all three levels, nor all the factors in the model.)

Personality traits influence perceived benefits and risks, which are also connected
to trust and privacy concerns, showing how an individual's personality may impact
their overall trust and perceived safety of SAVs (Fyhri and Backer-Greondahl, 2012;

1% One could make the argument that micro-level actors, users, can influence meso and macro-level actors
through voting or consumer decisions, or that the existence of negative factors like sharing anxiety can prompt
stakeholders at other levels to take action, but I do not examine users as voters in this work.
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Johansson et al., 2006). This was confirmed in Study D, where traits like openness
to new experiences, risk aversion, and environmental conscientiousness were linked
to varying levels of enthusiasm or skepticism about using SAVs, affecting how users
responded to the concept of shared, automated mobility. Study D explicitly showed
that a more risk-averse person might perceive greater safety concerns, even when
presented with strong safety measures, while a more tech-savvy individual may
focus on the perceived benefits, such as convenience and sustainability. The
relationships between these factors are dynamic: perceived benefits might increase
a user’s willingness to overlook minor inconveniences, but a lack of trust may
undermine their overall acceptance of SAVs.

For instance, sharing anxiety was shown to directly contribute to users’ willingness
to share rides, which is seen as a precondition of the acceptance of SAVs—it was
found in Study D to be a stronger predictor than previous experience with
ridehailing services. To ameliorate sharing anxiety and therefore increase
willingness to share rides, meso-level actors would need to take actions that impact
the micro level such as tailor routes, pricing models, and service options to enhance
comfort and privacy for users, ultimately making SAVs more user-friendly and
encouraging higher adoption rates.

Trust also stood out as essential— partly because it covers a variety of contexts such
trust in service providers, in government entities, and in fellow riders, which all
emerge from the individual user but are addressed in different ways. Users must
trust not only AV technology but also service providers and their fellow rides. Safety
measures are needed for adoption to be viable; without trust, sharing anxiety and
reluctance increase. The actors responsible for addressing trust (in all its contexts)
are meso or macro actors, such as vehicle manufacturers, public transport agencies,
government agencies (that regulate technology), or organizations that contribute to
safety and order. These actors must create a physical and regulatory environment
that directly addresses user anxieties around safety and privacy, reassuring the
public of the reliability and security of SAV systems, which can strengthen user
confidence.

Two micro-level factors that I suggest have an intradependent relationship are user
experiences and expectations of ridehailing, and User experiences and expectations
of AV technology. Both have been widely anticipated to influence the adoption of
shared autonomous vehicles as familiarity with app-based, on-demand services
might logically ease the transition to autonomous shared mobility. Study H, with
insights from expert participants, underscored this assumption, positing that
previous ridehailing experience could positively impact SAV adoption by fostering
user trust and acceptance. Experts argued that users already comfortable with
ridehailing services might view SAVs as an extension of this familiar service model,
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reducing resistance to autonomous shared transportation. This expert view aligns
with macro-level policy strategies that focus on leveraging existing mobility trends
to increase SAV adoption; this could be achieved by creating a legislation or
providing financial incentives that form a welcoming environment for shared
mobility services (such as dynamic ridepooling), which would increase the market
share of ridehailing services (macro-level) while adding to the number of people
who are familiar with the service (technological familiarity and user experiences
with ridehailing, both micro-level factors).

However, Study D’s findings challenged this assumption by revealing that prior
ridehailing experience did not necessarily impact users’ willingness to adopt SAVs.
In both Australia and Sweden, Study D found no significant correlation between
users’ familiarity with ridehailing and their openness to SAVs. Instead, attitudes
around willingness to share emerged as the stronger predictor of willingness to use
SAVs with strangers, highlighting a more fundamental micro-level factor tied to
social norms and comfort with shared spaces. This finding suggests that, at the meso
level, regional transit authorities and service providers may need to prioritize
addressing sharing anxiety rather than relying solely on users' previous exposure to
ridehailing services. Additionally, these insights indicate that macro-level policies
focused solely on leveraging ridehailing familiarity might fall short if they do not
also tackle broader societal attitudes toward sharing.

Regarding willingness to share rides; this was a (type of) latent construct. Since very
few of the participants in either focus groups or the surveys were able to experience
shared, autonomous rides, this was a factor I could not easily observe. However, I
measured responses and statements from potential users on their stated preferences
and feelings about the concept, and found it was directly impacted by the following
factors:

e Sharing anxiety relates to the concerns and discomfort individuals may feel
about sharing rides with strangers. It can significantly impact their
willingness to participate in ride-sharing services.

e Trust in the public transport system (the provider, the technology, and the
government authorities, and other users) plays a role in determining whether
individuals are willing to share rides. If trust is high, people are more likely
to engage in shared mobility options.

e Perceived risks include concerns about safety, privacy, and other potential
risks associated with sharing rides. High perceived risks can lower the
willingness to share rides.

e Perceived benefits, the twin to perceived risks, refers to the advantages that
users see in dynamic ridepooling, such as cost savings, convenience, or
environmental benefits, can positively influence their willingness to share
rides.
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These connections highlight that a user's willingness to share rides in a SAPT
context, is influenced by a combination of psychological comfort (sharing anxiety),
trust in the system, the technology, and others, the balance of perceived risks versus
benefits, and the overall user experience.
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7. Index Creation

This chapter describes the initial steps in the creation of a tentative Societal
Readiness Index for Shared Autonomy; using factors that were confirmed from the
studies summarized in Findings as its basis. It explains how the factors are used to
construct a descriptive and prescriptive tool for stakeholders and practitioners who
want to prepare a group or region for shared, autonomous public transport.

7.1.  Defining Index Goals

In this thesis, societal readiness refers to the extent to which a society is prepared to
accept, adopt, and sustainably implement new technology or innovations across
various levels—from individual users at the micro level to national policy
frameworks at the macro level. If regional stakeholders consider SAVs to be part
of the solution and therefore aim to make SAPT a reality, then there is a need for
tools to ensure that they can do so effectively. The primary aim of the Societal
Readiness Index for Shared Autonomy is to be formative — descriptive and
prescriptive. It is not meant to be solely a measure of whether a region is "ready" or
"not ready”, but rather a tool to provide stakeholders with insights into specific
factors, such as governance, infrastructure, social attitudes, economic readiness, and
environmental sustainability that can be linked to clear program or policy
interventions.

For example:

e A region scoring low on governance may use the findings to initiate
regulatory reforms or establish collaborative frameworks with private
mobility providers.

e A region lagging in infrastructure readiness might focus on targeted
investments in digital and physical systems, such as 5G networks or EV
charging stations.

e Insights into social attitudes could prompt a city to introduce shared, on-
demand rides that are not driverless first, for people to adapt to the nature of
the system before using autonomous technology.

Thus, given that a region wants to pursue shared, autonomous public transport,
SRISA’s goal is to be able to provide an understanding of how a region exists today,
as well as a roadmap for progress and implementation of SAPT.

To look explicitly at societal readiness for shared, autonomous public transport, I
examined factors that influence its implementation. One of the meso-level studies
(Jiang et al., 2022), mentioned in Chapter 3, offers insights for developing a

112



INDEX CREATION

comprehensive and inclusive Societal Readiness Index for Shared Autonomy. Jiang
et al.’s use of a multi-stakeholder and multi-criteria assessment highlights the
importance of involving diverse perspectives in evaluating regional readiness for
connected and autonomous vehicles; their study affirms that readiness for
autonomous vehicles is not a one-dimensional measure, but must account for the
distinct priorities and needs of various actors across different levels.

These assessments are crucial for understanding the existing transportation system
and for making strategic recommendations to create the ideal environment for the
implementation of shared, autonomous public transport

7.2.  Applying Prior Work to Index Creation

As mentioned in Chapter 4, the Research Process, the creation of this index was
inspired by the CARTI method. Chapters 1 to 6 of the thesis have provided input to
the steps 1-3.

In Chapter 1, Introduction, the thesis articulates the research aims and objectives,
aligning with the CARTI method's Step 1. The introduction describes the need to
assess societal readiness for shared autonomous public transport systems, thereby
structuring the decision problem. The chapter outlines the core assumptions,
research aims, and questions, setting up the decision problem: understanding the
factors that influence the successful implementation and adoption of SAVs across
three societal levels. Chapter 3, Literature Review, begins identifying and
categorizing tentative factors for the implementation of shared autonomous public
transport; these identified factors are crucial for setting the goals and understanding
what the index aims to measure, and begins Step 2 in the CARTI method.

In Step 2 of the CARTI method, the task is to define the specific goals that the index
aims to achieve and, in the specific case, to identify the necessary needs and
capacities for implementing shared autonomous public transport systems. Chapter
5, Findings, affirmed factors and exposed connections or interdependencies that
were further explored in Chapter 6, Synthesis. Understanding how the factors impact
each other, and the system, is critical for defining the goals of the index. For
instance, if strong digital infrastructure is crucial for successful SAV deployment,
then one of the goals of index could be to assess and promote the development of
such infrastructure in regions looking to adopt these technologies.

Chapters 3, 5 and 6 contribute to Step 3 in the CARTI process, the step that details
using existing literature to assemble indicators. Chapter 3 was the literature review,
exploring factors already identified by other authors and work for related cases and
contexts; Chapter 6 further develops the findings by suggesting specific factors and
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rationales for those factors. This information was used for developing criteria for
selection of indicators for the SRISA. These factors can be translated into
obtainable, measurable indicators, which is crucial for operationalizing SRISA, and
ensuring that the index is built on relevant data.

7.3. Evaluation Criteria

Step 3 of CARTI method involves Indicator selection. In the CARTI, they used a
system called ELASTIC (Evaluative and Logical Approach to Sustainable Transport
Indicator Compilation) as a structured approach for selecting sustainable transport
indicators. ELASTIC included three main criteria: measurability, ensuring
indicators are reliable, clear, and easy to measure; availability, making data
accessible and affordable through direct or model-based collection; and speed of
availability, allowing data to be frequently updated to reflect current conditions
(Castillo and Pitfield, 2010; Walters et al. 2022). With inspiration from the
ELASTIC criteria, and to ensure that only the most relevant and actionable factors
were included in the proposed index, a structured evaluation was carried out using
four feasibility criteria,

e Relevance: Does the factor reflect an aspect of societal readiness for
SAPT?

e Measurability: Can the factor be easily measured in a meaningful
way?

e Data Availability: Are there existing datasets or surveys to support
this factor?

e Existing Index: Is this factor already part of an existing, reputable
index that can be leveraged?

Based on these criteria, the factors listed in Table 4 (Chapter 6) were systematically
evaluated.

7.3.1. Factors Deemed Unsuitable for SRISA

Certain factors were excluded from the SRISA because their relevance to societal
readiness is either indirect, context-dependent, or impractical to measure effectively
within the scope of a readiness framework.

Household size, for instance, while potentially influencing transportation needs and
preferences, is variable across regions and provides lack of actionable insights
specific to SAPT, making it unsuitable as a readiness indicator. Similarly, cultural
context, though influential in shaping attitudes toward technology and mobility,
overlaps with the macro-level factor of cultural values, and so it would be redundant
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to include it in the index. Personality traits may influence individual attitudes
toward SAPT but are inherently subjective and lack societal-level measurability.
These traits are more appropriate for focused micro-level studies but not suitable for
inclusion in a readiness index that addresses broader societal implementability.
Perceived benefits and risks, while likely influential for user acceptance, are
contingent on specific service design features, limiting their utility as standardized
indicators for societal readiness. Lastly, the concept of an authority vacuum,
describing the unease users feel in a driverless vehicle without a clear human
authority figure, while significant from a psychological perspective, is too closely
tied to service design and perhaps the vehicular space itself to be included in a
societal readiness index. However, its complex nature does allow it to be covered,
indirectly, by other factors (and their indicators) that are included in SRISA.

7.3.2. The Case for Sharing Anxiety

Authority vacuum was one of the four “new” factors revealed after the literature
review. Another one of those new factors was sharing anxiety. They are closely
related concepts, and they share similar difficulties when being considered for
feasibility for the SRISA. However, despite being similar concepts, they still differ
enough that they should not be considered the same factor. Therefore, I want to

make the argument that sharing anxiety, unlike authority vacuum, should be
considered for SRISA.

Sharing anxiety refers to the discomfort or reluctance that individuals may feel when
using shared transportation services, particularly when it comes to sharing space
with strangers in autonomous vehicles. While this factor plays a significant role in
influencing user acceptance of shared, autonomous mobility, it technically did not
meet the selection criteria outlined for SRISA. People's willingness to share rides is
influenced by personal preferences, social norms, cultural background, and even
psychological factors such as introversion or extroversion; sharing anxiety could
have different meanings to different groups of people. This makes it challenging to
create a universal measurement for sharing anxiety that applies across different
regions and populations. There is no established global index or large-scale dataset
that regularly tracks sharing anxiety in relation to shared autonomous vehicles. This
means that custom surveys or interviews would be required to gather insights.

However, despite failing to meet the feasibility criteria, I suggest that sharing
anxiety remains an important factor to consider in SRISA. Even though it is
subjective and may require custom data collection, it is directly tied to societal
readiness for shared autonomous vehicles for public transport. User concerns about
sharing space with strangers can significantly influence the adoption of shared
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mobility services, and so while data collection would be resource intensive, it is
nonetheless valuable to do the interviews or surveys that would give an
understanding of how intense sharing anxiety is in a population. It is only through
acknowledging this psychological and social hurdle that policymakers and transport
planners can prepare and, for example design better outreach campaigns or
implement strategies that make shared transport services more appealing to users.

7.3.3. Suitable Factors and the Choice of Indicators

After applying the feasibility criteria to the factors identified for the multilevel
analytical model, 41 factors remained. With these factors as a starting point, I then
began to search for appropriate indicators and data sources. Each potential indicator
was assessed for measurability, so priority was given to indicators with clearly
defined data points, such as the percentage of the population covered by high-speed
internet, kilometers of dedicated transit lanes, percentage of population using
ridehailing or ridepooling services, number of shared mobility companies in the
country, or GDP per capita. Where possible, I looked for datasets that are regularly
updated and publicly accessible, such as the World Bank Doing Business Reports,
Global Legal Monitor, Hofstede’s Cultural Dimensions, and OECD reports. For
localized factors, I explored data from national transport ministries, regional
statistical agencies, and policy archives like EUR-Lex. For factors without pre-
established indicators — such as those that directly relate to AVs, which are not yet
widespread — I explored related metrics that could act as indicators by proxy. In
cases where direct data on public acceptance of AVs was unavailable, I proposed
indicators like public transport usage rates or the adoption of ridehailing services.
When attitudes or opinions on AV technology or willingness to share SAVs is
needed, surveys and direct polling would have to be done.

7.4. The Index

The building blocks of the index, i.e. the factors, potential indicators and potential
data sources are presented in Table 7.
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8. Summary and Discussion

The implementation of shared autonomous vehicles as part of public transport
represents a transformative challenge requiring consideration of factors at macro,
meso, and micro levels. This chapter answers the research questions and situates
the findings within more recent literature.

8.1. The Research Questions and My Findings

At the beginning of this work, I stated my intention to answer three research
questions, each focused on exploring factors that could potentially influence the
implementation of SAPT at the micro, meso, and macro levels. Most factors
identified in Studies B to H were first revealed in the literature review, i.e., Study
A. These factors were derived from research primarily focused on either shared
mobility, such as on-demand ridehailing or dynamic ridepooling, or AVs— but
rarely both. However, since SAPT represents the co-evolution of shared mobility
and autonomous technology, the affirmation of these factors in the literature review
lends credence to the assumption that they are applicable within the SAPT context.

In addition to these previously identified factors, my research highlighted new
factors, such as role and mission confusion, authority vacuum, cultural context, and
sharing anxiety, which were not explicitly discussed in earlier studies. Given that
Study A already reflects the majority of these revealed factors, I focus on comparing
my findings to more recent work, particularly from 2023 onward, to contextualize
my contributions within the evolving research on SAPT.

RQ 1: What are factors that potentially influence the implementation of shared
autonomous vehicles as part of public transport at the macro level?

My investigations into the macro-level showed factors such as legislative
frameworks, economic conditions, technology maturity, and central government
facilitation as influential for SAV implementation as part of public transport. For
instance, strong national policies and investments in infrastructure were found to
directly influence regional actors’ effectiveness in setting up AV pilots, by providing
a cohesive, supportive environment that reduces ambiguity and role confusion
among stakeholders (Studies E-H). The recently published Global Guide to
Autonomous Vehicles by Dentons (2024) similarly emphasizes policy and regulation
as foundational to AV implementation across various national contexts. The guide
covers several countries (although not Sweden or Australia) and points out that
countries with clear and proactive legislation experience fewer roadblocks in AV
deployment. It notes that "a national framework would ensure consistency and limit
the potential for legislative gaps," highlighting the need for cohesive national
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policies to support AV integration. The guide also confirms several other factors
revealed in my studies and included in the multilevel analytical model, such as
cybersecurity, and economic status, noting that GDP and economic stability directly
impact a country's capacity to finance AV infrastructure and secure public
engagement.

Macro factors such as cultural values impact the users at the micro-level, by
establishing social norms that can influence their technological attitudes and
transportation choices and the way users perceive benefits or risks.!” In Sweden,
cultural values on environmental protection and sustainability are strong motivators
for macro-level policies and for micro-level decision-making. A recent study by
Liew et al. (2023), conducted in Malaysia, similarly found that cultural values and
social norms influence micro-level user attitudes and behaviors toward autonomous
shuttle adoption. Furthermore, Liew et al. discuss how perceptions of benefits and
sacrifices, such as safety concerns and the value of convenience, are influenced by
the local cultural context— just like the factor identified by participants in Study H.
This underscores the importance of addressing macro-level cultural dynamics to
foster user trust and acceptance at the micro-level.

RQ2: What are factors that potentially influence the implementation of shared
autonomous vehicles as part of public transport at the meso level?

The identified meso-level factors in my research, ranging from role and mission
confusion to regional mobility networks, the labor market, and public-private
frameworks, were overall fewer in number compared to those at the macro and
especially the micro levels. While there is a clear awareness of the importance of
regional actors or factors in autonomous public transport systems, there appears to
be less research explicitly addressing meso-level factors of that system, compared
to other levels. For example, considering the labor market’s impact on the
implementation of AVs and SAPT, a glance at recent literature shows there is still
little work looking at the impact of driver shortages on the public transport market?°.
Yet interviews with public transit operators from Study E and Study F show that
driver shortages are a growing concern, with significant implications for service
reliability. According to Remy and Guseva Canu (2023) and their study on the
working conditions of bus drivers, workforce shortages have led to service
reductions and, in extreme cases, the complete cessation of operations in some areas.

This issue highlights the critical need for strategic interventions at both regional and
organizational levels to ensure public transport systems remain operational and
accessible. The public-private frameworks described by Australian stakeholders at

19 See the Swedish word “flygskam”, or “flight shame”, as a local example.
20 There is a growing body of literature on driver shortages in the logistics industry, just not public transport.
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TENSW in Study E illustrate what successful collaboration between public entities
and private mobility providers can look like, empowered by central government
facilitation. Yet the lack of public-private frameworks can exacerbate role and
mission confusion, as discussed in Study F, and represents a significant barrier when
responsibilities among regional stakeholders are unclear or poorly aligned. An
evaluation of AV pilots in Europe (Nemoto, 2023) provides a thorough view of the
roles, goals, and interactions of key actors involved in the introduction of automated
minibuses into mobility systems, comparing meso-level stakeholders motivations
and goals with other actors. Nemoto’s (ibid.) analysis of stakeholder dynamics in
the deployment of automated minibuses highlights an environment that has the
potential for role confusion at the meso level, a finding that aligns with my research.
For instance, in that work, public transport operators have a desired to employ
autonomous minibuses as part of their innovation and competition strategy,
prioritizing operational efficiency, whereas city governments are motivated by
societal goals, such as reducing congestion and improving sustainability. This
speaks to a potential misalignment in priorities, confirming my findings that
reducing role confusion is essential for fostering effective collaboration and
governance at the meso level.

As Carrese et al. (2023) emphasize in their systematic review of SAV integration
into public transportation, the meso level is where infrastructure planning, policy
alignment, and stakeholder collaboration converge, reinforcing my findings which
lighted the importance of meso-level governance as the point where macro-level
policy meets micro-level user needs. Therefore while the multilevel analytical
model may have revealed fewer factors at the meso level, its importance is
nonetheless supported by evidence and practice. It is the level where regional actors
must navigate a complex interplay of national directives, local needs, and public
expectations; it is the level where policy meets practice.

RQ 3: What are factors that potentially influence the implementation of shared
autonomous vehicles as part of public transport at the micro level?

At the micro level, factors ranging from age and gender, perceived benefits of SAPT,
and sharing anxiety play an important role in shaping individual user acceptance of
SAVs. Bala et al. (2023) conducted a systematic review of studies on public
acceptability and acceptance of shared autonomous mobility services, including
ridepooling and autonomous public transit. Their analysis identified key
psychological barriers such as reluctance to share rides with strangers due to safety
and privacy concerns (which I term sharing anxiety in my research). Notably, they
emphasized that the absence of a driver exacerbates these concerns (confirming
authority vacuum) and creates a significant barrier to adoption. However, in their
review, Bala et al. (2023) found that experience with ridehailing or similar shared
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mobility services can reduce apprehension. In my studies, experience with
ridehailing did not seem to have a positive or negative effect— but previous
experience with public transport did have a positive effect on willingness to share
AVs with unknown persons. The difference in our findings may be due to the types
of shared mobility services experienced by surveyed participants; Bala et al.’s work
reviewed studies in several countries, whereas mine only covered Australia and
Sweden, the latter which has a very different ridehailing and shared mobility
landscape than Australia.

One of my studies, Study D, tried to create profiles of respondents and determine
which qualities contributed to willingness to share AVs with unknown persons.
Julsrud, Kallbekken, and Aasen (2023) performed a similar study using surveys and
interviews with residents in Oslo, Norway, to investigate mobility practices and
social acceptance shape SAV adoption. Like my work, their study shows individuals
with shared mobility habits and environmentally conscious lifestyles are more likely
to embrace SAV services. This underscores the necessity of fostering internal
motivation through targeted measures rather than relying solely on imposed
changes.

The work of Cai et al. (2023) also affirmed the importance of trust and perceived
benefits in fostering public acceptance of SAPT, aligning closely with the my
findings. Their study highlights that the economic, environmental, and safety
benefits of autonomous buses and the buses’ ease of use— items I grouped under
perceived benefits —significantly influence public trust. In another study focusing
on user acceptance of autonomous public transport, Yuen et al. (2023) employed
survey data and theoretical frameworks such as the Unified Theory of Acceptance
and Use of Technology (UTAUT). Their findings highlight the pivotal role of trust
and perceived benefits, such as economic, environmental, and safety advantages, in
shaping public acceptance. Their findings aligned with mine, highlighting the
important role that trust and perceived benefits play into willingness to use SAPT.
However, they— like many researchers before —still focus on technological
acceptance and translate that into recommendations for meso-level stakeholders to
improve service quality and design.

While I was able to affirm numerous factors at the micro level, both through the
literature review and subsequent studies, three factors stood out: authority vacuum,
cultural context, and sharing anxiety, as well as the factors that impact them, such
as trust, perceived risk, and personality traits. These factors (and their relationships
with other factors) indicate there are complexities determining the individual
concerns around safety and privacy that form barriers to broad acceptance of shared,
autonomous public transport at the user level.

133



SUMMARY AND DISCUSSION

8.2. Examining Interdependencies in a SAPT System

Most of the prior literature, derived from work that focused on either shared mobility
or autonomous vehicles, tends to address either the macro, meso, or micro level in
isolation. Few studies consider the full spectrum of factors across all three levels or
explore the interdependencies between these factors. This highlights a gap in the
literature and suggests a potential fourth research question: What are the
interdependencies across the macro, meso, and micro levels that influence the
implementation of SAPT?

Examining interdependencies across macro, meso, and micro levels showed
connections that could influence the implementation of SAPT. First, central
government facilitation at the macro level emerged as essential for reducing role
confusion among regional actors at the meso level, enabling them to implement
national policies effectively. Both Dentons (2024) and Riggs and Cornet (2024) also
stressed the importance of cohesive national frameworks for AV adoption. Like
Dentons (2024), Riggs and Cornet emphasize that such frameworks provide regional
actors with the clarity needed to align local efforts with national goals.

Economic conditions at the macro level are argued to further influence SAV
implementation by directly impacting regional investment in infrastructure, such as
dedicated lanes and digital systems that support autonomous transit. Carrese et al.
(2023) emphasized infrastructure as a priority in SAVs for public transport,
highlighting that dedicated infrastructure requires substantial investment, which
wealthier nations are better positioned to provide; similarly, Dentons (2024)
discussed the economic stability required to finance AV infrastructure, suggesting
that a robust national economy supports the infrastructure readiness essential at the
meso level. Both studies reinforce my finding that economic status at the national
level provides the resources necessary for sustainable infrastructure investments at
the meso level.

The findings of Arowolo et al. (2024), based on a study conducted in Norway,
examined Norwegian cultural values and on how macro-level influences like high
individualism affected users at the micro level for adopting AVs. Having established
that link, Arowolo et al. (ibid.) focused on governance strategies that meso-level
stakeholders implement to address these issues, proposing "governing by doing"
(pilot programs like deploying AVs with government employees to build trust) and
"governing by enabling" (which emphasizes public-private partnerships to foster
societal acceptance), preferably systematically combined. Their work affirms the
importance of macro factors like cultural values and meso factors like public-private
partnerships on factors that affect users, like trust or safety.
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Another key interdependency revealed in my research was between technology
maturity at the macro level and user trust at the micro level. As I have argued, Riggs
and Cornet (2023) argue that technological innovation and societal acceptance are
intertwined. In their work looking at automation readiness for autonomous transport
in cities, they also emphasize public engagement and transparency, noting that
educating users and building trust through mature, reliable technology are essential
to fostering acceptance; however, not only does that mean the technology must be
ready, but macro- and meso-level actors must be prepared to educate the future user
base through, for example promotional campaigns, setting public expectations, and
public demonstrations (ibid.). This interdependency illustrates that a strong
technological foundation at the macro level significantly impacts meso and micro-
level public perception and confidence.

One of the most important findings, sharing anxiety at the micro level, is not only
directly affected by other factors at the micro level, but is likely affected by macro-
level cultural values and national policies. Riggs and Cornet (2023) showed that
meso-level actors understand that to offer SAPT, they need to prioritize gaining
public support, offer public engagement, and launch pilots. This supports the idea
that addressing sharing anxiety requires both broad policy alignment and targeted
public engagement efforts, demonstrating that a macro-level action and meso actors
impact the micro level. In fact, in Riggs and Cornet’s study (and the EU project from
whence it came?!), they conceptually address the same foundational issues that are
central to my thesis. Both studies examine the sociotechnical dimensions of AV
readiness, emphasizing the need for collaborative governance — or as this thesis
terms them, legislative frameworks, central government facilitation, and public-
private partnerships — and the trust of the individuals that make up the public sphere.
Their work, however, looks exclusively at city-level readiness, whereas my thesis
looks at factors that can be more broadly applied. However, that their work aligns
closely with mine reinforces the necessity of addressing these identified
interdependencies across the three levels.

8.3. The Contribution of This Work

In Chapter 1, I made three assumptions: one, that SAVs represent the most effective
and socially beneficial use of AV technology; two, SAVs are best suited or enabled
through a public transport context, and could be on-demand when such features are
desired; and third, that the implementation of SAPT requires a systemic
understanding of technological, social, and institutional factors. Assumptions one
and two can and should be questioned, given that AVs are still a nascent technology,

21 The SHOW Project (Shared automation operating models for worldwide adoption), a Horizon 2020 project.
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with little evidence of their sustainable benefits being realized, and full
implementation may be resource intensive. My work does not intend to confirm or
falsify these assumptions. However, my findings offer strong support for
assumption three: SAPT implementation requires systemic, holistic understanding
of both social and technological factors.

8.3.1. The Multilevel Analytical Model

The multilevel analytical model illustrates the complexity of implementing SAPT,
providing a structured approach to analyzing factors across the macro, meso, and
micro levels and highlighting how these factors interact to shape societal readiness.
The model underscores that implementing SAPT is not merely a matter of deploying
AVs or establishing shared service solutions; it requires addressing the unique
challenges associated with both and emphasizes, both ideologically and with its
findings, that behavior change is complex. Societal change— behavior change on a
group level —is even more complex, and affecting it requires equal attention as is
given to investigating technological acceptance in individual users.

Not only does the implementation of SAPT come with challenges such as
technology maturity or infrastructure readiness, but shared service solutions also
introduce complexities such as sharing anxiety (exacerbated by the potential for
discrimination or conflict within the vehicle) and ensuring equitable access for all
users. Looking at AVs as not just a technological development, but one that allows
for shared journeys and makes an even more powerful public transport system has
been the goal of the multilevel analytical model and this thesis; to display the
complexity of the sociotechnical system as a whole, and to highlight, even create a
call to action, for stakeholders in the transport system to address the factors of
authority vacuum and sharing anxiety so that shared, autonomous public transport —
if so desired — can be feasible. The multilevel analytical model captures these
interdependencies and offers a tool for stakeholders to understand the dynamic
interplay of factors influencing SAPT implementation.

Nemoto (2023) analyses the deployment of automated minibuses in European cities
and examines factors influencing the implementation of automated minibuses,
categorizing them specifically into barriers and enablers to highlight their impacts
on this process. Nemoto’s work provides a detailed exploration of factors
influencing the implementation of automated minibuses through the lens of
sociotechnical transitions. Her research highlights the role of stakeholders, their
interactions, and perceptions, offering a stakeholder map that illustrates the diverse
goals and priorities of actors such as public transport operators, manufacturers,
software developers, policymakers, and citizens. Her study situates autonomous
minibuses as a niche innovation with the potential to disrupt existing mobility
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paradigms and provoke a transition toward sustainable, shared, and intermodal
public transport systems.

In contrast, my work offers a broader framework through the Multilevel Analytical
Model. Unlike Nemoto’s niche-centered approach, my model emphasizes the
systemic interactions between technological, institutional, and cultural dimensions,
such as the impact of sharing anxiety, authority vacuum, and behavioral change on
the feasibility and acceptance of SAPT. Nemoto’s contribution is particularly
valuable in providing actionable insights into stakeholder dynamics and the
immediate challenges of integrating automated minibuses into specific contexts. Her
use of the multilevel perspective aligns with my work in acknowledging the
complexity of transitions but differs in scope. While Nemoto evaluates how
automated minibuses fits within existing sustainability goals and emerging niches,
my work uses SRISA to assess societal readiness and identify critical pathways for
scaling SAPT as part of a larger system transformation.

Both works complement each other: Nemoto’s study offers practical mechanisms
and a roadmap for transitioning automated minibuses (AM) from niche to regime
by focusing on specific implementation barriers, enablers, and stakeholder
dynamics.

8.3.2. The Societal Readiness Index for Shared Autonomy.

Both the model and SRISA reflect the complexity of implementing shared,
autonomous public transport. The Societal Readiness Index for Shared Autonomy is
intended to offer a multidimensional tool for assessing the readiness of cities or
regions to implement SAPT. It is meant to evaluate readiness across macro, meso,
and micro levels by analyzing factors such as technological maturity, public
transport policy, cultural attitudes, central government facilitation, experiences and
expectations of ridehailing, and trust. SRISA provides a structured approach to
identifying strengths, weaknesses, and gaps in societal readiness, offering a clearer
picture of the societal challenges that must be addressed. Beyond assessment, the
index, once fully developed, tested and validated, aims to guide stakeholders by
identifying actionable priorities and informing targeted interventions. By
highlighting interdependencies between factors and demonstrating areas in which a
region has strengths or weaknesses, it could support decision-making and helps
stakeholders create strategies to address the specific challenges of their evaluated
region or context.

As a tool or concept, SRISA is not entirely unique. Nemoto’s work also created an
index, but it differs slightly from the SRISA. Both the SRISA and Nemoto's index
aim to provide structured tools for evaluating the impacts of autonomous mobility
solutions, but they do so with different scopes: Nemoto's index focuses on providing
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a detailed assessment of how well automated minibuses are contributing to regional
sustainability, while SRISA evaluates the societal readiness of cities or regions for
the broader implementation of SAPT, addressing both systemic and cultural factors.

Another index, the Global E-Mobility Readiness Index (GEMRIX) emphasizes
macro-level dimensions such as government policies, market readiness, and
infrastructure investments, particularly in the context of electrification. While
GEMRIX captures the economic and infrastructural conditions required for e-
mobility, however, it does not delve into the societal and organizational aspects
crucial for e-mobility implementation. Similarly, the KPMG Autonomous Vehicle
Readiness Index (AVRI)— from which the SRISA drew heavy inspiration —evaluates
countries’ readiness for autonomous vehicles through metrics focused on
infrastructure, policy, and technology. While AVRI provides a strong foundation for
macro-level comparisons, it does not fully explore the social dynamics of user
adoption or the interplay between different actors in the ecosystem and only later
editions even acknowledged the human dimension at all. SRISA aims to address this
type of gap by using the cultural and social dimensions that proved necessary in the
Multilevel Analytical Model- such as public trust, sharing anxiety, and public-
private frameworks, alongside technical maturity and economic status.

SRISA was conceptualized to balance and integrate the critical dimensions of
economics, infrastructure, policy, and social readiness. It could, when fully
developed, be a valuable tool for guiding SAV implementation for SAPT.

8.4. Reflections on the Methodology

Originally, like much of the previous work examining AVs and dynamic ridepooling
(my proxies for SAPT), I began with a focus on understanding factors of user
behavior, the micro level, only. The relevance and importance of the multilevel
approach only became apparent to me after conducting the first field studies. This
led to an overfocus of exploring factors at the micro level, an area which is already
the subject of much focus in the field.??> Had I the foresight to work with the
multilevel approach and model from the beginning, I might have been able to collect
more data as input, in particular for the meso level, either in the form of additional
interviews or an expanded focus of questions within the repeated survey.

As for the macro level, I ran into significant difficulty getting interviews from
national or macro-level actors such as policymakers or senior government officials
responsible for AV or public transport policies. While the willingness was strong
with me, the way forward to acquiring this data was unclear. The macro level is
difficult to explore with firsthand sources unless one has a strong network and the

22T hope I have convinced the reader by now that at least, within that field, sharing is still understudied.
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connections to secure interviews and responses from persons working at macro level
institutions. Failing to capture data firsthand, what was left was what information
macro actors publicly announce or produce regarding AVs or public transport. In
this, I felt Study G was able to accurately capture the perspectives of the different
macro and meso stakeholders. But it is a fair critique to say my thesis lacks a
balanced weight of data collection across the three levels.

Nevertheless, employing triangulation to examine factors across macro, meso, and
micro levels through different research methods proved to be an effective strategy
for developing the multilevel analytical model. By collecting data through different
methods (e.g., surveys, interviews, focus groups) or from multiple sources (e.g.,
users, policymakers, regional actors), triangulation allows for cross-verification.
When findings are consistent across different approaches, this supports the accuracy
and reliability of the conclusions; put simply, if different data sources or methods
yield the same results, it suggests that the findings are not merely artefacts of a
particular method or sample. This approach also facilitated a more nuanced
understanding of stakeholder perspectives at various levels, from policymakers to
users, allowing me to capture anecdotal perspectives and provided greater validity
to factors identified consistently across methods.

8.4.1. Contradictions in Data

However, triangulation also presented specific challenges, particularly when
handling contradictions between studies. For instance, focus group participants (in
Studies B and C) said their previous experience with ridehailing or shared mobility
contributed to their interest in shared autonomous public transport, yet survey data
(Study D) showed that having previous experience had no statistical bearing on
willingness to share AVs with unknown persons. Addressing these contradictions
required careful interpretation and contextualization (perhaps it was due to their
country of origin, as Australia has had experiences with ridehailing for several years
longer than Sweden; perhaps in focus groups, people are more willing to agree with
the questions asked by the discussion leader and are more “honest” in an anonymous
survey).

Differences between data sources occasionally led to inconsistencies in findings.
For example, in Studies B and C, focus groups highlighted concerns around the
absence of a driver in SAVs, referred to as an "authority vacuum". Swedish
participants valued a clear sense of control within vehicles and expressed skepticism
about scenarios without a driver. This discomfort was partly attributed to the lack of
a strong ridepooling culture or experiences in Sweden, where public transport
systems are heavily used and seen as safe with perceived and accessible authority
figures. In contrast, Australian participants also experienced discomfort with the
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absence of a driver, but their concerns were shaped more by sharing anxiety, a low
level of trust in public transport operators and the local government, and distrust of
non-local operators like Uber. While the authority vacuum was a shared theme in
both groups, the root causes and feelings offered by participants differed, reflecting
Sweden’s emphasis on trust in structured systems versus Australia’s heightened
sensitivity to safety and privacy. Despite these challenges, I believe triangulation
ultimately strengthened the work by highlighting areas where additional research or
targeted interventions may be necessary.

8.4.2. Internal Validity

Overall, there is a question of the validity of my findings, since much of my data
collection was derived from related mobility services, such as on-demand
ridehailing, rather than directly from SAPT systems; some data came from on-
demand public transport pilots, some data came from AV pilots that used
autonomous technology but operated in very small-scale or limited forms. This
limitation was influenced by the small number of AV pilots available to study during
the timeframe of my research, particularly in 2021 at the height of the pandemic. In
addition, much of the literature I examined then focused on on-demand ridehailing,
dynamic ridepooling and autonomous technology separately, as cohesive
deployments of these elements were scarce. However in 2024, there are now more
AV pilots running (and more literature forthcoming), and the service design in these
pilots are closer towards real-world deployments of autonomous, public transport.
Using a truer SAPT pilot or service for study, such as the recent expansion of Ride
The Future into an on-demand, autonomous transit shuttle (RideTheFuture, 2024),
would enable researchers and stakeholders to better understand the influence of the
identified potential factors on users' willingness to share AVs with strangers.
Additionally, it would enable deeper exploration of which factors enable meso-level
stakeholders to implement SAPT services effectively.

Some factors, such as technological maturity, trust, public transport and AV policy,
and affordability, are well-supported by empirical evidence, validated through
multiple studies and literature reviews, and contextualized within the SAPT
framework. At the same time, the identification of relatively unknown or
underexplored factors, such as authority vacuum and sharing anxiety, highlight the
societal challenges that may hinder SAPT implementation. However, some
limitations remain, including reliance on foundational assumptions and limited
diversity in case studies. Expanding the scope of research to include more diverse
case studies from other countries or regions, as well as testing the assumed and
inferred relationships between factors, could significantly strengthen the internal
validity of my findings and further refine the multilevel analytical model.
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8.4.3. External Validity and Transferability

While external validity focuses on the generalizability of the research findings to
other contexts or populations, transferability examines the adaptability of those
findings, frameworks, and concepts to other specific cases or regions. This work has
identified factors and presented support for their role in affecting the implementation
of SAPT. Could the identified factors of the multilevel analytical model and SRISA
be used as a basis for understanding factors that influence the implementation of
SAPT in other countries and contexts, besides where the studies took place?

Considering that the scope of this thesis took place in two developed nations—
Australia and Sweden —that fall comfortably within most definitions of “the West,”
there are valid questions about the transferability of the findings to other regions,
particularly to countries with differing socioeconomic, cultural, and infrastructural
contexts, such as those in Africa or Asia. It is evident that Australia and Sweden
benefit from high levels of infrastructure and technological maturity. These factors
were identified as key for SAPT implementation, which is why they appear in the
multilevel analytical model and the SRISA. Many developing countries with low
GDP have not been able to invest resources into digital and transport infrastructure
to the same degree as their counterparts with higher GDP, which would hinder their
own implementation of SAVs for either private or public use. Reliable internet,
cellular networks, and basic transport systems are essential for the real-time data
processing and connectivity needs of AVs but are often sparse in rural, remote, or
developing regions due to their cost (Fagnant and Kockelman, 2015). The cost of
implementing AVs may be prohibitive relative to other pressing needs, especially if
these vehicles are perceived as a more expensive alternative to current public
transport systems. Cervero and Golub (2007) suggest that transport innovations
should address economic disparities by prioritizing affordable and accessible
solutions that meet the daily needs of low-income populations, but in some
countries, it may not be advisable to prioritize transport infrastructure over other
concerns, such as healthcare or climate change resilience. Thus, while SAPT might
well be a desirable public good, countries in the Global South may need to prioritize
other aspects of their development before considering their readiness for more
advanced self-driving technologies.

However, cultural values, cultural context and social norms clearly play an
influential role in shaping perceptions of shared mobility. Studies that examined
"herd behavior" (another phrase for “social norms”) were relatively few at the time
this PhD began, but more recent studies have included questions such as “Someone
in my social media circle of friends shared information about AVs,” as researchers
attempt to develop models accounting for both environmental determinants (e.g.,
social media) and human determinants (e.g., the influence of social norms) (Zhu et
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al., 2020). It is worth noting that many of these studies on herd behavior and social
norms originate in Asia, which could provide insight into the discrepancies observed
in different cultural contexts. According to Hofstede's “individualism vs.
collectivism dimension” (Hofstede, 2007), Asian countries tend to score higher in
collectivism, meaning individuals are more likely to consider the behavior of others
within their social group when making decisions, such as whether to adopt a new
technology like AVs. Many parts of the Global South are characterized by
collectivist cultures, where community-oriented solutions are highly valued. This
communal mindset might enhance social acceptance of SAVs, particularly if they
are introduced as community-serving, accessible options. However, concerns
around sharing anxiety and safety in shared, driverless spaces may still require
tailored approaches. Community engagement, gradual rollout strategies, and
transparent communication on safety measures could be effective in addressing
these apprehensions.

In contrast, both Sweden and Australia rank higher in individualism, where
individuals may be more inclined to make decisions independently of their social
circles (Hofstede, 2007). This suggests that cultural differences, specifically related
to individualism, might explain the weaker role of social norms in these contexts
compared to collectivist cultures. It could be the case that there exist more countries
and areas in the Global South with the necessary cultural values and high trust in
local community- factors that create a strong willingness to share AVs with
strangers. The proof of this can be found in the community-driven forms of transport
that were organized before digital information technologies, such as jeepneys, where
sharing anxiety would seem to be non-existent (Phun and Yai, 2016). This suggests
that these countries or communities in the Global South would have a strong
advantage in implementing sharing autonomous public transport, but for the fact
that these areas lack the economic resources and infrastructure to deploy and
implement them. Where Sweden and Australia are infrastructure and resource rich,
the users are hesitant to share; in Asia, users are willing to share, but their
communities lack infrastructure or resources.

8.5. Applying the Findings

The Multilevel Analytical Model, though complex and perhaps not complete, future
research may add or modify the factors as well as their interdependencies, it can still
serve as a valuable benchmark for transportation providers and city planners or
regional stakeholders to use when discussing future mobility services, particularly
projects that include SAPT. It is not impossible that stakeholders would consider the
implementation of SAPT as primarily a technology maturity issue or a matter of the
public’s acceptance of AV technology. However, merely the image of the MLAM
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might be enough to make evident to project developers and policymakers the
complexity and the social dimensions for which they need to be aware when
introducing this type of technology into the public transport system. Some of the
factors included in the model that were removed or not included in the SRISA, such
as ethnicity, would still be valuable in MLAM. For example, having the ethnicity
factor in MLAM 1is important when having workshops with urban planners and
policymakers who are looking to address societal problems such as discrimination
in public transport, though on different scales.?’

Were the Societal Readiness Index for Shared Autonomy fully constructed, tested
and validated, it could be applied to as a tool for regional stakeholders, who consider
SAVs to be part of the solution and therefore aim to make SAPT a reality; the index
could assess the region’s readiness for implementing SAVs, using SRISA scores to
identify strengths and highlight gaps that need attention, such as public trust or
regulatory support. This focused approach would help planners concentrate their
efforts on, e.g. policy improvements, help transit agencies and mobility operators
understand which regions are most suitable for the deployment of autonomous
mobility services.

The private sector, including car manufacturers, tech companies, and mobility
services, could use SRISA to inform their business strategies. Companies could look
at regions’ readiness based on factors like infrastructure, regulations, and public
attitudes, helping them decide where SAPT would be easiest to implement, guiding
investment and development. The index could also show where societal readiness
gaps exist, like low public trust, so companies could design pilot programs or
campaigns to build confidence in their safety while regional governments could
design programs or introduce new efforts that would address perceptions of public
safety.

Some of the indicators in SRISA may prove difficult or time-consuming to obtain
data for, particularly for groups from smaller municipalities with limited resources.
Many of the factors, and consequently the proposed indicators, focus on the micro
or user level and would require data collection through surveys or interviews
targeting potential users. Despite the challenges of gathering such data, the influence
of these factors is significant enough to justify prioritizing their inclusion in future
assessments for regional and national stakeholders. I recommend that users of the
index advocate for regional or national governments, institutions, and agencies to
incorporate these data needs into their broader data collection efforts. Specifically,

23 And one of my motivators for choosing to transportation as my field of study is that I truly believe public
transport is one of the last bastions of public space, where society and diversity interact and coexist.
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I strongly encourage national policymakers to include relevant questions in existing
national surveys and polls conducted by other entities, such as Eurobarometer or the
Swedish National Data Service. This integration would ensure consistent, high-
quality data, while reducing the burden on smaller organizations or actors for
acquiring the information.

In Studies A, B, and C, I investigated SAPT as an on-demand service with dynamic
ridepooling as a proxy for participants. Participants in Studies B and C discussed
the service design of SAPT, including the type and size of the AVs in the context of
shared, on-demand mobility. In my other studies, I only highlighted the driverless
nature of public transport, emphasizing the automation over service design.
However, consistent across all studies were concerns about trust, safety, sharing
anxiety, and perceived benefits, which emerged as critical factors influencing user
acceptance of SAPT. Careful service design will need to consider the factors
outlined in the multilevel analytical model and the SRISA to determine what SAPT
ultimately looks like for a variety of future users. Nevertheless, what an actual
shared, autonomous transport service will look like is based entirely on the region
in which it will be deployed, the stakeholders introducing it, and the individuals who
will be the prospective users.
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9. Reflections

This chapter concludes the thesis by reflecting on the knowledge contribution in
relation to overall aims, speculates on its implications for practice and suggests
future avenues for further research and investigation.

9.1. Initial Reflections

At the beginning of this thesis I stated several core assumptions about SAVs being
the most effective and socially beneficially use of AV technology, and therefore
implementing SAPT is the most appropriate deployment of SAVs. The findings of
this thesis reveal that the implementation of SAPT is influenced by numerous factors
across macro, meso, and micro levels. At the macro level, factors such as economic
status, infrastructure, central government facilitation and cultural values shape the
overall feasibility and direction of SAPT in a country. At the meso level, digital
infrastructure, public-private frameworks, role and mission confusion, and
geographic location impact with what resources and how regional stakeholders can
adapt policies to local contexts. At the micro level, individual acceptance of SAPT
depends on user expectations, experiences, and trust, which is heavily influenced by
cultural context and sharing anxiety. The cross-level interdependencies illustrate the
complexity of implementing SAPT and demonstrate the necessity of addressing
issues at all levels for a holistic approach. A technological focus alone will not
suffice; instead, a socio-technical perspective that integrates societal readiness with
technical maturity should become the standard.

9.2.  Future development of this work

Building on these findings, this research has introduced two primary contributions:
the multilevel analytical model, and the Societal Readiness Index for Shared
Autonomy. While these tools provide a foundational framework for understanding
and assessing societal readiness for SAPT, further work is needed.

9.2.1. Verification of Factors

The factors proposed in this thesis come with evidence to support their inclusion in
the multilevel analytical model, but further verification could and should be done
with policymakers, transit operators, technology developers to apply the model in
pilot projects and evaluate whether the factors and the multilevel analytical model
resonates with their experiences and priorities.

Another dimension to continue exploring factors is to examine rural areas or
underserved communities. While the first AV pilots focused on urban deployments,
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in recent years more literature has emerged making the argument that AVs have
greater potential in low-density, car-dependent regions that traditionally lack any
form of public transport. This not only provides an opportunity for public transport
to expand accessibility but understanding the factors and if they apply in these
contexts would also address questions of equity and inclusivity.

Future research could benefit from more cross-country studies to validate the
findings across a range of cultural and economic settings. Developing countries
often face unique infrastructure and economic challenges, as well as distinct cultural
dynamics, that could influence SAV acceptance and SAPT implementation in ways
not observed in countries with highly developed infrastructure. However, to counter
the assumption that developing countries are always “behind” developed ones,
technological advances like mobile telephones allowed developing nations to
leapfrog the step of infrastructure development for wired telecommunications
(Gunasekaran and Harmantzis, 2007). It is possible that future investigations of the
multilevel analytical model would identify opportunities for developing countries to
do something similar with implementing SAPT ahead of traditional transportation
infrastructure. Similarly, the influence of cultural factors such as individualism
versus collectivism warrants further exploration, especially in regions where social
norms may play a more significant role in transportation behaviors. Examining the
cultural differences as defined by Hofstede (2007) in depth would allow researchers
to better understand and address the nuances of SAV acceptance globally.

While this research has mapped the interdependencies between factors, future work
could delve deeper into how these relationships evolve over time. For example, in
societies with low cultural acceptance of shared mobility, sharing anxiety might be
a major barrier. As cultural attitudes shift due to generational change or increased
market penetration of ridehailing, sharing anxiety may diminish, opening new
opportunities for SAPT implementation.?*

9.2.2. Further development of SRISA

The SRISA index, although still a draft, provides a structured method for evaluating
societal readiness. Its further development should focus on several key areas to
enhance its usefulness and applicability.

A necessary next step is to have a process for weighting factors based on their
relative importance in different contexts, such as urban versus rural areas or
developed versus developing regions. Creating weighting for each indicator is a
process that could involve expert panels, stakeholder surveys, or statistical methods

24 The longitudinal effect was originally part of this work’s scope, but the COVID-19 pandemic had other
plans.
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to quantify how much each indicator influences societal readiness. Once weights
have been assigned, the next step would be to test the index across a variety of
geographic, cultural, and economic settings. For example, regions with limited
digital infrastructure might require adjusted weights to reflect their unique context;
testing in diverse areas would help identify where modifications are needed to make
the index more universally applicable.

Another future step is to review completed and successful pilots from around the
world; it is by studying these cases that specific prescriptive actions could be tied to
corresponding SRISA scores, offering clear guidance to cities or regions seeking to
implement SAPT. Linking the index to actionable policy recommendations is
essential, allowing cities and regions to identify investments or interventions based
on their readiness profiles. Finally, to make SRISA accessible and practical, it could
be translated into a user-friendly digital tool, such as a dashboard or application.
Policymakers, transit authorities, and other stakeholders could input data and
receive tailored readiness assessments and recommendations. This digital platform
would make SRISA easier to use in real-world planning, helping stakeholders
address the most critical challenges for SAPT implementation.

9.2.3. Avenues for Future Research

Another valuable area for future research is to focus more specifically on meso-level
actors’ roles, responsibilities, and decision-making processes in implementing
SAPT. Study H raised questions about the personal biases of meso-level actors, who
sometimes struggled to separate their personal views from their professional
responsibilities, and it is likely the same would occur with macro-level actors when
interviewed. This phenomenon suggests that macro and meso-level decision-
makers— who, in their roles, interact with the world as individuals —may experience
internal conflicts that affect the way they approach the implementation of SAPT.
Further research could investigate the internal decision-making processes of these
actors to determine how personal attitudes impact organizational strategies and
priority-setting, with the intention of revealing opportunities to mitigate these
biases.

In these ways, future research can expand on the contributions of this thesis and
support the development of more nuanced, culturally adaptable frameworks for
SAPT implementation, ultimately contributing to a broader understanding of
societal readiness for shared autonomous vehicles.
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9.2.4. A Call for Bravery

The COVID-19 pandemic halted much of the mobility innovation, particularly
around shared mobility, all around the world; Sweden and Australia were no
exception. However, now that the pandemic has subsided and some normality has
returned, trials and pilots involving autonomous technology have begun to emerge
again; a few, like Waymo in California, never truly stopped (Lunden, 2020).
Currently the United States and China lead in robotaxi commercialization, while
China and Europe are advancing in roboshuttles?>— one the first operational formats
of AVs —and European partnerships with the manufacturers like Karsan and MAN
represent the most ambitious full-scale autonomous bus trials and operations to date
(Greifenstein et al., 2024). In Greifenstein et al. (2024)’s global benchmark study of
the state of AV pilots, they estimate “robobuses”, or autonomous full-scale buses,
have greater barriers to entry at the market due to “technological and regulatory
challenges”; however, I believe that it is also due to the pressure of commercial
actors and the lack of commitment from the majority of macro-level actors to push
for AVs in public transport. The case of Norway is the example that proves my point.

In Norway, AVs are being introduced as part of SAPT systems. Oslo has adopted
some of the world’s most aggressive sustainability measures (Nieuwenhuijsen and
Khreis, 2016), including policies to phase out fossil-fueled cars (Miljedirektoratet,
2024). A key initiative is the ULTIMO project, described by Arowolo et al. (2024),
which builds upon the earlier AVENUE framework to integrate AVs into Mobility-
as-a-Service (MaaS) as a public utility. ULTIMO exemplifies one of Europe’s most
ambitious efforts to deploy autonomous technology at scale, particularly through its
focus on user-centric design and public service objectives, with the plan to deploy
15 AVs in Groruddalen Valley, Oslo.

Central to ULTIMO’s approach is the role of Oslo’s public transport authority,
Ruter. Ruter balances systemic policies with initiatives to foster meaningful user
engagement and acceptance. This includes integrating SAVs into everyday routines
and lifestyles in order to establish them as a sustainable mobility practice. ULTIMO
highlights the importance of aligning technical innovation with societal goals to
foster acceptance and maximize impact. The project’s outcomes are yet to be fully
realized, but Norway’s example demonstrates the critical importance of trials and
pilots in advancing SAPT systems. These initiatives provide a testing ground not
only for technical feasibility but also for understanding sociotechnical challenges.
Regular and thorough investigations are essential to address both meso- and micro-
level concerns. At the meso level, this means assessing regional readiness and
stakeholder collaboration. It requires examining how public and private actors can

25 ] affectionately call these vehicles (due to their shape) as “toasters”. See Figure 10, Chapter 5.
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coordinate efforts to support SAV deployment for public transport use, in the same
way that TEINSW had created a strong, centralized government actor and strategy

(Study E), and as seen in ULTIMO’s collaborative governance model (Arowolo et
al., 2024).

At the micro level, pilots must go beyond measuring user trust and technology
acceptance. They need to tackle issues deeper psychological issues like sharing
anxiety— the discomfort of sharing rides with strangers —and the authority
vacuum, which refers to unclear roles and responsibilities in managing AV systems.
The solution to these problems may be found in creative engineering of their
interiors, or new models for remote customer service; what the eventual answer will
be is yet unclear. However, addressing these social factors is how stakeholders can
foster public confidence and ensure smooth implementation.

With future studies into the complexity of the shared, autonomous public transport
system, and bolder interventions in the real world, together we might get
somewhere.
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