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ARTICLE INFO ABSTRACT
Keywords: Large mobility gaps exist between people with and without disabilities. People with special needs
Autonomous public transit are heavily dependent upon public transportation for their essential needs. Autonomous vehicles

Special needs
Perception
Willingness to ride
Mobility restricted
Visual impaired

(AVs) have the potential to increase mobility for these populations. However, they have been
largely absent from AV perception research. To fill this gap, we analyzed their perceptions,
willingness to use, and concerns over autonomous public transit (APT) based on an on-board
intercept survey of 1861 current bus riders in Michigan, with 40% having some type of special
needs. We found significant differences among different special needs groups. While respondents
who were visually impaired, mobility restricted, or with multiple accommodation needs were
more likely to rely on public transit than those without any special needs, their willingness to use
APT varied. Respondents with visual impairment were more likely, but riders with mobility
disabilities were less likely to be willing to use APT. In addition, our survey results suggest that
respondents with special needs perceive AVs primarily negatively. This was especially true for
mobility-restricted groups. Furthermore, there were differences in bus riders’ reasons not to use
APT. Compared to respondents without special needs, those with multiple accommodation needs
hold concerns over APT’s safety more, while respondents with mobility disabilities were more
likely to distrust AV technology. This study advances our understanding of different special needs
populations’ perception and acceptance of APT, providing support to policymakers in developing
inclusive policies and practices that would bring the promised benefits of AVs to these
populations.

1. Introduction

Over one billion people, or 15% of the world population, have some form of disability (World Health Organization, 2018). Ac-
cording to a representative survey of disabled adults in the US, 34% of them cope with the problem of inadequate transportation access
(Taylor et al., 2010). Though there have been improvements in the incorporation of the needs of disabled populations in the past two
decades, large gaps still exist between people with and without impairments in their mobility options (Taylor et al., 2010). People with
special needs have unique transportation needs and face significant barriers in reaching essential services and living an independent
life (Litman, 2017b; Wong et al., 2018; Yigitcanlar et al., 2019). For example, their healthcare needs are often not met due to these
barriers, and they suffer as a result (Jones et al., 2018).
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Autonomous vehicles (AVs) have the potential to improve the quality of lives for people with special needs (Hwang et al., 2020;
(Bradshaw-Martin and Easton, 2014; Dianin and Cavallaro, 2019; Fagnant and Kockelman, 2015; Bjel¢i¢ and Svelec, 2019; Bennett
et al., 2019a; Litman, 2017a; Claypool et al., 2017; Brewer and Kameswaran, 2018; Harper et al., 2016). However, special needs
populations are frequently overlooked in the automated mobility transformation with few exceptions (Harper et al., 2016; Bennett
etal. 2019a). Some studies have analyzed the impact that AVs will have on the lives of people with special needs (Chan, 2017; Claypool
et al., 2017), but very few have asked how they actually perceive AVs. Studies that do focus on special needs groups t often select one
special need over others (Bennett et al., 2019a, 2019b; Brinkley et al., 2017); whether or not, and to what extent, different perceptions
exist among special needs populations remains unknown. Moreover, most studies on disabled populations discussed AVs in general
(Bennett et al., 2019a, 2019b; Brinkley et al., 2017) rather than autonomous public transit (APT), even though many people with
special needs rely on public transport services (Jolly et al., 2006).

We aim to fill the gap in the existing literature by focusing on the different special need’s populations and their perceptions and
acceptance of APT. Our conceptual framework is based on the social model of disability, which defines the term as a social rather than a
medical problem (Oliver, 1996). While AVs are developed to solve accessibility barriers due to impairments that may involve health-
related medical conditions, the social model suggests that disabilities are socially caused; that is, because society stigmatizes people
with disabilities thereby creating physical and social barriers. As such, gathering the perceptions, opinions, and viewpoints of people
with different disabilities is essential in identifying potential socially-caused problems introduced by the advent of autonomous
mobility. Thus, we conducted an on-board intercept survey with 1861 current public transit riders across Michigan, a state in the US, of
which 40% had some type of special need, to address key questions related to autonomous mobility: Does and if so, how does will-
ingness to use, perceptions, and concerns about autonomous public transit vary among special needs populations depending upon their
disability? And are these characteristics related to their dependence on public transit.

This study contributes to the literature by providing insight into understudied special needs populations through the largest on-
board intercept survey dataset on public transit rider perceptions on APT in the US. In addition, our analysis differentiates pop-
ulations with different special needs, highlighting their differences in perceptions, willingness to use, and concerns over APT.

2. Mobility for people with special needs

It is estimated that between 10 and 20% of a given, typical, North-American adult population cannot or should not drive due to
physical, economic constraints, age, or vehicle failures (Litman, 2017b). Since automobile dependence is a common characteristic of
typical American cities, non-drivers are often presented with few transportation alternatives while at the same time bear the economic,
social, and environmental costs created by drivers (Litman and Brenman, 2012). Recently, several North American cities have begun
integrating social equity into their transportation plans, with a few specifically mentioning special needs populations, though some of
these plans lack clear priorities or follow-through (Manaugh et al., 2015).

2.1. Reliance on public transit

People with special needs, those with disabilities, and the elderly all frequently rely on public transportation (Jolly et al., 2006;
Litman, 2017b; Wong et al., 2018). In the average North American city, around 3-5% of the population are adults who cannot drive
due to a disability (Litman, 2017b). These populations are often dually burdened by their disability and low incomes, which can be
even further exacerbated as a result of living in sprawling suburbs (Zhao and Gustafson, 2013). Public transportation may be the only
means for these people to live independently (Carmien et al., 2005). Enabling public transit networks to better suit the needs of
disadvantaged people may not only increase the use and efficacy of public transit systems, but also its equity (Ferrari et al., 2014).

Lack of mobility for special needs populations leads to a significant decrease in their quality of life (Lucas and Musso, 2014).
Further, transportation barriers can have significant impacts on a person’s health, especially for the disadvantaged (Syed et al., 2013).
Special needs populations may have significantly more healthcare needs than non-disadvantaged populations (Pollard Jr et al., 2014),
which often remain unmet (Jones et al., 2018). Special needs populations are also heavily dependent upon public transportation for
healthcare appointments, a lack of which increases their likelihood to delay or forgo care (Syed et al., 2013); This is especially true for
people living with psychological disabilities (Stock et al., 2011). This leads us to our first hypothesis:

Hypothesis 1. Bus riders with special needs rely more on public transit than those without special needs.

2.2. Emerging mobility technology

Some forms of modern technology have increased mobility among special needs populations. For example, cell phone apps in
conjunction with GPS technology, can help navigate people with special needs on public transit systems (Barbeau et al., 2010), and
rideshare services help further increase their mobility, particularly for the blind (Bleach et al., 2020). However, populations that lack
access to smartphones, or the ability to use them, may not benefit from these technologies (Fetni, 2019). Nonetheless, there is a push to
persuade rideshare companies to expand their programs to those with special needs, and some cities subsidize the costs for special
needs people to use rideshare services (Schwieterman and Livingston, 2018).

AVs in particular may play a major role in increasing mobility for special needs populations (Litman, 2017a; Millard-Ball, 2018).
AVs have the potential to significantly increase employment opportunities among disabled people, as well as increase their ability to
reach essential services; this facet of the discussion is becoming a major part of policy discussions regarding AVs (Claypool et al., 2017).
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However, the impact of AVs, and how they are to be implemented, is still subject to a myriad of planning, political, technological, and
ethical debate (Beiker, 2012; Litman 2017a, 2017b; Awad et al., 2018; Pearl 2019). Ultimately, because personal mobility has such a
significant bearing on the quality of one’s life, from an ethical standpoint, policymakers are being strongly urged to include people
with special needs in their discussions regarding AVs (Litman 2017a, 2017b). Recent findings suggest that people with disabilities may
be discriminated against when attempting to purchase or operate an AV, either by the laws that govern them or by the vehicles’
systems themselves (Trewin, 2018). Further, understanding the perceptions and willingness to ride of special needs populations, and
what requirements they may have, is not well studied. Special needs populations vary widely in their transit accommodations and can
be grouped broadly into mobility restricted, vision impaired, hearing impaired, and those with psychiatric disabilities.

2.2.1. Mobility restricted

An intelligent transportation system that includes AVs would provide mobility-restricted populations with a greater means to
travel, as well as increase overall road safety and equity (Bennett et al., 2019; Harper et al., 2016; Doecke et al., 2015; Shrestha, 2020).
Personal mobility is also strongly correlated with one’s ability to drive a vehicle and/or access to adequate transportation (King et al.,
2011). The loss of autonomy leads to a decrease in quality of life, and these populations also view current public transportation options
to be inadequate; though it has not been specifically studied, AVs may allow these people greater autonomy and thus a greater quality
of life (Lucas and Musso, 2014). Additionally, an increase in transportation options for mobility restricted populations may even have a
significant impact on consumer spending (Das et al., 2017). Ultimately, mobility-restricted people’s attitudes toward AVs are not
entirely clear. If the benefits of an AV and the ease of its use are persuasive, mobility restricted populations may be more inclined to
ride in an AV.

2.2.2. Vision impaired

Rideshare services do help fill mobility gaps for the visually impaired, though younger people are more likely to use them than are
the elderly (Bleach et al., 2020). Trust in rideshare apps, and specifically the drivers, varies and is built over time; though the same is
true for most technologies created/marketed to visually impaired people (Brewer and Kameswaran, 2019). Autonomous seeing eye
robots are already being developed to assist the vision-impaired; in the future, visually impaired people may be even more accustomed
to autonomous technology than others (Galatas et al., 2011). The same technology that powers AVs also can/is being used to assist the
visually impaired in navigating the world (Martinez et al., 2017). Finally, as AVs become more ubiquitous the likelihood exists that
visually impaired populations will benefit from and interact with AVs.

2.2.3. Hearing impaired

Similar to other special needs groups, the hearing impaired often have difficulty navigating public transportation, and are not
always adequately planned for (Fiirst, 2010), they too may suffer health consequences as a result of transportation barriers (Pollard Jr
et al., 2014), and AVs may have the potential to improve their mobility. One of the core complications that could prevent the hearing
impaired from operating AVs is the user interface. Though, design recommendations are being made to push AV manufacturers to keep
hearing impaired people in mind (Ferati et al., 2017). Thankfully, technologies do exist, and more are being developed, that allows the
hearing impaired to better communicate with/operate their vehicles (Jia et al., 2018). Sign language could even be used to operate an
AV if necessary (Kamat et al., 2016). Because of the potential for an increased quality of life hearing impaired people may be more
inclined to travel in an AV.

2.2.4. Psychiatric disabilities

In areas without adequate public transportation, psychologically impaired people may suffer a significant decrease in quality of life,
and AVs could potentially help. Some individuals with psychological disabilities do drive, though less often than non-disadvantaged
people; AVs could increase theirs and others road safety (Beiker, 2012). Because people with psychological disabilities are often low-
income, the potential for shared AVs could lower the cost to the point that they too can benefit from the technology (Metz, 2018).
Ultimately, people with psychological disabilities may be more accepting of AVs, and more eager to ride in them.

2.3. Perceptions of autonomous vehicles and willingness to ride

People with special needs stand to benefit significantly from AVs. These populations may even see the largest increase in miles
traveled compared to other groups; upwards of a 14% increase (Harper et al., 2016). People with disabilities were found to be willing
to pay a significantly larger price for an AV, likely due to the technologies perceived usefulness to them (Shabanpour et al., 2018).
However, research has also found that compared to people without disabilities, mobility-restricted people may experience more
anxieties on AV safety-related issues (Bennett et al., 2019b; Hwang et al., 2020) and their willingness to ride in AVs was lower
(Kassens-Noor et al., 2020). Those suffering from visual impairments report being eager for fully autonomous vehicles, indicating that
the technology would provide them with greater independence, and even save them money (Brewer and Kameswaran, 2018). People
with cognitive disabilities appear more than willing to ride in an AV; when their opinion on the technology was analyzed 46% of
respondents reported that the idea of AVs gave them a sense of freedom, and 20% reported a sense of curiosity (Bennett et al., 2019a).
This brings us to our second hypothesis:

Hypothesis 2. Willingness to use APT varies with the type of disability a rider has.

Willingness to use and perception are closely related and perceptions of AVs are influenced by age, gender, and social status. From
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the perspective of other road users, AVs are viewed as relatively low risk, though acceptance again varies with age and gender; younger
people, and particularly males, view AVs more favorably than other demographics (Hulse et al., 2018; Kassens-Noor et al., 2020).
Additionally, familiarity with the technology impacts perception (Lee et al., 2017). Researchers have not synthetically articulated the
different perceptions or concerns about AVs attributed to different disabilities. To the best of our knowledge, only four other studies
explicitly focused on special needs populations regarding their attitudes towards AVs and one considered the variable of disabilities in
the analysis (Table 1).

Previous studies analyzed special needs populations jointly (Hwang et al., 2020) or selected one special need over others (Bennett
et al., 2019a, 2019b; Brinkley et al., 2017). This may be due to the methodological difficulties in accessing special needs groups given
their unique circumstances (Sorensen, 2006).

Some disabled people may perceive AVs as neutral or negative: these fears likely come from a lack of perceived control (Bennett
etal., 2019b). Fears surrounding perceived safety, control, and trust appear to be the leading causes of negative attitudes towards AVs,
and emotion plays a significant role in these concerns (Pettigrew et al., 2019). Similarly, special needs populations may experience
anxiety related to AVs (Hwang et al., 2020). Despite being excited about the technology, some visually impaired people are concerned
that AVs are not being developed with their needs in mind, and that they may not be able to effectively operate them (Brinkley et al.,
2017). Thus, perceptions towards AVs are mixed among the general population and those with disabilities. This brings us to our last set
of hypotheses:

Hypothesis 3. There is no difference in AV perceptions among bus riders with differing special needs.
And thus,

Hypothesis 4. There is no difference in concerns over APT among bus riders with varying special needs.
3. Methodology

In total, 1861 responses to an on-board intercept survey of current public transit were collected from riders across the State of
Michigan, which is, to the best of the authors knowledge, the largest on-board intercept survey dataset on public transit riders’ at-
titudes towards AVs in the US (dataset made available with this publication). The response rate was 86.7%, which is satisfactory for
generalizability and very high for in-person surveys (Johnson, 2003).

3.1. Materials

The survey itself was part of a state-wide and publicly funded study which sought to assess customer satisfaction and trip purposes
of public transit riders. As a means to measure reliance on public transit we asked riders if public transit were not available, how would
they reach their destination? This question allowed respondents to select multiple answers, including “not make this trip,” “look for
alternative destinations,” “get a ride from family or friends,” “take a taxi/cab/Uber/Lyft,” “drive,” “walk/bike,” and “other.” When a
respondent answered, “not make this trip,” we considered them to be dependent on public transportation. Thus, we define reliance on
public transit by whether or not a rider had an alternative mode of travel. Further, respondents were also given a definition of AVs as
“busses/shuttles/cars that operate without a driver.” After this definition they were asked about their perception of AVs via an open-
ended question: how they feel about AVs? We asked if they would ride in an autonomous shuttle or bus if their transit agency used some
AVs as part of their fleet of vehicles. This question prompted them to select either “yes” or “no.” If a rider chose “no,” they were then
asked a follow up open-ended question: what their main concerns would be that would stop them from riding in AVs? Finally, basic
socio-demographic information, including employment status, gender, age, annual household income, race/ethnicity, and special
accommodation needs were collected. It is important to note that the special needs question allowed for multiple selections, which
included no special needs, blindness/ visual impairment, deaf/ hard of hearing, mobility disabilities, psychiatric disabilities, and other.

Table 1
Literature on disabled populations’ attitudes towards AVs.
Study Sample Location Method Finding
Brinkley et al. People with visual Florida, US Focus Participants were optimistic about the benefits of AVs but concerned about their
(2017) disabilities group needs not being adequately addressed in AV development and potential legal
liability.
Bennett et al. People with mobility UK Interview Two-thirds of the disabled respondents were negative or ambivalent towards AVs.
(2019) disabilities Their attitudes were influenced by their interest in technologies, anxiety, intensity
of disability, knowledge in AVs, internal locus of control, and action orientation.
Bennett et al. People with intellectual UK Interview Desire for freedom and fears about travelling in AVs determined individuals’
(2019) disabilities willingness to use AVs.
Hwang et al. People with mobility or Texas, US Focus Participants had doubts about the accessibility and effectiveness of AV
(2020) visual disabilities group transportation services to expand their mobility options.
Kassens-Noor Public transit users Michigan, Survey Demand-response public transit users with mobility disabilities were significantly
et al. (2020) us less willing to ride in AVs than those without mobility disabilities.
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3.2. Data collection

Passengers were sampled from 26 different public transit agencies across the state of Michigan from January 2019 to February
2020. Two research assistants conducted the in-person survey in coordination with each agency on three days from 8 am to 5 pm. The
study was approved by the Institutional Review Boards of a Tier 1 research university and the surveyors received training for research
involving human subjects.

Two research assistants rode transit vehicles separately, on different routes and vehicles, asking every adult passenger if they would
like to take the paper survey. They read the surveys aloud to 15.1% of respondents due to the rider’s limitations, and if necessary, wrote
their answers for them. If a passenger suggested they were not able to complete the questionnaire during the ride, the surveyors offered
the rider a pre-paid return envelope to mail in the paper survey at any time. This scenario rarely occurred. In total, we received 1861
responses.

3.3. Respondents

Respondent demographics are listed in Table 2. Females constituted 56.70% of the respondents, 21.25% were 65 years or older, and
72.34% came from a family with an annual household income of less than $20,000. More than half (59.12%) of the respondents
indicated that they were unemployed. The majority (69.27%) of respondents were Caucasian and 19.48% were African American.
About three-fifths (59.67%) of the respondents did not have any special needs; one-third (33.66%) had one disability or accommo-
dation that required assistance with; the remaining 6.67% indicated that they had multiple accommodation needs.

3.4. Data analysis

Responses to the two open-ended questions were coded manually and labeled with different themes found via emergent coding and

Table 2
Socio-demographic characteristics of survey respondents.
Respondents with no special Respondents with special Total Non- Total
needs needs responses response
Count (%) Count (%) Count (%) Count
Gender 1672 (100) 189 1861
Male 420 (45.65) 241 (39.38) 724 (43.3)
Female 500 (54.35) 371 (60.62) 948 (56.7)
Age 1736 (100) 125 1861
18 to 24 176 (18.49) 30 (4.66) 215 (12.38)
25 to 34 179 (18.8) 65 (10.09) 265 (15.26)
35 to 54 287 (30.15) 185 (28.73) 519 (29.9)
55 to 64 149 (15.65) 178 (27.64) 368 (21.2)
65 to 74 115 (12.08) 101 (15.68) 229 (13.19)
75 to 84 36 (3.78) 57 (8.85) 99 (5.7)
85 and older 10 (1.05) 28 (4.35) 41 (2.36)
Annual household income 1439 (100) 422 1861
Less than $5,000 219 (26.16) 137 (26.15) 377 (26.2)
$5,000 to $9,999 136 (16.25) 125 (23.85) 276 (19.18)
$10,000 to $14,999 132 (15.77) 105 (20.04) 252 (17.51)
$15,000 to $19,999 77 (9.2) 53 (10.11) 136 (9.45)
$20,000 to $24,999 91 (10.87) 36 (6.87) 137 (9.52)
$25,000 to $34,999 77 (9.2) 25 (4.77) 105 (7.3)
$35,000 to $49,999 48 (5.73) 23 (4.39) 75 (5.21)
More than $50,000 57 (6.81) 20 (3.82) 81 (5.62)
Employment status 1695 (100) 166 1861
Employed 505 (53.5) 130 (21.17) 693 (40.88)
Unemployed 439 (46.5) 484 (78.83) 1002 (59.12)
Race 1663 (100) 198 1861
African-American/ Black 207 (22.14) 95 (15.08) 324 (19.48)
Caucasian/ White 612 (65.45) 481 (76.35) 1152 (69.27)
Other 116 (12.41) 54 (8.57) 187 (11.24)
Accommodations, disabilities, or special needs 1619 (100) 242 1861
No special needs - - 966 (59.67)
Blindness/ visual impairment (single - - 42 (2.59)
disability)
Deaf/ hard of hearing (single disability) - - 29 (1.79)
Mobility disabilities (single disability) - - 275 (16.99)
Psychiatric disabilities (single disability) - - 106 (6.55)
Other accommodation needs (single - - 93 (5.74)
disability)
Multiple accommodation needs - - 108 (6.67)
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then organized into categories (Charmaz, 2008). The coded responses, together with the choice responses, were then subject to sta-
tistical analyses. Binomial and ordinal logistic regression models were used to determine if the observed differences were statistically
significant. We processed data and performed analysis using R.

4. Autonomous mobility for people with special needs

The results of our survey suggest that bus riders with special needs are more likely to rely on public transit than those without
special needs. This is especially true for those, who were vision impaired, mobility restricted, or with multiple accommodation needs.
When controlling for other socio-demographic factors, we further found that bus riders with visual impairment were more likely, while
riders with mobility disabilities were less likely, to be willing to use APT than those without special needs. However, whether a rider
relied on bus services was not associated with one’s willingness to ride in autonomous buses when controlling for demographics.
Notably, special needs groups perceive AVs primarily negatively raising concerns over safety, absence of human interactions, and
technological fears.

4.1. Dependence on public transit

The percentage of respondents dependent upon public transit were noticeably higher among those with special needs. While
31.56% of our survey respondents reported that they would not be able to make their trips if public transit was not available, the
number for respondents with some kind of special needs was 42.72% —17.67 percentage points higher than that of respondents
without any special needs (25.05%).

Respondents with special needs were statistically significantly more likely to be dependent on public transit (p < 0.001). The
percentage of respondents relying on public transit was especially high among those who were vision impaired, mobility restricted,
and /or had multiple accommodation needs (Table 3). Results from a logistic regression model show that these differences were
statistically significant when controlling for other socio-demographic factors (Table 4). The odds of a bus rider with visual impairment,
mobility disabilities, and multiple accommodation needs being dependent on public transit was 3.31, 1.80, and 2.62 times greater than
that of a rider without special needs, respectively.

4.2. Willingness to ride in autonomous public transit

Respondents’ willingness to use APT was associated with their accommodation needs, but not with whether or not they were
dependent on public transit. In general, 45.67% of respondents with special needs would like to ride in AVs if given the opportunity,
but percentages varied greatly among respondents with different types of disabilities (Table 3). Holding other factors constant, re-
spondents with visual impairment were statistically significantly more likely to be willing to ride in autonomous buses (Table 5); the
odds were 2.82 times greater than that of a respondent with no special needs. In contrast, respondents with mobility disabilities were
less likely to be willing to use AVs; the odds were 0.63 less than that of someone without special needs. We did not find a statistically
significant difference between respondents with hearing impairment, psychiatric disabilities, or multiple special needs. While
cognitive lock-in can cause people to remain loyal to a habit or preference (Murray and Haubl, 2007), we found that whether a
respondent depends on public transit did not add significant explanatory power to their willingness to use AVs beyond socio-
demographic characteristics.

4.3. Perceptions on autonomous public transit

The majority of respondents with special needs perceived AVs negatively, whereas less than one-fourth perceived them positively.
When asked how people with special needs felt about AVs, 56.08% of respondents provided a negative answer (Table 6). Some re-
spondents expressed their concerns over safety, others were against AVs because of the potential costs, including the elimination of a
human driver and job loss. One rider with mobility restrictions explained: “No-not with handicapped riders who may need assistance
after falls.” Only 22.69% were optimistic about AVs. They considered AVs to be something “cool” and were looking forward to the
deployment of autonomous buses. The remaining 21.23% responses were neutral or neutralized such as “need careful limits, see much
potential.”

Table 3

Respondents relying on public transit and willing to ride in AVs.
Accommodations, disabilities, or special needs Relying on public transit Willing to ride in AVs

Count (%) Count (%)

No special needs 232 (25.05) 488 (53.80)
Blindness/visual impairment (single disability) 23 (54.76) 24 (61.54)
Deaf/hard of hearing (single disability) 9 (32.14) 7 (26.92)
Mobility disabilities (single disability) 118 (44.70) 95 (37.40)
Psychiatric disabilities (single disability) 36 (36.00) 52 (53.06)
Other accommodation needs (single disability) 31 (34.83) 44 (51.76)
Multiple accommodation needs 50 (49.02) 52 (53.06)
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Table 4
Binomial logistic regression of respondents relying on public transit.
[} Std. error e

(Intercept) 0.27 0.20
Blindness/visual impairment (base: no special needs) 0.44 3.31
Deaf/hard of hearing (base: no special needs) 0.48 0.97
Mobility disabilities (base: no special needs) 0.18 1.80
Psychiatric disabilities (base: no special needs) 0.27 1.37
Other accommodation needs (base: no special needs) 0.29 1.70
Multiple accommodation needs (base: no special needs) 0.26 2.62
Gender: female (base: male) 0.14 1.30
Age 0.05 1.12
Income 0.03 0.97
Employed (base: unemployed) 0.16 0.67
Race: Caucasian (base: African-American) 0.18 1.54
Race: other (base: African-American) 0.27 0.99
N 1181
AIC 1391.9
McFadden pseudo-R? 0.38

Signif. code: <0.001*** <0.01** <0.05*.
Notes: We measured age and income in ordinal levels and treated them as continuous variables in our modeling.

Table 5
Binomial logistic regression of respondent’s willingness to use APT.
] Std. error e

(Intercept) 0.25 3.77
Blindness/ visual impairment (base: no special needs) 1.04* 0.48 2.82
Deaf/ hard of hearing (base: no special needs) —0.68 0.50 0.51
Mobility disabilities (base: no special needs) —0.46* 0.19 0.63
Psychiatric disabilities (base: no special needs) 0.22 0.26 1.25
Other accommodation needs (base: no special needs) 0.06 0.29 1.06
Multiple accommodation needs (base: no special needs) 0.27 0.26 1.32
Gender: female (base: male) —0.41%** 0.12 0.67
Age —0.21%%* 0.05 0.81
Income 0.02 0.03 1.02
Employed (base: unemployed) —-0.02 0.14 0.98
Race: Caucasian (base: African-American) —0.53*** 0.16 0.59
Race: other (base: African-American) —0.33 0.23 0.72
Rely on public transit: yes (base: no)
N 1160
AIC 1554.7
McFadden pseudo-R? 0.36

Signif. code: <0.001*** <0.01** <0.05*.

When comparing perceptions of AVs between respondents with and without special needs, we found that there was no statistically
significant difference between groups. However, when considered separately, respondents with mobility disabilities were statistically
significantly more likely to provide negative responses (Table 7). Their odds of being more positive about AVs were 60% greater than
that of respondents without any accommodation needs when holding other socio-demographic factors constant.

4.4. Reasons against autonomous public transit

Among respondents with special needs who were not willing to ride in autonomous buses, about one-third (32.21%) stated that
safety was their main concern. Many respondents simply wrote down “safety” or “accidents,” while others mentioned more specific
safety issues such as mechanical failures, hacking, or computer malfunctions. Another overlapping, interrelated reason for rejecting
AVs was technological fears. 16.26% of respondents suggested that they would not consider the current technology to be reliable or
trustworthy. For example, one respondent with mobility impairment noted “electronics break down too easily.” A lack of human
interactions and personal service on AVs also concerned respondents. 17.18% of responses fell into this category. A few respondents
with accommodation needs mentioned that they would need/prefer human assistance, e.g. “people need special treatment for special
needs,” and “have a seizure and no one there.”

We further found that there was a statistically significant difference in respondents’ reasons not to use APT between riders with
different special needs (Table 8). In particular, respondents with multiple special needs were more likely to be concerned about AVs’
safety (p < 0.05); their odds were 2.25 times greater than that of someone with no special needs. In addition, respondents who were
mobility-restricted were more likely to reject AVs due to distrust in technology (p < 0.01); their odds were 2.56 times greater than that
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Table 6
AV perceptions of respondents with special needs.
Vision Hard of Mobility Psychiatric Other Multiple Total
impaired hearing disabilities disabilities disabilities
Count Count Count Count Count Count Count
(%) (%) (%) (%) (%) (%) (%)
Negative 18 16 144 40 42 49 309
(46.15) (66.67) (63.16) (44.44) (55.26) (52.13) (56.08)
Negative simple 14 11 116 27 32 41 241 (43.74)
responses (35.9) (45.83) (50.88) (30) (42.11) (43.62)
Safety concerns 2 - 15 10 6 4 37 (6.72)
(5.13) (6.58) (11.11) (7.89) (4.26)
Cost concerns 2 5 13 3 4 4 31 (5.63)
(5.13) (20.83) (5.7) (3.33) (5.26) (4.26)
Neutral 7 6 47 23 13 21 117
(17.95) (25) (20.61) (25.56) (17.11) (22.34) (21.23)
Positive 14 2 37 27 21 24 125
(35.9) (8.33) (16.23) (30) (27.63) (25.53) (22.69)
Positive simple 14 2 32 27 20 21 116 (21.05)
responses (35.9) (8.33) (14.04) (30) (26.32) (22.34)
Benefits - - 5 - 1 3 9
(2.19) (1.32) (3.19) (1.63)

Table 7
Ordinal logistic regression of respondents’ perceptions on AVs.
B Std. error e

(Negative|Neutral) —1.44%** 0.24 0.23
(Neutral|Positive) —0.39 0.24 0.66
Blindness/visual impairment (base: no special needs) 0.37 0.43 1.45
Deaf/hard of hearing (base: no special needs) -0.54 0.49 0.58
Mobility disabilities (base: no special needs) —0.51** 0.19 0.60
Psychiatric disabilities (base: no special needs) 0.16 0.25 1.17
Other accommodation needs (base: no special needs) -0.12 0.29 0.89
Multiple accommodation needs (base: no special needs) 0.10 0.25 1.11
Gender: female (base: male) —0.40%** 0.12 0.67
Age —0.18%** 0.05 0.83
Income —0.01 0.03 0.99
Employed (base: unemployed) —0.13 0.14 0.88
Race: Caucasian (base: African-American) —0.66%** 0.16 0.52
Race: other (base: African-American) —1.44 0.24 0.70
N 1058

AIC 2132.34

McFadden pseudo-R? 0.34

Signif. code: <0.001*** <0.01** <0.05*.

of arespondent without any special needs. We did not find a statistically significant difference in respondents’ concerns over the lack of
human interaction among riders with and without special needs.

5. Discussion

We analyzed 1861 responses to an on-board intercept survey on travel needs and perceptions, conducted in conjunction with 26
transit agencies in the state of Michigan. About 40% of the respondents in this study are those with special needs/accommodations.
This study aimed to assess the dependency of riders, specifically those with special needs, on public transit and perceptions of AVs,
used both as public transit and personal vehicles in general.

Overall, results indicate that there is significant difference among riders with various special needs. Confirming our first hypothesis,
binomial logistic regressions indicate that riders with all types of special needs are more dependent/reliant on public transportation
compared to those without special needs, but those riders with visual impairment, mobility disabilities and multiple accommodation
needs were statistically significantly more dependent on public transit. For the second hypothesis, we indeed found that willingness to
use APT varies with the type of disability a rider has. Binomial logistic regressions indicate that riders with visual impairment are
statistically significantly more willing to ride in APT than those with no special needs while other special needs groups were either not
statistically significant or were less willing to ride in APT. However, neither our third nor our fourth hypothesis could be confirmed,
because there are differences in the perception of AVs and in the concerns over APT between riders with and without special needs.
Ordinal logistic regressions indicate that riders with mobility disabilities are statistically significantly more negative towards AVs than
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Table 8
Binomial logistic regression of reasons not to use APT.
Safety concerns Lack of human Technological fears
[ std. et B Std. ef )] Std. e
error error error
(Intercept) —1.35%**  0.41 0.26  —1.94*** 0.50 0.14  —2.06***  0.54 0.13
Blindness/ visual impairment (base: no special needs)  0.39 0.81 1.47 -14.15 545.57 0.00 0.25 1.11 1.28
Deaf/ hard of hearing (base: no special needs) -1.07 0.79 0.34 0.00 0.68 1.00 0.96 0.63 2.60
Mobility disabilities (base: no special needs) 0.10 0.26 1.10 -0.38 0.32 0.68  0.94** 0.30 2.56
Psychiatric disabilities (base: no special needs) 0.49 0.40 1.64 0.75 0.44 211 0.08 0.53 1.08
Other accommodation needs (base: no special needs) 0.18 0.46 1.19 —0.02 0.53 0.98 0.28 0.59 1.33
Multiple accommodation needs (base: no special 0.81* 0.38 225 —-0.87 0.63 0.42 -1.46 1.04 0.23
needs)

Gender: female (base: male) 0.11 0.19 1.12 0.19 0.25 1.22 -0.42 0.24 0.66
Age -0.17* 0.08 0.84 0.11 0.09 1.12  -0.06 0.10 0.94
Income 0.12%* 0.05 113  -0.01 0.06 099 -0.05 0.06 0.95
Employed (base: unemployed) 0.41 0.23 1.51 —0.32 0.29 0.72  0.71* 0.29 2.02
Race: Caucasian (base: African-American) 0.71* 0.29 2.04 —0.02 0.34 0.98 0.59 0.37 1.80
Race: other (base: African-American) 0.31 0.39 1.35 0.31 0.46 1.36  0.92* 0.47 2.50
N 563 563 563

AIC 714.57 514.08 508.83

McFadden pseudo-R? 0.35 0.35 0.34

Signif. code: <0.001*** <0.01** <0.05*.

those without special needs, while the other disabilities have mixed, albeit non-significant results. Similarly, binomial logistic
regression results indicate that riders with multiple special needs were concerned with safety and those with mobility disabilities were
more concerned with the distrust in technology, compared to those without special needs. Thus, our study confirmed hypotheses one
and two, and rejected hypotheses three and four.

The percentage of respondents who rely on public transit was especially high among bus riders who were vision impaired, mobility
restricted, and/or with multiple accommodation needs; their odds of having public transit as the only option for reaching their des-
tinations were twice or three times greater than that of a rider without special needs. This finding aligns with Jolly et al.’s (2006)
analysis of disabled people’s usage of public transit in Britain. The essential role of public transit playing in special needs populations’
life is not surprising given the background that many of them are non-drivers or do not have access to private vehicles (Syed et al.,
2013). Our results verified the findings from previous research that many people with a disability were dependent on public transit.
However, less than half of them would be open to the idea of riding in APT, resulting from a mix of fear and distrust in this emerging
technology that could potentially bring them greater mobility freedom. This indicates a lack of effort in involving and engaging special
needs populations in the transformation of our transportation systems towards AVs.

While we hypothesized that bus riders with special needs would be more willing to use APT given the literature on the promised
benefits of AVs (Claypool et al., 2017), our survey results suggested that indeed riders with visual impairment were much more likely
but those with mobility disabilities were less likely to adopt APT than people without special needs; the remaining special needs
groups, including individuals with hearing difficulties, psychiatric disabilities, or those who have multiple special needs, were not
statistically significantly different from those without any special needs in their willingness to use APT. The high willingness to adopt
APT among vision-impaired riders may be explained by Brinkley et al.’s (2017) focus group study, in which they found that partic-
ipants who were blind or of low vision were overwhelmingly excited and optimistic about the independence and mobility that AVs
would bring. Another explanation could be that people with vision impairments tend to be more familiar with new mobility services
like ridesharing and assistive technologies like robotic navigation aids (Bleach et al., 2020; Galatas et al., 2011; Hwang et al., 2020),
given that familiarity and awareness leads to increased acceptance (Gkartzonikas and Gkritza, 2019). In contrast, respondents with
mobility disabilities showed relatively low interest in riding in APT, which is consistent with our findings on their predominantly
negative perceptions on APT. The theory of cognitive lock-in, which argues that repeated experience could cause people to become
locked in to things that they are more familiar with (Murray and Haubl, 2007), may explain the difference in AV acceptance among
different populations.

In general, bus riders with special needs held more negative than positive perceptions towards APT. This was especially true for
riders who were mobility restricted. A survey of 444 people with ambulatory disabilities in the United Kingdom reached similar
conclusions that two-thirds of their respondents were negative or ambivalent about AVs (Bennett et al., 2019b). Compared to the
findings from a focus group on APT with visual or mobility disabled participants (Table 1), instead of enthusiasm and concerns about
APT’s accessibility, our respondents raised more concerns over safety. This may be due to different respondents’ profile (various
disabilities vs. visual or mobility disabilities), study locations (Michigan vs. Texas), and methods (on-board intercept surveys vs. focus
groups).

While concerns over safety, absence of human interactions, and technological fears were the major reasons that would stop bus
riders with special needs from riding in autonomous buses, we further found that there was a difference in concerns between bus riders
with and without special needs. More specifically, respondents with multiple accommodation needs were more likely to have doubts
about APT’s safety than those without special needs, and respondents with mobility disabilities were more likely to express their
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distrust in technology. This is a novel finding as none of the previous studies on disabled populations’ perceptions on AVs (Bennett
et al., 2019a, 2019b; Brinkley et al., 2017; Hwang et al., 2020) made quantified comparisons among people with different special
needs.

6. Conclusion

This study uncovers unique disparities in the reliance on public transit and the perceptions towards AVs and APT among those with
varying disabilities. Bus riders who were visually impaired were more likely to be dependent on public transit and open to the idea of
autonomous buses. Similar to the vision-impaired, a great number of people with multiple special needs relied on public transit to get
around. However, instead of high acceptance of APT, they were more likely to be concerned about APT’s safety than those without
special needs. People with mobility disabilities were, on the other hand, concerned more about the technology not being reliable, and
thus showed relatively low acceptance and negative perception of APT.

Our findings have important implications for policy and practice as there exist noteworthy differences between different special
needs groups. The proposed solution to the problem of the social model of disability (Oliver, 1996) involves social policy change, e.g.,
the passage of the Americans with Disabilities Act, acknowledging the different needs of various disabilities towards finding auton-
omous mobility solutions. AV’s are similar in that legislation and policies will need to be passed in order ensure that the most
vulnerable members of our society are neither taken advantage of nor neglected as a result of a change in the landscape of mobility;
that they have the same access to transportation as others. By better understanding how disadvantaged groups perceive APT we can
more effectively create and alter polices to ensure that the maximum good is being done. Without perception studies highlighting the
differences between special needs groups, all groups may be lumped together when policies are being drafted, which may lead to even
more strife and inequality.

This study has shown that lumping people with disabilities into one group is a substantial error as different disabilities require
different vehicles, different communication and engagement strategies, and different solutions to everyday travel needs. Further,
transportation plans must consistently have a special focus on equity and those with different disabilities as their needs for travel are
unique yet are often sidelined in practice. Further, there is an apparent lack of reliable and representative data for people with special
needs. Thus, people with disabilities should be featured with greater representativeness and distinction in national datasets. As AVs
become ready for deployment, policymakers and public transit service providers should actively incorporate the concerns of people
with disabilities tailor services and communication strategies to involve and engage special needs populations in the transformation
towards autonomous transit, to provide improved mobility and accessibility.

Despite the recent growing attention, people with disabilities are still largely absent from mainstream research on public per-
ceptions of AVs. Future research should focus more on people with special needs, especially the differences in acceptance and attitudes
among these populations. While our study provides evidence and analysis into their points of view, clearly there is much work to be
done to better understand their opinions and needs. Even national datasets, the 2017 National Household Travel Survey (NHTS) for
example, is not suitable/usable to study transit riders with special needs. Going forward, given the various disability combinations
possible, more in-depth research is needed to differentiate their differing perspectives and needs.

Our study, however, also has some important limitations. As with all surveys, our questions suffered from non-response (Table 2),
but we did not see a systematic pattern to the non-responses. A socio-demographic profile of bus riders in Michigan is non-existent, thus
we were not able to inspect our sample with regard to its representativeness. Further, about one-third (31.42%) of the respondents who
chose not willing to ride in AVs did not provide a reason, which may influence the validity of our findings on concerns over APT.
Moreover, we were not able to determine the causes of respondents concerns about AVs, which could be due to their special needs or
driven by media coverage. Finally, there could be a difference in people reliance on public transit, e.g., those who could not make it to a
doctor’s appointment without bus services and those who had to cancel a trip for recreation.
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1.

Q -0 0 T

If public transit was not available, you would:

. Not make this trip
. Look for alternative destinations
. Get a ride from family or friends
. Take a taxi/cab/Uber/Lyft

Drive

. Walk/bike
. Other: Please specify

Autonomous vehicles (AVs) are busses/shuttles/cars that operate without a driver.

How do you feel about autonomous vehicles?

one:

YES NO

w

-0 N T

oA T v

[=)]

_— e T D A T

If no, what would be your main concerns stopping you from riding in AVs?

. Which one of the following best describes you? are you (circle only one):

. Employed for pay outside your home
. Self-employed
. Student

. Homemaker

. Unemployed

. Retired

. Are you?

. Male

. Female

. Other/Prefer not to answer

. What is your age?

. 18 to 24

25 to 34

. 35to 54
. 55to 64
. 65 and older

. What is your total combined annual household income?

. Less than $5,000

. $5000 to $9,999

. $10,000 to $14,999
. $15,000 to $19,999
. $20,000 to $24,999
. $25,000 to $34,999
. $35,000 to $49,999
. $50,000 to $74,999
. $75,000 to $100,000
. More than $100,000

Transportation Research Part A 150 (2021) 385-397

. Would you ride in an autonomous shuttle/bus if your transit agency used some AVs as part of their fleet of vehicles? Please circle
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7. Which do you consider yourself:

. African-American/Black

. Asian

. Caucasian//White

. Hispanic/Latino(a)

. Native-American Indian

. Pacific Islander/Hawaiian
. Other:

@ D AN T

®

What accommodations, disabilities, or special needs do you require assistance with?

. I do not have any special needs/I do not require any accommodations
. Blindness/Visual impairment

. Deaf/Hard of hearing

. Mobility disabilities

. Psychiatric disabilities

. Other:

-0 AN T
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