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As an emerging technology, vehicle automation will have profound impacts on various aspects of society.
Although recent studies have examined the impacts of the proliferation of vehicles with high/full-level auto-
mation, few have emphasized the implications for social equity. To better understand how autonomous vehicles
(AVs) may influence equity, this study explores the potential influence of AVs on eight groups of transportation-
disadvantaged people. Specifically, we synthesize prominent travel behaviors of the identified groups and
explore possible impacts of AVs on these groups. We found that AVs tend to bring more benefits than harm to

some people but may have mixed effects on others. Based on the findings, we provide policy recommendations
for future policy decision-making, which will likely to play an essential role in maximizing AVs’ benefits and

mitigating their challenges.

Introduction

The rapid development of the technologies that enable automated
vehicles (AVs) has drawn increased attention in the last several years. As
more manufacturers begin to test AV prototypes and sell vehicles with
certain automation features (Boesch et al., 2016), it is reasonable to
believe that vehicles with higher levels of automation will be on the road
in the foreseeable future, disrupting various aspects of our society along
the way (Clements and Kockelman, 2017; Fagnant and Kockelman,
2015). Understanding the potential impacts of AVs is essential to
maximizing their benefits and minimizing their challenges to society.

Similar to ripple effects, AV impacts spread sequentially onto various
aspects of the society (Milakis et al., 2017; Milakis et al., 2015). First-
order impacts are mostly on the traffic and travel costs. For example,
AVs can reduce the disutility of travel time and decrease parking costs by
self-parking in cheaper areas independently (Anderson et al., 2014; Aria,
2016). The first-order impacts further result in second-order impacts
that affect travel behaviors and the transportation system. AVs may
reduce the demand for public transit and non-motorized transportation
and increase vehicle miles traveled (VMT) (Bahamonde-Birke et al.,
2018; Kroger et al., 2019). AVs may also result in fewer lanes, narrower
lanes, smaller medians, and fewer street signs and signals (Chapin et al.,
2016; Chen et al., 2016a). Finally, the first- and second-order impacts
have profound influences on equity, economy, and the environment.
AVs have the potential to boost the economy and reduce greenhouse gas
emissions (Fagnant and Kockelman, 2015; Greenblatt and Saxena,
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2015). They can also enhance the mobility of conventionally disad-
vantaged people (Alessandrini et al., 2015; Harper et al., 2016; Litman,
2017).

AV impacts are likely to vary among individuals with differing socio-
economic and demographic characteristics. However, despite some
initial attempts (Cohen et al., 2017), this divergence remains under-
discussed in the literature (Douma et al., 2017), rendering policy-
makers and the society less prepared for potential inequity issues caused
by AVs. Consequently, while some people enjoy the benefits of AVs,
others may be worse off due to their disadvantages. For example, people
who are unable to drive non-automated vehicles because of disabilities
will be able to “drive” AVs, but low-income people may not be able to
afford costly AVs. Moreover, during the transitional period, those who
have adopted AVs may villainize those who have not for obstructing
safety and technology deployment (Levinson, 2015).

As a disruptive technology, vehicle automation has the potential to
help create a more sustainable transportation system, but it may also
further widen the disparities between population groups. Ultimately, the
impacts of AVs, particularly on disadvantaged groups, will depend on
the design and implementation of AV-related policies. This paper aims to
address two main questions: 1. What population groups are likely to be
impacted by AV’s, and how? 2. What should policymakers prepare for
mitigating the negative impacts of AVs?

As a discussion article, this paper offers insights into potential equity
issues related to the development of AVs and the implications for future
policymaking. We discuss how AVs might affect transportation equity
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based on the literature and our informed knowledge. Specifically, we
first identify transportation-disadvantaged groups. Then, we review the
literature and synthesize prominent travel characteristics of each of the
groups. Based on these travel behaviors and AV features, we discuss AVs’
impacts on the disadvantaged groups, including potential benefits and
challenges. These impacts become the foundation for our deliberation of
policy recommendations.

Background

Before exploring the prospective impacts of AVs, we set the stage for
further discussion from four perspectives. First, we introduce the levels
of vehicle automation and limit our discussion within the higher auto-
mated levels. Second, we synthesize different forms of operating and
ownership models that potentially lead to different behaviors. Third, we
present AVs’ potential impacts on transit and non-motorized trans-
portation systems, which have profound effects on frequent users of
these systems, particularly those in the disadvantaged groups. Finally,
we identify groups of transportation-disadvantaged population that may
be greatly impacted by AVs.

Our discussion focuses on AVs of full automation, with certain ex-
tensions to high automation. The Society of Automotive Engineers In-
ternational classifies vehicle automation into six levels from full human
operation to full automation. Vehicles of the first four levels (Level O to
3) require drivers to remain alert and ready to take over at a moment’s
notice, while the automated driving systems of the highest two levels
(Level 4 and 5) can perform all driving tasks with no driver participation
under any conditions. In this study, we will consider AVs of high auto-
mation and full automation because they do not require a driver’s li-
cense to operate a vehicle and they enable travelers to engage in other
activities onboard. These features represent significant advance in
vehicle technologies, which fundamentally alter the way people travel
and benefit those who are too young, old, or disabled to drive. These
changes are truly disruptive to the transportation system, bringing about
the ripple effects to society. Moreover, because many companies are
testing prototypes of fully automated vehicles, we believe that Level 4
and Level 5 AVs are the direction of future development. Compared with
vehicles with lower-level automation, they can fully realize the benefits
of vehicle automation.

As AVs approach these higher levels of automation, we observe five
ownership/operating models: full ownership, fractional ownership,
carpooling, car-sharing, and ride-hailing (Table 1). Currently, full
ownership dominates the market share, while other ownership/oper-
ating models are present but not prevalent. The penetration of AVs will
likely alter shares of these models, making the shared ownership and
operating models more common.
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Many studies have sought to understand the influences of highly or
fully automated vehicles on the transportation system (Fagnant and
Kockelman, 2015; Kroger et al., 2019; Zhang et al., 2015a). First, ve-
hicles with higher levels of automation may fundamentally change the
transit system (Abe, 2019; Wu et al., 2020). For instance, automation is
likely to be implemented first on fleet vehicles such as bus services and
trains. The technology eliminates the need for drivers, saving labor costs
and freeing up resources for service improvement. AVs enable more
efficient demand-responsive transit and micro transit services than
current fleet. Transit agencies can also address the “first-mile and last-
mile” problem by deploying AVs to feed trunk lines. These automated
feeder services improve accessibility to transit by increasing service
frequencies, service hours, and service areas at lower operating costs.
Second, the implementation of AVs may make streets friendlier to pe-
destrians and bicyclists. They can provide a safer environment for non-
motorized modes of transport. AVs eliminate careless and reckless
driving of human drivers. They respond to the behaviors of bicyclists
and pedestrians in more reliable ways such as slower speeds and wider
braking distances (Millard-Ball, 2018). Moreover, AVs require less
space, so cities can reduce lane width to 8 — 9 feet (Snyder, 2018).
Narrow lanes are safer for bicyclists and pedestrians to cross than wide
ones. Additional road space can be repurposed as bike lanes, sidewalks,
or buffers between motorized and non-motorized traffic.

Despite the benefits, it is possible that AV penetration undermines
transit and non-motorized transportation. As AV technology makes au-
tomobiles more accessible and easier to operate, people may become
more auto-dependent. AVs require smaller operating and parking spaces
(Nourinejad et al., 2018). When congestion and parking space shortages
are eased by AVs, driving costs decrease, which could then unleash
latent driving demand, likely at the expense of lower-cost modes like
transit and non-motorized transportation. In addition, because con-
nected AVs require fewer traffic signals/signs to operate (Chapin et al.,
2016; Chen et al., 2016b), there may be more uncontrolled intersections,
which are less accessible for and more dangerous to pedestrians and
bicyclists. Moreover, as more people begin to operate AVs, trans-
portation investments may become more skewed towards automobiles,
further marginalizing transit and non-motorized transportation
infrastructures.

To assess the differential impacts of AVs, it is necessary to identify
transport-disadvantaged people. Several factors contribute to transport
disadvantages including low income, lack of driving privileges, cultural
and language barriers, mobility impairments, caregiving roles, and
geographic isolation (Humboldt County, 2006; Litman, 2017). Based on
these criteria, we identified eight groups of people that are more sen-
sitive to changes brought by AVs (Table 2):

Table 1

Vehicle Ownership and Operating Models.
Ownership/ Operating Model ~ Definitions Vehicle Owned by users?  Sources
Full ownership An individual or household is the sole owner of a vehicle. Yes
Fractional ownership Several individuals or households jointly own a vehicle and share the cost. Yes Takalloo et al. (2021)
Carpooling Informal arrangements within or across households to share rides Yes Kelly (2007)
Car-sharing A car rental model that allows individuals to pay for use of a vehicle for a certain period No Shaheen et al. (2018)

Ride-hailing

A ride-booking service that allows one or more individual(s) on the same trip to reserve rides. = No

Feng et al. (2020)
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Table 2
Population Groups.

Sub-groups Key Disadvantages

Low-income people Low income

Racial minorities e Discrimination

Low income

Immigrants e Lack of driving privileges
o Cultural and language barriers
e Low income
o Discrimination

Women e Caregiving roles

e Low income
Discrimination

People with disabilities and Senior Population

Mobility impairments
Geographic isolation

Rural residents

Geographic isolation

Teenagers Lack of driving privileges
Low income

Geographic isolation

*Note: The characteristics unique to each population group are shown in italics.

e Low-income people

e Racial minorities

e Immigrants

e Women'

e People with disabilities
e Seniors

o Teenagers

e Rural residents.

AVs’ impacts on population groups

This section illustrates the potential influences of AVs on specific
population groups based on their current travel behaviors. In each in-
dividual subsection, we first review and summarize the prominent travel
behavior of the corresponding population group, and then assess the
prospective effects of AVs on this particular group.

Mixed impacts

Some population groups deal with relatively even amounts of chal-
lenges and benefits induced by AVs. Based on our knowledge of the
literature, four population groups fall into this category: low-income
people, racial minorities, immigrants, and women.

Low-income people

Low-income people are sensitive to travel costs. They tend to have
lower mobility, make fewer trips, travel shorter distances (Pucher and
Renne, 2003) and own fewer automobiles than high-income people
(Renne and Bennett, 2014). Accordingly, they are less likely to drive and
more likely to use transit, non-motorized modes, and taxi for their daily
travel (Pucher and Renne, 2003; Renne and Bennett, 2014). However,
automobiles are still critical for low-income people: households earning
less than $20,000 per year use automobiles (including carpooling) for
70% of their trips (Renne and Bennett, 2014). Furthermore, low-income
people are more likely to be employed in shift work, which requires
them to travel at non-rush hours when transportation options are
limited.

AVs have the potential to improve low-income people’s mobility that
is held back by their limited financial resources. Since highly automated
vehicles will be able to travel without a human driver, AVs make

1 We use this gender identity to refer to all people self-identified in gender
roles that have been traditionally associated with women.
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fractional ownership and sharing more feasible than now. Fractional car
ownership allows several households to purchase or lease a vehicle and
to share insurance, gas, and maintenance costs (Midroit, 2018). This
new ownership scheme eases the burden of single households to pur-
chase and operate vehicles. Shared AVs make it more affordable for low-
income people to access vehicles without having to make the purchase
or pay for the maintenance. Moreover, by saving or even eliminating the
costs of human drivers, AVs will make ride-hailing and taxi trips more
affordable. Overall, the growing access to automobiles will improve the
mobility of low-income people and their access to jobs and services.

However, AVs may bring challenges to low-income people because of
their disadvantages. If owned, AVs are less affordable than conventional
vehicles as the advanced technology and equipment of AVs are costly
(Litman, 2017). These high costs would be a significant barrier for low-
income people. Should this end up being the case, low-income people
will probably not be able to absorb these costs, and therefore have to
reduce their auto use. Furthermore, if AVs deteriorate the performance
of transit and non-motorized transportation systems, these people will
face even greater challenges to finding alternative modes than they do
now.

Some scholars contend that AV ride-hailing will be widely available
and become a viable alternative for zero-car households (Zhang et al.,
2015b). However, AV ride-hailing services may not be equally available
to all people. For example, most ride-hailing services require users to
have a smartphone and an active bank account, but about 26% of U.S.
households do not have smartphones (Statista, 2020), and approxi-
mately 30% of U.S. households are unbanked or underbanked (Brake-
wood and Kocur, 2013). The potential geographical imbalance of AV
ride-hailing services may also marginalize low-income people. For
example, in early stages of adoption, AV ride-hailing may be available
only in densely populated and affluent neighborhoods. This disparity
has already appeared in the geographical distribution of other shared
modes, such as dockless electric scooters. In San Francisco, for example,
the electric scooter company Scoot blocked drop-offs in two of the
poorest neighborhoods (Baron, 2019). Similar geographical disparities
of AVs may occur and exclude people living in low-income neighbor-
hoods from access to AV services.

Racial minorities

The population of racial and ethnic minorities in the U.S. are growing
rapidly and have an increasing impact on the transportation system
(Colby and Ortman, 2017; Sun, 2007). Racial minorities have different
socio-economic characteristics from white people. They tend to have
lower employment rates, lower incomes, and live in larger households
than white people (Contrino and McGuckin, 2009). These differences
lead to different travel behaviors. Compared with white households,
Asian households drive fewer miles and Hispanic and black households
have a lower number of vehicles and are more likely to carpool (Con-
trino and McGuckin, 2009; NHTS, 2017). Racial minorities use alter-
native modes of transportation more frequently (Preston and
McLafferty, 2016; Renne and Bennett, 2014). The historical discrimi-
nation against racial minorities also puts them in a disadvantaged po-
sition in ride-hailing. For example, Uber ride requests of passengers with
African American sounding names are two times more likely to be
canceled than those of other passengers in Boston (Ge et al., 2016). Black
people often need to limit their travel to places that are safe from racism,
so their mobility is constrained (Lee and Scott, 2017).

AVs can decrease the discrimination against racial minorities when
used in ride-hailing. With no drivers involved, ride requests will not be
canceled because of passengers’ race. AVs can also eliminate human
errors while operating vehicles and substantially decrease the number of
crashes that currently disproportionally affect racial minorities (Barajas,
2018). AVs will reduce tailpipe emissions by using clean energy, easing
congestion, and conducting eco-friendly driving techniques (Wadud
et al., 2016). This benefits racial minorities, who tend to live in the areas
with high exposure to travel-related air pollution (Houston, et al. 2004).
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On the other hand, AVs may cause racial inequity issues due to
existing biases. For example, because AV algorithms are primarily
trained with images of white people, AVs recognize white pedestrians
more accurately than pedestrians with darker skins (Wilson et al., 2019).
Accordingly, pedestrians of racial minorities may experience greater risk
of being hit by AVs. This bias also implies systematic racism in the
development of AV technologies. Similar biases need to be fixed by
proactive policies and regulations before the technologies are
implemented.

The proliferation of AVs may disproportionally affect employment
opportunities for racial minorities. Approximately 2.85% of employees
work as drivers in the U.S., but the percentage of workers in driving
occupations is higher in Hispanics (3.25%) and black people (4.23%)
(Austin, 2017). For racial minorities other than Asians, driving occu-
pations provide about $2,000 to $5,800 higher wages than non-driving
jobs (Austin, 2017). If there is a rapid transition to AVs, professional
drivers will be at a higher risk of displacement or even unemployment.
This risk will disproportionally affect racial minorities, especially His-
panics and African Americans.

Immigrants

Immigrants accounted for 13.6% of the population in the U.S. in
2019 (Radford, 2019). How immigrants travel have a substantial impact
on the transportation system. Immigrants take public transit and carpool
more often than native-born Americans (Blumenberg, 2009). Recent
immigrants are especially dependent on public transit (Blumenberg,
2009; Handy et al., 2009) as they are more likely to be financially
disadvantaged and have a limited access to automobiles. Furthermore,
their travel habits in home countries may persist, which usually means
they are less inclined to drive and have a more favorable impression on
transit (Kim, 2009). Carpooling is also popular among recent immi-
grants (Blumenberg, 2009; Kim, 2009). The limited access to automo-
biles is a key reason for carpooling (Blumenberg, 2009). Immigrants
often live in larger households than native-born Americans, which
makes it more convenient for them to share rides with family members.
To retain ethnic ties and share social networks, recent immigrants are
more likely to cluster in traditional ethnic neighborhoods known as
“ethnic enclaves”. These ethnic communities create a suitable environ-
ment for people to carpool with neighbors for commuting (Charles and
Kline, 2006). After living in the U.S. for several years, immigrants’ travel
behaviors gradually assimilate to the automobile-oriented culture, and
their use of public transit and carpooling starts to decline (Blumenberg
and Smart, 2010; Liu and Painter, 2012). On the other hand, the rate of
assimilation appears to slow down in the last few decades (Xu, 2018).

Because of immigrants’ frequent use of transit and carpooling, AVs
influence immigrants’ travel behaviors by affecting these two modes. In
the case where AVs improve transit, transit will be more accessible for
transit-dependent immigrants. In the other scenario where AVs worsen
transit services, reduced transit supply may be a major challenge for
recent immigrants with limited access to automobiles. This potential
reduction in transit services can be mitigated by the increase in AV
carpooling. Automation technologies make carpooling more convenient
and accessible to immigrants. Compared with transit, AV carpooling
operates with more flexible schedules. It also avoids the hassle of
coordinating routes and eliminates the cost of having human drivers
(Ostrovsky and Schwarz, 2019). With the use of AVs, carpooling will be
more commonly used by immigrants.

About half of the immigrants are not fluent in English (Radford and
NOE-Bustamante, 2019). Some of them are not familiar with automo-
biles due to their previous travel behaviors. These two barriers may
discourage some immigrants from using AVs and app-based AV ride-
hailing services.

Women
Many studies shed light on gender gaps in travel behavior (Basari¢
et al., 2016; Best and Lanzendorf, 2005; Boarnet and Hsu, 2015;
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Mokhtarian et al., 2010). Women’s travel behavior has four distinct
characteristics: trip chaining, auto dependence, carpooling, and opting
for modes that enhance personal safety. Household duties are a major
cause of trip chaining. Although trips made by women tend to be shorter
in time and distance than those made by men, women make a larger
number of trips because of their needs to make multiple shorter trips and
to stop more often for household duties (McGuckin and Nakamoto,
2005). In general, people who are responsible for fulfilling various
household obligations such as caregiving and housekeeping are more
likely to conduct chained trips. A large portion of caregivers are females,
who provide informal caregiving to children, spouses, older family
members, and so on (National Alliance for Caregiving, 2009; Navaie-
Waliser et al., 2002), and a significant assistance from informal care-
givers is providing transportation. For instance, chauffeuring children
for schools and/or daycares is more likely to fall on women’s shoulders
(Scheiner and Holz-Rau, 2017). These chauffeuring trips cause women
to change their commuting departure time to accommodate the schedule
of schools and daycares (McGuckin and Nakamoto, 2005).

Women are more dependent on automobiles for their daily travel
than men. Trip chaining makes women auto-dependent because it is
more convenient to chain trips though automobiles than through transit.
Women have worse impressions of public transit than men (Namgung
and Akar, 2014). Their concern for personal safety and security leads
them to drive more often instead of taking public transit or use non-
motorized modes (Loukaitou-Sideris, 2014). Compared with men,
women usually show more worries over crime and traffic issues when
traveling (Goddard et al., 2006). A large percentage of women are afraid
to go out or take transit after dark (Atkins, 1989). Traveling to/from
transit stations and waiting at stations are perceived as more unsafe by
women than people of other genders (Mahmoud and Currie, 2010).
Therefore, women often drive or take taxis to avoid being victimized
while walking or taking transit (Loukaitou-Sideris and Fink, 2009;
Wekerle and Whitzman, 1995).

On the other hand, women’s dependence on automobiles makes
them more willing to consider carpooling (Bianco and Lawson, 1996).
Women are more likely to carpool than men, especially with friends and
family members (Young, 1995). Employed women are two to four times
more likely than men to conduct household-based carpool trips.
Employed women with small children are about three times more in-
clined to carpool with household members than those without children
(Ferguson, 1995). This preference goes so far that many women who
have children, but would otherwise prefer alternative modes, choose to
drive to fulfill a sentiment of “good mothering” (Dowling, 2000).
However, women’s use of ride-hailing services is sometimes discouraged
due to their child caregiving role. When traveling with children, many
women consider the lack of child safety seats on ride-hailing vehicles a
barrier for using these services (Owens et al., 2019).

AVs can have complex effects on women and others serving roles of
caregiving and shopping. AVs liberate caregivers from driving re-
sponsibilities as these vehicles can chauffeur passengers independently.
Even if they have to stay with passengers in the vehicle, caregivers do
not need to operate the vehicle, freeing them to engage in other activ-
ities. AVs are more suitable for car-sharing and carpooling than con-
ventional vehicles, benefiting women. However, when conducting
chained shopping trips by ride-hailing, people will have to transfer their
purchases from one vehicle to another, creating inconvenience.

AVs can improve the safety of riders when used in ride-hailing. Uber
received almost 6,000 complaints of sexual harassment (from unwanted
touching to raping) by their drivers in 2018 and 2019 (Bond, 2019).
Without a driver, AVs eliminate this danger. However, when used in
services such as UberPool and LyftShare where passengers share rides
with strangers, AV shared rides could be more dangerous in the absence
of human drivers. In these services, drivers can serve the role similar to a
bus driver, who not only operates the vehicle, but also maintains the
order onboard. When human drivers are absent, other measures, such as
more careful matching of users and/or remote monitoring through
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camera, will be necessary to ensure riders are not more vulnerable to
inappropriate behaviors from other passengers.

Similar to their concerns over personal security, women have more
safety concerns over AVs than men (Charness et al., 2018; Hohenberger
et al., 2016). According to the data of American Automobile Association
(AAA), about 81% of women showed distrust in the safety of fully
automated vehicles, whereas this share among men is 67% (AAA, 2016;
Hayward, 2016). Women are more reluctant than men to let children
ride unaccompanied in AVs (Hand and Lee, 2018). They are also
vulnerable to injury in crashes because the safety system of AVs is
designed around “average male” bodies (Muller, 2019), another evi-
dence of systematic biases.

Beneficial impacts

Some people are likely to enjoy more benefits associated with AVs
than challenges. Population groups in this category include people with
disabilities, seniors, teenagers, and rural residents.

People with disabilities and Senior population

Many travel demands of people with disabilities are not currently
met (Marston and Golledge, 2003), leading to a diminished quality of
life. People with disabilities make fewer trips and have limited modal
options than those without disabilities. A survey conducted by the Bu-
reau of Transportation Statistics in 2018 shows that:

e about 70% of respondents with disabilities have reduced travel
frequencies;

e except for medical trips, people with disabilities take fewer trips for
all purposes (shopping, errands, recreation, work, etc.) than people
without disabilities; and

o people with disabilities are less likely to drive and more likely to ride
as passengers, walk, or use transit (Brumbaugh, 2018).

Although transit services are often regarded as the “best” mode for
providing mobility and access to people with disabilities, they are not
able to fully meet the needs of riders with disabilities (Brumbaugh,
2018). In particular, there is significant demand for more shelters and
seating at transit stations. Transit users with disabilities also face
different challenges depending on the type of disability, such as
accessing stations (riders with physical disabilities) and reading maps
and schedules (riders with cognitive disabilities). Some users are con-
cerned about the capability of bus drivers to administer care in the case
of a health crisis, which discourages them from taking transit. Para-
transit has problems as well: many users think that the schedule of
paratransit does not meet their needs, and that travel time and wait time
are unpredictable. Overall, despite high user loyalty, many passengers of
paratransit express dissatisfaction with multiple aspects of the service
(Joewono and Kubota, 2007).

AVs may improve the mobility of people with disabilities. For those
who are capable of riding alone, the automation technology enables
them to “drive” independently. Increased mobility improves their access
to job opportunities, medical appointments, and other services. For
those who cannot ride alone, AVs liberate their caregivers from the
driving responsibility and allow them to engage in other activities. For
example, when used for ADA paratransit, AVs liberate drivers from the
duty of operating vehicles and allow them to administer care to riders
with disabilities. As attendants instead of drivers, ADA staff can help
riders access and understand information onboard such as maps and
schedules.

Similar to people with disabilities, seniors’ mobility is also con-
strained by their health conditions (Nyaupane et al., 2008; Rantanen,
2013). According to the Disability Statistics Annual Report (2017),
35.2% of people age 65 and up have disabilities, which is significantly
higher than the percentage in other age groups. Seniors are more prone
to hearing, ambulatory, and independent living disabilities. The
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deteriorating health condition of seniors brings them similar challenges
faced by people with disabilities. Some of them have to give up driving
altogether. Seniors are also discouraged from aging in place in the areas
where driving is a practical necessity due to land use patterns and lack of
alternative transportation options (UCED, 2017). Seniors who are still
able to drive are more vulnerable to crashes than younger adults because
of their longer reaction times. Statistics have shown that seniors who are
75 or older are more likely to be involved in car crashes and have a
higher death rate than others (CDC, 2019; O’sullivan, 2007).

AVs can improve the mobility of seniors in multiple ways. AVs
reduce the probability of crashes, providing a safer travel environment
for seniors. For seniors who face mobility constraints due to disabilities
or decreased driving capability, AVs improve their mobility and provide
a sense of mobility independence, allowing them to travel without
relying on family, friends, or caretakers. However, many seniors do not
trust AVs to be a reliable form of transportation and are reluctant to use
this technology (Eby et al., 2018). To realize AVs’ benefits, trust will
need to be built by providing opportunities to educate seniors on how
AVs work and offer them opportunities to experience this technology.

Teenagers

Teenagers’ mobility is constrained by the lack of driver’s licenses,
limited access to vehicles with advanced safety features (Williams et al.,
2006), and safety concerns of their parents (Cain, 2006). In most states,
teenagers under the age of 16 do not qualify for a driver’s license, so they
depend on parents or peers for transportation. They are also frequent
users of non-motorized transportation and transit. Once teenagers
receive their licenses, they are more likely to be involved in crashes. The
brains of 16-year-old teenagers are not fully developed, and they are
more likely to be distracted or to engage in risky behaviors (Romer et al.,
2014). Although teenagers (aged 15 to 19) represented 6.5% of the
population, the costs associated with teenagers’ car injuries accounted
for 8% of the total costs in the U.S. in 2017 (CDC, 2019). Teenagers also
comprised 8% passenger vehicle fatalities in 2018 (IIHS, 2019). Almost
all the dominant causes of car crashes with teen drivers are related to
human errors such as driving inexperience, speeding, nighttime driving,
and driving under the influence (CDC, 2019).

AVs are capable of improving the mobility and travel safety of
teenagers. For teenagers incapable of traveling alone, caregivers can use
their travel time productively without being obliged to drive. The
freedom to engage in other activities makes caregivers more willing to
accompany teenagers, thus improving the mobility of teenagers. For
teenagers capable of traveling alone, AVs can improve their mobility.
Moreover, by counteracting human errors, AVs are more safe than
conventional vehicles and increase their travel safety (Farmer et al.,
2010). When used in carpooling or ride-hailing services, AVs can
decrease the cost of travel and increase the mobility of some teenagers
who currently cannot afford vehicles.

Rural residents

Compared with urban dwellers, rural residents face multiple
mobility barriers and risk resulting from geographic isolation. Because
of limited transit supply, rural residents rely on automobiles for daily
travel. Zero-vehicle rural households are often more bicycle-reliant than
their urban counterparts (Pucher and Renne, 2005). Furthermore, the
low density in rural areas leads to fewer but longer trips. For example, as
grocery stores begin to centralize in larger cities and towns, many rural
areas have become so-called “food deserts” that lack access to affordable
and fresh groceries (Wrigley, 2002). Accordingly, rural residents have to
travel farther to get groceries (Bitto et al., 2003). Moreover, because
rural households often need more automobiles per household member to
meet their travel demand, the same amount of income needs to spread
across multiple vehicle purchases, adding financial burdens to rural
residents. Finally, crashes in rural areas are more severe than those in
urban areas. In 2016, about 48% of fatal crashes in the U.S. happened in
rural areas, but only 19% of the population lived in rural areas and only
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30% of vehicle miles were traveled in rural areas (NHTSA, 2019).

AVs can moderate the negative effects of geographic isolation and
increase travel safety and mobility of rural residents. About 95% of
crashes are associated with human errors (Brown, 2017). With auto-
mation technologies, AVs can greatly reduce crash risk and help create a
safer driving environment in rural areas. AV grocery delivery can in-
crease rural residents’ access to fresh and affordable groceries. AVs can
also provide new ownership and operation models, including carpool-
ing, car-sharing, and fractional ownership. Because AVs can move
independently to another trip origin after dropping someone off, instead
of waiting in a parking lot, they can make car-sharing more feasible both
within and across households. Fractional ownership is also a potential
option that allows several adjacent households to share the same AV,
which can be “summoned” when needed. Fractional ownership reduces
the need to buy multiple vehicles and lowers rural residents’ driving
costs.

Policy recommendations

AVs can promote sustainable transportation, but they may also
widen the disparities among population groups. The overall impacts of
AVs, particularly on certain disadvantaged groups, depend on the design
of policies. As discussed in Section 3, the current auto-oriented trans-
portation system imposes challenges on transportation-disadvantaged
people because they are more likely to rely on transit and non-
motorized transportation for their daily activities. Without adequate
policy interventions, they may suffer negative impacts from AVs, espe-
cially those in the mixed-impact group including low-income people,
racial minorities, immigrants, and women. How policymakers promote
benefits and minimize challenges through pro-active planning is key to
achieving an equitable transportation system. In this section, we offer
the following sets of policy recommendations to exploit the benefits of
AVs while mitigating or eliminating their negative outcomes.

Transit: Transit is critical to transport-disadvantaged people.
Because of their ease of use and possible increased convenience, AVs
may reduce transit ridership and cause transit services to scale down and
be marginalized. We recommend that policymakers focus on three di-
rections. First, as the market penetration of AVs increases, and partic-
ularly when they are electrified and revenues from motor fuel taxes
decrease, it is essential to secure reliable funding sources for transit and
ensure adequate services for the transit-dependent population. Second,
transit agencies could use the automation technology to provide inno-
vative forms of services such as automated feeder buses, micro transit,
and demand-responsive transit, offering viable alternatives to people
who did not ride transit before due to the lack of access to the service (e.
g., residents living in suburban and rural areas (Shaheen et al., 2020)).
Third, to alleviate the potential unemployment caused by AVs, policy-
makers should engage labor leaders and vocational educators to develop
new opportunities for transit operators in the AV. For example, “pilots”
will likely be needed to ensure safe vehicle operation in new service
areas and around construction and other dynamic environments and
attendants may also help maintain safety and offer personal care ser-
vices to passengers onboard.

Non-motorized Infrastructures: If AVs are deployed in the ways
that stimulate auto-oriented infrastructure, non-motorized modes will
likely become less convenient and more dangerous. This will adversely
affect people who walk and/or bike frequently and people who travel
with mobility aids. To support non-motorized transportation in the era
of AVs, policymakers need to reinforce the role of non-motorized travel
in the transportation system through comprehensive plans and zoning
regulations. Specifically, urban planners could promote programs like
“complete streets” that are accessible to all users. For example, road
spaces could be repurposed to include more sidewalks, dedicated lanes,
tunnels, and skyways for pedestrians and cyclists. Local governments
could ensure an adequate number of traffic lights for pedestrian and
cyclist crossing, or they could implement pedestrian/cyclist-triggered
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signals.

Furthermore, AVs could equip vehicle-to-others (V20) technologies,
which enable communications between AVs and pedestrians/cyclists
nearby. Besides V20, AVs could also equip sensory devices such as ra-
dars, infrared or LiDAR distance measurement devices, vehicle-to-
infrastructure (V2I), and vehicle-to-vehicle (V2V) equipment technol-
ogy. These wireless communications among vehicles as well as between
vehicles and the surrounding environment will allow AVs to react more
quickly than human operators, creating a safer environment for those
inside and outside of the vehicle. For these sensory devices to produce
the best possible outcome, most vehicles need to be equipped with these
technologies, especially V2V (NHTSA, 2018). Therefore, we recommend
certain levels of mandate to ensure the availability of sensory technol-
ogies on AVs to achieve a base level of safety.

Shared mobility: Promoting the use of AVs in a sharing scheme can
encourage auto-dependent people to adopt a more efficient way of using
automobiles. Policymakers could promote shared AV ownership.
Related policies may include vehicle sales tax exemptions/deductions.
To increase the practicability of ownership sharing, state governments
could regulate financial and legal issues associated with fractional
ownership, such as insurance and titling. Besides shared ownership,
certain policies could be introduced to support the shared use of AVs by
transportation disadvantaged people (Shaheen et al., 2017). Non-profit
car-sharing could include a focus on providing low-income people with
access to AVs. Car-sharing companies need to provide alternative ways
of reservation such as kiosks, interfaces, phone calls, and in-person
services for the population without access to smartphones and bank
accounts and multilingual services. Moreover, local governments could
consider mandating the provision of AV sharing services in certain areas
such as low-income neighborhoods. To prevent assaults, harassment,
and other inappropriate or prejudiced behaviors, ride-hailing providers
could consider installing sensors and cameras in the vehicle for real-time
monitoring of the situation. The mobile apps of these services could also
embed a “safe word” set by the user and will direct the route to the
closest police station when being used. Instead of using the fastest route,
the automation system could suggest the safest routes under some cir-
cumstances. Besides, ride-hailing providers could consider introducing
gender-specific services, allowing individuals to select more comfortable
ways to use the service (Siripanich, 2019).

Inclusion: We recommend policymakers to consider three aspects of
inclusion. First, they should ensure procedural equity. During the tran-
sitional period of AV deployment, people who cannot afford AVs may be
marginalized and excluded from the discussion and participation pro-
cesses. Policymakers should ensure the representation of major popu-
lation groups in policymaking processes. Moreover, the development of
AV technology should be inclusive and free of systematic biases. Because
pedestrian detection technologies on AVs were developed using a
disproportionate number of images of white males, racial minorities and
women are underrepresented in the development of this technology,
which makes AVs less sensitive to non-white and non-male populations.
Policymakers could regulate AV manufacturers to train the technology
with sufficient images of racial minorities and women, ensuring that AVs
accurately recognize people of varying physical characteristics. Finally,
to make AVs trustworthy to the general public, especially women and
seniors who tend to consider AV unsafe or unreliable, piloting programs
of AVs could be inclusive as well to give the public opportunities to
experience AVs and start to build trust at an early stage.

Conclusion

Although AVs are still developing, scholars and practitioners antic-
ipate that their future penetration will have profound impacts on soci-
ety. Some studies have discussed AVs’ potential effects on the
transportation system, the environment, and the economy (Alessandrini
et al., 2015; Clements and Kockelman, 2017; Fagnant and Kockelman,
2015). Nevertheless, AVs’ influence on social equity remains
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inadequately discussed. Our paper helps fill this research gap by
exploring AVs’ potential impacts on transportation-disadvantaged
populations. It shows that AVs can have both positive and negative in-
fluences on these people. Therefore, policies and regulations are
necessary to achieving positive influences and to mitigating negative
effects. Based on the findings, we recommend policy innovation that
help achieve an equitable transportation system in the AV era.

The method used in this study has a few limitations. First, the dis-
cussion of AV benefits and challenges was based on prominent travel
behaviors of the current population. Because the market penetration of
AVs takes time, people’s travel behaviors may change gradually over
time. Potential changes in future travel behaviors may lead to different
impacts of AVs. Moreover, AVs are developing with uncertainties in
technologies and regulations. The impacts we presented in this study are
potential outcomes informing policymaking. Furthermore, because of
our focus on general policy orientations, this paper falls short of dis-
cussions on specific and actionable policy recommendations. We suggest
future research to emphasize practical and specified policies that help
solve the issues raised in this paper. Despite these limitations, by high-
lighting potential issues early in the development and deployment of AV
technologies, this paper contributes to the understanding of AVs’ in-
fluence on equity and can help policymakers accommodate and inspire
more in-depth research.

CRediT authorship contribution statement

Xinyi Wu: Formal analysis, Investigation, Writing — original draft,
Writing - review & editing. Jason Cao: Methodology, Validation, Re-
sources, Writing - review & editing, Supervision, Project administration,
Funding acquisition. Frank Douma: Conceptualization, Resources,
Writing - review & editing, Project administration, Funding acquisition.

Declaration of Competing Interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements:

This study was funded by the National Science Foundation of the
USA (#1737633). We are grateful to Katherine Emory for her editorial
review and input.

References:

AAA, 2016. Automotive Enginering: Fact Sheet.

Abe, R., 2019. Introducing autonomous buses and taxis: Quantifying the potential
benefits in Japanese transportation systems. Transportation Research Part A: Policy
and Practice 126, 94-113.

Alessandrini, A., Campagna, A., Delle Site, P., Filippi, F., Persia, L., 2015. Automated
vehicles and the rethinking of mobility and cities. Transp. Res. Procedia 5, 145-160.

Anderson, J.M., Nidhi, K., Stanley, K.D., Sorensen, P., Samaras, C., Oluwatola, O.A.,
2014. Autonomous vehicle technology: A guide for policymakers. Rand Corporation.

Aria, E., 2016. Investigation of automated vehicle effects on driver s behavior and traffic
performance.

Atkins, S., 1989. GENDER, TRANSPORT AND EMPLOYMENT: THE IMPACT OF TRAVEL
CONSTRAINTS. CHAPTER 9. WOMEN, TRAVEL AND PERSONAL SECURITY.
Publication of: Avebury, Gower Publishing Company.

Austin, A., 2017. Stick Shift: Autonomous Vehicles, Driving Jobs, and the Future of
Work. Center for Global Policy Solutions.

Bahamonde-Birke, F.J., Kickhofer, B., Heinrichs, D., Kuhnimhof, T., 2018. A systemic
view on autonomous vehicles: Policy aspects for a sustainable transportation
planning. disP-The. Planning Review 54, 12-25.

Barajas, J.M., 2018. Not all crashes are created equal. Journal of transport and land use
11, 865-882.

Baron, E., 2019. Scooter firm shuts off poor areas of S.F., despite promise: report. Bay
Area News Group, The Mercury News.

Basari¢, V., Vujici¢, A., Simi¢, J.M., Bogdanovi¢, V., Sauli¢, N., 2016. Gender and age
differences in the travel behavior-a Novi Sad case study. Transp. Res. Procedia 14,
4324-4333.

Transportation Research Interdisciplinary Perspectives 11 (2021) 100447

Best, H., Lanzendorf, M., 2005. Division of labour and gender differences in metropolitan
car use: an empirical study in Cologne, Germany. J. Transp. Geogr. 13, 109-121.

Bianco, M., Lawson, C., 1996. Trip chaining, childcare and personal safety: critical issues
in women’s travel behavior, Proceedings from the second national conference on
women’s travel issues. US Department of Transportation, Federal Highway
Administration, Washington DC.

Bitto, E.A., Morton, L.W., Oakland, M.J., Sand, M., 2003. Grocery store acess patterns in
rural food deserts. Journal for the Study of Food and Society 6, 35-48.

Blumenberg, E., 2009. Moving in and moving around: immigrants, travel behavior, and
implications for transport policy. Transportation Letters 1, 169-180.

Blumenberg, E., Smart, M., 2010. Getting by with a little help from my friends... and
family: immigrants and carpooling. Transportation 37, 429-446.

Boarnet, M.G., Hsu, H.-P., 2015. The gender gap in non-work travel: The relative roles of
income earning potential and land use. Journal of Urban Economics 86, 111-127.

Boesch, P.M., Ciari, F., Axhausen, K.W., 2016. Autonomous Vehicle Fleet Sizes Required
to Serve Different Levels of Demand. Transportation Research Record: Journal of the
Transportation Research Board 2542, 111-119.

Bond, S., 2019. Uber Received Nearly 6,000 U.S. Sexual Assault Claims In Past 2 Years.

Brakewood, C., Kocur, G., 2013. Unbanked transit riders and open payment fare
collection. Transp. Res. Rec. 2351, 133-141.

Brown, B., 2017. Evidence stacks up in favor of self-driving cars in 2016 NHTSA fatality
report. Digital Trends.

Brumbaugh, S., 2018. Travel Patterns of American Adults with Disabilities.

Cain, A., 2006. Teenage mobility in the United States: Issues and opportunities for
promoting public transit. Transp. Res. Rec. 1971, 140-148.

CDC, 2019. Motor Vehicle Safety.

Chapin, T., Stevens, L., Crute, J., Crandall, J., Rokyta, A., Washington, A., 2016.
Envisioning Florida’s Future: Transportation and Land Use in an Automated Vehicle
World. Prepared for the Florida Department of Transportation.

Charles, K.K., Kline, P., 2006. Relational costs and the production of social capital:
evidence from carpooling. Econ. J. 116, 581-604.

Charness, N., Yoon, J.S., Souders, D., Stothart, C., Yehnert, C., 2018. Predictors of
attitudes toward autonomous vehicles: the roles of age, gender, prior knowledge,
and personality. Front. Psychol. 9, 2589.

Chen, F., Balieu, R., Kringos, N., 2016a. Potential Influences on Long-Term Service
Performance of Road Infrastructure by Automated Vehicles. Transportation Research
Record: Journal of the Transportation Research Board 2550, 72-79.

Chen, T.D., Kockelman, K.M., Hanna, J.P., 2016b. Operations of a shared, autonomous,
electric vehicle fleet: Implications of vehicle & charging infrastructure decisions.
Transportation Research Part A: Policy and Practice 94, 243-254.

Clements, L.M., Kockelman, K.M., 2017. Economic effects of automated vehicles. Transp.
Res. Rec. 2606, 106-114.

Cohen, S., Shirazi, S., Curtis, T., 2017. Can We Advance Social Equity with Shared,
Autonomous and Electric Vehicles? Institute of Transportation Studies at the
University of California, Davis.

Colby, S.L., Ortman, J.M., 2017. Projections of the size and composition of the US
population: 2014 to 2060: Population estimates and projections.

Contrino, H., McGuckin, N., 2009. Demographics matter: travel demand, options, and
characteristics among minority populations. Public Works Management & Policy 13,
361-368.

Douma, F., Lari, A., Andersen, K., 2017. The Legal Obligations, Obstacles, and
Opportunities for Automated and Connected Vehicles to Improve Mobility and
Access for People Unable to Drive. Mich, St. L. Rev., p. 75

Dowling, R., 2000. Cultures of mothering and car use in suburban Sydney: a preliminary
investigation. Geoforum 31, 345-353.

Eby, D.W., Molnar, L.J., Stanciu, S.C., 2018. Older Adults’ Attitudes and Opinions about
Automated Vehicles: A Literature Review. University of Michigan Transportation
Research Institute, Ann Arbor, ML

Fagnant, D.J., Kockelman, K., 2015. Preparing a nation for autonomous vehicles:
opportunities, barriers and policy recommendations. Transportation Research Part
A: Policy and Practice 77, 167-181.

Farmer, C.M., Kirley, B.B., McCartt, A.T., 2010. Effects of in-vehicle monitoring on the
driving behavior of teenagers. J. Saf. Res. 41, 39-45.

Feng, G., Kong, G., Wang, Z., 2020. We Are on the Way: Analysis of On-Demand Ride-
Hailing Systems. Manufacturing & Service Operations Management.

Ferguson, E., 1995. Demographics of carpooling. Transp. Res. Rec. 142-150.

Ge, Y., Knittel, C.R., MacKenzie, D., Zoepf, S., 2016. Racial and gender discrimination in
transportation network companies. National Bureau of Economic Research.

Goddard, T.B., Handy, S.L., Cao, X., Mokhtarian, P.L., 2006. Voyage of the SS Minivan:
Women'’s travel behavior in traditional and suburban neighborhoods. Transp. Res.
Rec. 1956, 141-148.

Greenblatt, J.B., Saxena, S., 2015. Autonomous taxis could greatly reduce greenhouse-
gas emissions of US light-duty vehicles. Nat. Clim. Change 5, 860-863.

Hand, S., Lee, Y.-C., 2018. Who would put their child alone in an autonomous vehicle?
Preliminary look at gender differences. In: Proceedings of the Human Factors and
Ergonomics Society Annual Meeting. SAGE Publications Sage CA: Los Angeles,

Pp. 256-259.

Handy, S., Blumenberg, E., Donahue, M., Lovejoy, K., Rodier, C., Shaheen, S., Shiki, K.,
Song, L., Tal, G., 2009. Travel Behavior of Immigrant Groups in California. Citeseer.

Harper, C.D., Hendrickson, C.T., Mangones, S., Samaras, C., 2016. Estimating potential
increases in travel with autonomous vehicles for the non-driving, elderly and people
with travel-restrictive medical conditions. Transportation Research Part C: Emerging
Technologies 72, 1-9.

Hayward, L., 2016. Men. Women, And The Autonomous Vehicles Enthusiasm Gap, The
Fuse.


http://refhub.elsevier.com/S2590-1982(21)00153-6/h0010
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0010
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0010
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0015
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0015
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0020
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0020
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0035
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0035
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0040
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0040
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0040
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0045
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0045
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0050
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0050
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0055
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0055
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0055
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0060
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0060
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0065
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0065
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0065
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0065
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0070
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0070
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0075
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0075
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0080
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0080
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0085
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0085
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0090
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0090
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0090
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0100
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0100
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0105
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0105
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0115
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0115
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0130
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0130
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0135
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0135
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0135
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0140
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0140
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0140
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0145
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0145
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0145
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0150
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0150
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0155
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0155
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0155
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0165
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0165
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0165
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0170
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0170
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0170
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0175
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0175
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0180
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0180
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0180
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0185
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0185
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0185
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0190
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0190
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0195
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0195
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0200
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0205
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0205
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0210
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0210
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0210
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0215
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0215
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0220
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0220
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0220
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0220
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0230
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0230
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0230
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0230
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0235
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0235

X. Wuetal

Hohenberger, C., Sporrle, M., Welpe, I.M., 2016. How and why do men and women differ
in their willingness to use automated cars? The influence of emotions across different
age groups. Transportation Research Part A: Policy and Practice 94, 374-385.

Humboldt County, 2006. Transportation-Disadvantaged Populations Report.

IIHS, 2019. Fatality Facts 2018 - Teenagers.

Joewono, T.B., Kubota, H., 2007. User satisfaction with paratransit in competition with
motorization in Indonesia: anticipation of future implications. Transportation 34,
337-354.

Kelly, K.L., 2007. Casual carpooling-enhanced. Journal of Public. Transportation 10,
119-130.

Kim, S., 2009. Immigrants and transportation: an analysis of immigrant workers’ work
trips. Cityscape 155-169.

Kroger, L., Kuhnimhof, T., Trommer, S., 2019. Does context matter? A comparative study
modelling autonomous vehicle impact on travel behaviour for Germany and the
USA. Transportation Research Part A: Policy and Practice 122, 146-161.

Lee, K.J., Scott, D., 2017. Racial discrimination and African Americans’ travel behavior:
The utility of habitus and vignette technique. Journal of Travel Research 56,
381-392.

Levinson, D., 2015. Climbing mount next: the effects of autonomous vehicles on society.
Minn. JL Sci. & Tech. 16, 787.

Litman, T., 2017. Autonomous vehicle implementation predictions. Victoria Transport
Policy Institute Victoria, Canada.

Liu, C.Y., Painter, G., 2012. Travel behavior among Latino immigrants: The role of ethnic
concentration and ethnic employment. Journal of Planning Education and Research
32, 62-80.

Loukaitou-Sideris, A., 2014. Fear and safety in transit environments from the women’s
perspective. Security Journal 27, 242-256.

Loukaitou-Sideris, A., Fink, C., 2009. Addressing women’s fear of victimization in
transportation settings: A survey of US transit agencies. Urban Affairs Review 44,
554-587.

Mahmoud, S., Currie, G., 2010. The relative priority of personal safety concerns for
young people on public transport.

Marston, J.R., Golledge, R.G., 2003. The hidden demand for participation in activities
and travel by persons who are visually impaired. Journal of Visual Impairment &
Blindness 97, 475-488.

McGuckin, N., Nakamoto, Y., 2005. Differences in trip chaining by men and women.
Conference proceedings 49-56.

Midroit, C., 2018. Fractional Car Ownership: A New Car-Sharing Model.

Milakis, D., Snelder, M., van Arem, B., van Wee, B., de Almeida Correia, G.H., 2017.
Development and transport implications of automated vehicles in the Netherlands.
scenarios for 2030 and 2050. European Journal of Transport and Infrastructure
Research 17.

Milakis, D., Van Arem, B., Van Wee, B., 2015. The ripple effect of automated driving.
2015 BIVEC-GIBET Transport Research Day, May 28-29, 2015, Eindhoven, The
Netherlands (Authors version).

Millard-Ball, A., 2018. Pedestrians, autonomous vehicles, and cities. Journal of planning
education and research 38, 6-12.

Mokhtarian, P.L., Ye, L., Yun, M., 2010. The Effects of Gender on Commuter Behavior
Changes in the Context of a Major Freeway Construction.

Muller, J., 2019. Women are less trusting of self-driving cars.

Namgung, M., Akar, G., 2014. Role of gender and attitudes on public transportation use.
Transp. Res. Rec. 2415, 136-144.

National Alliance for Caregiving, 2009. Caregiving in the U.S. AARP Research,
Washington, DC.

Navaie-Waliser, M., Feldman, P.H., Gould, D.A., Levine, C., Kuerbis, A.N., Donelan, K.,
2002. When the Caregiver Needs Care: The Plight of Vulnerable Caregivers. Am. J.
Public Health 92, 409-413.

NHTS, 2017. National Household Travel Survey, Federal Highway Administration
(FHWA).

NHTSA, 2018. Vehicle-to-Vehicle Communication.

NHTSA, 2019. Rural/Urban Comparison of Traffic Fatalities.

Nourinejad, M., Bahrami, S., Roorda, M.J., 2018. Designing parking facilities for
autonomous vehicles. Transportation Research Part B: Methodological 109,
110-127.

Nyaupane, G.P., McCabe, J.T., Andereck, K.L., 2008. Seniors’ travel constraints: Stepwise
logistic regression analysis. Tourism Analysis 13, 341-354.

O’sullivan, A., 2007. Urban economics. McGraw-Hill/Irwin Boston, MA.

Transportation Research Interdisciplinary Perspectives 11 (2021) 100447

Ostrovsky, M., Schwarz, M., 2019. Carpooling and the economics of self-driving cars. In:
Proceedings of the 2019 ACM Conference on Economics and Computation,
pp. 581-582.

Owens, J.M., Womack, K.N., Barowski, L., 2019. Factors Surrounding Child Seat Usage in
Rideshare Services. Safe-D National UTC, Virginia Tech Transportation Institute,
Texas A&M Transportation Institute.

Preston, V., McLafferty, S., 2016. Revisiting gender, race, and commuting in New York.
Annals of the American Association of Geographers 106, 300-310.

Pucher, J., Renne, J.L., 2003. Socioeconomics of urban travel: evidence from the 2001
NHTS. Transportation Quarterly 57, 49-77.

Pucher, J., Renne, J.L., 2005. Rural mobility and mode choice: Evidence from the 2001
National Household Travel Survey. Transportation 32, 165-186.

Radford, J., 2019. Key findings about U.S. immigrants.

Rantanen, T., 2013. Promoting mobility in older people. Journal of Preventive Medicine
and Public Health 46, S50.

Renne, J.L., Bennett, P., 2014. Socioeconomics of urban travel: Evidence from the 2009
National Household Travel Survey with implications for sustainability. World
Transport Policy & Practice 20.

Romer, D., Lee, Y.-C., McDonald, C.C., Winston, F.K., 2014. Adolescence, attention
allocation, and driving safety. J. Adolesc. Health 54, S6-S15.

Scheiner, J., Holz-Rau, C., 2017. Women’s complex daily lives: a gendered look at trip
chaining and activity pattern entropy in Germany. Transportation 44, 117-138.
Shaheen, S., Bell, C., Cohen, A., Yelchuru, B., 2017. Travel Behavior: Shared Mobility and
Transportation Equity. Office of Policy & Governmental Affairs, Federal Highway

Adminstration, Washington, DC.

Shaheen, S., Cohen, A., Jaffee, M., 2018. Innovative Mobility: Carsharing Outlook.
University of California, Berkeley, Transportation Sustainability Research Center.

Shaheen, S.A., Cohen, A.P., Broader, J., Davis, R., Brown, L., Neelakantan, R.,
Gopalakrishna, D., 2020. Mobility on Demand Planning and Implementation:
Current Practices, Innovations, and Emerging Mobility Futures. U.S, Department of
Transportation, Washington, DC.

Siripanich, S., 2019. Designing for Women’s Safety in Autonomous Rideshares.

Snyder, R., 2018. Street design implications of autonomous vehicles. PUBLIC SQUARE, A
CNU Journal.

Statista, 2020. Smartphone household penetration in U.S. from 2013 to 2016.

Sun, S., 2007. Analysis of changing relationships among population growth, passenger
travel growth, and vehicle miles of travel growth for different modes. Prepared for
the National Surface Transportation Policy and Revenue Study ....

Takalloo, M., Bogyrbayeva, A., Charkhgard, H., Kwon, C., 2021. Solving the winner
determination problem in combinatorial auctions for fractional ownership of
autonomous vehicles. International Transactions in Operational Research 28,
1658-1680.

UCED, 2017. Disability Statistics Annual Report.

Wadud, Z., MacKenzie, D., Leiby, P., 2016. Help or hindrance? The travel, energy and
carbon impacts of highly automated vehicles. Transportation Research Part A: Policy
and Practice 86, 1-18.

Wekerle, G., Whitzman, C., 1995. Safe cities. Guidelines for Planning, Design and
Management. NY: Van Nostrand Reinhold.

Williams, A.F., Leaf, W.A., Simons-Morton, B.G., Hartos, J.L., 2006. Vehicles driven by
teenagers in their first year of licensure. Traffic Inj. Prev. 7, 23-30.

Wilson, B., Hoffman, J., Morgenstern, J., 2019. Predictive inequity in object detection.
arXiv preprint arXiv:1902.11097.

Wrigley, N., 2002. "Food deserts’ in British cities: policy context and research priorities.
Urban studies 39, 2029-2040.

Wu, X., Douma, F., Cao, J., Shepard, E., 2020. Preparing transit in the advent of
automated vehicles: A focus-group study in the Twin Cities. Findings November, 1-6.

Xu, D., 2018. Transportation assimilation revisited: New evidence from repeated cross-
sectional survey data. PLoS ONE 13.

Young, R., 1995. Carpooling with co-workers in Los Angeles: employer involvement does
make a difference.

Zhang, W., Guhathakurta, S., Fang, J., Zhang, G., 2015a. Exploring the impact of shared
autonomous vehicles on urban parking demand: An agent-based simulation
approach. Sustainable Cities and Society 19, 34-45.

Zhang, W., Guhathakurta, S., Fang, J., Zhang, G., 2015b. The performance and benefits
of a shared autonomous vehicles based dynamic ridesharing system: An agent-based
simulation approach, Transportation Research Board 94th Annual Meeting.


http://refhub.elsevier.com/S2590-1982(21)00153-6/h0240
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0240
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0240
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0255
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0255
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0255
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0260
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0260
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0265
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0265
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0270
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0270
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0270
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0275
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0275
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0275
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0280
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0280
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0285
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0285
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0290
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0290
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0290
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0295
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0295
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0300
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0300
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0300
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0310
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0310
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0310
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0315
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0315
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0325
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0325
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0325
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0325
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0335
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0335
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0350
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0350
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0355
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0355
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0360
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0360
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0360
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0380
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0380
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0380
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0385
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0385
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0390
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0395
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0395
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0395
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0405
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0405
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0410
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0410
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0415
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0415
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0425
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0425
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0430
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0430
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0430
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0435
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0435
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0440
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0440
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0445
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0445
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0445
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0450
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0450
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0455
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0455
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0455
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0455
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0465
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0465
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0475
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0475
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0475
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0480
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0480
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0480
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0480
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0490
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0490
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0490
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0500
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0500
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0510
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0510
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0520
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0520
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0530
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0530
http://refhub.elsevier.com/S2590-1982(21)00153-6/h0530

	The impacts of vehicle automation on transport-disadvantaged people
	Introduction
	Background
	AVs’ impacts on population groups
	Mixed impacts
	Low-income people
	Racial minorities
	Immigrants
	Women

	Beneficial impacts
	People with disabilities and Senior population
	Teenagers
	Rural residents


	Policy recommendations
	Conclusion
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Acknowledgements:
	References:


