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Pilot projects have emerged in cities globally as a way to experiment with the utilization of a
suite of smart mobility and emerging transportation technologies. Automated vehicles (AVs)
have become central tools for such projects as city governments and industry explore the use
and impact of this emerging technology. This paper presents a large-scale assessment of AV
pilot projects in U.S. cities to understand how pilot projects are being used to examine the
risks and beneﬁts of AVs, how cities integrate these potentially transformative technologies
into conventional policy and planning, and how and what they are learning about this technology and its future opportunities and risks. Through interviews with planning practitioners
and document analysis, we demonstrate that the approaches cities take for AVs differ signiﬁcantly, and often lack coherent policy goals. Key ﬁndings from this research include: (1) a
disconnect between the goals of the pilot projects and a city’s transportation goals; (2) cities
generally lack a long-term vision for how AVs ﬁt into future mobility systems and how they
might help address transportation goals; (3) an overemphasis of non-transportation beneﬁts
of AV pilots projects; (4) AV pilot projects exhibit a lack of policy learning and iteration; and
(5) cities are not leveraging pilot projects for public beneﬁts. Overall, urban and transportation planners and decision makers show a clear interest to discover how AVs can be used
to address transportation challenges in their communities, but our research shows that while
AV pilot projects purport to do this, while having numerous outcomes, they have limited
value for informing transportation policy and planning questions around AVs. We also ﬁnd
that AV pilot projects, as presently structured, may constrain planners’ ability to re-think
transportation systems within the context of rapid technological change.
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Introduction
utomated vehicles (AVs) have developed from an idea to
reality over the last decade, which has led to substantial
scholarly and policy interest about how cities should
incorporate them in planning activities (e.g., Duarte and Ratti,
2018). AVs are being tested in dozens of cities in the U.S. and
worldwide (Bloomberg Philanthropies, 2019; Haque and
Brakewood, 2020), and even providing commercial services, such
as Waymo One in the Phoenix metropolitan area (Khoury, 2018).
Many cities are experimenting with these technologies in pilot
projects to assess how AVs may help them achieve transport
goals, gauge public interest in AVs, and evaluate potential use
cases. The AV industry promotes the technology as a transformational technology that will make our roads safer, less congested, and change the way we travel in cities and society as a
whole (Chase, 2014; Pankratz et al., 2018; Grush and Niles, 2019).
Transportation policy and planning literature generally support
this perspective (e.g., Tettamanti et al., 2016; Duarte and Ratti,
2018; Nikitas et al., 2021), with the caveat that urban and regional
planning organizations need to be engaged with the AV industry
to effectively plan for and manage this emerging technology
(Creger et al., 2019; Legacy et al., 2019; Steckler et al., 2021).
Others, including science and technology studies scholars, are
more skeptical, interrogating assumptions about human behavior,
politics, and the surrounding environment that get built into the
algorithmic and technological components of AVs (Stilgoe,
2018a, 2018b; Stilgoe and Cohen, 2021) and challenging the
purported beneﬁts of a technological ﬁx to complex urban problems (Bailey and Erickson, 2019).
Despite support for including AVs in planning efforts, to date
only a few cities in the U.S. have incorporated AVs into their
long-range planning efforts (Freemark et al., 2019). In the face
of uncertainty about the impacts and growing skepticism about
deployment timelines, many cities ﬁnd it easier to not plan at
this early stage. Others have recognized the need to plan and
have begun to develop policies to help prepare for AVs, particularly regional planning agencies (McAslan et al., 2021). Some
cities have created their own regulation and rules for testing,
while others have adopted broader policy initiatives for emerging technologies (e.g., SDOT, 2017; City of Portland, 2018; City
of Pittsburgh, 2019). Most common, however, is the use of AV
pilot projects.
Pilot projects offer the opportunity for AV companies to test
and develop the technology in a real-world setting. Pilot projects
have the potential to offer cities an opportunity to capitalize on
this real-world testing, to beneﬁt from the operation of AVs now,
begin to understand how AVs could transform their transportation systems, and to learn what types of policies they must adopt
to maximize the beneﬁts of AV technology and minimize the
negative impacts. However, this approach of using AV pilot
projects as a form of urban experimentation (Savini and Bertolini,
2019) threaten to limit public discussions about an automated
mobility future. The extent to which pilot projects are being
deployed in a way that can help cities understand how AVs can
help them meet their transportation goals and to develop the
policies necessary to achieve this is unclear.
This paper investigates how cities are using pilot projects as an
urban planning and policy tool to learn about how AVs can help
them meet their transportation goals (e.g., around safety, congestion, equity, sustainability, etc.), how AVs ﬁt into their
transportation futures, and to develop policy to guide the
development and deployment of AVs. Speciﬁcally, we ask what
are the major trends among cities using pilot projects as a
planning tool and are these emerging approaches likely to have a
positive impact on planning efforts? The focus on pilot projects
stems from recognition that nearly 50 percent of cities planning
2

for AVs are using (or have used) pilot projects—27 of 58 cities
sampled use pilot projects. This paper draws on interviews and
document analysis from 20 of these 58 cities. In this paper, we
examine the decision-making processes behind why cities
develop AV pilot projects, what their motivations are for
developing pilot projects, and how their pilots are anticipated to
inform future planning actions.
Planning for autonomous vehicles within the smart city
Autonomous vehicles, an emerging type of smart mobility, serve
as a lens for deepening our understanding of the smart city, which
in the last decade has become a dominant urban imaginary
(Cugurullo, 2018). In the smart city, technological progress is
linked to progress on environmental and social sustainability
(Miller, 2020) and is acted upon by both a technology push,
whereby technology companies market smart solutions to cities
and a demand pull, where cities are seeking ways to become more
efﬁcient, inclusive, and sustainable (Angelidou, 2015). The current state of AVs exhibit both types of push and pull forces.
Through the application of technology, governing the smart city
becomes a technocratic way of governing (Kitchin, 2014; Bina
et al., 2020). Verrest and Pfeffer (2019) critique the emergent
academic ﬁeld of smart urbanism for similarly considering the
smart city as a “set of technocratic solutions to urban problems
and not as a political response to political conﬂicts (p. 1329).”
Other critiques emphasize how a technological and hyperrationalized approach to urban problems reproduces existing
inequities in society (Krivý, 2018; Clark, 2020) and that by doing
so, produces new visions of what a good city is and the role of
citizens within that system (Vanolo, 2014).
Within smart cities, urban experimentation and pilot projects
become important technical tools. Savini and Bertolini (2019)
argue that political biases and normative assumptions are
inherent in these urban experiments but that they are often
overlooked. Smart mobility (Docherty et al., 2018), as a speciﬁc
sector within the smart city, has been particularly prone to urban
experimentation and has seen a proliferation of small- and largescale pilot projects to address urban transportation challenges.
Even without the inﬂuence of smart city logics, transportation
challenges are often framed as technical problems and less likely
as social or political ones, and the smart city has further
entrenched this thinking within the transport sector. Docherty
et al. (2018) argue that the transition to smarter mobility futures
is well underway, and that the current debate should not be about
“state versus non-state actors but instead about the role the state
takes within these new networks to steer, facilitate and also reject
different elements of the mobility system (p. 123).” Recent
innovations in AV technology emphasize this point. Cugurullo
et al. (2021) demonstrate that the diffusion of AVs results from
the interconnections between social attitudes, technological
innovation, and urban politics.
Despite increasing recognition that the development of AVs
exists within complex urban systems and should be subjected to
rigorous public discourse (Stilgoe, 2018b), a majority of academic research does not address these issues. In fact, much of
the research on AVs has focused on implications of the technology in order to reduce uncertainties and plan mobility systems and infrastructure investments, perpetuating the
perspective that AVs are a technological ﬁx to complex urban
transportation problems. These studies may focus on shifts in
travel behavior, including how people will travel (Harper et al.,
2016; Harb et al., 2018; Soteropoulos et al., 2019), where they
might live (Gavanas, 2019; Zhang and Guhathakurta, 2021), and
changes in ownership (e.g., owning versus sharing) (Gruel and
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Stanford, 2016; Daziano et al., 2017; Zhang et al., 2018; Gao
et al., 2019). Other research examines attitudes towards AV
adoption (Haboucha et al., 2017; Hulse et al., 2018; Jin et al.,
2020; Acheampong et al., 2021), which inform travel behavior
models used to direct investment decisions. Research has also
examined potential land use impacts (Fagnant and Kockelman,
2015; Hawkins and Nurul Habib, 2019; Soteropoulos et al.,
2019) and shifts in parking requirements (Duarte and Ratti,
2018; Millard-Ball, 2019) as a result of travel behavior changes
and considered how the built environment might be changed
due to AVs (Cugurullo et al., 2021). Much of this research tends
to consider AVs within the framework of existing transportation
systems and assumes their eventual adoption as predetermined
and overlooks the fact that the development of AVs is not
simply a technological matter (Bissell, 2018).
The AV industry promotes AVs as potentially transformative
for urban transport (Chase, 2014; Cugurullo et al., 2021). Boosters
state that the parallel innovations of autonomy, connected, electric, and shared (ACES) will create a sustainable mobility future
with less congestion, more safety, more accessibility, lower costs,
and other beneﬁts (Chase, 2014; City of Portland, 2018; Adler
et al., 2019). Changes in ownership will reduce the number of
vehicles in cities (Zhang et al., 2018), which may mean less need
for parking (Crute et al., 2018). Streets can also be made more
efﬁcient, providing more space for other users, particularly
pedestrians and cyclists (Crute et al., 2018; Kisner et al., 2019).
These possible changes have driven visions of the future livable
city (Knorr, 2018) and possible ways to redesign streets and
public space (Kisner et al., 2019). Johnson and Riggs (2019) offer
three principles to enable these transformations: adapt spaces for
people, create sustainable and resilient places, and be actionoriented. These approaches aim to think about AVs as a new type
of mobility, but they remain speculative about how these transformations in mobility systems may come about.
AV policy and regulation. Understanding the range of policy
implications of AVs on transportation and cities has been a focus
of research efforts (Lari et al., 2015; Fraedrich et al., 2019; Litman,
2020). Gruel and Stanford (2016) consider beneﬁts and risks of
AVs as well as speculative scenarios and possible policy interventions. Yigitcanlar et al. (2019) provide a snapshot of vehicle
automation and its potential, however they afﬁrm city planners
are unprepared and without relevant research and suggest ways to
mitigate risks and other social considerations. They call for
planners to mitigate built environment and land use disruption
by creating principles and funding studies, mitigation strategies,
and context-based research.
Presently, policy and regulation regarding AVs in the U.S. is a
combination of local, state and federal, with many cities taking a
more active role since many states and the federal government
have been slow to enact any sort of regulation or policy for AVs,
even around basic safety of the vehicles (Brown et al., 2018). In
this vacuum, numerous organizations have developed policy
guidance for cities, such as the American Planning Association
(APA) (Crute et al., 2018), National League of Cities (National
League of Cities, 2017), Deloitte (Pankratz et al., 2018), TRB
(Zmud et al., 2017), and others. Much of this policy guidance
builds on the possible negative impacts of AVs and how existing
policies may contribute to this. An APA report (Crute et al.,
2018), for example, suggests that cities use policy as a necessary
way to address the possible negative impacts of AVs. The report
suggests that to combat sprawl, cities should discourage autooriented sprawl and rethink parking; or, to address possible
increases in VMT or vehicle emissions, cities can promote
shared AVs and develop policies for providing pick-up and
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drop-off zones and building these into new zoning codes (Crute
et al., 2018). Chatman and Moran (2019) examined ten cities
and regions known to have signiﬁcant AV testing and piloting.
Through examination of planning documents and interviews,
they identiﬁed several key policy areas these cities are thinking
about, including curb management, smart streets, integration
with public transit, zoning codes and parking, and roadway
charges.
Analyzing regional policy and planning approaches, McAslan
et al. (2021) ﬁnd that MPOs have begun to develop policies
within their regional transportation plans for AVs. These include
policies for infrastructure investment and maintenance, ensuring
roadway safety for all users, data-sharing, encouraging multimodal transportation and public transit use, land use and
parking, equity, and developing partnerships and collaborations
as a key planning approach.
Freemark et al. (2019) found that few local governments have
begun planning for AVs, that cities with larger populations and
higher population growth are more likely to be prepared, and that
although local ofﬁcials are optimistic about the technology and its
potential to increase safety while reducing congestion, costs, and
pollution, more than a third of respondents worried about AVs
increasing vehicle miles traveled and sprawl while reducing
transit ridership and local revenues. Freemark et al. (2020)
surveyed urban planners about support for various policies,
identiﬁed in the literature, ﬁnding strong personal support among
survey respondents for 10 of the 12 policies, but respondents
indicated that there was often a lack of capacity and resources to
develop these policies.
Karlin-Resnick et al. (2019) examine the early actions taken by
cities on new mobility (AVs, ride-hailing, and others), looking at
early policy moves, pilot projects, and autonomous transit, and
identify main ways cities are thinking about policy. These include
clarifying values, increasing investment in bike, pedestrian and
transit planning, curb management, modernizing parking regulations, establishing data protocols, putting an emphasis on equity,
reorganizing government around mobility, and proactively
preparing for the future of work.
These efforts demonstrate many concerns that cities have as
they attempt to mitigate the possible negative impacts of AVs.
This work also highlights that in addition to numerous policy
issues being particularly relevant to cities, there are numerous
approaches to developing policy. These different approaches have
included developing regulatory frameworks (or being required to
adhere to state regulation), new ordinances (typically around
zoning codes), developing mobility playbooks that develop goals
and principles for AVs and other new technologies, and
conducting new mobility pilot projects.
AV planning and pilot projects. The use of pilot projects is a
common way for cities to test new transportation infrastructure,
particularly with the advent of practices like tactical urbanism,
which promotes low cost and ﬂexible solutions (Talen, 2015;
Webb, 2018). Pilot projects aim to test or develop new solutions
to address urban sustainability issues, improve the effectiveness of
urban services, and enhance quality of life. Pilot projects have
become even more pronounced, particularly within the framework of urban living labs (Bulkeley et al., 2016, 2019) and smart
cities (Angelidou, 2015; Verrest and Pfeffer, 2019) and are seen as
a key way to achieve sustainability transitions (Huguenin and
Jeannerat, 2017; von Wirth et al., 2019). The goal of pilot projects
is to test technologies, their applications, infrastructures, and even
policies on a small scale with the intention of scaling up those that
are deemed successful. However, many of these smart city pilot
projects fail to produce scalable solutions and this is widely seen

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | (2021)8:325 | https://doi.org/10.1057/s41599-021-01006-2

3

ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-021-01006-2

as problematic (van Winden and van den Buuse, 2017; van den
Buuse et al., 2021).
Bloomberg Philanthropies has monitored what cities are doing
worldwide, distinguishing between those that are “piloting”
technology and “preparing”. In 2019, they had identiﬁed 30 out
of 51 U.S. cities that were piloting AVs (Bloomberg
Philanthropies, 2019). In a comprehensive review of new mobility
pilots, which included micro-mobility, TNC partnerships, microtransit, passenger AVs and AV delivery, Steckler et al. (2020)
identify key goal areas for these pilots. They ﬁnd that micromobility, TNC partnerships and micro-transit tend to emphasize
transportation goals, while AV pilot project goals tend to focus on
assessing viability of the technology, gauging public interest,
identify possible use cases, testing the technology, or simply to be
innovative (Steckler et al., 2020). While their overall analysis is
based on multiple AV pilots, they only provide two cases studies
of these types of pilot projects.
Haque and Brakewood (2020) provide a comprehensive overview of AV shuttle pilot projects in the U.S., examining a total of
19. They ﬁnd signiﬁcant variation in the locations of pilot projects,
service characteristics, and stakeholders involved. This echoes the
ﬁndings of Dowling and McGuirk (2020) who differentiate
between four types of AV experimentation approaches: on-road,
test beds, precincts, and living labs. They ﬁnd that each of these
different approaches engages different combination of actors and
different testing focuses (e.g., vehicle communication versus ﬁrstlast mile transport), which has implications for the outcomes of
each pilot project.
Similarly, Mahmoodi Nesheli et al. (2021) review 33 AV
shuttle pilot projects from around the world (8 from the U.S.)
and ﬁnd that a small number of pilots operate outside of highly
controlled environments and that most are not yet integrated
with existing public transit systems, although several plan to do
this in the future. They ﬁnd that while AV pilots have generally
received positive feedback, those who have ridden AV shuttle
pilots are not likely representative of the broader public,
particularly the public that relies on public transit. They
therefore recommend that future AV pilot projects move
towards operating in more dynamic urban environments,
exploring better integration and coordination with existing
public transit, and increase accessibility of the pilots to a broader
public (Mahmoodi Nesheli et al., 2021).
A critical perspective on pilots. Thus far, our review of AV
pilots, policy, and planning efforts has focused on research that
has tended to be more empirical and descriptive—reporting on
policy developments, cases, and typologies. This work provides a
thorough accounting of how AVs are being approached by
policy and planning organizations across scales in the U.S. and
beyond. These studies and many of the planning approaches
they examine, rarely question the social and political assumptions embedded into AV projects. For example, how will AVs
impact a municipality’s carbon goals? Will AVs further entrench
transportation inequalities? Speciﬁcally, much of this work and
many pilot projects are often framed as purely technical
endeavors—focusing on technological feasibility, operations,
and interoperability. Such narrow framing closes out questions
about social values and alternative goals and priorities that may
shape how AVs are used in different ways. There is a large and
rapidly growing literature that brings these and other such critical questions to the fore that has increasingly focused on how
emerging and smart technologies and urban experimentation
embed certain sets of politics at the expense of a broader set of
political values (Sadowski and Pasquale, 2015; Miller, 2020;
Sadowski, 2020).
4

Urban experimentation has become a common tool for city
governments to use to address social and environmental
problems (Bulkeley and Castán Broto, 2013). Scholars from
critical geography, science and technology studies, and sustainability transitions have explored how urban experiments can be a
space to test, learn and, potentially, scale up projects, policies and
practices that may be able to address a wide range of urban
challenges (Shove and Walker, 2007; Karvonen et al., 2014;
Bulkeley et al., 2016).
Despite the potential beneﬁts of urban experiments, Torrens
and von Wirth (2021) show how such experiments are often
insufﬁciently linked to policy learning, lack long-term funding, or
are unable to scale. This leads to what they call a “projectiﬁcation”
of urban experiments, limiting the ability of such projects or
pilots to create the long-term changes needed for addressing
urban challenges (Hodgson et al., 2019; Torrens and von Wirth,
2021). This “projectiﬁcation,” particularly with regards to smart
city technologies, are often framed as focused narrowly on
technical feasibility while also carrying embedded assumptions
about the proper uses of these technologies (Kitchin, 2021). These
embedded assumptions and politics, or what Hecht (2001) calls
techno-politics, also close-down alternative pathways for
experimentation.
Torrens and von Wirth (2021) develop a schematic framework
for distinguishing between projectiﬁction that can reinforce
existing structures with a short-term focus on technical dimensions and limiting the ability to learn from experiments versus a
more generative projectiﬁcation that links continuous forms of
experimentation and looks beyond project-based work toward
longer-term transformative change. The literature on urban
experimentation and projectication would have researchers,
planners and policy-makers examine this more closely and ask
how AV pilots are linked to policy learning and broader sets of
goals related to transportation planning and urban development.
Overall, efforts around planning for AVs have predominantly
attempted to understand the potential impacts of this technology
on cities in an effort to reduce uncertainty. Numerous reports and
academic studies have begun to document these pilot projects and
to synthesize lessons learned. Many of these have focused on
developing typologies of projects rather than on the processes and
decision-making from the city perspective. However, critiques of
smart cities and the increasing ‘projectiﬁcation’ of urban mobility,
raise the question of whether these types of projects are effective
tools for planning. This paper is an attempt to advance the
literature on new mobility pilot projects to understand how local
governments are utilizing pilot projects and examine the extent to
which they are embedded in processes of policy learning and
broader sets of urban development goals.
Methods
This research involved document analysis and interviews conducted with representatives from 20 cities in Fall 2019. We
identiﬁed 58 U.S. cities engaged in planning for AVs. The
Bloomberg Philanthropies “AVs in Cities” online observatory
served as a starting point (Bloomberg Philanthropies, 2019),
which as of August 2019 included 53 U.S. cities. Upon closer
examination, we excluded several due to little or no information
about the project, but then added other cities that had known
AV planning activities to reach a ﬁnal sample of 58 cities. The
ﬁnal sample includes cities that range in size from 10,000 to 8.5
million residents and with numerous actors and stakeholders
involved in the planning and deployment of AVs: city governments, regional planning agencies, transit agencies, universities, state departments of transportation, and the private
business sector.
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State

AZ

CA

CA

CA
CO

FL

FL

GA

MI

OH

City/Region

Chandler

Rancho
Cordova

Sacramento

San Jose
Denver

Jacksonville

Orlando

Peachtree
Corners

Grand Rapids
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Columbus

City of
Columbus

City of
Grand Rapids

City of Peachtree
Corners

City of Orlando

SACOG
(Sacramento
Area Council of
Governments
SACOG
(Sacramento
Area Council of
Governments
City of San Jose
RTD (Denver
Regional
Transportation
District)
JTA (Jacksonville
Transit
Authority)

City of Chandler

Lead
organization

Multiple: Smart
Circuit;
Linden LEAP

Grand Rapids
Autonomous
Mobility Initiative

Curiosity Lab

Ultimate Urban
Circulator; Bay
Street Innovation
Corridor

61AV

Municipal pilot
for city
employee travel

Project name,
overview

May Mobility; Start
Garden; Consumers
Energy; Rockford
Construction;
Seamless and
Steelcase;
Faurecia; Gentex
May Mobility; Ohio
DOT; Ohio State
University;
Columbus Metro
Housing Authority

University of
Central Florida;
Florida Polytechnic
University; Florida
DOT; Florida
Turnpike Enterprise
None

Smart Circuit:
9 months;
Linden LEAP:
15 months
(service
changed due to
COVID-19
pandemic)

12 months

N/A

Planning (at
time of
interview)

Technology Parkway
fully city funded;
company activities
self-funded
$600,000 ($200k
City of Grand Rapids;
$200k May Mobility;
$200k business
coalition)

Part of $40 million
USDOT Smart City
Challenge Grant
Smart Circuit: 1.5mile loop
Linden LEAP: 2.7miles

$300,000

$12.5 million USDOT
BUILD Grant

Curiosity Lab
campus; 1.5 mile
stretch of
Technology Parkway
3.2-mile loop in
mixed trafﬁc in
Downtown
Grand Rapids

JTA Test Track;
proposed
repurposing and
expansion of
elevated circulator
University of Central
Florida campus

Ongoing

No cost to city
$170,000; only $16k
cost to RTD

$100,000 ($90k
SACOG, $10k
Sacramento State)

Sacramento State
University campus

3 months (of
12-month
moving pilot)

City of Sacramento;
Local Motors;
Sacramento State
University
Mercedes-Bosch
City of Denver;
EasyMile; Transdev;
Panasonic; LC
Fulenwider
EasyMile; City of
Jacksonville

Throughout city
1-mile route from
Peña LRT Station to
Panasonic building

$100,000 ($90k
SACOG, $10k
Rancho Cordova)

White Rock
Corporate Campus

3 months (of
12-month
moving pilot)

City of Rancho
Cordova;
Local Motors

5-years, initially
6 months

N/A

Throughout city

Ongoing

Funding

Waymo

Pilot location/route

Pilot duration

Partner
organizations

Table 1 Overview of AV planning in 12 U.S. cities interviewed in this study where pilot projects have taken place or where planning was underway at the time of interview.
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N/A
Milo: Off-street in
entertainment
district, 110 special
events;
Drive.ai: On-street in
entertainment
district

Utah DOT;
EasyMile; City of
Salt Lake; University
of Utah
UTA (Utah
Transit
Authority)
UT
Salt Lake City

TX
Arlington

City of Arlington

Multiple: Milo;
Drive.ai

EasyMile; Drive.ai;

Milo:
12 months
Drive.ai:
12 months
(stopped after
7 months due
to sale of
Drive.ai)
12 months

Multiple locations
within UTA
service area;

N/A

Funding
Pilot location/route
Pilot duration
Partner
organizations
Project name,
overview
Lead
organization
State
City/Region

Table 1 (continued)
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Throughout our analysis we use the term ‘city’ to denote this
range of actors involved in various aspects of decision-making in
speciﬁc places. Our initial intent was to only focus on municipal
governments, but upon a more nuanced assessment of AV projects, limiting our research to only those places where municipalities took a leading role in AV deployment would have resulted
in a much smaller sample and missed on a lot of the complexity
involved in these projects. The nature of new partnerships and
ways of planning for AVs blurs traditional lines between city and
regional government and planning agencies and between public
and private. Therefore, the ‘city’ as a unit of analysis is less precise
but serves as a useful reference to a place and the actors involved
in planning for AVs in that place.
Our initial research included document and plan analysis for
each of the 58 cities to understand the types of activities in which
cities are engaged. This included reviews of city websites, transportation plans, comprehensive planning documents, request for
proposals (RFP), and media, press releases, and blog posts. In
many cases, media accounts were the only documents we could
identify that detailed an AV project. This analysis shows that the
activities that cities are engaged in four distinct areas, currently
with little overlap: (1) regulation, (2) testing, (3) planning, and (4)
piloting. We found that cities using pilot projects are the largest
category, with 27 out of 58 cities using this strategy. This
prompted us to explore in greater detail how exactly cities were
using pilot projects to plan for an AV future that address the
transportation challenges they face.
The document analysis was supplemented through interviews
with selected city ofﬁcials. We contacted staff in each of the cities
who were listed as points-of-contact for AV planning (if such a
person was listed). Alternatively, we emailed planning or transportation directors who identify relevant staff to interview. Many
of these staff were within city transportation departments, but
others were in departments for innovation or emerging technology, public works, or economic development. Other organizations we interviewed included local or regional transit agencies,
regional planning organizations, and state departments of transportation. In two cases, we were also able to interview industry
partners who worked with the city to develop their pilot projects.
In total, we conducted 24 interviews with experts in 20 cities. The
study and interview protocol were approved by the Arizona State
University (Tempe, Arizona) Institutional Review Board (IRB)
and all interview participants gave informed consent to participate in the interviews.
There are four parts to the interviews: (1) background,
including who initiated the pilot (or policy), when it ran, and
obstacles faced; (2) the structure of the project, including any
partnerships and how it ﬁts within the broader planning context;
(3) the goals and objectives of the pilot (or policy) and how they
relate to broader community and transportation goals; and (4)
how they are assessing their efforts. Questions varied slightly if a
city’s efforts focused on a pilot project or a policy initiative/regulation, but the goals were the same—to understand how current
efforts are intended to guide future planning and deployment of
AVs. To analyze the interviews, we transcribed them and conducted content analysis to identify key themes that emerged.
Tables 1 and 2 provide an overview of some key characteristics
of the pilot projects and planning activities, including who initiated the project, partner organizations, duration of the pilots,
location and route, and funding (if available). This overview
shows that there is signiﬁcant variation in pilot projects, particularly in terms of duration, location and length of route, partnership structures, and funding.
In the section that follows, we present our main ﬁndings as ﬁve
key lessons and combine this with a discussion of the implications
for urban planning and transportation policy for each one which
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MA

MA

ME

PA

TX

WA

Boston

Cambridge

Portland

Pittsburgh

Austin

Seattle

No

Yes

Yes

No

No

Yes

No

GA

Chamblee

Active
testing?
Yes

State

Washington, DC

City/region

City of Seattle, Seattle
Department of
Transportation (SDOT)

City of Austin

City of Pittsburgh,
Department of Mobility and
Infrastructure

City of Portland

City of Cambridge

City of Boston, Ofﬁce of New
Urban Mechanics

City of Chamblee

City of Washington, DC

Lead organization

“Kitty Hawk”
Resolution; Smart
Mobility
Roadmap (2017)
New Mobility
Playbook (2018)

Shared and Autonomous
Mobility Principles

Future of Mobility
Implementation
Blueprint (in
development)
In development

Autonomous Vehicles
Principles Statement;
AV Working Group
Chamblee Self-Driving
Shuttle Feasibility Study
and Concept Plan
(2018);
Chamblee Automated
Shuttle Detailed Design
Plan (2019)
Autonomous Vehicles:
Boston’s Approach
(website)

Policy, plan, or project

Capital Metro; RATP
Dev; UT-Austin; INRIX

State of Massachusetts
DOT; MAPC
(Metropolitan Area
Planning Council)
State of Massachusetts
DOT; MAPC
(Metropolitan Area
Planning Council)
State of Maine
DOT; INRIX

Stantec; MARTA; City
of Doraville; Assembly
CID; Georgia Tech

Partner organizations

Table 2 Overview of AV planning activities in 8 U.S. cities interviewed in this study focusing on policy, testing, and regulation.

Multiple companies
testing ride-sharing: Uber,
Aptiv, Argo.ai, Aurora;
testing also by Carnegie
Mellon University
AV shuttle testing in
Downtown Austin;
multiple companies in
Mueller District

Multiple companies
testing in limited area of
city: nuTonomy,
Optimus Ride

Multiple companies
testing: Uber, Argo.ai

Testing activities
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Table 3 Overview of key research ﬁndings.
Thematic area

Overview

1

Pilot goals

2

Long-term planning

3

Pilot project beneﬁts

4

Policy learning

5

Public beneﬁt

These is a disconnect between the goals of the AV pilot projects and a city’s transportation goals. Those interviewed cite the
ways in which AVs might help cities, but pilot projects rarely directly address these challenges. AV pilot goals, however,
focus on introducing AV technology to the public, exploring the feasibility for public transit, identifying infrastructure needs,
and promoting economic development. Many of the goals beneﬁt AV companies more than they beneﬁt cities.
Most of the cities interviewed lack a long-term vision of how AVs ﬁt into their future mobility systems and how they might
address transportation goals the city already has. Few cities have yet incorporated AVs into their long-term transportation
plans, but some have begun creating stand-alone documents addressing AVs and new mobility, particularly those where AVs
have not yet arrived or where they are limited to testing.
There is a strong emphasis on non-transportation beneﬁts of AV pilot projects, particularly economic development. And
while this is often a goals of transportation infrastructure projects, AV pilot projects are not infrastructure per se.
Additionally, there is little evidence yet to support the claims that AV pilots contribute in any way to economic development.
Evaluation of AV pilot projects is limited. What is done is often only of value to the technology company whose vehicles were
used. What is learned is less relevant for cities trying to use pilot projects to develop future policies for AV deployment.
In nearly all cities included in our analysis, there is a general sense that an AV pilot should provide some public beneﬁt, but
what this is and how to get it remains elusive. Cities fail to ask what it is they are getting from the pilot project and who is
beneﬁting. In general, the beneﬁts are mainly realized by the AV companies, not by cities.

emerged through our thematic analysis. The ﬁndings presented in
this paper focus on the efforts of the 20 cities where we interviewed those working on planning for and deploying AVs. These
cities provide a mix of experiences with pilot projects, from those
that have completed one or multiple pilots, to those that were
conducting or planning to in the near-term, and even those that
intended to explore the viability of using pilots to help inform
public policy.
Lessons learned from AV pilot projects: ﬁndings and
discussion
Through our thematic analysis of the interviews and document
analysis we have identiﬁed ﬁve key features of current approaches
to AV pilot projects, which are making them less effective as tools
for urban and transportation planning and policy. These are
summarized in Table 3. The ﬁve points discussed are highly
interrelated and while a few notable cases seem to indicate that
the way these pilots are being conducted is changing, not enough
cities are moving this this direction.
Pilot goals versus transportation goals. Our ﬁrst key ﬁnding is
that there is a strong disconnect between a city’s transportation
goals and the goals of the pilot projects being conducted. In
general, all interviewees discussed common transportation goals
shared by nearly all cities. Within the interviews, this included
goals such as improving safety (12 cities), reducing congestion (13
cities), increasing mobility for disabled and elderly populations (5
cities), and reducing parking requirements and providing
opportunities for more compact urban development (2 cities).
Several cities also cited other desired goals, such AVs contributing
to a more equitable transportation system (5 cities) or increasing
accessibility (3 cities) and increasing access to jobs (6 cities).
These goals mentioned match up with those in transportation
plans and comprehensive plans of cities interviewed, with the
exception of investing in multimodal transportation and active
transport (e.g., walking and biking). One of the main reasons we
identify this as a noteworthy ﬁnding is the fact that those interviewed often believe that AVs will help them address transportation goals and that is justiﬁcation for conducting a pilot project.
When we analyzed what it is the pilots are doing, however, we see
little connection to these transportation goals.
The most common goal of pilot projects was to introduce AV
technology to the public. Many interviewees mentioned how
public acceptance is one of the biggest barriers to AV adoption,
which is supported by numerous surveys indicating that many
8

people are not interested or willing to ride in an AV (Schoettle
and Sivak, 2014; Bansal and Kockelman, 2017; Kassens-Noor
et al., 2021). Nine of the cities we spoke with explicitly call this
out as a reason for conducting an AV pilot project. In
Jacksonville, FL, the regional transit agency, JTA, has a test track
for AV shuttles. JTA uses this test track to engage with the public:
“we actually leverage our test track for that community
engagement piece. For example, if you were to come to the test
track, we would take you for a ride and we would give you a
survey… a big component of getting the technology deployed is
socializing this with the public and this is part of our outreach
(Interview 8, July 2019).” In Salt Lake City, in addition to rider
feedback, UTA has also done extensive outreach with other
governmental stakeholders in their region: “we had the Salt Lake
City Transportation Department come out. We did an elected
ofﬁcial invitation when we kicked off the pilot. We invited all the
mayors, the governor, and lieutenant governor, and we did a
media day. So that was kind of like the top-level event. And then
we’ve done stakeholder invites for our metropolitan planning
organization. And also, we’ve involved the city’s ﬁrst responders,
different ﬁre and police groups (Interview 18, October 2019).”
Emphasizing this aspect of pilot projects makes sense since
there is evidence that people who have ridden or have knowledge
of AVs are more likely to view them positively. In a study of an
AV shuttle pilot in Las Vegas, researchers found that “it appears
that riding in a CAV helped enhance the understanding of many
aspects of CAVs and could have been the reason shuttle riders
felt more positive overall (Dennis et al., 2021, p. 19).” During the
AV shuttle pilot in Grand Rapids, MI, the city conducted a
survey of riders and generally found that “riders who felt
negatively [about AVs] reﬂect a lack of understanding of the
service or a lack of trust in the technology (City of Grand Rapids,
2019, p. 8).”
The most transportation related goal among these, feasibility
within public transit, is primarily being pursued by transit
agencies, not the cities themselves, though they are often a
partner. Exploring this is not surprising, since this is a new
technology that the industry generally argues will work seamlessly
with existing transit and enable it to become more effective. Given
this, cities and transit agencies are curious as to how AV shuttles
ﬁt into their transit ecosystems, and the potential beneﬁts of AVs
over traditional transit in terms of cost, safety, user satisfaction,
etc. In Salt Lake City, the interest is in seeing how AV shuttles can
improve transit service: “UTA is interested is around improving
our transit service and ﬁlling in the gaps where it doesn’t make
sense or it’s not feasible to run a full-sized bus and will never run
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a train. We’re thinking of that last mile connection to, say, a
research park, a corporate campus, maybe a college campus,
maybe even, downtown where we could do circulator at low
speed (Interview 18, October 2019).” In Denver, one of the goals
of RTD was to “assess the viability of using an automated shuttle
as part of their transit operations (Interview 6, July 2019).”
However, here we note another disconnect, in that many of the
transit-oriented AV pilots are actually being conducted by cities
that are not in charge of operating public transit. This poses
signiﬁcant challenges for a municipality in simply identifying
goals for an AV pilot that is transit-oriented if this is not
something the city actually does. In other words, what
transportation reason is there for conducting an AV pilot? From
a transit agency perspective, one of motivations in Jacksonville,
FL for adopting AVs in transit is “increasing ridership… To drive
folks more towards the public transportation and I think this
(AVs) would be a conduit or enabler for that piece (Interview 8,
July 2019).” But in most cases, from a municipal standpoint, the
beneﬁt is less clear, and this disconnect is one possible reason why
the pilot goals diverge from a city’s self-identiﬁed transportation
goals and while it is a positive step that cities are at least curious
about how AVs can help support public transit, it is less useful if
they do not operate public transit systems themselves.
Two notable exceptions include Grand Rapids, MI and
Arlington, TX. In Grand Rapids, the city is using AV shuttles
to supplement its downtown circulator service. In this instance,
the city being interested in understanding how well AVs might
work within transit, asking questions like “is it cost effective?
what does ridership look like? How does it work seasonally? How
does it work in a whole bunch of different factors in the city
(Interview 1, July 2019)?” makes sense. The city funds and
operates its own free circulator, so ﬁnding ways to lower costs and
possibly expand service is something they are very interested in.
In Arlington, TX, the city was interested in how AVs could
help them “leapfrog” traditional transit: “our mayor was very
vocal about his intention and what he called leapfrogging
traditional public transportation service. He basically sees it as a
positive in Arlington that had never invested in traditional transit
so we’re able to ride into more innovative approaches. Testing
AVs was deﬁnitely part of that (Interview 16, September 2019).”
Arlington is perhaps unique in that it currently does not have a
traditional public transportation system, but the prospect of AVs
is allowing them to consider innovative alternatives.
In addition to the two goals described above, other goals for
AV pilot projects include: identifying possible use cases;
identifying infrastructural needs; promoting economic development; developing guidelines and regulation and providing
evidence-based policy; improving efﬁciency of city operations;
and building institutional capacity within municipalities and
other planning organizations; and learning about how the
technology works. When compared against the list of goals for
transportation, there is a clear mismatch. This is not to say these
non-transportation goals are not important or useful, but as a
transportation technology, it should be at least as important that
AV pilot projects begin to address the transportation challenges
cities think they can help them with.
These ﬁndings align with those of Steckler et al. (2020) who
examined the goals of new mobility and AV pilots. What is
interesting though, is that they ﬁnd that other new mobility pilots
(e.g., micro-mobility, TNC partnerships, and micro-transit) do
address the transportation goals cities are interested in, which
raises the important question of why AV pilots are not achieving
this. Regardless, we agree with Steckler et al. (2020) and their
conclusion that the most successful pilot program have clear goals
or outcomes, and as our work shows, this more often includes
non-transportation related goals. While transportation projects
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often aim to achieve broader societal goals, the AV pilot projects
do not attempt to do this either, and remain more limited to the
technical challenges that the technology continues to face before
it can be more widely deployed. As AV technology matures, it will
be important for cities and others to ensure that pilot projects and
AV deployments move beyond these non-transportation goals
and begin to address the real transportation challenges cities
care about.
AV pilots without long-term plans. The second main ﬁnding of
this work is that there is a general lack of long-term planning for
AVs among the cities we interviewed. This manifests in two ways.
First is that AVs are not included in long-range planning documents. Second is not planning for what comes next beyond the
immediate pilot projects they are conducting.
In the ﬁrst instance, out of the 20 cities we interviewed, only
nine of them include any mention of AVs in either their longrange transportation plans or their general plans. Moreover, a
majority of these only include AVs as a passing mention and
others advancing policies related to creating policy and regulation
that will help them prepare for technology-driven disruptions, of
which AVs are one. Austin, TX perhaps includes the most policies
with seven implementation actions related to AVs and emerging
mobility solutions, which include outreach and education on
AVs, regional coordination, AV research, and staff training in
emerging mobility solutions (City of Austin, 2019, p. 281).
The age of some long-range plans means that AVs are not
likely to be included in them, but in reviewing other planning
documents, we see limited action. Again, Austin, TX is one
notable exception, where there have been multiple pilot projects,
which have informed the city’s policy work and long-term
planning. After a number of initial AV projects starting as early as
2014, the city developed the “Kitty Hawk Resolution”, which
outlines some of the broad goals the city has for AVs, which are
detailed further in the Smart Mobility Roadmap (City of Austin,
2017). In 2019, the city released an updated strategic mobility
plan, which incorporates AVs and discusses how emerging
mobility technologies must be assessed in relationship to
community needs and that new investment in infrastructure
should enable adoption of emerging mobility technologies and
AVs (City of Austin, 2019, p. 132-4). Seattle provides another
case of stand-alone plans, with its New Mobility Playbook (SDOT,
2017), which includes goals, values, and policies for emerging
technology and AVs.
Available funding is a major constraint on long-term planning
for AVs. Most of the pilots examined in our study were initiated
only after the city applied for and was awarded a grant, often a
state or federal DOT grant. Our interviews suggest that cities do
not typically have the resources or political will to conduct these
AV pilot projects on their own, with their own money.
Transportation grants and other funding enable cities to develop
pilot projects, but only reinforce the fact that they are short-term
and for a single project or deployment. As a result, once a pilot
project ends, unless the city has secured additional grant funding,
it can no longer continue its work on AVs.
Alternatively, cities that have a ﬁnancial stake in their pilot
projects have a more long-term vision from the initial pilot. In
Grand Rapids, MI, for example, the initial 12-month pilot project
is funded equally by the City of Grand Rapids, May Mobility, and
a consortium of businesses in the region, with each paying onethird of the $650,000 cost of the initial pilot project. If successful,
the city has plans to explore deploying AV shuttles out into
neighborhoods to better connect them to Downtown and to
continue their pilot projects and test the technology in different
contexts: “it allows us to actually look and see is this good in a
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dense urban area or does it make more sense and more like a
suburban area? What are the different business cases for it
(Interview 1, July 2019)?” In fact in summer 2021, the City of
Grand Rapids launched an on-demand service using the AV
shuttles in addition to continuing its use of the shuttles in the
downtown core (City of Grand Rapids, 2021).
The interviews and document analysis show that cities
conducting pilot projects do not have a ﬁrm grasp of what
AVs can offer. Like Freemark et al. (2019), we ﬁnd that those
cities that are more likely to cite possible negative impacts are
more likely to be developing regulation and creating a long-term
vision of what AVs might be able to help them with, as is the
case in cities like Pittsburgh, Boston, and Seattle. In Sacramento,
one of focus areas with their work around AVs is on ensuring
that they learn from the projects they develop and use that to
“inform regulation moving forward (Interview 19, November
2019)” at the state level and in partnership with other large cities
in California. One of the key points in this case is that AVs need
to be regulated in some way to work towards achieving the city’s
transportation goals, but that regulation also should not put up
unnecessary barriers to innovation in the AV space. This is
summed up in Washington, DC where the city’s “goal is to learn
about the technology and regulate it early on so that if
something is problematic that the industry isn’t seeing
regulations that are new and look punitive and reactive
(Interview 11, August 2019).” In this way, developing guidelines
and regulating is a proactive step and means having open
conversations and developing partnerships early in the process.
Planning efforts like these are more likely to result in outcomes
that have more beneﬁt to the overall sustainability and equity of
the transportation system.
Emphasis on economic development beneﬁts. As mentioned
above, the majority of AV pilot programs have goals relating to
non-transportation goals. Among these, goals around economic
development represent an interesting trend that is worth discussing further. Within the area of economic development, there
are multiple ways in which cities frame their AV pilots to directly
and indirectly support economic development goals over transportation goals. In most cases, we see this occurring in places that
are not focused on regulation of AV technology, and instead view
regulation as a possible barrier to innovation. Ferreira et al.
(2020) frame this as a pro-innovation bias in which new innovations and technologies must be rapidly adopted or experimented without a public debate on their purposes, risks or
beneﬁts, and it is assumed that these technologies are delivering
beneﬁts.
Several cities interviewed showed interest in being an early
adopter or “hot-spot” for AV innovation and three cities cited
economic development as a direct goal of their pilot projects. In
Jacksonville, the choice to pursue AV shuttles over other possible
transportation solutions was due to its innovative nature:
“Granted there could be other means, right, and I’m not saying
that those aren’t the right way as well, but I think this is an
innovative way to further expand the service that we’re providing
to the community (Interview 8, July 2019).” Likewise, in
Arlington, TX, being innovative was directly linked to a reason
why the city did an AV pilot: “We’re also very much interested in
looking at where other more sustainable ways to move people
around. So, I think that the AV testing, you know, part of it
deﬁnitely was with the city wanting this… wanting to be the ﬁrst
as the innovative transportation leader. However, then I think it
was really all about, what are the conditions of the technology?
And where would it make sense for it to be deployed? (Interview
16, September 2019).”
10

This positive evaluation based on the presumption that AVs
will deliver immediate beneﬁts without a structured assessment
process can be understood as “maladaptive planning”. Ferreira
et al. (2020) describe this as the process when policy-makers,
funding agencies, planners, and other relevant political stakeholders insists on proliferating and then positively assessing,
implementing, and disseminating initiatives that they have too
little rapport with and that are not ﬁt for the challenges being
experienced in the social, economic and natural environments.
This approach of being an innovative and being a leader in the
AV space can be linked to broader ways in which cities market
and brand themselves. This is a well-established way in which
cities go about economic development (Shaw and Montana,
2016), particularly in efforts to attract creative and technology
sector workers (Florida, 2014). Research has also shown that
public transit projects are often sold to the public and to decision
makes for their economic development potential instead of their
transportation beneﬁts, which is particularly true in modern
streetcar systems (Higgins and Kanaroglou, 2016; Brown and
Mendez, 2018). When thinking beyond the costs associated with
light rail or streetcar infrastructure, AVs are an innovative
solution that cities believe will brand them as innovative and
technology oriented, while also still supporting public transportation. This is explained when observing how cities might be
trapped in an innovation imperative, where addressing challenges
is evaluated in terms of rapid experimentation of new
technologies for the sake of experimenting without intentional
planning (Ferreira et al., 2020) and instead framing policy
problems in terms of innovation (Pfotenhauer et al., 2019).
Other cities are much more direct in the ways they promote
economic development. For example, in Chandler, AZ, their
efforts around AVs directly speak to this goal of economic
development: “we’re looking at it from an economic development
perspective. How can our support of this immature industry,
growing industry, help advance future economic competitiveness
of the city? Automotive tech is one of our target industry clusters,
so it was a natural ﬁt to see how this can elevate Chandler’s
reputation within the state (Interview 24, November 2019).”
In Peachtree Corners, GA, the city has developed Curiosity
Lab, which serves as a smart technology incubator. Part of their
investment in this has been to build a 1.5-mile smart roadway,
complete with 5G sensors and connected and smart infrastructure, as a way to attract AV companies to their city to test and
develop their technology in the real-world. This does not operate
like many of the other pilots being done, in that any company is
able to come to the innovation lab and use the facilities. When
interviewed, Local Motors was testing vehicles along the smart
roadway while also giving rides to the public, which was not a
requirement of the city. According to the city, this investment in
their smart technology incubator is already having the desired
effect: “we are already seeing this paying dividends. So, we’re like,
look, if we make it really enticing for companies to come use the
facility, we will generate activity, we’ll increase activity. Well that
activity is going to indirectly beneﬁt the city… We have already
had buildings that had been unoccupied, that have now been
occupied because the company was considering a bunch of places
to go, but then they saw this going in and they’re like, we want to
be there, we want to be in that space. We want to be where all this
synergy is. So, we’ve had jobs already get created or moved to our
municipality because of this amenity, even though we haven’t
charged for its use (Interview 20, November 2019).”
In these two instances, the cities are very clear in their intent of
capitalizing on the nascent AV industry in hopes of creating an
economic cluster of businesses and expertize. They, like other
cities seeking to attract businesses, are investing in infrastructure
and providing incentives for companies to relocate to their
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municipalities. While creating jobs is an important objective,
using an emerging technology, such as AVs, with limited
considerations of the beneﬁts and risks to the community and
without their consent, could have signiﬁcant repercussions. Wiig
(2015) points out that smart city scholarship often critiques the
role of the tech industry in shaping smart city policies, but more
attention needs to be drawn to understand why cities seek smart
city policies with industry. Cities seeking economic beneﬁts and
smart city partnerships likely see the process of developing
projects as producing results. However, this overemphasis on
innovation as an economic development paradigm supersedes the
ability of alternative values and visions for the future (von
Schönfeld and Ferreira, 2021).
A lack of learning from AV pilots. A pilot project is intended to
help understand how a speciﬁc technology or intervention helps
achieve a speciﬁed outcome. A key aspect of a pilot project is the
intention to scale up or expand the intervention. Expansion is
deﬁned as the type of scaling that happens when the pilot project
is not closed or dissolved but is rather expanded with new partners or users to the project, or by enlarging the geographical area
in which the project operates (van Winden and van den Buuse,
2017). If the initial intervention is not successful in achieving
what it was meant to, it can be adjusted and reﬁned based on a
continual process of learning to see if the desired outcome is
achieved. The limited timeframe of the AV pilot projects we
analyzed, due in large part to how they are funded, pose signiﬁcant limitations on the ability of these projects to function like
true pilot projects. However, we also see limitations in the
effectiveness of current AV pilots due to a lack of general evaluation and the fact that what cities are learning from their pilots
do not assess how well AVs help a municipality or transit agency
meet its goals around transportation.
When looking at whether there is any sort of evaluation, only
half of cities that have a completed or ongoing pilot have an
ofﬁcial summary report or some sort of project summary. The
reports provide some basic details about the pilot projects,
discussing ridership and providing a few key ﬁndings from the
rider surveys they conducted. This is a higher percent of pilot
projects than Steckler et al. (2020) found when looking at new
mobility in general, in which they found that only 11% of projects
conducted assessments. The fact that as many as 50% of AV
shuttle pilots are producing such assessments is a positive trend.
However, when we examine what cities are learning from the
AV pilots, we see that most of the information collected does not
address transportation challenges, but instead emphasizes the
operations conditions of vehicles and rider perceptions. This is in
line with what others have found as well (Steckler et al., 2020;
Mahmoodi Nesheli et al., 2021). In all cases we examined,
ridership was a key metric that cities collected data on. In Denver,
RTD was interested in issues around vehicle reliability, battery
performance, on-time performance (Interview 6, July 2019).
Likewise, in Salt Lake City, UTA is provided with daily reports on
operational data: “There’s a ton of operational data and we get
daily reports about the vehicle like performance, how many stops
it had, its average speed, battery usage, ridership, ramp
deployment… weather factors, any safety issues… percent of
the time that it’s operated autonomously (Interview 18, October
2019).” This information is useful for thinking about costs and
understanding how well AVs work operationally, but at this early
stage of development, this information is more relevant to a
testing phase than a pilot phase concerned with solving
transportation problems.
One aspect of learning that interviewees discussed was on the
relationship between AV pilots and policy. In instances where
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pilots were being conducted with limited policy prior, cities
connected the pilot project to aid the development of policy.
Likewise cities that had a more policy-oriented focus hoped that
eventual pilot projects would help them reﬁne policy to better
support their transportation goals. In San Jose, for example, the
city’s focus is on attempting to inform state and federal regulation
and using their pilots to do that: “cities going out and regulating
only continues to make this not scalable in a lot of ways when
companies have to do different things. So, we took the approach
that as a city, we really want to have good state regulations and
good federal regulations, not necessarily get into a whole bunch of
piecemeal regulation for autonomous technology. We’d rather be
a good partner in this space and glean those insights to shape the
deployment around our transportation goals. In order to do that,
you have to be a good partner (Interview 17, October 2019).” In
this instance, the city intends to use what they learn from various
stages of their pilot project to inform regulation moving forward.
However, for most cities, the link between policy and pilots is
uncertain. Even cities that already have policies are uncertain how
to link pilot projects and the learning from them to future policy.
Moreover, in places where learning has occurred, it has mostly
informed future pilot deployments and not necessarily broader
transportation solutions, as was the case in places like Arlington,
TX. We attribute this uncertain connection between pilots and
policy to the lack of existing planning and policy for AVs in
existing transportation planning documents. This is due to both
the newness of the technology and the slow rate at which
planning documents are updated, as well as the continued
uncertainty around what impacts AVs will have. These factors are
why transportation goals within AV pilot projects are ill-deﬁned
and why the learning that happens during a pilot project
generally doesn’t address transportation challenges or help
identify future policy and regulatory needs.
The continued lack of learning that we see from AV pilot
projects, from one to the next project in the same city or between
different cities, raises important questions about why they
continue to be deployed. Shove and Walker (2007) caution
against the excessive levels of managerialism and social
engineering that we are exposed to, of which AV pilot projects
can be understood as a tool for achieving this. In many ways, the
goals of many pilot projects are introducing the technology to the
public and slowly get them used to it. As one interviewee stated,
an important aspect of their work was rooted in the “social
engineering aspect” and “how do we create an effective strategy to
socialize this technology? Where folks become comfortable with
getting in a vehicle without a driver (Interview 8, July 2019).”
This managerial and piecemeal approach used within AV
pilots, however, is resulting in what Savini and Bertolini (2019)
call marginalization, or a cycle of permanent experiments.
Projects exist “in a permanent temporariness (p. 840).” They
argue that this marginalization happens when there is depoliticization of the transformative potential of a project or
technology. In the case of AVs, we see this occurring to the extent
that pilot projects are ﬁlling niche environments and are being
continuously deployed with little or no public engagement and
limited to no public debate about alternative futures or ways of
using AV technology.
Not maximizing public beneﬁt. Our ﬁnal ﬁnding is that cities
are not maximizing the potential public beneﬁts from pilot projects. Cities fail to ask what the city is getting from this pilot
project and who beneﬁts. This issue of public beneﬁt and public
value is important since cities are using public resources to fund
these pilot projects. Although many cities discuss partnerships
with AV companies—a key elements of AV planning that has
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been promoted to better leverage public value (e.g., Henaghan
et al., 2018; AMPO, 2019; Miller and McAslan, 2019)—one-third
of the cities we interviewed used a traditional RFP process and/or
procurement process in which they found a vendor (an AV
company to provide the vehicle and technology) to provide a
service (the AV pilot), and in some cases, city staff were the ones
trained to actually operate the vehicles during the pilot. This issue
of public beneﬁt, manifests in several ways, from how partnerships are formed and what is shared within the partnership, but
also what the outcomes of the pilot projects are and how these
related to potential public beneﬁts.
In nearly all our interviews, respondents were very interested in
data, particularly the new types of data that AVs make available
from their array of sensors. However, when asked what kind of
data-sharing agreements were in place, these were limited to the
very general operating conditions of the vehicles and in many
cases no data-sharing agreements existed at all. Among all but
one city, we attribute this to a lack of thinking beyond the pilot
project and not connecting the pilot and the data collected by
vehicles to other transportation goals and not leveraging these
mobility partnerships.
As the exception, San Jose stood out in their approach to a
partnership with Mercedes and in addition to leveraging the
pilots and partnership to cost the city nothing, they were keen to
think about how the city could leverage some of the new types of
data that AVs generate from its sensors, beyond just the basics of
ridership and vehicle performance. San Jose’s perspective is that
only collecting this data is a “missed opportunity”: “one of the
really rich pieces of information that you can get is the anomalies
and speciﬁcally midblock pedestrian crossing. You now have a
moving IoT device that is traveling the same route over and over
all day. You can provide a heat map that indicates how often are
people crossing in this area all the time. You can go study the
location and make an infrastructure decision to make it safer.
Really those are the types of things that we were really interested
in taking a look at (Interview 17, October 2019).” In this way they
city is seeking ways to use data collected by AVs during the
various pilot phases to help guide current transportation planning
decision and to make their roads safer.
Generally, cities are aware of the AVs’ capacity to collect data,
but unclear on what these data could be useful for or what should
not be collected. The pilot projects studied show AV companies
collecting data with their vehicles about how they operate in realworld conditions and using that information to further develop
their technology. Since cities pay to conduct these pilot projects
and receive little transportation beneﬁt, they are essentially
paying for AV companies to continue research and development.
Going forward, it is important for cities to think about new
mobility partnerships and to develop new approaches to working
with mobility companies, as is the case in Grand Rapids or San
Jose. Without these new types of partnerships, public beneﬁts will
likely remain limited.
We also see the issue of public value become relevant in
discussions about investment in infrastructure. In our interviews,
a common goal of cities with AV pilots was to identify
infrastructural needs to guide public investment in ways that it
would not be wasted. By working together with the AV
companies, a handful of cities hope to identify some of these
needs and make smarter long-term infrastructure investment and
remain a leader/early adopter of AVs. However, this also presents
the challenge for cities as they are required to plan in an era of
rapid technological change, where an investment in one
technology quickly becomes obsolete. This is evident in Grand
Rapids, where the city has installed over 200 DSRC units at
intersections and was interested in having their AV pilot tie into
this connected infrastructure. “The new startups and Ford and
12

they don’t want the DSRC standard they want the 5 G standard;
and so we’re kind of left in a little bit of a holding pattern because
we don’t want to invest a ton of money and put in DSRC roadside
units at our intersections throughout the city… We would have
preferred that they would have used it [the roadside controllers]
because a lot of it is actually already available at some of the
intersections along the route... They’re more kind of waiting on
the same thing—they are more focused on camera technology
that actually visualizes the intersection (Interview 1, July 2019).”
In Jacksonville, FL, the JTA is looking at ways to repurpose
existing infrastructure—their elevated downtown monorail system—and use it to provide a dedicated roadway for AV shuttles
that would circulate through downtown and connect surrounding
neighborhoods. Another component of the work in Jacksonville is
the Bay Jax Innovation Corridor (North Florida TPO, 2019),
which is a three-mile stretch of road through the urban core
where AVs will eventually be deployed. Also in this corridor, “the
city is also introducing smart censors and some of those smart
region capabilities (Interview 8, July 2019)” to pilot on a small
scale the types of technologies that may eventually be deployed at
scale with AV shuttles.
These cases show the tensions between cities that are trying to
ensure that public investments are fully utilized, while doing so in
an environment of rapidly changing technology. It also reiterates
the question of who beneﬁts. If a city spends public money on
infrastructure that is then primarily used to beneﬁt private
companies that provide a transportation service (e.g., a ﬂeet of
on-demand AVs), is that generating public value? Numerous
critics of smart cities argue that these projects fail to deliver public
beneﬁt because they are working against the public interest (Wiig,
2015; Goodman and Powles, 2019). In their analysis of Sidewalk
Lab’s failed smart city project in Toronto, Goodman and Powles
(2019) emphasize that the basic structure of the project was set up
to “fundamentally disempower the public and serve the interests
of the private company (p. 497.)” Similarly, we ﬁnd that AV pilot
projects heavily serve to beneﬁt the companies and thus limit the
ability of them to provide public beneﬁts that urban and
transportation planners believe they will.
Conclusion
The enthusiasm for AVs as a potentially transformative transport
technology is dampened by the approaches cities have taken with
pilot projects. The prevalent features of current approaches to AV
pilot projects identiﬁed through the analysis presented in this paper
pose signiﬁcant challenges for cities as they attempt to plan for
AVs and other emerging technologies. These approaches indicate
that cities remain constrained by the past in their thinking and
their ability to plan. While many of our interviewees indicated that
AVs may offer signiﬁcant opportunities for their jurisdiction to
improve its transportation systems, increase accessibility and
equity, or promote sustainable transportation solutions, there is
little evidence to show that cities are moving towards a proactive
planning approach rather than a reactive one in terms of developing a new vision of an automated transport future. In many
ways, this is further evidence of what Bina et al. (2020) call the
‘colonization of urban futures’. In the case of AVs, many cities
remain too busy reacting to the not yet realized promises of
industry to imagine their own alternative urban mobility futures.
Since AV technology is both unproven and rapidly developing,
it is not surprising that cities are somewhat cautious in their
approaches. In the absence of signiﬁcant state and federal regulation and legislation, city planners and municipal decision
makers have a huge opportunity to shape the discourse around
AVs and many cities do recognize this opportunity, with some
seeing pilot projects helping to shape that discourse. This
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however is being done without recognizing the ways in which
they are being inﬂuenced by AV industry interests. Additionally,
the evidence collected through this research suggests that conventional planning processes may inhibit creative applications of
AV technology. Rather than allowing cities to leverage emerging
technology, current approaches of AV pilots may further
entrench automobility (Dowling and McGuirk, 2020). More
pressing, however, is that AVs are not yet incorporated into the
long-range planning process, and many of the expected beneﬁts
are tangential to the transport beneﬁts of improved services and
lower operating costs. Moreover, while economic development
and other beneﬁts are often included in the rationale for transportation projects, this rationale is enhanced in the current ways
in which AVs are promoted, a link which shows how intwined
within smart city thinking this technology is. The capacity of
cities to undertake long-term planning is signiﬁcant and if used to
help shape AV discourse and to guide their deployment in
socially beneﬁcial ways, it could remain a powerful tool. Taking
more engaged, deliberative, and anticipatory approaches (Cohen
et al., 2018; Cohen and Cavoli, 2019; Buhmann and Fieseler,
2021) towards the automation of mobility within long-range
transportation planning will also be highly beneﬁcial.
The critiques of the current planning approaches to AVs in
cities in the U.S. presented in this paper echo numerous critiques
of smart cities and the increasing ways in which innovative and
disruptive technologies are promised as a cure-all for urban
problems. These “smart” solutions are often less coherent than
they appear to outside observers (Kitchin, 2015) and that smart
city approaches are led by industry and imposed on cities and
prevent them from imaging alternative futures (Bina et al., 2020;
Miller, 2020). The ways in which AV pilot projects are presently
constructed highlights the “techno-solutionism” that rationalizes
these projects on the basis on their ability to solve complex and
long-standing transportation challenges, but in practice, they do
little to advance these beneﬁts. This approach assumes that a
technological ﬁx to urban problems—in the case of AVs, transportation challenges —can be done with limited input from the
public (Vanolo, 2014; Calzada and Cobo, 2015), which raises
important questions about whose future is being pursued through
the application of AV pilot projects—or as Cugurullo (2018) puts
it, “smart for what and for whom? (p.121)”. Our research has
shown that although cities frequently discuss using AVs to solve
their own long-standing transportation problems or to encourage
economic development, AV pilot projects still overwhelmingly
beneﬁt those developing the technology. As with other smart city
solutions, cities pursuing AV pilot projects have been convinced
by industry that this is what they need to do to adequately plan
for this emerging technology. In this way, AVs continue to
contribute to the making of the smart city, whereby the city is
transformed into a marketplace for new technologies, instead of a
place where markets operate (Clark, 2020; Kitchin, 2021).
This research also points to the fact that those cities where AV
pilot projects have yet been deployed or where companies remain
limited to testing only, seem to be taking a different route. These
cities remain more skeptical of the technology, in general, and
have also been places at the forefront of rethinking what the
smart city is— particularly places like Portland, OR and Boston,
MA. However, the ability of these alternative approaches to AVs,
and smart city technologies more broadly, remain isolated and
the exception, and the extent to which they could inﬂuence policy
and thinking where the industry-led imaginary of an automated
mobility future has already begun to take hold is yet to be seen,
and an area where more work must be done.
As a ﬁrst step to overcome the industry-led approaches currently
dominating the AV landscape, cities can pursue more engaged
approaches, ﬁrst incorporating broad visions and goals for AVs
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into their long-range transportation plans (either in stand-alone
plans or in forthcoming major plan updates). This would allow
citizens to take back some of the power to decide what type of
future they want for their communities. We also see ways that
current approaches to AV pilot projects can be improved to
maximize beneﬁts to municipalities and transit agencies and for
cities to take a more active role in the process. Most pressing for
cities considering AV pilots is to set up more robust processes for
learning from them that more directly linked the projects to goals
the city has and not what an AV technology provider needs. Pilot
projects can be sources of data and other information about how
interventions perform, or even provide data that helps solve
pressing urban problems that exist now. However, in the case of
AVs, evaluation presently lacks the systematic approaches to
analysis that are hallmarks of research and learning.
The absence of AV planning in long-range transport plans, and
the vague promises of economic development from AVs, leaves
concerns that cities are ill-equipped to evaluate and improve these
projects for future development in a way that is likely to result in
a more sustainable and equitable transportation system than we
currently have. Although it is possible that cities will learn how to
evaluate these projects as more are deployed, and to incrementally
improve the outcomes, the experience of other ‘smart’ urban
technologies—and the solutions they promise—suggests that this
is less likely. Additionally, an overreliance on an incremental
approach that uses piecemeal pilot projects is more likely to result
in a slow transition to an automated future whereby citizens are
slowly introduced to the technology and less likely to object—a
scenario likely favored by the AV industry. This approach with
limited learning will delay more important and meaningful
conversations about the future role of AVs in our cities and likely
prevent a more transformative use of the technology (or by other
means). Cities cannot idly sit by and wait for the technology to
arrive, nor can they be swept up in the promise of AVs being a
magic bullet solve their problems. Both approaches, demonstrated
by the cities we have interviewed give technology companies an
upper hand. It is time cities realize that the AV industry needs
cities a lot more than cities need AVs and that in this realization
there lies huge opportunity and potential for cities to lead the way
and not blindly follow.
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