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A B S T R A C T

Shared electric automated vehicles (AVs) are advertised as the silver bullet for the sustainable transition of
private internal combustion engine-based automobility by private and public entities. We explore the extent to
which private automobility will be reconfigured into a private electric automated mobility regime or substituted
by a shared electric automated mobility regime that could effectively address societal sustainability challenges.
We draw from the multi-level perspective of technological transition, develop a conceptual model outlining
possible transition advancements towards private and shared electric automated mobility and review pertinent
literature supporting such developments. Our analysis reveals that shared, particularly pooled, mobility emerges
slowly (niche level). Key actors resist a shift from private to shared electric automated mobility for economic
(vehicle manufacturers), instrumental, affective, symbolic (users and societal groups), tax-revenue, governance
and administrative (public authorities) reasons (regime level). The private automobility regime receives only
moderate pressure from the socio-technical landscape pertaining to safety, congestion and environmental issues
and effectively reacts by electrifying and automating vehicles (landscape level). We conclude that the most likely
transition will primarily entail privately-owned electric AVs as opposed to shared (especially pooled) AVs, unless
a landscape “shock” such as a climate breakdown, energy crisis or a significant political shift towards collective
mobility exerts substantial pressure on the regime. Hence, the socioeconomic benefits of the so-called “three
revolutions of automobility” could be diminished.

1. Introduction

Shared electric automated vehicles (AVs) are presented as the key
solution for the sustainable transition of automobility by the research
community, automotive manufacturers, tech industry, consulting firms
and public authorities. As Dan Ammann, former CEO of Cruise, an
automated vehicle company, subsidiary of General Motors, blog-posted
during the COVID-19 pandemic: “City dwellers, in a sad twist on social
distancing, are now buying more cars than ever. Traffic won’t just come back,
it will suck worse than ever. But self-driving cars, which can be shared safely
and efficiently, will reduce congestion dramatically and permanently. The
impact on our cities, our world, and our climate will be real and sooner than
you might think.“ (Ammann, 2020). Although presented with different
acronyms by different actors (e.g., SEAM: Shared, electric, automated,
mobility; CASE: Connected, autonomous, shared and electric vehicles;
ACES: Autonomous, connected, electric shared vehicles; SAEV: Shared
autonomous electric vehicles), the common underlying rhetoric among
them is that the environmental and social benefits of AVs do not stem
from the deployment of this vehicle technology per se but from the

potential of bringing changes to the vehicle operation, vehicle design,
transportation system design and choice of fuels (Taiebat and Xu, 2019;
Wadud et al., 2016). The term “shared” is often used to describe both on-
demand vehicles shared simultaneously by multiple riders following
flexible schedules and routes (i.e., ride-pooling) and vehicles shared
sequentially by one rider, driven to her destination by a personal driver
(i.e., ride-hailing). In this paper, we differentiate between the two
vehicle sharing options using the terms ride-pooling, ride-pooled, or
shared (pooled) AVs and ride-hailing, ride-hailed, or shared (solo) AVs
when needed.

Evidence suggests that, if AVs are shared (i.e., ride-pooled) and
electric (i.e., green-sourced), they are expected to reduce vehicle
ownership and congestion, enhance energy efficiency through right-
sizing, virtually eliminate greenhouse gas emissions, allow urban
space reclaiming through reduced parking needs and enhance social
equity for disadvantaged groups (Fulton, 2018; Greenblatt and Saxena,
2015; Kontar et al., 2021; Li et al., 2022; Milakis et al., 2017; Milakis and
Van Wee, 2020; Nikitas et al., 2021; Pan et al., 2021; Rodier et al., 2022;
Silva et al., 2022; Zwick et al., 2022). In comparison, a deployment
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scenario of primarily private or non-pooled shared electric AVs (i.e.,
ride-hailed), although still beneficial from greenhouse gas emissions
perspective, it is expected to cause further societal harm because of
increased total travel demand (Circella et al., 2022; Emberger and
Pfaffenbichler, 2020; Harb et al., 2021; Narayanan et al., 2020; Saleh
and Hatzopoulou, 2020; Schaller, 2021; Soteropoulos et al., 2019),
modal shift from public transport and active modes (Hörl et al., 2021),
further congestion delays (Beojone and Geroliminis, 2021; Childress
et al., 2015; Diao et al., 2021; Tarduno, 2021) further suburbanisation,
increased space consumption for parking, reduced social equity (Milakis
et al., 2018), increased energy consumption (Nunes et al., 2021) and
reduced physical activity (Rojas-Rueda et al., 2020).

Thus, the question is to what extent the current private automobility
regime will be reconfigured into a private electric automated mobility
regime or substituted by a shared (particularly pooled) electric auto-
mated mobility regime that could effectively respond to key societal
sustainability challenges. Despite the rhetoric of various actors sup-
porting the second transition path, there are strong indications in the
literature that the first transition path will likely prevail. This position
paper draws theoretically from the multi-level perspective of techno-
logical transition and develops a conceptual model that describes a
transition pathway for the private automobility regime as well as the
potential influence dynamics from electrification, automation, and
sharing. The model suggests that a transition pathway where electric
AVs are mostly privately owned rather than shared will likely emerge,
unless a landscape “shock” such as a climate breakdown, energy crisis or
a significant political shift towards collective mobility exerts substantial
pressure on the regime. The paper then reviews the literature pertaining
to the various elements of this conceptual model. This includes the niche
and structural developments incubating a reconfiguration transition
pathway of the private automobility regime through electrification and
automation as well as the critical resistance of key actors (i.e., vehicle
manufacturers, users and societal groups, public authorities) to a sub-
stitution pathway towards a shared electric automated mobility regime.
We eventually argue, based on the literature review outcomes, that a
transition pathway where electric AVs are mostly privately owned
rather than shared will likely emerge, significantly limiting the potential
synergistic societal benefits of the so-called three revolutions of auto-
mobility (electric-shared-automated).

The paper is structured as follows. Section 2 describes our methods,
while Section 3 outlines the theoretical background of our study and the
conceptual model depicting the assumed transition pathway for the
private automobility regime. Section 4 presents the outcomes of the
literature review pertaining to the three levels of the conceptual model:
niche, regime and landscape. Section 5 provides the discussion and
conclusions of our study.

2. Methods

Our methodology involves two steps (see Fig. 1, created with
Whimsical Starter). In the first step, we develop a conceptual model
based on the multi-level theoretical perspective (Geels, 2002). We argue
that the private automobility regime will likely follow a reconfiguration
transition pathway (incorporating the symbiotic innovations of electri-
fication and automation), unless a landscape “shock” such as a climate
breakdown, energy crisis or a significant political shift towards collec-
tive mobility exerts substantial pressure on the regime. In this case, a
substitution pathway would be possible, leading towards a new shared
(particularly pooled) automated mobility regime. To develop the con-
ceptual model, we consider the timing (e.g., state of niche-
developments, landscape pressures on the regime) and nature (e.g.,
reinforcing or disrupting impact) of the emerging transition of private
automobility regime involving vehicle automation, electrification and
sharing. We then identify the key pathways (i.e., reconfiguration, sub-
stitution) that could represent the timing and nature of the transition
towards private and shared electric automated mobility based on Geels’

(2007) pathways of technological transition. We complete our concep-
tual model with a description of the dynamic interactions between the
three analytical levels of the transition: the regime, the landscape, and
the niche.

In the second step, we review the relevant literature that underpins
this conceptual model at each analytical level. Our review starts with
key references per topic based on our knowledge of the literature and
then we apply backward snowballing (Wohlin, 2014) to further expand
the depth and coverage of our analysis. Our review covers predomi-
nantly peer-reviewed articles published in Scopus-listed scientific jour-
nals, but expands also in grey literature when there is limited published
work or evidence in a topic (see e.g., section 4.1). Our analysis does not
intend to cover all references per topic, and therefore, a systematic
literature review or meta-analysis method, such as the Preferred
Reporting Items for Systematic Reviews andMeta-Analyses (PRISMA), is
not applied. Rather our analysis focuses on the references underpinning
the key elements of the conceptual model. According to Van Wee and
Banister (2016), a review paper can first propose a conceptual model
and then examine the literature underpinning the suggested innovative
framework without necessarily covering all references in the field of the
paper. Along the same line, Kanger et al. (2020), argue that a systematic
literature review of empirical evidence runs the risk of reproducing
existing bias, not providing opportunities for theory-driven identifica-
tion of alternative framings or possibilities implied by existing theoret-
ical frameworks, but not empirically examined yet. These researchers
recommend that a two-step approach involving concept formulation and
analytical reasoning, followed by theory-guided literature review can
alleviate this problem.

At the niche level, we analyse the developments, business landscape
and prospects of the shared (pooled) mobility market indicating that it
still remains at an emergent stage in the transport market. At the regime
level, we analyse key actors’ (i.e., vehicle manufacturers, users and so-
cietal groups and public authorities) preferences and motivations to-
wards shared (solo and pooled) electric AVs to identify possible
resistances against a substitution transition path of the personal to a
shared mobility regime. To this end, we identify analytically the key
areas of resistance for each actor and explore the literature evidence

Fig. 1. The two-step method for developing the conceptual model and review
the relevant literature that underpins it.

D. Milakis and D. Seibert



Transportation Research Interdisciplinary Perspectives 26 (2024) 101171

3

within each area. At the landscape level, we analyse the type and in-
tensity of pressures to the private automobility regime from different
actors. Our analysis comprises public opinion surveys (citizens), policy
documents (public authorities), reports and statements of original
equipment manufacturers (OEMs), indicating that the pressures to the
private automobility regime are rather moderate and focused on the
safety, congestion and environmental problems of the transport sector,
for which the regime already responds with its reconfiguration through
vehicle electrification and automation.

3. Conceptual model of the possible transitions towards private
and shared electric automated mobility

The AVs represent a socio-technical transition of the automobility
system associated with changes in transport infrastructure, industry,
science, user practices, and policy among others (Hopkins and Schwa-
nen, 2018; Milakis andMüller, 2021). The multi-level perspective (MLP)
provides a theoretical framework describing such technology transitions
as dynamic interactions between three analytical levels: the landscape,
the regime, and the niche (Geels, 2002, Fig. 2). The landscape level
refers to a set of slow-changing deep structural trends that are external
to the technology itself such as economic growth, cultural and normative
values, and environmental problems. The landscape level is represented
by the two long-waved arrows at the top of Fig. 2. The regime level refers
to the socio-technical rules that orientate and coordinate the activities of
the relevant actor groups (e.g., engineers, users, policy makers, societal
groups, suppliers, scientists, capital banks) towards maintaining the
dynamic stability of a socio-technical configuration (e.g., the automo-
bility system). The dynamic stability of the socio-technical regime is

maintained through incremental innovations and improvements. In
Fig. 2, the regime level is represented by the polygons (rules and re-
lationships) and the straight long arrows starting/ending from/to the
polygon vertices (actor groups). The regime level can only be disturbed
by internal regime tensions (represented by shorter diverging arrows at
the regime level), as well as pressures and changes from the landscape
(represented by the dashed downward curved arrow from the landscape
to the regime level in Fig. 2) and the niche levels that create windows of
opportunity for novelties to grow. The niche level refers to the market-
protected space where radical innovations are generated allowing for
learning processes (e.g., learning by using) and supporting networks (e.
g., supply chains) to evolve. In Fig. 2, the niche level is represented by
the small arrows, going in different directions and growing longer and
fatter towards the regime level. The niche, regime and landscape levels
are sequentially nested. Thus, new technologies at the niche level and
structural changes at the landscape level exert pressure to the regime to
adapt through a technology transition process. Moreover, the niche level
(i.e., niche actors and support networks) is influenced by the landscape
and regime levels (represented by the long downward dashed arrows in
Fig. 2), while the new regime exerts influence to the landscape level
itself (represented by the curved dashed upward arrow from regime to
landscape level in Fig. 2).

Geels and Schot (2007) identify four variations of transition path-
ways based on the timing (e.g., landscape pressures to a regime in
relation to the state of niche-developments) and nature (e.g., reinforcing
or disrupting relationships) of the multi-level interactions: trans-
formation, reconfiguration, de-alignment and re-alignment, and tech-
nological substitution (Fig. 3). A sequential combination of transition
pathways is also possible. The transformation pathway refers to the

Fig. 2. The multi-level perspective on technological transitions (Geels, 2007). The dashed arrows depict inter-level pressures. The small arrows from the niche level,
growing in length and width towards the regime, depict niche innovations. The short arrows diverging at the regime level indicate regime tensions and opportunities
for niche innovation breakthroughs.
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modifications and reorientations of a regime’s developments and in-
novations in response to rather moderate landscape pressures voiced by
societal pressure groups, social movements, scientists (Fig. 3, Graph a).
Niche innovations by outsiders such as firms, entrepreneurs, and activ-
ists remain underdeveloped and thus, unable to induce major regime
changes, although their ideas, alternative technologies and practices
could be adopted or trigger the regime’s reorientation of innovation
activities (i.e., symbiotic innovations). The reconfiguration pathway
appears when the adopted symbiotic niche innovations subsequently
trigger significant changes in the core architecture of the regime (e.g.,
technical, user practices, perceptions; Fig. 3, Graph b). Regime actors
remain largely the same, yet competition occurs among innovation and
new component suppliers. The de-alignment and re-alignment pathway
occurs when the landscape changes are divergent, large, and sudden
putting a regime under intense and rapid pressure (Fig. 3, Graph c). The
regime destabilises within evolving uncertainty leading to a decline in
research and development investments and eventually to erosion and
de-alignment. Multiple emergent niche-innovations compete and co-
evolve until one of them prevails re-aligning and establishing a new
sociotechnical regime. If niche-innovations are mature enough at the

moment of a regime erosion under substantial landscape pressures, then
it breaks through, dominates and establishes and new regime following a
technological substitution pathway (Fig. 3, Graph d).

In this paper, we develop a conceptual model (Fig. 4, created with
Microsoft Word 2019, licence number: 00414-50000-00000-AA622)
suggesting that the private automobility regime follows a reconfigura-
tion transition pathway gradually incorporating symbiotic niche-
innovations (see the ‘electrification’ and ‘automation’ arrows in
Fig. 4) as add-ons or component replacements (e.g., electric instead of
internal combustion engine (ICE) powertrain) responding to moderate,
at the moment, landscape pressures (see the ‘climate change’, ‘road
safety’, ‘congestion’ dashed arrows in Fig. 4). The model indicates that
the incorporation of electrification within the regime precedes that of
automation (see the dashed vertical lines separating the two transition
phases in Fig. 4), without implying that the transition to electromobility
must be fully realised before the automation transition starts. Such
transition has been described also in earlier scenario studies including
the “evolution scenario” by Fraedrich et al. (2015) and the “Letting go
on highways” and “Fully automated private luxury” scenarios by Till-
ema et al. (2015).

Fig. 3. The four transition pathways, characterized by the timing (i.e., landscape pressures to the regime in relation to niche developments) and the nature
(reinforcing or disrupting the regime) of the interactions among the MLP levels (adapted from Geels, 2007).
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Technical as well as user practice changes are being initiated within
the private automobility regime in the process of reconfiguration (see
the grey and black circles in the ‘Reconfiguration’ side of the conceptual
model, Fig. 4). Technical changes involve fuel/charging infrastructure,
maintenance, service and repair infrastructure, raw materials suppliers,
automated vehicle hardware and software technology suppliers
including road environment sensing and interpretation, prediction, de-
cision making, and navigation. User practices involve in-vehicle time-
use, travel behaviour, driving regulations and human–machine inter-
action. The primary actors in the “reconfigured” reinforced private
automobility regime remain largely the same vehicle manufacturers and
suppliers, developing the symbiotic innovations either in-house (e.g.,
electric powertrains) or by acquiring or developing partnerships with
automated technology companies. For example, General Motors ac-
quired Cruise, while Volkswagen and Ford partnered with Argo AI,
which was eventually shut down. Toyota acquired Lyft’s self-driving
unit, invested in pony.ai and partnered with Aurora, who also ac-
quired the Uber AVs unit, while Volvo, Renault and Nissan partnered
with Waymo. Some new players have also been introduced to the
reconfigured regime coming from the electric vehicles niche market (e.
g., Tesla, NIO), having designed and engineered in-house its own AVs
technology.

The niche innovation of shared mobility services (i.e., on-demand
pooled rides involving commercial transaction) developed by public
mobility and transportation network companies (e.g., Via, UberPool,
Lyft Share rides, GrabShare) does not play a key role to the automobility
reconfiguration and therefore, it remains at the niche level (see the
“Sharing” arrow developing only at the niche level during the reconfi-
guration of the private automobility regime, Fig. 4). Contrary to the
niche innovations of electrification and automation, shared mobility
services do not improve the regime’s (e.g., automotive manufacturers
and suppliers) economic performance (in fact, they might yield eco-
nomic losses), while user practices and established culture and symbolic
meanings seem to resist such a transition. Moreover, landscape pressures
to the automobility regime such as enhancing social equity, reclaiming
urban space, reducing urban sprawl, and enhancing active lifestyles that

could be resolved through shared mobility service innovations are
considered far milder than congestion, climate change and road safety.
Thus, the reconfigured automobility regime tend to pay little attention
to niche innovations in shared mobility services developed by outsiders
and fringe actors or simply add (or develop in-house) some of these
innovations into their portfolio. These services seem to have a comple-
mentary role, competing more the traditional public transport services
(Docherty et al., 2022; Yantao et al., 2021) rather than challenging in-
dividual automobility, which lies at the core of the private automobility
regime (see e.g., MOIA, a ride-pooling service company, subsidiary of
Volkswagen; Chariot, a commuter pooled-ride service company, sub-
sidiary of Ford; and MONET, an on-demand mobility services company,
joint venture of Toyota and Softbank). A substitution transition pathway
for the automobility regime involving a primary role for sharing
mobility services might still be possible in the case of a "specific shock",
“avalanche change”, or “disruptive change” that would exert substantial
landscape pressure on the regime (e.g., climate breakdown, severe en-
ergy crisis, significant political and ideological shifts in favour of col-
lective over individual mobility; Christiansen, 2020; Klein et al., 2022;
Næss and Vogel, 2012; Si et al., 2022). In the ‘Substitution’ side of our
conceptual model, this transition is depicted by the sharing mobility
services disrupting the current regime (represented by small diverging
arrows) and leading eventually to a new set of regime elements and actor
groups supporting these services (represented by the black squares). For
example, changes to support sharing mobility services would involve
maintenance (e.g., service hubs for shared vehicles), fuel infrastructure
(e.g., fast-charging electric vehicle stations in high-demand areas), road
infrastructure (e.g., priority lanes for shared mobility), vehicle artifact
(e.g., rightsizing), regulations (e.g., restrictions on private vehicle use),
and the overall mobility culture (e.g., educational and marketing cam-
paigns). Indeed, such a landscape “shock” would provide the window of
opportunity and enable sharing mobility services to directly challenge
and eventually breakthrough the existing private automobility regime,
by influencing both the supply and demand for such services andmaking
them as the most sensible and accessible option for both the mobility
providers and people.

Fig. 4. Our conceptual model of the possible transition pathways for the private automobility regime. A shift from the reconfiguration to the substitution pathway
towards a shared electric automated mobility regime is only possible following a “shock” at the landscape level.
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4. Analysis of the developments at the niche, regime, and
landscape levels of the conceptual model

Our conceptual model suggests that private automobility will likely
transition towards a private rather than a shared electric automated
mobility regime, unless a landscape “shock” such as a climate break-
down, energy crisis, or a significant political shift towards collective
mobility exerts substantial pressure on the regime. In this case, a sub-
stitution transition pathway would be possible leading towards a new
shared electric automated mobility regime (Fig. 4).

In this section, we examine the relevant literature and evidence at
each analytical level (niche, regime, landscape) that underpins this
conceptual model. We start our analysis at the niche level describing the
weak developments in shared (pooled) mobility (Section 4.1). Then, we
focus on the regime level and analyse the areas of resistance of key ac-
tors (i.e., vehicle manufacturers, users and societal groups, and public
authorities) towards shared automated electric vehicles (Section 4.2).
We close this section with an analysis at the landscape level presenting
evidence on the moderate pressure that private automobility regime
receives to transition towards a shared electric automated mobility
regime (Section 4.3).

4.1. Niche level: Weak developments in shared (pooled) mobility

The on-demand ride-pooling market has undergone a significant
transition during the last two decades. Despite initiatives bymajor OEMs
and pilots in cities, on-demand ride-pooling remains a niche in the
transport market due largely to high operating costs and slow adoption
rates. The industry’s shift away from early investments in ride-pooling
schemes (e.g., Daimler and Ford), underscores the economic chal-
lenges and market resistance to shared mobility platforms (Table 1).

For example, Haarstad et al. (2022) explored the introduction of
shared mobility innovations in four cities (i.e., Birmingham, Stavanger,
Milton Keynes, and Melbourne) concluding that in none of these cities
asset-sharing (e.g., car-sharing) and ride-sharing (demand responsive
bus) services are being adopted at a rate that promises significant change
to the current individual high-carbon mobility regime. Zwick and
Axhausen (2022) note that real world, large-scale ride-pooling services
are rare due to high operating costs among other reasons, while Kostorz
et al. (2021) suggest that ride-pooling still remains a novelty in the
German context, used occasionally and particularly during the evening
or the night.

Indeed, major OEMs were the first to enter the market by developing
products and educating the market (e.g., Daimler with Via and moovel;
Ford with Chariot and Transloc) in an attempt to diversify their business
model by acting also as mobility providers rather than solely as car
makers (Foljanty, 2022; Fournier and Donada, 2016; Hecking, 2014).
However, after heavy investments in multiple ride-pooling schemes (i.e.,
own and joint ventures, shareholdings) the automotive industry started
gradually, by the end of 2010, to withdraw from the ride-pooling market
space not realising the anticipated economic benefits.

In recent years, the ride-pooling market is still in an emerging phase.
Foljanty (2023) provides an overview of the ride-pooling services
around the globe. Although, this list might not be complete, it still
provides some useful insights. The ride-pooling market is dominated by
Business-to-Government (B2G) projects (occurring mainly in USA,
Germany, and Japan) where public authorities provide funding for
certain pilot period (typically 12 months) to ride-pooling companies to
operate small fleets of less than 10 vehicles given that most likely these
services are not profitable. Business-to-Consumer (B2C) projects that
were initially introduced by the major OEMs tend to disappear, while
Business-to-Business (B2B) projects (e.g., university campus shuttles,
demand-responsive employee transport services) appear to further grow
during 2022 and 2023. Major players in the market, such as Via, further
consolidate their position by acquiring smaller companies in the field
and diversifying their portfolio of services, thus enhancing their

potential to accelerate development beyond pilots and enter new mar-
kets such as the fixed-route bus services. Zwick et al. (2022) argue that
the deployment of ride-pooling services in small scale fleets would likely
not offer the theoretically expected societal benefits (e.g., reduce vehicle
kilometres travelled (VKT), emissions) from such services. These bene-
fits are expected when ride-pooling services are deployed in large
vehicle fleets where demand density is high.

4.2. Regime level: Resistances of key actors towards shared automated
electric mobility

4.2.1. Vehicle manufacturers
Despite the industry-wide shift towards electric and automated

mobility technologies, manufacturers show significant reluctance to
adopt shared mobility models. Three main factors influencing this hes-
itancy: the potential decline in private vehicle sales, the economic un-
certainties of the shared mobility market, and the strategic repositioning
required to compete in an evolving automotive landscape (Table 2).

Table 1
Publications on the weak developments in shared (pooled) mobility market.

Publication Country Key Findings Weak developments
in shared (pooled)
mobility

Haarstad et al.
(2022)

UK, Norway,
Australia

In four cities
(Birmingham,
Stavanger, Milton
Keynes, Melbourne),
car-sharing and ride-
sharing services are
not being adopted at
a rate promising
significant change to
the high-carbon
mobility regime.

Slow adoption rates of
asset-sharing and
ride-sharing services
in urban contexts.

Zwick and
Axhausen
(2022)

Switzerland Real-world, large-
scale ride-pooling
services are rare due
to high operating
costs among other
reasons.

High operating costs
limit the scalability of
ride-pooling services.

Kostorz et al.
(2021)

Germany Ride-pooling
remains a novelty in
the German context,
used occasionally
and particularly
during evening and
night hours.

Ride-pooling services
still have a novelty
status and used
occasionally in
Germany.

Foljanty (2023) Global The ride-pooling
market is dominated
by Business-to-
Government (B2G)
projects with small
fleets, mainly in the
USA, Germany, and
Japan.

Ride-pooling market
dominated by small
scale Business-to-
Government (B2G)
projects.

Foljanty (2022);
Fournier and
Donada
(2016);
Hecking, 2014

Global Business-to-
Consumer (B2C)
ride-pooling projects
initially introduced
by major OEMs to
diversify their
business model tend
to disappear, leading
to a narrowing ride-
pooling market.

OEMwithdrawal from
B2C ride-pooling
indicates a lack of
anticipated economic
benefits.

Zwick et al.
(2022)

Switzerland Small-scale fleets in
the ride-pooling
market are unlikely
to offer significant
societal benefits.
Large fleets with
high demand density
are required.

Expected benefits
from ride-pooling
services will not be
realised by small scale
fleet deployments.
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These challenges show the complex trade-offs that manufacturers must
navigate in aligning their business strategies with the emerging demands
of the mobility sector. Indeed, with a transition from the private vehicle
to the shared vehicle business model manufacturers would likely be
confronted with market conditions that differ from today’s conditions in
a number of aspects.

With an increase in shared mobility, vehicle manufacturers are likely
to face a decline of vehicle sales in the private segment as (some)
households will forgo the purchase of a new car or sell an existing one
when start using shared mobility services. There have been several
studies supporting this statement both for car-sharing and ride-hailing
services. For example, Schmidt (2020) estimated that one free-floating
car sharing vehicle reduces new car sales in Germany by three vehi-
cles per year, particularly small, compact and medium-sized car models.
Moreover, Jochem et al. (2020) reported 2.1 to 5.3 sold cars and 7.8 to
18.6 avoided purchases per free-floating car sharing vehicle in the 11
European cities of their survey with more than 10,000 free-floating car
sharing users. In the US context, Wang et al. (2021) suggested that
regular and active ride-hailing users tend to own fewer vehicles, while
Ward et al. (2019) reported a decline of 3 %, on average, in state per
capita vehicle registrations associated with the entrance of the ride-
hailing companies Uber and Lyft for the period between 2005 and
2015. In their subsequent study, for the period between 2011 and 2017,
they reported an average increase of 0.7 % in vehicle registration with

significant heterogeneity though across urban areas (Ward et al., 2021).
Indeed, the possible decline in vehicle sales could be partly compensated
by a sales increase (a) in the shared vehicles segment due to the fact that
shared vehicles are used much more intensively and, therefore, are
replaced more often than private vehicles and (b) in the private vehicles
segment through positive marketing effects to the brand image (e.g.,
modern, cool, environmentally aware) of vehicle manufacturers being
also active in shared mobility services (Czerlinsky et al., 2022).

Furthermore, long-standing market powers could shift. In the event
of substantial expansion for shared automated mobility services, com-
mercial clients, such as ride-hailing companies, could change from
“friendly competitors” considered as extra distributional channels for
vehicle manufacturers, to “threatening competitors” (Beiker and Bur-
gelman, 2020). In this scenario, vehicle manufacturers will not only see
a sharp decline in the private segment sales, but they will also lose
negotiating leverage with fleet operators because, in contrast to private
customers, they buy large numbers of vehicles and place a strong
emphasis on cost-related factors, both of which put pressure on vehicle
prices.

4.2.2. Users and societal groups
The literature suggests that people’s preference towards shared (solo

and pooled) AVs is significantly lower than owned AVs for (a) instru-
mental (e.g., limited vehicle availability, higher waiting or access time,
increased journey time, lower time and cost reliability, higher total cost
of ownership and use), (b) affective (e.g., aversion of sharing, privacy
and security concerns, self-efficacy concerns, inherent attractiveness of
ownership) and (c) symbolic reasons (e.g., socio-economic status, sub-
jective identity, freedom, superiority, proprietorship, individuality,
masculinity). In the following paragraphs, we analyse the resistance
factors towards shared AVs in each of the three areas, as identified in the
relevant literature.

4.2.2.1. Instrumental factors. Travel cost (price), comfort, and travel
time are key mode choice determinants (Buehler, 2011) including ride-
pooling in particular (Asgari and Jin, 2020; Greifenstein, 2024; Krueger
et al., 2016; Stoiber et al., 2019; Taiebat et al., 2022; Webb et al., 2019).
Studies across various contexts and comparative analyses reveal that the
direct and indirect costs of shared electric AVs often outweigh those of
private AVs ownership, and concerns over increased travel times and
decreased comfort further discourage users from transitioning to shared
mobility options (Table 3). Thus, the instrumental factors (i.e., travel
cost/price, comfort, travel time) represent important barriers to adopt-
ing shared mobility services.

Several studies have explored how the instrumental factors will
compare between private and shared electric AVs assessing potential
modal shifts between them. A first group of studies has focused on the
travel cost (price) of future electric automated modes estimating the
total cost of ownership comprising fixed (e.g., vehicle purchase, interest,
insurance, tax) and variable (e.g., depreciation, maintenance, cleaning,
tires, fuel) costs. Bösch et al. (2018) estimated, for the case of
Switzerland, the out-of-pocket cost for private AVs at 0.17 CHF/km
(0.15 €/km) that is significantly lower than the respective user cost for a
mid-size shared taxi (at 0.34 CHF/km or 0.29 €/km). These researchers
suggested that private cars would likely represent the most attractive
option cost-wise in the AVs era, while shared (solo and pooled) AVs
would possibly compete with (automated) line-based mass public
transport (0.42 CHF/km or 0.36 €/km), but the level of competition
remains unclear given the uncertainty of hidden costs for shared
mobility (e.g., cleaning) and the occupancy levels. Expanding the same
methodology of cost structure estimation for future modes across 17
global cities, Becker et al. (2020) provided further evidence that the cost
of electric automated taxi services will approach this of buses in high
income countries attracting a significant share of bus trips. For low-
income countries, no major changes are expected since the cost

Table 2
Publications on factors contributing to vehicle manufacturers’ resistance to the
transition from private automobility to shared electric automated mobility.

Publication Country Key findings Resistance factors for
vehicle manufacturers

Schmidt
(2020)

Germany One free-floating car
sharing vehicle reduces
new car sales in
Germany by three
vehicles per year,
particularly affecting
small, compact, and
medium-sized car
models.

Decline in car sales due
to free-floating car
sharing.

Jochem et al.
(2020)

Europe
(11
cities)

Each free-floating car
sharing vehicle
accounted for 2.1 to 5.3
sold cars and 7.8 to 18.6
avoided purchases in
the 11 European cities
studied.

Decline in car sales in
urban areas with high
car sharing adoption.

Wang et al.
(2021)

United
States

Regular and active ride-
hailing users tend to
own fewer vehicles.

Decrease in vehicle
ownership among active
ride-hailing service
users.

Ward et al.
(2019,
2021)

United
States

A 3 % decline in per
capita vehicle
registrations linked to
Uber and Lyft from 2005
to 2015, and an average
increase of 0.7 % in
vehicle registration with
significant
heterogeneity observed.

Inconsistent vehicle
demand due to the
influence of ride-hailing
services.

Czerlinsky
et al. (2022)

Germany Vehicle sales could be
partly compensated by
the sales increase in the
shared vehicles segment
and the positive brand
image effects.

Changing sales
dynamics driven by
shared mobility services.

Beiker and
Burgelman
(2020)

n/a Commercial clients of
shared mobility services
might shift from
“friendly competitors”
to “threatening
competitors” for vehicle
manufacturers.

Shift in market
dynamics as shared
mobility providers could
potentially become
direct competitors.
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changes for automated taxis and buses are not expected to be so dra-
matic given the relatively lower contribution of the labour costs to the
total costs of taxi and bus operations. In the US context, Asgari and Jin
(2020) found in their survey in 11 metropolitan areas that people would
expect simultaneous savings on travel cost and time before switching
from a personal car to shared options at the level of 116 $/month (102
€/month) and 20 min/trip respectively. Similarly, Haboucha et al.
(2017) reported, based on a vehicle choice model for individuals living
in Israel and the US, that even when shared AVs cost is zero (either trip
or subscription cost), only 75 % of the respondents would choose it. In
the German context, Kuhnimhof and Eisenmann (2021) showed that the
personal car would still be the lowest cost mode option for 94 % and 76
% of the car user kilometres if mobility on demand services (e.g.,
automated ride-hailing) would be valued at 0.5 €/km (i.e., current price
of free-floating car sharing in Germany) and 0.3 €/km respectively (i.e.,
a typically expected price for shared automated mobility services in
urban areas). Only for prices significantly below 0.3 €/km the auto-
mated mobility on demand services are expected to be competitive for
the majority of private car user travel kilometres.

A second group of studies expands beyond the travel cost component
to include travel time in the total cost of ownership and use of future
modes. Travel time (i.e., wait time, access/egress walking time, and in-
vehicle time) appears to be a critical factor for shared (solo and pooled)
mobility options with its value varying across different geographies and
incomes (Greifenstein, 2024; Lazarus et al., 2021). Wadud and Mattioli
(2021) incorporated usefulness of travel time to estimate the total cost of
ownership and use for every vehicle based on data for the UK context.
These researchers concluded that private AVs will likely continue to be
the least-cost option in most cases compared to shared (solo and pooled)
electric automated vehicle options. Time use and the ownership seem to
balance out any potential competitive travel cost benefits of shared
automated mobility options against private AVs. Indeed, Moody et al.
(2021) found in a study in four US metropolitan areas that the value of
access to a personal car for one year is at the level of 16,890$ (14,287€)
with all shared travel modes such as car sharing, ride-hailing, and ride-
pooling being valued below 5$ (4.2€) per option. The perceived value of

personal car is higher than its cost and it is derived mainly by the
ownership and secondarily by the use, with control, certainty, reli-
ability, and flexibility being themost important reasons for not giving up
the personal car. Moreover, Gkartzonikas et al. (2022) found that the
value of travel time is lower for pooled than riding alone AVs, possibly
due to lower level of comfort and higher travel time for pooled AVs.
According to Fulton (2021), private AVs will likely continue in the
future to have lower generalised travel costs (i.e., travel time cost and
monetary cost) than shared (solo and pooled) AVs. The reason is that
ride-pooling’s disadvantages such as waiting time, loading/unloading
time and sharing rides with other people will remain, despite lower
driver costs. Compostella et al. (2021) reached similar conclusions in
their study of travel cost (time and monetary) in the US for a hypo-
thetical future automated scenario in 2030–2035. For short trips (3-
mile), pooled AVs is the least attractive option cost-wise, while for
longer trips (15-mile) it becomes competitive to private AVs for middle-
and lower-income groups mainly due to lower valuation of travel time.
Pooled AVs were also found to be less attractive than private AVs in a
study conducted in Germany (Kolarova et al., 2019). Wadud and Mat-
tioli (2021) suggest that the consideration of psycho-social factors
beyond out-of-pocket and time costs would possibly increase the
attractiveness of ownership in the AVs era. Below we analyse such
resistance factors towards shared AVs.

4.2.2.2. Affective factors. Affective factors such as privacy, the comfort
of personal space, and the habitual attachment to owning a vehicle
prevent users from adopting shared mobility options. Also, concerns
over sharing a vehicle with strangers, coupled with the loss of personal
control and security, significantly influence the low adoption rates of
shared vehicles. Thus, the attractiveness of ownership and the aversion
of sharing strongly drive the resistance towards shared electric AVs
(Table 4).

Regarding the attractiveness of ownership, Zmud et al. (2016) found
in their online and face-to-face interview survey in Austin, Texas that
most respondents would prefer owning than sharing an AV mainly due
to the convenience of vehicle ownership. The respondents indicated that

Table 3
Publications on the instrumental factors contributing to the resistance of users and societal groups to a transition from private automobility to shared electric
automated mobility.

Publication Country Key findings Resistance factors for users and societal groups
(Instrumental)

Bösch et al. (2018) Switzerland Out-of-pocket costs for private AVs (0.17 CHF/km or 0.15 €/km) are
estimated to be about half of the respective cost for shared AVs (0.34
CHF/km or 0.29 €/km).

Higher monetary costs associated with shared AVs compared to
private AVs.

Becker et al. (2020) Global (17
cities)

The cost of electric automated taxi services could match the cost of
buses in high-income countries, but it would be higher in low-
income countries.

Higher monetary costs associated with shared AVs compared to
private AVs in low-income countries.

Asgari and Jin
(2020)

United States People would expect simultaneous travel cost and time savings (116
$/month (102€/month) and 20 min/trip respectively) before
choosing shared modes.

Expectation for high monetary and travel time savings before
switching to shared modes.

Haboucha et al.
(2017)

Israel and
United States

Even when shared AVs cost is zero, only 75 % of the respondents
would choose it.

Expectation for highmonetary savings before switching to shared
modes.

Kuhnimhof and
Eisenmann (2021)

Germany Private cars remain the lowest cost mode for the majority of travel,
even compared to prices for automated ride-hailing services as low
as 0.3€/km.

Higher monetary costs associated with shared AVs compared to
private AVs.

Wadud and Mattioli
(2021)

United
Kingdom

Private AVs likely to remain the least-cost option due to travel time
valuation and ownership benefits.

Perceived and actual benefits of private AV ownership higher
compared to potential cost savings of shared AVs.

Moody et al. (2021) United States Access to a personal car highly valued, far above shared mobility
options, due to control, certainty, and flexibility.

High value of personal car access compared to benefits of shared
mobility options.

Gkartzonikas et al.
(2022)

United States The value of travel time is lower for pooled than riding alone AVs,
possibly due to lower level of comfort and higher travel time for
pooled AVs.

Higher value of travel time for riding alone than pooled AVs.

Fulton (2021) United States Private AVs will likely offer lower overall trip costs (e.g., time and
money) compared to shared (solo and pooled) AVs.

Higher monetary and travel time costs associated with shared
AVs compared to private AVs.

Compostella et al.
(2021)

United States Pooled AVs will likely be the least attractive option cost-wise for
short trips. For longer trips it becomes more attractive than private
AVs for middle- and lower-income groups.

Higher monetary and travel time costs associated with shared
AVs (with the exception of longer trips for low- and mid- income
groups) compared to private AVs.

Kolarova et al.
(2019)

Germany Pooled AVs are less attractive than private AVs. Shared AVs not as attractive as private AVs.
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they would use the AVs just as their current private conventional
vehicle. Similarly, Saeed et al. (2020), suggested, based on an online
questionnaire survey in small- and medium-sized metropolitan areas of
the US, that people were more interested in having their own private AV
rather than using ride-pooling or ride-hailing AV services, during the
early stages of AV introduction in the transport system. AV familiarity,
longer commute and larger household were identified as key factors for
preferring private AVs, while factors associated with ownership such as
independence, convenience of access, vehicle availability, freedom were
reported also as possible factors explaining this outcome. Furthermore,
Menon et al. (2019) reported that only 25.9% of the respondents in their
web-based survey in the University of South Florida and the American
Automobile Association South indicated that it is likely to relinquish a
household vehicle in the presence of shared automated vehicles. Wali
et al. (2023) reported, along the same line, that only 9.1 % of the
households in their study in California based on data from the 2019

California Vehicle Survey were willing to use shared AVs and renounce
their current vehicles. This low percentage is connected to the fact that
people who think they would miss the joy of driving and controlling the
vehicle were, on average, less likely to use shared AVs and give up their
current vehicles.

In the Chinese context, Tian et al. (2021) concluded, based on a
stated-choice experiment in the city of Dalian, that people would prefer
to own a car, either conventional or automated, than to share one with
vehicle availability being among the key motivating factors to own an
AV, beyond the operational costs of the different mode options. Simi-
larly, Wang et al. (2021) identified a strong inertia, of the participants in
their stated-choice survey in Toronto, to stay with the current conven-
tional private vehicle involving driver assistance systems instead of
using shared AVs. Moreover, Clayton et al. (2020) found, based on a
stated preference survey in the UK, that a private AV were the most
preferred future mode, followed by a ride-hailed AV, a ride-pooled AV

Table 4
Publications on the affective factors contributing to the resistance of users and societal groups to a transition from private automobility to shared electric automated
mobility.

Publication Country Key findings Resistance factors for users and societal groups
(Affective)

Zmud et al. (2016) United States Most respondents preferred owning rather than sharing automated
vehicles, citing convenience of vehicle ownership.

Perceived convenience of vehicle ownership.

Saeed et al. (2020) United States Participants showed a strong preference for private automated
vehicles, linking it to independence, convenience, vehicle availability
and freedom.

Perceived independence, convenience, vehicle
availability and freedom.

Menon et al. (2019) United States Only 25.9 % of the respondents were likely to relinquish a household
vehicle in the presence of shared automated vehicles.

Uncertainty about SAV effectiveness during
emergencies, risk aversion to new technologies,
entrenched private-vehicle ownership culture.

Wali et al. (2023) United States Only 9.1 % of the households analysed based on data from the 2019
California Vehicle Survey were willing to use shared AVs and give up
their current vehicles.

Preference for owning a car instead of using shared AVs
linked to the enjoyment of driving and having control
over the vehicle.

Tian et al. (2021) China People preferred owning a car (conventional or automated) over
sharing, with vehicle availability being key factor for their preference.

Perceived convenience of vehicle availability.

Wang et al. (2021) Canada Strong inertia of respondents towards conventional private vehicles
instead of shared AVs was identified.

Habit and comfort with traditional car ownership over
shared mobility options.

Clayton et al.
(2020)

United Kingdom Private AVs were the most preferred mode, with ride-hailed AVs, ride-
pooled AVs, and automated buses ranked lower.

Perceived convenience of vehicle ownership.

Acheampong et al.
(2021)

Ireland Private AVs were the most preferred mode, with respondents
indicating a strong car ownership preference.

Deep-rooted attachment to car ownership.

Jabbari et al.
(2022)

United States Psychological attachment to car ownership significantly influenced
the choice between private and shared automated mobility.

Psychological attachment to car ownership.

Doody et al. (2021) Norway, the
Netherlands, Sweden,
and the UK

Sharedmobility habits are more fragile and less ingrained compared to
car ownership practices.

Fragility of shared mobility habits.

Lee et al. (2019) South Korea Psychological ownership could improve acceptance of shared mobility
options.

Limited sense of ownership for shared mobility options.

Dowling et al.
(2018)

Australia Shared mobility practices can be easily disrupted due to many reasons
(e.g., booking failure, forgetting personal objects in the shared car).

Shared mobility practices easily disrupted.

Wadud and
Chintakayala
(2021)

United Kingdom Inherent attractiveness of private AVs and inconvenience in sharing
rides were associated with the preference of private over shared AVs.

Inherent attractiveness of private AVs and
inconvenience of shared AVS

Lavieri and Bhat
(2019)

United States Privacy concerns, particularly in leisure trips, contribute to the
aversion to ride-pooling and ride-pooled AVs.

Privacy concerns for sharedmobility options, especially
for leisure trips.

Kolarova et al.
(2019)

Germany Security concerns due to the absence of a driver who can intervene, are
associated to a preference for private AVs.

Security concerns for shared AVs due to the absence of a
professional guardian (driver).

Wang et al. (2020) United States About 79 % of the survey participants were not willing to share a
pooled AV taxi with strangers.

Reluctance to share rides with strangers.

Jabbari and
MacKenzie
(2020)

United States Reluctance to share rides with strangers, increased by the COVID-19
pandemic.

Reluctance to share rides due to health concerns.

Olaru et al. (2021) Australia About 70% of participants were willing to use AV technology, but they
had reservations about sharing their own vehicle.

Concerns about sharing one’s own vehicle in a peer-to-
peer car-sharing program.

Israel and Plaut
(2024)

Israel A more nuanced approach to pairing riders based on their personal
social preferences could increase adoption of shared AVs.

Reluctance to share rides with strangers.

Stoiber et al. (2019) Switzerland Higher acceptance rate for pooled AVs (61 %) compared to privately
owned AVs (39 %) was found, possibly due to a well-developed public
transport system and car-sharing network in Switzerland.

More favourable attitudes towards shared mobility in
areas with robust public transport and car-sharing
systems.

Chng et al. (2021) North America, Europe
and Asia

Citizens acknowledged societal benefits from a shared deployment
path for AVs, but also recognised that it is the least likely path
compared to private AVs.

Expectation for limited deployment of shared AVs

Pettigrew (2021) Australia Shared AVs is the least likely deployment path compared to private
AVs.

Expectation for limited deployment of shared AVs
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and an automated bus with the last two options being the least preferred
options by a significant margin. Convenience was identified as the most
common reason for selecting a private AV. Shared AVs were also re-
ported as the least preferred option, in a questionnaire survey in Dublin
(Acheampong et al., 2021). The preference for private AVs either as
single option or in combination with shared and public transport
mobility options was found to be high. Participants in this survey who
favoured car ownership and use were more likely to prefer a private AV.

Jabbari et al. (2022) found, in their stated-choice experiment in the
US, that car ownership has a significant effect on the choice between
private and shared automated mobility in the future, suggesting that the
higher the psychological attachment to the car the more likely a private
AV to be chosen. Indeed, Doody et al. (2021) drawing from qualitative
interviews with households in Norway, the Netherlands, Sweden and the
UK, confirmed that shared mobility habits are rather fragile and less
ingrained compared to habits connected to car ownership. Lee et al.
(2019) recommended that psychological ownership (i.e., feel of owning
a vehicle) could be an important path to increase acceptance of shared
mobility options (e.g., music or movies, driving routes, air conditioning
and indoor lighting based on user’s preferences). Yet, Dowling et al.
(2018) suggested that such form of ownership can be fragile and dis-
rupted, for example, the moment the technology fails and a contact to a
help centre is necessary, having delays in booking a car or the children
leaving toys behind in a shared vehicle. Wadud and Chintakayala (2021)
interestingly identified the value of AV ownership (named as conve-
nience or inherent attractiveness) in addition to the typical wait and trip
time or reliability benefits. According to these researchers, the inherent
attractiveness of a private AV may be originated to factors such as the
opportunity to keep a child’s scooter in the boot, having the child-seat
always fitted, the phone and the music system always connected or
simply feel secure having a private vehicle available in the case of an
emergency situation. These researchers found, in their stated choice
experiment in London and Manchester, that private AVs are preferred
over shared (solo and pooled) AVs.

Apart from the inherent attractiveness of a private AV, Wadud and
Chintakayala (2021) identified also an important inconvenience cost
associated with ride-pooled AVs that was attributed to people’s aversion
of sharing rides. Likewise, aversion of using current ride-pooling ser-
vices and future ride-pooled AVs, particularly for leisure trips, was re-
ported by Lavieri and Bhat (2019). The main reason was privacy
concerns, which could be enhanced by security concerns in the AVs era
given the absence of a driver that could take the role of a “professional
guardian”. Security concerns such as the inability to take control or
intervene in a shared automated vehicle was also among the factors
motivating people to report a preference towards private automated
vehicles, according to the results of an online questionnaire survey in
Germany (Kolarova et al., 2019). Moreover, about 79 % of the US-based
participants in the online questionnaire survey by Wang et al. (2020)
responded that they were not willing to share a pooled AV taxi with
strangers. Willingness to share AV rides was found to be positively
correlated with familiarity of the AV and ride-sharing technology
possibly attenuating the risk-perception for this future transport mode.
The aversion of sharing rides was reported to remain at a rather high
level during the COVID-19 pandemic in the US according to Jabbari and
MacKenzie (2020). Respondents in this questionnaire survey reported
feeling uncomfortable with sharing a ride with strangers both before and
during the pandemic, while in the latter case people appeared more
reluctant to share rides to save money or even trying more to use
transportation modes that avoid contact with other people compared to
their responses before the pandemic. Olaru et al. (2021) explored the
willingness to use AVs and peer-to-peer car sharing (i.e., sharing own
vehicle in a peer-to-peer car sharing program) in the Australian context
finding that about 70 % of the participants were willing to embrace the
AV technology, but they were concerned or not seeing the benefit in
sharing their own vehicle. Personality traits such as low open minded-
ness and high conscientiousness together with values focusing on

security, tradition, conformity, and benevolence were typical in the
group of people resisting the idea of car sharing. Israel and Plaut (2024)
suggested that a more nuanced matching of riders based on personal
social preferences (e.g., preference to share the trip with women, pas-
sengers of a similar age, or non-smokers) could enhance adoption shared
AVs.

A higher acceptance rate (61 %) for pooled AVs (i.e., auto-shuttle/
train combination or pooled-use shared AVs) compared to privately
owned AVs (39 %) has been reported by Stoiber et al. (2019). According
to these researchers this outcome could be attributed to the facts that (a)
they did offer the status quo option of the current conventional private
vehicle in their stated choice experiment, and (b) Switzerland has
already a well-developed public transport system and a nationwide car-
sharing system in a rather dense urban context. Citizens do, indeed,
acknowledge the possible societal benefits of a public transport
deployment path of AVs, especially in survey contexts allowing elicita-
tion of their preferences through participatory survey techniques (e.g.,
citizen dialogues, in-depth interviews; Chng et al., 2021). Yet, they also
acknowledge that this deployment path is the least likely compared to
private AVs (Pettigrew, 2021).

4.2.2.3. Symbolic factors. Symbolic factors are critical in shaping user
preferences towards private over shared electric AVs. These factors
include socio-economic status, subjective identity, freedom, superiority,
proprietorship, individuality, and masculinity (Fitt, 2021; Gartman,
2016; Gatersleben, 2011; Hiscock et al., 2002; Sheller and Urry, 2000;
Steg, 2005), suggesting that car ownership and use is embedded in to-
day’s society as hegemonic ideology informing people of who they are,
who they would like to become in the future and how they would like to
be seen by others (Mohammadzadeh, 2021). Thus, the perceived
reduction in social status and the dilution of personal identity through
the use of shared vehicles pose significant barriers to their adoption
(Table 5).

Using a mixed method questionnaire and focus groups approach in
Auckland, New Zealand, Mohammadzadeh (2021) concluded that most
respondents (63 %) would use private instead of shared AVs for three
main reasons. First, car is considered as part of the identity of middle-
class New Zealand families. Second, private car ownership is associ-
ated with a sense of autonomy and freedom. Third, shared mobility
services are considered as complimentary rather than as alternative to
private car ownership. Sovacool and Axsen (2018) proposed a set of
eight frames for automobility comprising combinations of private and
societal with functional and symbolic dimensions. These researchers
applied the frames in the case of electrification, automation, and shared
mobility. They suggested that the private-symbolic dimensions of
automobility associated with car ownership (i.e., expression of gender,
identify, class, and wealth) will likely be maintained or strengthened by
vehicle electrification and automation and weakened by shared
mobility, making the latter mode less likely to be adopted since signif-
icant changes to today’s car ownership and use practices would be
required. Along similar lines, Gauer et al. (2022) found in their study in
Canada that privately owned and shared (solo) AVs are more appealing
options to the respondents being more car-dependent and considering
car as means of their self-identity and status expression. Fraedrich
(2021) explored current and future car ownership and use practices
through a practice theory approach, focusing not only on individual
motives, but also on the socio-technical structures influencing daily
practices. Group discussions with people from Germany, revealed that at
a first surface-level perspectives for car ownership, use and AVs were
rather sceptical. Nevertheless, their underlying orientations remain car-
friendly and most importantly ingrained into people’s life, thus making
any possible change highly unlikely. The analysis revealed that the
discussants’ private car-orientation is motivated not only by functional
(e.g., carrying capacity) and affective factors (e.g., freedom, autonomy),
but also from symbolic (e.g., status) factors and the firm bundling for car
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use to other practices such as identity formation (becoming adult,
expressing your character) and family development (e.g., having chil-
dren). Dangschat and Stickler (2023) calls for governance strategies that
would initiative economic, political, and cultural transformations lead-
ing to changes in societal values in favour of collectively shared or public
transport services. Otherwise, AVs would further strengthen the societal
formation of private automobility.

4.2.3. Public authorities
Public authorities show caution in the governance and regulation of

shared electric AVs. The likely significant losses in transport-related tax
revenues, the complex new public and private governance landscape
involving new actors at different scales, the challenging and complex
changes in the administration required to ensure public value in this
transition, the shrinking role of the state globally, and the de facto
segregation of the AV deployment from public transport and Mobility as

a Service (MaaS) transport are some of the factors slowing down or
preventing a transition towards shared AVs (Table 6). And certainly,
these challenges and public authorities associated reservations do not
reflect a significant shift or a policy “shock” in favour of the collective
modes.

Vehicle automation, electrification, and shared (particularly pooled)
mobility services are expected to have a negative impact on public fi-
nances through possible losses in transport-related tax revenues (Adler
et al., 2019). In particular, shared mobility services could lead to lower
car ownership and reduced need for parking translating to less public
revenues from sales and property taxes, license plate and registration
fees, parking tickets and traffic fines. If a transport-related tax structure
is mainly based on property, sales and use taxes then a reduction of the
vehicle fleet due to shared mobility could have a significant impact on
public revenues. In their study for Buenos Aires, Blas et al. (2020) found
that a scenario of a mainly privately-owned electric automated vehicle
fleet (70 % owned, 30 % shared vehicles) would result in losses of
transport-related tax revenues between 6 % and 17.9 % compared to
losses between 25.8 % and 57.4 % for a scenario of a shared mobility
services dominance (30 % owned, 70 % shared vehicles). These losses
could have an impact on the public investments in transport infra-
structure and services, particularly in public transport. They would also
require reconsideration of taxes, charges and subsidies distribution
among the users of the transport infrastructures (e.g., private cars,
public transport, shared mobility services), which is a complex and
politically charged problem (Docherty et al., 2018).

Indeed, Docherty et al. (2018) suggest that there is a brief window of
opportunity for public authorities to ensure and enhance public value in
the smart mobility transition that includes shared mobility services.
However, a governance transition in four challenge areas (i.e., short vs
long term regulation, taxation, information provision and sharing, eq-
uity and inclusion) involving negotiations with a complex network of
new actors in different scales, that might pertain asymmetries in power
and resources would be necessary. Such governance transitions could
also require structural changes in the administration that would involve
significant technical, political, legal, and organisation and working
culture challenges (Millard, 2013). However, Docherty et al. (2018)
conclude that such governance transition is rather unlikely given the
goal of state shrinking and administrative costs reduction, shared by
most governments globally. Along similar lines, Legacy et al. (2019)
suggested that public sector planners in Australia retain a reactionary
“wait and watch“ stance due to the difficulties they experience in
steering and coordinating AV deployment path within a complex public
and private governance landscape. In the US context, planners appear
concerned that AVs might result in increased vehicle miles travelled,
urban sprawl, reduced public transport use, and lower local revenues
(Freemark et al., 2019). Moreover, only few local governments in the US
have started planning for AVs. Besides, no connection between AV
deployment and public transport or MaaS was identified by Grindsted
et al. (2022) who analysed urban plans of 10 European capitals. These
researchers conclude that AVs are possible to further promote individ-
ualised mobility and intensify the existing automobility regime.

4.3. Landscape level: Moderate pressure towards shared electric
automated mobility

The actual pressure on the private automobility regime to transition
towards shared electric automated mobility remains moderate and
focused, according to policy documents and national strategies, mainly
on safety, congestion, and environmental concerns (Table 7). Moreover,
citizens view these challenges as more critical than other issues such as
social equity, enhancing public health and well-being, reclaiming urban
spaces, reducing urban sprawl, and encouraging active lifestyles, which
could primarily be addressed through shared mobility. The private
automobility regime responds to the key pressures with its reconfigu-
ration through vehicle electrification (targeting the environmental

Table 5
Publications on the symbolic factors contributing to the resistance of users and
societal groups to a transition from private automobility to shared electric
automated mobility.

Publication Country Key findings Resistance factors
for users and
societal groups
(Symbolic)

Mohammadzadeh
(2021)

New
Zealand

Private car ownership
is considered part of
the identity of middle-
class families, linked to
autonomy and
freedom, while shared
mobility services are
regarded as
complimentary to
private car.

Perceived identity,
freedom and
autonomy
associated with
private car.

Sovacool and Axsen
(2018)

n/a Private-symbolic
dimensions of
automobility (e.g.,
expression of gender,
class, and wealth)
likely maintained or
strengthened by
vehicle automation and
electrification and
weakened by shared
mobility.

Weakened symbolic
dimensions of
automobility (e.g.,
expression of
gender, class, and
wealth) by shared
mobility options.

Gauer et al. (2022) Canada Private and shared
(solo) AVs are more
attractive to those who
depend on cars and
view them as a way to
express their self-
identity and social
status.

Car dependence,
self-identify and
social status
expression through
car ownership.

Fraedrich (2021) Germany Group discussions
revealed an underlying
car-friendly orientation
in peoples’ life,
influenced by
functional, affective,
and symbolic factors,
such as status and
identity formation.

Deep-rooted car-
friendly orientations
associated with
status and identity
formation.

Dangschat and
Stickler (2023)

n/a Economic, political,
and cultural
transformations
leading to changes in
societal values would
be needed to support
shared or public
transport services,
instead of private
automobility though
AVs.

Automobile
oriented societal
values strengthened
by private AVs
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pressure) and automation (targeting mainly the road safety, but also the
congestion pressure).

This triad of key benefits expected from vehicle automation and
electrification are clearly reported in policy documents (see e.g., Na-
tional Science and Technology Council and United States Department of
Transportation, 2020), vehicle manufacturers’, and OEMs’ reports and
websites (see e.g., BMW Group, 2021; General Motors, 2022; THALES
Group, 2021; Toyota, 2020; Volvo Group, 2022). Additional, more
recent, landscape pressures to the automobility regime such as the
enhancement of social equity, improvement of public health and well-
being, reclamation of urban space, reduction of urban sprawl, and
promotion of active lifestyles that could be resolved mainly through
shared mobility service innovations are considered milder than the

primary pressures of congestion, climate change and road safety.
Indeed, the pressure from the citizens to the automobility regime

seems to primarily refer to congestion, safety, environment, and travel
cost. According to the Eurobarometer survey in 2013 involving 27,680
respondents, the majority of European citizens considered air pollution
(81 %), congestion (76 %), travel cost (74 %), and accidents (73 %) as
serious problems that the authorities should take action to mitigate
(European Commission, 2013). In a subsequent Eurobarometer survey
in 2019, citizens (27565 participants) responded again, in an open
question this time, that congestion (39 %), travel cost (39 %), environ-
mental issues (29 %), and accidents (24 %) are among the most critical
issues for daily mobility, while health impacts (15 %) and accessibility
(12 %; e.g., for persons with reduced mobility) were ranked much lower
(European Commission, 2020b). At the same time, European citizens
expect that connected and automated vehicles will primarily reduce
accidents (27 %), traffic congestion (25 %) and reduce greenhouse gas
emissions and energy consumption (24 %), while making driving more
comfortable (25 %) (European Commission, 2020a). Similarly, the re-
sults of citizen dialogues with 945 participants in 15 cities across North
America, Europe and Asia showed that road safety improvement was the
most frequently reported expectation from AVs (Chng et al., 2021).

Furthermore, national transport policy strategies around the world
refer predominantly to the safety, congestion, and environmental pro-
tection goals triad. For example, the overarching goals of the US
Department of Transportation for the period 2018–2022 (US DoT, 2018)
focus on safety (i.e., reduce transportation-related fatalities and serious
injuries), infrastructure (i.e., stimulate economic growth, improve con-
dition and enable efficient and safe mobility), and innovation (i.e.,
support technology transfer and ensure the safety and security of new
transport technologies). The Department of Transport in Canada iden-
tifies, safety and security, greening and innovation, and efficiency as the
three core responsibilities of their plan for 2021–2022 (Transport Can-
ada, 2020). The European transport strategy is centred around the goals
of zero-emission, smart (i.e., seamless, safe and efficient connectivity),
and resilient (single market, fair and just, safe and secure) mobility
(European Commission, 2020c). Finally, New Zealand sets out four
strategic priorities in the 10-year land transport plan. These are ensuring
safety, providing better travel options that enhance accessibility,
developing a low-carbon transport system, and improving freight (New
Zealand Government, 2020). However, even these goals are not always
translated into policy action denoting a rather mild pressure to existing
automobility regime for deep change. Biermann et al. (2022) reviewed
3000 scientific studies on the 17 United Nations Sustainable Develop-
ment Goals (including those directly referring to automobility such as
good health and well-being, reduced inequalities, sustainable cities, and
communities) and concluded that their normative and institutional
integration in terms of legislative action to changing resource allocation
is rather limited. These researchers suggest that the political impact of
the UN-SDGs is more discursive (i.e., helping to understand and
communicate sustainability goals) than transformative.

5. Discussion and conclusions

Shared electric AVs are anticipated to bring about a number of
positive societal changes (e.g., reducing vehicle ownership and
congestion, enhancing energy efficiency, eliminate greenhouse gas
emissions, reclaiming urban space, enhance social equity). As a result,
the scientific community, automakers, tech sector, consultancy firms,
and public authorities frequently present those vehicles as the silver
bullet for the sustainable transition of private automobility. Contrarily,
evidence indicates that many of the costs of the current automobility
regime will likely be maintained or perhaps exacerbated by a shift to
electric private AVs.

In this paper, we explored the extent to which the current private
automobility regime will be reconfigured into a private electric auto-
mated mobility regime or substituted by a shared electric automated

Table 6
Publications on the factors contributing to the resistance of public authorities to
a transition from private automobility to shared electric automated mobility.

Publication Country Key findings Resistance factors for
public authorities

Adler et al.
(2019)

OECD
countries

Shared mobility services
could lead to reduced
car ownership, resulting
in significant transport-
related tax revenue, fees,
ticket, and fine losses.

Losses in transport-
related revenues.

Blas et al.
(2020)

Argentina Losses in transport-
related tax revenues
between 6 % and 17.9 %
in a privately-owned
electric automated
vehicle fleet scenario,
compared to 25.8
%-57.4 % for shared
mobility services
dominance.

Losses in transport-
related tax revenues
and negative impact on
public investments in
transport infrastructure
and services.

Docherty
et al.
(2018)

n/a Smart mobility
transition would involve
negotiations with
complex networks of
new actors in different
scales, that might
pertain asymmetries in
power and resources.

Navigating governance
complexities with a
diverse network of new
actors at different
scales.

Millard
(2013)

n/a Significant technical,
political, legal, and
organisational
challenges arise in
administration during
significant governance
transitions.

Managing political,
legal, and
organisational
challenges in
governance transitions.

Legacy et al.
(2019)

Australia Public sector planners
maintain a reactionary
approach, facing
difficulties in steering
and coordinating AV
deployment within a
complex public and
private governance
landscape.

Complex public and
private governance
landscape for AVs.

Freemark
et al.
(2019)

United
States

Only few local
governments in the US
have started planning
for AVs, while planners
are concerned that AVs
might lead to increased
vehicle miles travelled,
urban sprawl, reduced
public transport use, and
lower local revenues.

Possibly adverse effects
of AVs for sustainability
and revenues at the
local level.

Grindsted
et al.
(2022)

Europe No clear connection
between AV deployment
and public transport or
MaaS in urban plans
across 10 European
capitals.

Techno-oriented, path
dependent, auto
centric, planning
practices.
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mobility regime that could successfully address important societal sus-
tainability challenges. According to our analysis, the most likely tran-
sition pathway will involve a majority of privately-owned electric AVs as
opposed to shared (especially pooled) vehicles, unless a landscape
“shock” such as a climate breakdown, energy crisis or a significant po-
litical shift towards collective mobility exerts substantial pressure on the
regime. As a result, the societal advantages of the so-called “three rev-
olutions of automobility” (electric-shared-automated) could be greatly
diminished. Methodologically, we first developed a conceptual model
based on the multi-level perspective of technological transition outlining
potential advancements for a pathway towards private and shared
electric automated mobility. Then, we reviewed relevant literature
supporting such developments at the niche, regime, and landscape level.
Below, we present our conclusions per analytical level.

At the niche level, evidence suggests that shared, particularly pooled,
mobility is still at an early emerging phase. Two key developments
describe the business developments in the field. First, major OEMs, who
were the first to enter the on-demand ride-pooling market more than a
decade ago to diversify their business model, have gradually withdrawn
from this market. The reasons were the small fleet size of ride-pooling
services compared to their mass-market expectations, the delays in
integrating vehicle automation that could expand this market, the po-
tential to maintain high private car sales through electric vehicles
without compromising their traditional core model and the relative
mismatching with public transport authorities, which would be a key
ally in this market. Second, current market is dominated by small
Business-to-Government (B2G) projects, where ride-pooling companies
operate small fleets of less than 10 vehicles on behalf of public author-
ities for a pilot period (usually 12 months).

At the regime level, evidence reveals that key actors (i.e., vehicle
manufacturers, users and society groups, public authorities) resist a shift
from private to shared electric automated mobility for a variety of rea-
sons. For vehicle manufacturers, an increase in shared mobility would
mean (a) a reduction in sales of private vehicles as (some) households
will forego buying new cars or sell their current ones. These losses may
be partially offset by rising sales of shared vehicles, (b) fierce competi-
tion, and weak negotiating position with large fleet clients (such as ride-
hailing services) who prioritise financial rather than sentimental aspects
of cars. For users and societal groups, evidence suggest a preference
towards private rather shared AVs due to instrumental factors (e.g.,
lower total cost of ownership and use, higher usefulness of travel time,
lower waiting or access time, higher reliability and flexibility), (b) af-
fective factors (i.e., inherent attractiveness of ownership: convenience,
vehicle availability, independence, car ownership habit and inertia,
private space; aversion of sharing: inconvenience, privacy and security
concerns, discomfort), and (c) symbolic factors (i.e., socio-economic
status, subjective identity, freedom, superiority, proprietorship, in-
dividuality, masculinity). For public authorities, evidence indicates a
resistance or lagging in governing a transition towards shared AVs due
to (a) likely significant losses in transport-related tax revenues, (b) the
complex new public and private governance landscape involving new
actors at different scales, (c) the challenging and complex changes in the
administration required to ensure public value in this transition, and (d)
the shrinking role of the state globally, and the de facto segregation of
the AV deployment from public transport and MaaS services.

At the landscape level, evidence suggests a moderate pressure of the
socio-technical landscape to the private automobility regime originating
predominantly in the safety, congestion, and environmental problems of
the transport sector. The private automobility regime adapts to these
constraints by electrifying (which targets the environmental pressure)
and automating vehicles (which targets the road safety and the
congestion pressures). Landscape pressures that could be addressed by a
shift towards shared mobility services, such as those that call for the
improvement of social equity, public health, reclamation of urban space,
reduction of urban sprawl, and the promotion of active lifestyles, are
seen as milder and less influential to the regime. A critical landscape-

Table 7
Publications reflecting moderate landscape pressures to the private automobility
regime (focused on safety, congestion and the environment) to transition to-
wards shared electric automated mobility.

Publication Country Key findings Landscape pressures

European
Commission
(2013)

Europe Majority of European
citizens consider air
pollution (81 %),
congestion (76 %), travel
cost (74 %), and
accidents (73 %) as
serious problems.

Serious problems: Air
pollution, congestion,
travel cost, and
accidents.

European
Commission
(2020b)

Europe Citizens ranked
congestion (39 %), travel
cost (39 %),
environmental issues
(29 %), and accidents
(24 %) as top concerns
for daily mobility, with
health impacts (15 %)
and accessibility (13 %)
ranking lower.

Top ranked:
congestion, travel cost,
environmental issues,
and accidents. Lower
ranked: health impacts
and accessibility.

European
Commission
(2020a)

Europe European citizens expect
that connected and
automated vehicles will
primarily reduce
accidents (27 %), traffic
congestion (25 %),
greenhouse gas
emissions and energy
consumption (24 %),
making driving more
comfortable (25 %).

Expectation from AVs:
reduce accidents,
traffic congestion,
greenhouse gas
emissions and energy
consumption and
driving more
comfortable.

Chng et al.
(2021)

Global Road safety
improvement is the most
frequently reported
expectation from AVs
among citizens in 15
cities across North
America, Europe, and
Asia.

Expectation from AVs:
road safety
improvement.

US DoT (2018) United
States

US Department of
Transportation’s goals
for 2018–2022 focused
on safety, infrastructure,
and innovation.

US DoT goals: safety,
infrastructure, and
innovation.

Transport
Canada
(2020)

Canada Canada Department of
Transport identifies
safety and security,
greening and innovation,
as well as efficiency, as
the three core
responsibilities in the
2021–2022 plan.

Canada Department of
Transportation goals:
safety and security,
greening and
innovation, efficiency.

New Zealand
Government
(2020)

New
Zealand

New Zealand sets out
four strategic priorities:
safety, better travel
options, developing a
low-carbon transport
system, and improving
freight.

New Zealand 10-year
land transport plan:
safety, better travel
options, low-carbon
transport system,
improving freight.

Biermann et al.
(2022)

n/a Normative and
institutional integration
of UN-SDGs (including
those directly referring
to automobility such as
good health and well-
being, reduced
inequalities, sustainable
cities, and communities)
to changing resource
allocation is limited and
the impact discursive.

Limited integration of
UN-SDGs into
normative and
legislative action
regarding resources
allocation.
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level “shock” that places significant pressure on the private automobility
regime (such as a complete collapse of the climate system, a severe
energy crisis, or a significant political and ideological shift in favour of
collective over individual mobility) could very well open up a pathway
to a shared electric automated mobility regime.

Future research could provide insights into the landscape-level
“shock” conditions that may trigger a transition towards a shared elec-
tric automated mobility regime and inform anticipatory policies that
could prepare for such a transition. Thus far, behavioural and practice-
oriented research has attributed such a change to individual life and
mobility events (e.g., having new home, joining the workforce, retire-
ment, introduction of car sharing services) or shocks and disruptions (e.
g., international relocation, broken-down car, job loss; see Doody et al.,
2021). An empirical investigation of the suggested conceptual model
across diverse geographical, economic, cultural, and political contexts
and potentially through natural experiments could provide further in-
sights on the validity of the model. Further exploration of the true mo-
tivations (e.g., greenwashing of vehicle automation, Dixon, 2020;
justifying market overcapitalisation of automotive companies, Levy and
Kolodny, 2021) behind the mainstream discourses of key actors in
favour of the shared electric automated mobility transition could offer
better insights into the forthcoming automobility transition.
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