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ARTICLE

AV futures or futures with AVs? Bridging
sociotechnical imaginaries and a multi-level
perspective of autonomous vehicle visualisations in
praxis
Robert Martin 1✉

Current depictions of autonomous vehicle (AV) futures are produced primarily by automobile

manufacturers that largely reflect and reinforce existing sociotechnical systems in a ‘business

as usual’ model that frames this technology within a narrative of crisis and technological

salvation. This article argues for a more complex analysis of AV futures in which images are

understood as vessels for sociotechnical imaginaries that direct and delimit what we think is

possible in the future. Through an analytical framework incorporating automobility, transi-

tions, and imaginaries, I explore how depictions of AVs frame the technology as responding

to various system pressures over time through a comparative analysis of two actors. The

analysis suggests that regime actors deploy visual discursive material as a tool of regime

stability or change to benefit their own agendas. The intention of the article is not to

anticipate current trajectories but is a methodological exploration of how policymakers and

planners can interpret AV visualisations. Therefore, the paper concludes with a discussion of

the implications of these imaginaries for future transportation systems. It further suggests

that policymakers and planners need to take a more active role in the development of AV

futures by paying much more attention to the latent meanings behind AV visualisations and

working collaboratively with those who produce them.

https://doi.org/10.1057/s41599-021-00739-4 OPEN
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Introduction

Up to the present, academic discourses surrounding
Autonomous Vehicles (AVs) futures have focused on
safety, privacy, and accountability (Bonnefon et al., 2020),

travel behaviour and land use (Soteropoulos et al., 2019), as well
as road capacity, fuel efficiency, and emission reduction (Milakis
et al., 2017). However, as these discussions take place within the
silo of academia, public narratives of AVs have primarily been
produced by incumbent regime actors, such as car manufacturers.
These often take the form of visual depictions that frame AVs
within the same paradigm as automobiles, leading them to
become a simple substitution of existing transportation systems,
rather than a radical transformation. If AVs are to have the
disruptive effect that proponents imagine, reducing the negative
social, environmental, and economic impacts that our current
mobility practices cause, then society needs to be able to discuss
and depict AV futures in a more nuanced way.

New technologies such as AVs do not appear ‘out of
nowhere’—their development is entangled within complex
sociotechnical systems (Fraedrich et al., 2015). This new tech-
nology will be implemented after being formed from the ima-
ginaries of a variety of system actors. Alternative AV imaginaries
also exist, utilising discrete innovation pathways to conceive of
AVs not as part of existing transportation systems but as com-
ponents within new sustainable constellations. Therefore, society
should avoid deterministic assumptions as to whether or how
AVs will shape future cities, and instead focus on the plurality of
imaginaries that currently exist to unpack why and how we want
this technology to be a part of our lives.

Although AVs are a transportation technology that has domi-
nated news headlines throughout the past decade, the idea is almost
75 years old (Kornhauser, 2013). From an engineering perspective,
the vision of AVs is an arrangement of technologies whose aim is to
replace some or all of a driver’s actions and responsibilities (Lamon
et al., 2006). Early visions of the technology required to achieve this
task involved the integration of equally smart cars and highway
systems (Wetmore, 2003). However, with the advent of machine
learning, AVs are now seen as independent artefacts, able to
navigate environments through a multitude of sensors, and com-
puter processing power. AVs “see” the world through different data
points that include GPS coordinates, radio waves, light detection,
and sound to build up comprehensive representations of the vehicle
and its surroundings. Developers of AV technology claim that their
detection systems “can ‘see’ a vehicle’s environment even better
than human eyesight” (Burke, 2019). However, others have pointed
out that there will always be an ontological gap between the world
as it is, and the world as modelled by a computer vision system
(Cheney-Lippold, 2019).

From a socio-technical perspective, visions of AVs typically lie
outside of the artefact, critiquing existing forms of transport,
addressing social needs, and solving many of the issues associated
with traditional cars (Blyth et al., 2016). These visions of AVs
have become a magic bullet for issues such as traffic deaths and
injuries, pollution, congestion, and even climate change (Taiebat
et al., 2018). So alluring has the promise of AVs become, that
their role is not only imagined in relation to transport but also in
terms of national economic development, security and global
leadership (Mladenović et al., 2020). However, these promises
assume that AV technology is advanced and well-integrated and
ignore the transition period until that point and ignore possible
unintended consequences such as intensifying traffic volume,
urban sprawl, and increasing inequality between the haves and
have-nots (Cohen and Cavoli, 2019).

The nomenclature surrounding the technology is mixed.
Common terms, including driverless cars, self-driving vehicles,
autonomous vehicles, and connected and autonomous vehicles

are more prevalent in public forums (Cavoli et al., 2017). The
term “automated vehicles” appears more in technical documents,
such as the SAE Levels of Driving Automation (SAE
International, 2018), which is the benchmark for AV technology
categorisation. Each term appears to serve some visions of
autonomy and disempowers others. For example, many AV
developers utilise the SAE taxonomy to describe their system’s
limitations legally, while at the same time advertising the vehicle
as “fully self-driving” instead of “automated” to boost the public’s
and policy regulators’ perception of its capabilities (Stilgoe, 2017).

The development of the SAE Levels represents a vision of
autonomy in which driving tasks are delegated between humans
and machines by engineering standards. They range from zero
assistance (Level 0) to full and unconditional automation (Level
5). The SAE Levels have contributed to a public narrative in
which automation increases linearly, gradually removing human
involvement and responsibility (Stayton and Stilgoe, 2020).
However, Ganesh (2020) has found that rather than replacing
human involvement, automation merely displaces it. Within
autonomy, humans are designated micro-jobs to observe the
machine and take responsibility. This can take the form of the
passenger having to take control at a moment’s notice or remote
workers in developing countries teleoperating the machine from
afar. This handover between machine and human creates murky
legal responsibilities where the user is held accountable if there is
an accident (Pattinson et al., 2020), and questions the very pre-
mise that this technology can ever truly be autonomous.

Within the SAE taxonomy, Levels 4 and 5 are the only vehicles
to be considered to have the full self-driving capability. The dif-
ference between these two levels is the environment in which the
vehicle is expected to operate. While Level 4 has limitations on the
environment and will only operate if certain conditions are met, a
Level 5 system is expected to perform “under all conditions”.
Although Level 5 may be the future of AVs that the public mostly
anticipates, it remains an unattainable end goal (Stayton and
Stilgoe, 2020). The underlying technology of autonomy, machine
learning, requires the tight identification of tasks and problem
definitions in order for it to be ‘solvable’ (Stilgoe, 2018). Conse-
quently, all AV systems will need to operate within some form of
constraint. By accepting this limitation, and only operating at Level
4 within Operational Design Domains, AV companies are having
to rethink where they are deploying AVs and why. However, there
is a marked difference in the approach that different companies
take. On the one hand, companies such as Waymo are acknowl-
edging AVs’ limitations in dealing with spatial complexity and
choosing to deploy their autonomous service in contextually sui-
table Phoenix, Arizona, because of the city’s easily navigable grid-
like structure and temperate climate. While on the other, compa-
nies such as Volvo and Tesla, problematise the outside world as
something to be forged in a way that is best suited to autonomous
driving (Sage, 2016; Stilgoe, 2017).

The idea for this paper came from a reflection on the results of a
year-long research project that I completed while working as an
architect for the Danish architecture studio JAJA Architects. The
project investigated how AV integration may enable the transition
towards sustainable transportation systems within the Copenhagen
region. The output of the project was three scenarios depicting
different AV futures, each illustrated through a series of diagrams,
drawings, and visualisations of moments. The project was presented
to a range of audiences, including academics, policymakers, and the
general public, in various formats. Of the different mediums, the
visualisations became the focal point of most discussions. Hajer and
Versteeg (2019) describe this phenomenon as a discourse of
experiencing the alternative, in which ‘far from my bed’-type issues
such as climate change can be addressed by presenting an
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alternative rather than through cognitive persuasion. In other
words, the visualisations provided a way for the audience to discuss
a vision of AVs that was embedded with concrete materialities with
which they could connect to their everyday life.

Based on these experiences, the purpose of this paper is to discuss
different AVs visualisations, considering their embeddedness within
a sociotechnical system, to understand their consequences for the
future of transport systems and mobility. By providing an under-
standing of AV visualisations based on imaginaries, aspects that
enable or constrain transitions to sustainable transportation systems
in the future can be identified. The paper begins by outlining my
analytical framework, which synthesises concepts of a system of
automobility, elaborated through a multi-level perspective (MLP) of
transportation transitions, and sociotechnical imaginaries into an
automobility–imaginaries–transitions triad. In this context, I
explore how depictions of AV systems frame the technology within
competing sociotechnical imaginaries that respond to various sys-
tem pressures through a comparative analysis of AV futures from
the German automobile company The Daimler Group and the
Danish architecture studio JAJA Architects. Based on these con-
siderations, I discuss these depictions and their implications for
future sustainable transportation systems and then provide con-
clusions and an outlook regarding the need for and lines of future
enquiry in the field.

Analytical framework
The system of automobility. To develop my analytical framework,
I first establish my understanding of AVs as an emergent techno-
logical phenomenon within the system of automobility. The system
of automobility is a concept used to understand the roots of the
twentieth-century car system and how the social, economic, and
commuting practices afforded by the car established and exerted
self-expanding domination across the globe (Urry, 2005). Estab-
lished at the end of the nineteenth century, the system immediately
offered great social and economic opportunities. The effectiveness
of the system did not merely come from the replacement of existing
modes such as horse-drawn carriages, bicycles, or public transport,
but through new forms of movement (Adams, 1999; Vigar, 2013).
Car journeys became a new type of mobility, where flexibility and
speed vastly expanded physical proximity and thereby encouraging
latent travel demand (Stradling et al., 2000).

However, these opportunities were limited by the infrastruc-
ture available for cars. Governments reacted by extending
administrative powers and expanding car infrastructure, spatially
and temporally splintering urban territories into districts of
home, work, and leisure in the pursuit of further economic gain
(Freudendal-Pedersen et al., 2016). The ensuing mass production
of the car made freedom and independence available to the many,
and as more and more sought to take advantage, the car became
cherished as a prized possession that embodied status and
cultural significance (Sheller, 2004; Mom, 2014).

Throughout the twentieth century, the system of automobility
took hold, and those ambitions of independence turned into
dependence (Goodwin, 1995). Car use was no longer seen as a
comfort but as a necessity for economic and social participation
(Lyons, 2015). Society became forced to tolerate the consequences
of mass car ownership and car use in the form of parked cars
dominating the streets of urban centres, congestion and traffic jams,
health-threatening pollution, and the financial burden of car
maintenance (ibid.). Despite these negative consequences, the
dominance of the system has been continually supported and
reinforced by a perceived correlation between economic growth and
car use (Mackinnon et al., 2008). Global economies became tied to
not only the movement of people but also the car’s greater
ecosystem of resource extraction, supply chains, manufacturing,

sales, and infrastructure construction. To foster economic growth,
policymakers ignored the negative externalities and physically and
socially reconstructed cities in favour of the car (Norton, 2010). In
spatial terms, the system of automobility became, quite literally,
cemented into our cities’ structures through a vast array of material
infrastructures including street profiles, highways, parking garages,
petrol stations, and urban layouts (Zijlstra and Avelino, 2012).

To summarise, a central premise of my understanding of AVs is
that technology is an emerging phenomenon within a socio-
technical system in which our global economies, planning policies,
cityscapes, and everyday livelihoods are entangled, all around a
practice of privately-owned car use. Furthermore, the system of
automobility has become so ingrained in our societies that it
dominates our present and future understanding of the urban
(Hajer and Versteeg, 2019). One must only look at any recent
blockbuster film set in a future utopian or dystopian landscape to
see the prevalence of the car, in some form or another, in our
understanding of what is to come. Depictions of AV futures cannot
escape this: Any discussion of AV imaginaries takes place within the
framework of cars, set as either a reaction or compliment to them.
Therefore, the system of automobility is used as one of the lenses for
the interpretation of AV imaginaries because its legacy implies that
a transition will require systems-level rethinking, rather than focus
on the AV as an individual object.

A multi-level perspective of the system of automobility. While
the system of automobility may appear irreplaceable, discussions
surrounding climate change, urbanisation, and road safety have
highlighted the need for a transition to a new transportation
system (Köhler et al., 2019). Geels (2012) introduced the MLP as
a framework to understand transitions in complex sociotechnical
systems that offer analytical insight into how AVs may enable
such a transition. The MLP differs from other cause-and-
effect–type processes by describing transitions not as a result of
one single driver, but as the ‘result of the interplay of multiple
developments at three analytical levels’ (Geels, 2012, p. 472). The
three analytical levels, which refer to diverse constellations of
increasingly hierarchical stability, are sociotechnical landscapes
(the uppermost level and the context that frames both niche and
regime dynamics), sociotechnical regimes (established practices
and rules that enable and constrain various incumbent actors,
that reproduce existing systems, and that are barriers to change),
and niche innovations (radical innovations that deviate from
existing regimes that may be either adopted by the regime or
replace it). Figure 1 shows an exemplary representation of the
levels, visually showcasing analytical elements of the system of
automobility without displaying the dynamic processes between
them (see Moradi and Vagnoni, 2018, for a more comprehensive
analysis of the system of automobility using the MLP).

An MLP on the system of automobility displays an entangled
sociotechnical system arranged around a dominant automobility
regime (Geels, 2012). The regime is currently facing destabilising
forces from landscape pressures such as climate change debates,
urbanisation, road traffic deaths, and pollution, as well as
emerging niche innovations such as AVs, micromobility devices,
the sharing economy enabled through the diffusion of informa-
tion and communications technology (ICT), and ‘car-free’ traffic
planning. The regime is resisting these forces through instru-
mental, discursive, and institutional forms of power (Geels, 2014).
These include governmental strategies to support automobile
industries, exploitation of the cultural associations of the car with
freedom, and induced demand for mobility. Some authors have
also suggested that the automobility regime faces pressures from
competing subaltern regimes such as rail, bus, and cycling
(Hodson et al., 2015; Turnheim et al., 2015).
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The analytical framework of the MLP is a particularly helpful
approach when focusing on how new technologies, such as AVs,
enter sociotechnical systems through the ‘niche’ level. They do so
through a long-term view on the co-evolution of technology and
society involving multiple dimensions (industry lobby groups,
consumer preferences, governmental policy, infrastructure, and
spatial arrangements, and cultural values), as well as considering
the interactions among different groups of stakeholders. It
demonstrates how new technologies, such as AVs, never enter
sociotechnical systems alone, but rather are formed by the complex
interactions among social groups, various actors, and landscape
pressures. Importantly, the MLP covers, on the one hand, how the
automobility regime may exploit AVs to stabilise its own position
in the system through lock-in measures and resistance to change,
and how other system actors deploy them to replace the regime, on
the other hand.

Sociotechnical imaginaries as drivers of transitions. Having
grounded my analytical perspective in the understanding of AVs
as an emerging niche innovation within an entangled socio-
technical system arranged around a dominant automobility
regime, I turn to how sociotechnical imaginaries work as drivers
of transitions. Transitions may occur through interactions
between the different levels of the MLP. The nature of these
interactions can be described as transition pathways (Geels and
Schot, 2010). Transition pathways detail how niche innovations
are developed over time by various social actors and how they
contribute to replacing current regimes or stabilising incumbents.
Generally, the dynamics that create transitions are that niche
innovations build up internal momentum, changes at the land-
scape level generate pressure on the regime, and the destabilisa-
tion of the regime makes a window of opportunity for niche
technologies to emerge (ibid.). However, the nature of the tran-
sition, and whether it moves towards a more sustainable system,
depends on the timing and nature of the interaction among the
different levels and the actors that drive the interaction.

Different entry points exist to understand this interrelation.
Sociotechnical imaginaries (Jasanoff, 2015) offer one such
explanation by illustrating ‘the myriad of ways in which scientific
and technological visions enter into the assemblages of materi-
ality, meaning, and morality that constitute robust forms of social
life’ (Jasanoff, 2015, p. 4). Bridging the imaginary and the
material, the concept of sociotechnical imaginaries is crucial in
understanding how AVs are made and why. Sociotechnical

imaginaries also allow us to understand technology in terms of
storytelling, visualisation, and imagining, as these are the
mediums in which new technologies are developed, stabilised,
and propagated by different social groups and actors (McNeil
et al., 2017). For example, Sadowski and Bendor (2018) have
argued that large ICT companies utilise sociotechnical imagin-
aries to create a vision that presents the ‘Smart City’ within a
narrative of crisis and technological salvation from the services
that it offers. The authors have further claimed that these
companies use this tool for ‘directing and delimiting what we can
imagine as possible’ (2018, p. 5) to suit their corporate agenda
and crowd out alternative visions for the future. Often, multiple
imaginaries co-exist simultaneously, with actors competing for
the dominant sociotechnical imaginary and, therefore, the basis
on how the technology will eventually be used (Jasanoff, 2015).

Combining the above concepts into an automobility–
imaginaries–transitions triad enables a deeper understanding of
how depictions of AV futures are framed, developed, and deployed.
By synthesising these concepts into a single analytical framework, I
am better able to analyse the discursive meanings found in AV
depictions by setting them alongside the broader context of
automobility, landscape pressures, parallel niche innovations.
Furthermore, this framework provides both a temporal and spatial
overview of how these imaginaries change over time. Therefore, the
AV depiction is not understood as a future, but as a figurative
Band-Aid deployed to preserve existing regime constellations.

The next section explains the empirical evidence that I use
within this framework to understand the consequences of AV
imaginaries for the future of the transport system and mobility.

Methodology: a visual discourse analysis of two competing
sociotechnical imaginaries
This analysis is based on two data sets of visualisations from
competing system actors regarding the role of AVs within a
future transportation system. The first set of data is visual
material from the German multinational automotive corporation
Daimler. The material was collected from Daimler’s Global Media
website using the search term ‘autonomous vehicle’ within the
date range 2015–2019 to see how the company’s sociotechnical
imaginary has evolved over time. Although the company had
previously advertised vehicles with autonomous features to assist
driving, this period marks when Daimler advertised fully auton-
omous vehicles. The search request returned 445 images asso-
ciated with Daimler’s press releases. Three images were selected
based on their depiction of AVs within a future urban environ-
ment. The rest were discarded because they represented event
pictures, exterior and interior design, safety features, and charts.

The second set of data is visual material collected from a six-
month research project conducted in 2017–2018 called Copenhagen
2050 (CPH2050), which looked into the spatial implications of AVs
via scenario planning methods. The project was funded by the
Danish Arts Foundation and was a collaboration between JAJA
Architects and the engineering consultancy firm NIRAS. The visual
material used for the data was produced at JAJA, where I was
working as an architect at that time. The visualisations were based
on inputs from transport planners, employees from local munici-
palities, representatives of public transport authorities, architects,
landscape architects, and users. In total, nine visualisations were
produced throughout the project. The data used in this article is a
selection of three visualisations, which were chosen because AVs
were depicted in part of the image.

After gathering the material, I analysed each image using visual
discourse analysis (VDA; (Albers, 2013). VDA can unfold how
images are used as a medium to construct and disseminate
sociotechnical imaginaries. The method is based on semiotics

Fig. 1 An exemplary representation of the system of automobility using
the MLP.
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(Hodge and Kress, 1988), discourse analysis (Gee, 2006), and the
grammar of visual design (Kress and van Leeuwen, 2006) and is
concerned with studying the structures and conventions within
visual texts to identify how certain social norms are created in
their production. Sociotechnical imaginaries ‘reside in the reser-
voir of norms and discourses, metaphors and cultural meanings’
(Jasanoff and Kim, 2009, p. 123), and VDA was therefore used to
trace how individual images work within broader systems of
meaning to uncover the underlying approach to AV development
of each company. Within VDA, three modalities can contribute
to a critical understanding of an image: (1) technological, which
involves the various physical apparatuses used to create and view
the image; (2) compositional, which references the formal
structures of the image and compositional elements that denote
visual content; and (3) social, which connotates social and poli-
tical ideologies (Rose, 2010). As this study was not concerned
with the apparatus employed to produce the image, the research
only focused on the compositional and social modalities of the
image through the use of semiology (Jewitt and Oyama, 2011)
and compositional interpretation (Rose, 2010, p. 35).

By interpreting images through both a semiotic and composi-
tional lens, I am able to explore how system actors attempt to
engage with system pressures within their presentation of AVs, as
well as their perceived hierarchy of system elements that may
reinforce or destabilise an existing regime. Through semiotic ana-
lysis, a coding scheme was established that identified the individual
elements within each image as ‘first-order signs’, or what was being
depicted in a denotative sense. A second coding scheme was pro-
duced by relating the ‘second-order signifiers, or what values the
signs express, to themes identified in the niche and landscape levels
of the MLP. Alternatively, compositional interpretation ignores
symbolic representation and mostly examines the composition of
the physical world itself. Compositional analysis scrutinises images’
content, colour, spatial organisation, and focalisers to understand
the significance of the images.

The following tables (Tables 1 and 2) display a limited selection
of results from the semiotic and compositional analysis. Both
methods produced far more results, but for clarity and efficiency,
only results that were used further in the discussion are included.
Together, these tables provide a temporal and spatial overview of
the landscape of automobility, system pressures, and parallel
niche innovations, as well as how actors construct their imagin-
aries through them.

Competing visions for future transport systems
In analysing the visualisations produced by Daimler and JAJA, I
identified that they are not only instances of marketing material
or research outputs: They also present frameworks for the future
that the companies want to create. Both companies offer a nar-
rative about the salvation of cities through AVs that aligns itself
with ongoing landscape discourses. Although there are strong
similarities between the stories presented by the two companies, I
found clear differences in the preferential treatment of certain
systems over others, how signs relating to different sociotechnical
elements are deployed, and the way in which each company’s
depictions present either regime stabilisation or replacement.
These narratives, their relationship to landscape pressures, and
their different utilisation of AVs are described below, as are their
consequences for future transport systems and mobility.

AV futures from the incumbent, Daimler
Responding to landscape discourses. Publicly, the general stated
motivation to pursue AVs is to improve road safety. This coincides
with the landscape pressure and cultural reaction to the physical
harm that the system of automobility imposes on societies around

the world. Globally, road traffic accidents cause approximately 1.35
million deaths each year and are the leading cause of death among
young people (World Health Organization, 2018). Similarly to
‘jaywalking’ campaigns of the 1930s, in which coalitions of auto-
mobility regime actors exercised their collective power to remove
pedestrians from the streets in the name of road safety (Norton,
2007), incumbent regime actors are currently casting blame on the
human driver as a means to accelerate AV development in an effort
to vindicate the system of automobility itself.

While each image analysed includes signifiers connotating safety,
Daimler’s first presentation of an AV future (Fig. 2) presents them
in a way that prioritises vehicle use. Compositionally, the image
applies a traditional way in which cars are advertised: The focaliser
of the image is the vehicle, which is both the central figure in the
image and highlighted through a stark contrast in colour between it
and the rest of the scene. Furthermore, the AV sits both physically
and metaphorically separated from the rest of its environment.
Traditional safety elements that would connect a human driver to
the outside world, such as rear-view mirrors and transparent
windows, are noticeably absent in this vehicle. Instead, the notion of
safety is implied through a system of computer vision, machine
learning, and sensors that have instructed the vehicle to stop and
that project an illuminated pedestrian crossing that allows the man
dressed in business attire to cross the road safely. In this depiction,
the passenger, if there is one, is cleared of all responsibility of safely
manoeuvring, with complete control being outsourced to the AV
system. By removing what incumbent regime actors see as the
weakest link in the system of automobility, the human element, this
sociotechnical imaginary presents a future of continued automobile
use devoid of road traffic accidents through the application of AV
technology.

The landscape development of urbanisation also presents
particular challenges to the automobility regime in Fig. 2.
Throughout the twentieth century, automobile-enabled suburbani-
sation was seen as a way to reduce urban problems (Geels, 2005),
which became the signature characteristic of the system of
automobility. The continued increase in car use required an ever-
increasing suburban periphery, which reinforced itself by only being
accessible by car. This trend is expected to be reversed in the twenty-
first-century, with projections anticipating that 68% of the global
population will live in dense urban centres by 2050 (United Nations
Department of Economic and Social Affairs, 2019). Density is the
nemesis of the car, and society is already experiencing the
consequence of this tension through traffic congestion, high parking
fees, and even road closures. Figure 2 presents a paradoxical solution
to this problem. The image embeds the landscape development of
urbanisation through the inclusion of futuristic high-rise architec-
ture, implying that space is at such a premium that city residents are
forced to live in smaller and smaller apartments and nature is
confined to the facades of buildings. However, in this densified
future, road space has actually increased. Physical road features such
as pedestrian crossings, sidewalks, and road markings are removed,
expanding the domain of AVs while also granting them complete
control over when other modes can use the space. For example, the
crossing pedestrian depicted in this future may only safely cross the
road when the AV allows it, demonstrating that the sociotechnical
imaginary presented here by Daimler is one ruled by AVs.

Emerging niches used to mask regime stabilisation. The AV
sociotechnical imaginaries presented by Daimler in this collected
study are neither fixed nor static. Instead, they demonstrate a co-
evolution in line with emerging niche innovations and landscape
developments to absorb these destabilising forces into their own
narrative of AVs. In the period between 2015 and 2017, corre-
sponding to the time between the release of Daimler’s first and
second AV depiction, several transport technologies such as
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Table 1 Results of semiotic analysis.

Visualisation First-order sign (Denotation) Second-order signifiers (Connotation)

Mercedes-Benz F 015 Luxury in Motion: A virtual zebra crossing indicating to
pedestrians on the side of the road that it is safe to cross. 2015 (Fig. 2)

Vehicle Luxury, futuristic, smart, traditional

Darkened windows Privacy, autonomy
Missing rear-view mirrors Autonomy
Sensor/laser Safety, trust
Pedestrian Safety, trust
Digital sidewalk Safety, trust
Contemporary architecture Futuristic, high density, less space
Trees/grass on building Environmental awareness, less space

Future mobility: Bosch and Daimler join forces to work on a fully automated,
driverless system. 2017 (Fig. 3)

Robotaxis Sustainability, accessibility,
mobility, future

Single-occupant AV Sustainability, privacy, future,
micromobility

AV shuttle Sustainability, accessibility,
mobility, future

Parked AVs Service, availability, future
Metro Sustainability, multimodality
Cyclists Sustainability, multimodality,

micromobility
Pedestrians Sustainability, liveability
Delivery van Logistics, integrated
E-scooter Sustainability, multimodality,

micromobility
Urban life Liveability
Pedestrian crossing Safety
Traffic lights Safety
Bicycle lanes Safety, sustainability, micromobility

Bosch and Daimler: Metropolis in California to become a pilot city for
automated driving. 2018 (Fig. 4)

American flag Nationalism

Subway sign Localism
Doughnut sign Cultural
Larger vehicles Success, luxury, privacy
Taxis become private Success, luxury, privacy
Missing cyclists Sustainability, accessibility,

multimodality
Palm trees Localism, culture
People of colour Multiculturalism, localism

JAJA - CPH2050: Reconnecting the city (Fig. 5) Bicycle Sustainability, multimodality
Pedestrian crossing Safety
Pedestrian Safety, trust
AV shuttle Sustainable, future, technology, safety
Retail space Commercial activity, liveability
Yacht Recreation, wealth, liveability
Children Safety, inclusion
Contemporary Architecture Future, wealth, gentrification
Traffic signal Safety, law enforcement

JAJA - CPH2050: Suburban Transformation (Fig. 6) AV shuttle Sustainable, future, technology, safety
Children Safety, inclusion, community
Residential architecture Family, wealth, aspiration
Solar panels Sustainability, self-reliance
Runners Active lifestyles, diverse demographics
Communal dining table Community
Father with child Family, lifestyle, socioeconomic status
Greenhouse Sustainability, community, self-reliance
Play equipment Community, family

JAJA - CPH2050: From the train station to mobility hub (Fig. 7) Smartphone Connected, technology, future
Bicycle Sustainability, multimodality
Bicycle lane Safety, sustainability
Pedestrian crossing Safety
Pedestrians Safety, trust
AV shuttle Sustainable, future, technology
Traveller Accessibility, efficiency
Commuter Efficiency
Train Sustainability
Trees Environmental awareness
Real-time information screen Connected, technology,

efficiency, future
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micromobility devices, Mobility as a Service, and urban multi-
modality have emerged and are seen by some as disrupting tra-
ditional transportation systems. These emerging technologies
differ from the incumbent automobility regime, as they suggest a
plurality of transport modes existing harmoniously, rather than
the presence of a single dominant mode.

Demonstrating an alignment with this emerging discourse, Fig. 3
presents a sharp departure from the traditional automobile
advertisement shown in Fig. 2. Rather than selling an object, Fig. 3
presents a total system of mobility that is forged around Daimler’s
AV system. Compositionally, this depiction is viewed from a bird-
eye position, showcasing the entire system within a dense urban
environment of apartment dwellings, alfresco cafes, and cultural
institutions with no set focal point. Instead, an array of elements are
spread throughout the image that engages and contains many
emerging niche innovations mixed in with traditional automobiles,
implying the plurality of the system.

While the image showcases a wide range of vehicle types that
include more sustainable modes such as bicycles, e-scooters, shuttle
buses, and mass transit, which may indicate an environmentally
sustainable transport system, it also showcases a clear hierarchy of
modal preference in the way the image is constructed. For example,
the bicycle lanes, which are highlighted in red, clearly preference
AVs and automobiles in their design. Rather than continuing across
intersections, bicycle lanes are discontinuous, always giving the right
of way to AVs. Bicycle lanes are further de-prioritised in the way
that they are subservient to other modes: The delivery van, with no
designated parking area, is standing in the cycle lane; the AV
shuttlebus is standing in one as passengers embark or disembark;
and parking spaces are located adjacent to the sidewalk, rather the
road, causing points of conflicts between passing cyclists and AVs.
These examples showcase Daimler’s ignorance of apathy towards
other modes of transit.

Although signs of safety, multimodality, and sustainability
appear in this depiction, a compositional analysis of the image
demonstrates a preference for safety, convenience, availability,
and efficiency for Daimler’s AV users. Destabilising niche
innovation elements are merely included in the image to mask
an otherwise typical depiction of a streetscape within the system
of automobility. If one were to remove these signifiers relating to
emerging niche innovations, the core of this sociotechnical
imaginary is a ‘business as usual’ approach, in which roads and
parking spaces dominant the urban environment.

Translated sociotechnical imaginaries. The final AV depiction by
Daimler (Fig. 4) presents a translation of its sociotechnical ima-
ginary across regional contexts. The depiction, which is arguably
identical to that in Fig. 3, simply swaps signs relating to a German
context with those of a U.S. one. While the identities of both
countries are intertwined with automobile production, their
automobile practices and cultures have evolved along two
divergent paths (Kaiserfeld, 2007). Rather than understand and
depict a future that is representative of local conditions, Daimler
simply superimposes a series of cultural signs relating to Cali-
fornia on a generic futuristic landscape originally intended for a
German audience. Palm trees, people of colour, a doughnut shop
sign, and a U.S. flag are all simply added in an attempt to make its
system palatable to a U.S. context. Furthermore, many of the
changes dilute several of the environmental and health benefits in
the original vision. Several cyclists are simply removed, shared
robotaxis are relabelled as privately-owned vehicles, and the size
of the cars is increased.

Kim (2018) has suggested that when sociotechnical imaginaries
are simply transplanted from one context to another, gaps
between the imaginary and practice can occur through the loss of
the original meaning of the former. For example, the plurality ofT
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transport modes embedded in the narrative of both the original
and transplanted sociotechnical imaginary presupposes a back-
bone of public transport infrastructure, which varies in each
context. While European cities often have existing urban transit
networks integrated into their urban fabric, this is rare in a U.S.
context, as the country, despite outlier cities such as New York
and Washington D.C., has historically had a complicated social,
cultural, and political relationship to public transport (Conley,
2009). Daimler formally imitates a European streetscape as a
benchmark of multimodality because this legitimises its own
product as a measure of sustainability. This reflects the emphasis
of the landscape pressures, such as climate change discourses, that
automobile manufacturers are attempting to mitigate within their
depictions of AVs. However, if this sociotechnical imaginary were
to be established, the system would change in practice. To suggest
that in this transplanted sociotechnical imaginary Daimler’s AV
system would accompany such large-scale public transit invest-
ments is well beyond its scope or desired outcome.

While some may perceive this as a car company only
undermining discussions on sustainability to sell more cars, this
would discard any thought regarding the coerciveness of the
system of automobility. Daimler is not discussing multimodal
systems because they only want to sell more cars; they’re engaging
with them because they see the zeitgeist shift and want to stay in
business. As an incumbent regime actor, Daimler must remain
fluid in order to react to landscape pressures. However, as the
inconsistency in Daimler’s presentation of the future indicates,
the dominance of the system of automobility over their
perception of the future means that they are unable to see one
that does not involve the car.

Futures with AVs by JAJA architects
Sociotechnical imaginaries shaped by liveability discourses. Unlike
Daimler, whose visions primarily depict a future of regime sta-
bilisation, the visualisations from JAJA’s CPH2050 project reflect

Fig. 2 Mercedes-Benz F 015 Luxury in Motion: A virtual zebra crossing indicating to pedestrians on the side of the road that it is safe to cross. This
figure is not covered by the Creative Commons Attribution 4.0 International License. Reproduced with permission of Global Daimler Media; copyright ©
The Daimler Group (2015), all rights reserved.

Fig. 3 Future mobility: Bosch and Daimler join forces to work on fully automated, driverless system. This figure is not covered by the Creative Commons
Attribution 4.0 International License. Reproduced with permission of Global Daimler Media; copyright © The Daimler Group (2017)(2015)(2015), all rights
reserved.
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the expectations of a broad set of interests located outside the
regime. These expectations represent discourses relating to the
improvement of public transport, sustainability agendas, the
improvement of citizens’ welfare, and urban development. As a
result, there is no single ‘product’ sold; rather, the product is a
lifestyle contained within a particular form of urbanism. One can
see overlapping similarities between this form of urbanism and
wider landscape developments surrounding the metric of ‘sus-
tainable liveability’, which has exploded over the past two decades
through a series of city-ranking indices. Often, these indices tend
to preference access to cultural amenities, cafes, bars, and res-
taurants, but they have also recently included less superficial
metrics, such as housing affordability, well-functioning public
transport, and access to clean water. While these rankings may
seem innocent and objective, some criticise them for framing a
particular expectation of what life and living in a city should be
(Jacobs, 2014). Nonetheless, cities shape urban policy, strategy,
and planning projects in pursuit of these rankings that draw in
investment from around the world (McArthur and Robin, 2019).

Since the establishment of these indices, Copenhagen has
consistently ranked as a top-tier global city, which has encouraged
the city’s politicians to continually chase this accolade so that it
can market itself as the world’s most ‘liveable’ city (Simpson et al.,
2018). By engaging with liveability’s discursive power, JAJA
mobilises a counter-sociotechnical imaginary that rejects the
system of automobility, reconnecting transport policy with
everyday urban life. For example, instead of depicting a system
of mobility, Fig. 5 illustrates a mobility lifestyle associated with
economic prosperity. Compositionally, the image guides the
viewer through a one-point perspective of signs relating to
liveability: commercial retail outlets, citizens swimming in the
harbour, shaded places to sit, coffee stands, a yacht, and bicycles—
all signs of a ‘good life’. The image literally casts a shadow on the
single AV shown, utilising these denotations of wealth to propose
the spatial, economic, and social benefits of deprioritising vehicles
in urban contexts (Fig. 6).

The idea of sustainability is communicated subtly in the image
through the inclusion of trees, grass, a cyclist, and a clean harbour

Fig. 4 Bosch and Daimler: Metropolis in California to become a pilot for automated driving. This figure is not covered by the Creative Commons
Attribution 4.0 International License. Reproduced with permission of Global Daimler Media; copyright © The Daimler Group (2018)(2015)(2015), all rights
reserved.

Fig. 5 CPH2050: Reconnecting the city. This figure is not covered by the Creative Commons Attribution 4.0 International License. Reproduced with
permission of JAJA (2018); copyright © JAJA Architects, all rights reserved.
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fit for swimming. Furthermore, a single AV is represented as a
shared shuttle waiting for pedestrians to cross. This action is
enabled by the only other symbol of technology present in the
image, traffic lights. Safety, therefore, is not communicated
through technological systems as in Daimler’s depictions, but
rather through fixed spatial infrastructure and children safely
crossing the street. Herein lies a continuing theme throughout
each of JAJA’s visualisations: The transformation of space will
drive the transition towards future transportation systems.

Transforming the landscape of the automobility regime. As stated
previously, suburbanisation is the physical manifestation of the
system of automobility, which has locked car dependence into the
landscape of transportation. Interestingly, none of Daimler’s
depictions of AVs engage with the environment, instead only
presenting their use within dense inner-city contexts. Whether this
is an oversight or a general acceptance that AVs will not change
mobility practices in these areas cannot be deduced; however, as
suburban areas have been so pivotal in staging our mobility
practices, understanding actors’ approaches in these areas is cru-
cial to understanding their ambitions for future AV use.

JAJA’s portrayal of a suburban environment (Fig. 6) provides
many insights into how it views the role of AVs. First, this
depiction relies on the absence of transport to communicate its
vision for the future of transportation. Landscape developments,
such as economic development, throughout the twentieth
century, saw streets become increasingly defined as transport
arteries, rather than as spaces for social activity (Geels, 2005),
which JAJA’s visualisation counteracts. Apart from one lone AV
in the far background, vehicles are not shown in this streetscape.
Instead, the focal point of the image is road infrastructure that has
been re-appropriated to provide temporary play space for
neighbourhood children and a track for active people to jog on.

This denotes a response to two other ongoing landscape pressures
to the current automobility regime: The suburban environment that
is often associated with sedentary lifestyles enabled through car use
is replaced with a more active and healthier environment, and the
safety of streets for pedestrians to use. Although relying on the
technological application of sensors on the AV to detect and safely
stop pedestrians, the typical straight suburban street has also been
manipulated to slow incoming traffic.

Similar to all other examples in this analysis, this image also
engages with the landscape pressure of climate change through the
application of signs relating to sustainability. However, instead of
only including sustainable modes of transport, this image utilises

signs such as solar panels on the houses, a community greenhouse,
and an abundance of trees to depict a sustainable lifestyle.

Finally, the vision also speaks to a group not often involved
with the discourse on AVs—the family unit. While a quick google
search of the term “autonomous vehicle” returns images of
business suit-clad elites and inner-city professionals giving
PowerPoint presentations in the cabins of cars, this image
presents a picture of idealised family life. Instead of generic
cityscapes, the image showcases residential architecture, a man
carrying his young daughter, and children playing in the street,
which all create a vision of a community that extends beyond the
boundary of the residential plot.

Promotion of subaltern regimes. The final image analysed does not
portray a particular lifestyle, but rather a clear hierarchy of modes
within JAJA’s imaginary (Fig. 7). This vision does not depict a new
system, but a reconfiguration that promotes existing subaltern
regimes such as trains, buses, and cycling, through subservient AV
shuttle services. Unlike previous depictions from both companies,
public transit infrastructure forms the largest volume of this
image. AVs are presented in the image but are placed in the mid-
ground, behind the cyclist and train station, indicating that they
are a subservient feeder to the transport system, rather than the
dominant mode. Road space, as a percentage of the total image, is
small, with a pedestrian crossing appearing much more prominent
than the small amount of space available to AVs. Public transport
is further made prominent through the vanishing point of the
image, which is directed towards the arriving train in the back-
ground, highlighted by a stream of pedestrians.

Finally, the image embeds numerous elements relating to
emerging niche technologies: the woman navigating using a
smartphone; real-time information screens indicating departure
times and connections; and AVs, both on the ground and mirrored
in the screen. However, these technologies do not dominate the
image and are all overlaid over existing infrastructure. These signs
are arranged carefully to indicate that physical infrastructure, not
technological advancements, will be what leads this sociotechnical
transition and indicate which transport modes are preferred.

Implications for future transportation systems. This chapter has
analysed two distinct approaches to conceiving AV futures. The
goal has not been to compare Daimler to JAJA but to exemplify
how actors from different system positions utilise depictions of
AVs to frame the technology within competing sociotechnical
imaginaries. Furthermore, the analysis shows that in the case of

Fig. 6 CPH2050: Suburban transformation. This figure is not covered by the Creative Commons Attribution 4.0 International License. Reproduced with
permission of JAJA (2018); copyright © JAJA Architects, all rights reserved.
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Daimler, these depictions are not fixed, but co-evolve along with
other system pressures. However, while the content within the
image changes, the sociotechnical imaginary of a car-based
society fundamentally remains the same. For Daimler, engaging
with landscape pressures and emerging niches merely becomes an
exercise in maintaining its own position within the system.

The analysis also shows that these companies’ imaginaries
would lead to different transition pathways and regime
constellations, and therefore, the shaping of AV technology and
society in the future. Thus, at the core of disseminating these
depictions is the understanding that visualisations such as these
are not neutral, and that the development of AV systems is not
technologically determined, but the product of different actors’
values. This is an important consideration, as Louise Reardon has
already identified, is that discussions surrounding AVs have
already been discursively depoliticised (Reardon, 2018). The
entire idea of AVs is extremely politically optimistic with
impatient politicians eagerly anticipating AVs as a package that
can solve many of these most pressing challenges (ibid.).

This is most obvious in both companies’ futures having a
strong relationship to climate change and road safety discourses,
although with large differences in approaches. As a legacy
carmaker, Daimler presents a future where CO2 emissions and
traffic safety accidents can simply be solved through the
application of new technologies to the existing form of the car.
The findings clearly demonstrate how Daimler frames AVs to
stabilise their own position as regime actors through a ‘business
as usual’ approach that suppresses other uses of AV technology.
Daimler is first and foremost a vehicle manufacturer, and unlike
other AV developers with backgrounds in tech, such as Apple and
Google, who may be motivated through an increased market
share of the attention economy (de Berker, 2017), Daimler’s
business model relies on it selling and leasing vehicles. There are
too many inconsistencies in Daimler’s presentations of the future,
such as increasing amounts of road space, poorly designed bicycle
infrastructure, and formal imitations of European public trans-
port systems, to interpret their future literally. The company is
locked into the system of automobility and their responses to
ongoing landscape pressures are still framed around the car.

On the other JAJA’s future is dominated by regime destabilisa-
tion. In an increasingly urbanised society, social, political,
economic, technological, and digital systems are encroaching on
each other’s physical domains, and tensions are beginning to arise
as space limitations force discussions on how that space should be
allocated and used. JAJA’s sociotechnical imaginary is based on

the idea that shared AV use will lead to substantial urban renewal
through the transformation of redundant road infrastructure
(Duarte and Ratti, 2018). Instead of AVs becoming the dominant
transportation mode, they will work as a supportive component in
a broader system of multimodal transport. Through efficiency and
appropriately sized vehicles, a total reduction in vehicle numbers
could lead to previously used road space being transformed into
new urban development, densification of suburban areas, and
greater utilisation of public transport infrastructure. Just as
Daimler tries to protect their business model through their
framing of AVs, JAJA is expanding their business on their own.

The findings indicate the different approaches towards AVs
from different system actors. It also demonstrates that if these
visions become embedded in the dominant sociotechnical
imaginary, they will play a major role in the shaping of
assumptions of the role of AVs in the future. Moreover, the final
constellation of regime actors and their ambitions will have
implications for future sustainable transportation systems. How-
ever, the battle for the dominant sociotechnical imaginary should
not be considered a negative process. Competition amongst actors
from different system positions can increase the number of
alternatives. By supporting pluralism, rather than focusing on
minimising system deployment, AV developers and public
authorities can open up new pathways for reconceptualising AV
technology (Mladenović, 2019; Mladenović et al., 2020)

Conclusions
This paper aimed to analyse and discuss different imaginaries of
AVs to understand their consequences for the future of transport
systems and mobility. The paper particularly focused on how
different system actors frame the role of AVs depending on their
position within sociotechnical systems and their own business
models. This was elaborated through a comparative analysis of
AV futures visualisations from an incumbent regime actor, The
Daimler Group, and an external system actor, JAJA Architects.

The concepts of a system of automobility, the MLP, and
sociotechnical imaginaries shaped the theoretical background of
the analytical framework. Combining them into a single frame-
work enabled a deeper understanding of how depictions of AV
futures are being framed, developed, and deployed, as well as their
implications for future transition pathways and policy con-
siderations. Although there have been historical criticisms of
transition theory for a lack of explicit attention for the politics of
technology that underpin the development and implementation of

Fig. 7 CPH2050: From train station to mobility hub. This figure is not covered by the Creative Commons Attribution 4.0 International License.
Reproduced with permission of JAJA (2018); copyright © JAJA Architects, all rights reserved.
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specific policies (Smith et al., 2005; Meadowcroft, 2011), more
contemporary applications of the framework have expanded the
MLP to include power and politics (Geels, 2014; Köhler et al.,
2019). Transitions are deep-rooted political processes, in that
different actors and groups will disagree about desirable outcomes
and suitable ways in which to steer such a process. Furthermore,
this process may lead to winners and losers: not only incumbent
industries or new actors, but other user groups whose mobility
access and opportunities may be reduced in alternative socio-
technical configurations such as the elderly, cyclists, or lower
socio-economic communities. Thus, this specific contribution to
the politics of AVs debate has been to conceptualise, identify and
translate visual discursive material as instruments of regime sta-
bility or disruption over time.

When applying the analytical framework to the studied images,
the analysis revealed that subsequent battles between niches and
regimes take place on multiple landscape dimensions (e.g., sus-
tainability, safety and infrastructure). Geels (2010) proposes that
these struggles are not enacted by singular entities, but by
numerous actors that “fight, negotiate, search, learn and build
coalitions as they navigate transitions”. This raises several dif-
ferent political-economy questions. Firstly, researchers and
planners need to understand how collective actors may support
different sociotechnical imaginaries. For example, an underlying
challenge for advocates for shared AVs is the incumbent alliance
between car manufacturers and governments. These alliances are
built from mutual dependencies that see governmental revenue
from car sales and fuel excises in exchange for favourable market
conditions. Despite the impending challenge of climate change,
without finding additional methods of raising revenue, govern-
ments may limit actions to transition towards more sustainable
forms of AV use (Fishman, 2018), preferring to incorporate AV
futures that replicate existing car systems and revenue streams.
JAJA’s visualisations (Fig. 4.) outline possible trajectories to
counteract this mutual dependency. By engaging with liveability
discourses, which centre around urban re-development, gentrifi-
cation, and economic prosperity, JAJA offers a counterproposal to
governments fixated on automobility tax revenues.

In addition, planners and policymakers should move beyond
trying to anticipate AV futures towards actively asking what they
want to achieve with them (Marsden, 2018). While they focus on
the implications of possible trajectories, companies such as
Daimler and JAJA are creating sociotechnical imaginaries of
futures they are trying to create. I acknowledge that planners face a
raft of challenges in determining their role in the development of
AVs (Reardon, 2018), but I believe they also bring a valuable
spatial perspective that can focus the deployment of AVs to solve
existing challenges (Harris, 2018). Furthermore, when considering
the long-term transition towards AVs, it is critical to reflect on
which challenges could be implemented irrespective of automation
and which challenges need further investigation. Possible meth-
odologies could involve collaborative design experiments between
governments and companies that utilise the same visualisation
techniques outlined within this paper but are integrated within the
context of local development goals (Martin et al., 2021).

In summary, the paper contributes to the literature by pro-
viding a critical examination of AV imaginaries in praxis. The
findings also suggest that a more nuanced approach to reading AV
visualisations requires moving beyond denotative readings to
unpack the latent meanings alongside the broader context of
automobility, landscape pressures, and parallel niche innovations.
The work enriches the ability of academics and policymakers to
understand the latent implications behind visual depictions of
AVs over time through visual discourse analysis tools. However,
the study is limited to data that was sourced between the years
2015–2018. In the following years, there have been a wide number

of landscape shifts and new technologies. Therefore, an important
subject for future research would include an analysis of AV futures
since the beginning of the COVID-19 pandemic. An assumption
could be that signifiers relating to sharing, and sustainability are
replaced by ones communicating sterility, and private ownership.
It would be important to identify this early so that policymakers
do not unravel important steps towards the development of sus-
tainable transportation systems in an effort to contain the SARS-
COV-2 virus. Finally, although the study mainly focused on the
visual analysis of imaginaries, further research could focus on the
effect of sociotechnical imaginaries in praxis (e.g., whether they
affect policymakers’ decision-making processes or if the image’s
author is aware of the system it is depicting). This could involve
investigating the site where sociotechnical imaginaries are dis-
seminated to show how power relations give a greater advantage
to certain actors in the marketplace of AV visions of the future.

Data availability
Some of the datasets generated during this study are included in
this published study. Some of the specific datasets generated
during this study are not publicly available as they form part of
the author’s ongoing Ph.D. research. They are available from the
author on reasonable request.
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