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1. Accomplishments 

Aim 1: Systematic Review: We will conduct a comprehensive review of the literature to more clearly 

understand the current trends and implications for future travel related to accessible automated vehicles and 

services. 

• Specific Objectives: 

1. Address reviewer’s comments on systematic review journal paper 

 

• Major Activities: 
 

Last quarter we successfully completed the Systematic Review (Aim 1) phase of the grant. In response to 
the call for papers, a manuscript describing the work was submitted to “Special Issue of Neuroscience Letters 
on Neurological and Cognitive Rehabilitation: New Contributions from Engineering”. This received a 
favorable review.  
 
The manuscript referenced above has now been accepted for publication in Neuroscience Letters and is fully 
available online: 
https://doi.org/10.1016/j.neulet.2021.136103 
 
Dicianno, Brad E., Sivashankar Sivakanthan, S. Andrea Sundaram, Shantanu Satpute, Hailee Kulich, 
Elizabeth Powers, Nikitha Deepak, Rebecca Russell, Rosemarie Cooper, and Rory A. Cooper. "Systematic 
Review: Automated Vehicles and Services for People with Disabilities." Neuroscience Letters (2021): 
136103. 
 
Please see attached manuscript in appendix for more details. 

 

Aim 2: Understand the needs of Users and Providers: We will conduct surveys, focus groups, and 

journey mapping of stakeholders, including individuals with disabilities, their travel companions and/or 

caregivers, designers, medical providers, and mobility service experts (e.g., vehicle manufacturers and 

modifiers, as well as adaptive driving training instructors). The survey will be refined using pilot surveys, 

focus groups and journey mapping and then distributed broadly to all key stakeholders. 

• Specific Objectives: 

1. Finalize interview script for focus group & journey mapping 

2. Complete and submit IRB for focus group & journey mapping 

3. Draft survey questions on RedCap 

4. IRB protocol development for survey 

 

• Major Activities: 
 
We will target recruitment of focus groups and surveys to include the following cohorts that will provide 
input on their experiences with, barriers to, and future needs and capabilities for accessible 
automated transportation: 
 
❖ Person with disability and older adults, 
❖ Transportation Partner/Caregivers 
❖ Transportation Provider, Expert or Designer  

 

https://doi.org/10.1016/j.neulet.2021.136103


This quarter, the following documents were finalized based on the research gaps identified in the 
systematic review and feedback received from our advisory board members: 
 

1. Journey Mapping interview script (Individuals with disabilities & older adults)  
2. AV Focus Group script (Individuals with disabilities & older adults)  
3. AV Focus Group script (Caregivers/travel partners)  

 
A Pitt IRB has been submitted and is currently under review: 
STUDY20090111- ASPIRE Center: Journey Mapping & AV Focus Group 
 
An IRB amendment to include other stakeholders in the AV Focus Group such as designers, medical 
providers, and mobility service experts will be submitted as soon as the scripts for this cohort has 
been finalized. 
 
Survey development: A Voice of the Consumer-Provider REDCap survey is currently under 
development as the survey questions are being drafted. The draft will be shared with the advisory 
board members for review/comments before it is finalized. 
 
The survey consists of the following sections:  
 
Section 1: Current use of various modes of transportation and barriers and facilitators to travel based 
on mode 
Section 2: Impact of current modes of transportation on community participation 
Section 3: Perceived barriers and facilitators of using automated vehicles for transportation and 
impact on participation 
Section 4: Socio-demographic and geographic characteristics (e.g., gender, disability type and onset, 
age, employment, income, rural/urban living, etc.) 
 
Another Pitt IRB (STUDY20120052) related to the survey is currently under development and will be 
submitted for review in the next quarter. 
 

2. Changes/Problems 

 
a. Actual Problems or delays and actions to resolve them 

                   Nothing to Report. 

b. Anticipated Problems/Issues 
       Nothing to Report. 

 

3. Collaborations 

The ASPIRE Center continues to attract more organizations to engage and partner. We have been 

continuously engaging advisory board members in project activities at key milestones. This quarter, we 

collaborated with Virginia Tech Transportation Institute on the Department of Transportation (DOT) 

National Highway Traffic Safety Administration (NHTSA) Request for Proposal (RFP), title: Additional 

Considerations for Making ADS Vehicles Accessible for All Road Users. 

 

Over the quarter, Dr. Cooper and team have presented in the below virtual events:  

• 2021 American Council of Engineering Companies of Pennsylvania Spring Conference 

• Automated Road Transportation Symposium (ARTS21) 

 

https://mobility21.cmu.edu/whats_happening/pennsylvania-utc-representatives-present-get-to-know-the-pa-utcs/
http://onlinepubs.trb.org/onlinepubs/Conferences/2021/ARTS/B210Agenda.pdf


4. Education and Workforce Development 

In this quarter, we continued to engage PhD students in the ‘systematic review’ manuscript (Aim 1) 

activities. The ASPIRE Center had also allocated funds to support additional students to participate in 

the Research Experience for Undergraduates (REU) which is HERL’s primary summer internship 

program. Through this program, we were able to hire and integrate a student from UC Berkely into our 

research team to work on Aim 2 activities. At the culmination of the program, the student presented oral 

and written presentations of their work in a professional symposium and poster session. The REU 

provides an exemplary mentoring and resourceful environment that enables undergraduate students to 

transition from dependent to independent thinkers, develop a sense of excitement about entering an 

engineering or technical field, and be well prepared for their future careers.  

 

5. Performance metrics 

Manuscript related to Aim 1 has been accepted for publication in Neuroscience Letters and is fully 

available online: 

https://doi.org/10.1016/j.neulet.2021.136103 

 

Dicianno, Brad E., Sivashankar Sivakanthan, S. Andrea Sundaram, Shantanu Satpute, Hailee Kulich, 

Elizabeth Powers, Nikitha Deepak, Rebecca Russell, Rosemarie Cooper, and Rory A. Cooper. 

"Systematic Review: Automated Vehicles and Services for People with Disabilities." Neuroscience 

Letters (2021): 136103. 
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A B S T R A C T   

People with disabilities face many travel barriers. Autonomous vehicles and services may be one solution. The 
purpose of this project was to conduct a systematic review of the grey and scientific literature on autonomous 
vehicles for people with disabilities. Scientific evidence (n = 35) was limited to four observational studies with a 
very low level of evidence, qualitative studies, reviews, design and model reports, and policy proposals. Liter-
ature on older adults was most prevalent. Grey literature (n = 37) spanned a variety of media and sources and 
focuses on a variety of disability and impairment types. Results highlight opportunities and barriers to accessible 
and usable AVs and services, outline research gaps to set a future research agenda, and identify implications for 
policy and knowledge translation. People with disabilities are a diverse group, and accessible and usable design 
solutions will therefore need to be tailored to each group’s needs, circumstances, and preferences. Future 
research in diverse disability groups should include more participatory action design and engineering studies and 
higher quality, prospective experimental studies to evaluate outcomes of accessible and usable AV technology. 
Studies will need to address not only all vehicle features but also the entire travel journey.   

1. Introduction 

Disability affects more than 57 million people in the U.S. [1], and 
over a billion people globally [2]. Compared to people without 

disabilities, people with disabilities (PwD) are less likely to be vehicle 
owners, have access to a vehicle, and be employed, and are more likely 
to be in lower-income households. Over 40% of PwD rely on others for 
transportation, and over 70% limit their travel altogether. About 3.6 

Abbreviations: AAM, Alliance of Automobile Manufacturers; ADA, Americans with Disabilities Act; ADAS, advanced driving assistance systems; ADS, Automated 
Driving Systems; ATLAS, Accessible Technology Leveraged for Autonomous vehicles System; AV, automated vehicle; GRADE, Grading of Recommendations 
Assessment, Development, and Evaluation; HMI, human–machine interface; IVIS, in-vehicle information systems; NHTSA, National Highway Traffic Safety 
Administration; PICO, Problem/Population, Intervention, Comparison, Outcome; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; 
PwD, people with disabilities; SAE, Society of Automotive Engineers; TNC, Transportation Network Companies. 

* Corresponding author at: Human Engineering Research Laboratories, VA Pittsburgh Healthcare System, 6425 Penn Ave., Suite 400, Pittsburgh, PA 15206, USA. 
E-mail addresses: dicianno@pitt.edu (B.E. Dicianno), sis65@pitt.edu (S. Sivakanthan), asundaram@pitt.edu (S.A. Sundaram), SHS220@pitt.edu (S. Satpute), 

hrk6@pitt.edu (H. Kulich), EGP19@pitt.edu (E. Powers), nid51@pitt.edu (N. Deepak), russellr3@upmc.edu (R. Russell), cooperrm@pitt.edu (R. Cooper), 
rcooper@pitt.edu (R.A. Cooper).  
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million Americans with travel-limiting disabilities do not leave home 
regularly. The most recent government transport survey reported that 
six million PwD have difficulty getting the transportation they need [3]. 
Transportation barriers for PwD are often due to a lack of accessible 
transportation [4], lack of awareness and limited information on 
available services [5], scheduling complications [6], high costs of 
transportation [4,6], limited availability of transportation for non- 
medical purposes, and lack of funding in various insurance models [7,8]. 

In a prior survey study of 1022 PwD who use mobility devices, 93.6% 
stated that technology-supported travel around the home, to work, and 
in their neighborhood was critical or important to them, and 91.2% 
noted that technology-supported travel on buses, taxis, airlines, and 
trains was critical or important [9]. They also voiced a need for alter-
native controls that use their voice or faces and devices that assist with 
transfers of people or mobility devices into and out of vehicles. 

Automated vehicles (AVs) may be a solution to the unmet travel 
needs of PwD. The U.S. Department of Transportation defines AVs as 
vehicles “in which at least some aspect of a safety–critical control 
function (e.g., steering, throttle, or braking) occurs without direct driver 
input. Automated vehicles may be autonomous (i.e., use only vehicle 
sensors) or may be connected (i.e., use communications systems such as 
connected vehicle technology, in which cars and roadside infrastructure 
communicate wirelessly)” [10]. Ford, Toyota, Mercedes-Benz, Tesla, 
Google, and Uber among others are developing AVs that are either 
currently being tested on American roadways or will be within the next 
5-years [11,12]. In addition, the U.S. Department of Defense is funding 
research into a variety of AVs and robotic technologies [13]. The com-
bined investment is in the billions of dollars [14,15]. Despite these ad-
vances in technology, no overarching federal laws in the U.S. specifically 
govern AVs. 

Each year, the number of states considering legislation related to AVs 
has gradually increased, but the needs of PwD have not been sufficiently 
addressed in such legislation [16]. The National Highway Traffic Safety 
Administration (NHTSA) published several documents, including the 
“Vehicle Performance Guidance for Automated Vehicles Policy,” which 
was replaced by “Automated Driving Systems 2.0: A Vision for Safety,” 
which called for the public, industry, state and local governments, and 
safety and mobility advocates to promote AV development and imple-
mentation but did not provide guidance on accessibility [17,18]. This 
was followed by “Preparing for the Future of Transportation: Automated 
Vehicles 3.0 (AV 3.0),” which expands the scope to all surface on-road 
transportation systems and was developed through the input from a 
diverse set of stakeholders [19]. In January 2020, “Ensuring American 
Leadership in Automated Vehicle Technologies (AV 4.0)” was released 
[20], followed by an “Automated Vehicles Comprehensive Plan” which 
builds upon AV 4.0 and defines goals to promote collaboration and 
transparency, modernize the regulatory environment, and prepare the 
transportation system [21]. While AV 3.0, AV 4.0, and the compre-
hensive plan explicitly discuss the need for accessible design and 
announced an inclusive design challenge [22], they do not provide 
guidance on the accessible design of AVs or policy. The NHTSA also 
released guidance for companies to voluntarily report how they are 
addressing safety, but safety issues relevant to PwD are lacking in 
reporting criteria and in the reports themselves [23,24]. 

Frameworks and taxonomy for AV design also lack detail about 
disability needs. The World Forum for Harmonization of Vehicle Regu-
lations published a framework document on AVs, but it does not address 
disability or accessible design [25]. The National Council on Disability 
in its report entitled “Self-Driving Cars: Mapping Access to a Technology 
Revolution” [26] provided several recommendations, including (a) that 
any products resulting from research and development of AVs incorpo-
rate accessibility of people with diverse disabilities and comply with 
Section 508 of the Rehabilitation Act; (b) guidelines are needed for how 
PwD can safely interact with and use AVs in the environment where they 
need to use them; and (c) all types of common and public use AVs must 
be fully accessible. The Society of Automotive Engineers (SAE) 

international standard J3016 provides a common taxonomy and defi-
nitions for automated driving [27]. Unfortunately, it fails to define any 
key terms or unique issues related to the usability or accessibility for 
PwD. 

As a first step to creating a roadmap for the accessible and usable 
design of AVs and services for PwD, a comprehensive review of the grey 
and scientific literature is needed and is the primary aim of this project. 
The secondary aim is to summarize research gaps and implications for 
policy and knowledge translation to inform future work. 

2. Materials and methods 

This project was registered in the International Prospective Register 
of Systematic Reviews (CRD42017055658). The following databases 
were used: Ovid MEDLINE ALL, Web of Science Core Collection, 
PubMed, PsycINFO, and REHABDATA. Grey literature was identified by 
our Advisory Board, by investigators, and through a Google search. A 
search strategy was devised in consultation with our Advisory Board and 
with a research librarian and tailored for each database with consider-
ation of available operations, incides, and subject indexing (Supple-
mentary Appendix). The Institute of Electrical and Electronics Engineers 
taxonomy and Problem/Population, Intervention, Comparison, and 
Outcome (PICO) framework [28] were used to inform search terms 
related to AVs. The concept of PwD was operationalized at broad and 
narrow levels, as recommended by Ioerger, et al. [29], and included 
older adults experiencing the effects of aging. The concept of AV was 
also broad and included any vehicle type (e.g. car, shuttle, air taxi, 
ridesharing, etc). 

Inclusion criteria were: must include data from or about individuals 
with disabilities, caregivers, or service animals; be in the English lan-
guage; be published on or after July 1990 (the year that the Americans 
with Disabilities Act (ADA) was passed); involve accessible or inacces-
sible travel options, estimates or trends; and must be an empirical, peer- 
reviewed study, a peer-reviewed literature review article, an article 
published in a scholarly journal, or grey literature of high quality. 
Exclusion criteria were anecdotal or opinion articles, unless they were 
written by experts in the field of AV. 

Manuscripts identified in the search were screened in two stages: title 
and abstract screening and full-text screening. In both stages, each 
manuscript was evaluated by two independently trained reviewers. 
When a manuscript was excluded, reviewers listed a reason. When 
conflicts arose, the two reviewers and an independently trained 
reviewer met to resolve the disagreement. The references cited in the 
included full-text manuscripts were also screened for potential 
inclusion. 

Publications that involved an intervention evaluated observationally 
with measures were critically appraised by two trained members of the 
research team and scored using the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) methodology 
[30–32]. A third senior investigator resolved disagreements in GRADE 
scoring. Results were reported using Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. The initial 
draft of the manuscript was reviewed by the Advisory Board and revised 
according to feedback. 

3. Results 

3.1. Overview 

A PRISMA Flow Diagram (Fig. 1) displays the article count at each 
stage of the review and reasons for exclusion. 

3.2. Grey literature 

Grey literature results (n = 37) included: 1 book, 1 checklist, 2 
conference papers, 1 edited transcript of a conference presentation, 1 
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letter addressing proposed regulations, 2 newspaper articles, 1 podcast, 
20 reports, 1 video, and 7 websites. Twenty-eight sources dealt, at least 
in part, with AVs; other sources were concerned with public transit, 
paratransit, conventional rideshare, or a combination of these. Twelve 
sources discussed disability generally, but others referred to individuals 
with specific disabilities or impairments: individuals with mobility im-
pairments (n = 18), individuals who are blind or who have visual im-
pairments (n = 17), individuals with cognitive impairments or 
intellectual disabilities (n = 12), individuals who are deaf or who have a 
hearing impairment (n = 11), and older adults (n = 10). 

A few of the reports focused on statistics that frame the opportunity 
for AVs. Estimates of the number of Americans with travel limiting 
disabilities range from 18.5 to 25.5 million [33,34]. The largest of these 
estimates include 13.4 million individuals age 18–64 and 11.2 million 
individuals age 65 or older [33]. People with disabilities travel less than 
similarly situated individuals across age, economic status, employment 
status, and household vehicle ownership [33,34]. Taking into account a 
variety of economic, social, and travel pattern factors, des Cognets, et al 
estimated that the travel-limited population could support a rideshare 
fleet of 2 million accessible AVs and that millions more might be 

purchased for private use [34]. 
Amongst the potential benefits of AVs for PwD, about one-third of 

the sources specifically mention the ease in commuting to medical ap-
pointments, greater access to employment, or both. One white paper 
notes that, on an annual basis, problems with transportation cause 11.2 
million missed medical appointments, and that $19 billion could be 
saved — mostly by state and federal programs — through improved 
access to medical care [35]. Only one-fifth of individuals age 18–64 with 
travel limiting disabilities are employed, compared with three-quarters 
of individuals without travel limiting disabilities in the same age group 
[33]. Experts expect accessible AVs to increase access to employment for 
as many as 2 million PwD [35,36]. There is evidence that access to 
transportation increases a sense of well-being for PwD [37]. 

Grey literature sources highlighted some of the current trans-
portation barriers for PwD. For individuals who could operate an 
adapted vehicle, common complaints are that modifications to pur-
chased vehicles must be done by a third party, and these modifications 
are expensive — at times equaling or exceeding the cost of the vehicle 
[38,39]. Currently, individuals who cannot operate an adapted or non- 
adapted vehicle rely on walking or wheelchair mobility, public transit, 

Fig. 1. PRISMA Flow Diagram.  
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paratransit, taxis, ridesharing, or friends or family members to transport 
them [33,40]. Although public transit is required by the ADA to 
accommodate riders with disabilities, including those using wheel-
chairs, limited routes and fixed schedules constrain travel options for all 
who must rely on it [41]. In addition, physical barriers en route to pick- 
up and drop-off locations or in transit stations can make the services 
difficult or impossible to access or use [42]. On-demand, paratransit 
services can mitigate the route, scheduling, and physical access limita-
tions of public transit, but is inconvenient due to the common require-
ment for booking trips 24 to 48 h in advance, wide windows for pickup 
and drop-off times, and increased travel times owing to the trip being 
shared amongst multiple passengers [43]. In a survey, of two-thirds of 
PwD aware of a paratransit option in their area, only 10% of them had 
used that option in the previous 12 month period [40]. Even with this 
relatively low usage, paratransit services cost $5.2 billion in 2013 [44] 
and accounted for 14–18% of public transportation budgets where they 
were offered [45]. Paratransit may not connect to other transportation 
infrastructure. For instance, 81.3% of airports surveyed said that they 
did not have any specialized ground transportation options for PwD or 
service animals [46]. 

Taxi operators and Transportation Network Companies (TNC) offer 
travel opportunities for many PwD. Smartphone applications for ride-
share services such as Uber and Lyft have been designed to be accessible 
for smartphone users who rely on screen readers, and many individuals 
with visual impairments appreciate the ability to use these applications 
both for paying the fare and knowing when their ride is approaching 
[47]. A subset of vehicles that are wheelchair accessible is available 
directly from the operators or through contracts with other providers in 
some cities [35,48,49]. However, as the contracts are generally with 
existing providers of accessible taxi services, the new ridesharing plat-
forms may not expand the number of accessible vehicles in a given area 
[35]. 

Fraade-Blanar, et al. examined difficulties that older adults have with 
current TNC services, to project what analogous issues they might have 
with AVs [50]. They found that lower smartphone ownership relative to 
the general population and frequent smartphone application changes 
could be barriers to booking rides. Some older people do not want to pay 
for rides through an application due to limited familiarity, security 
concerns, or lack of mobile banking instruments. Older adults express 
concerns about potential aggression from drivers or other passengers in 
shared rides. 

The majority of sources discuss the needed features of AVs. These 
data were derived from focus groups with individuals or representatives 
of stakeholder groups [48,50–54], opinions from experts [38,39,49], 
secondary source summaries, or organizational positions 
[26,35,40,55–57], and development guidelines from governmental 
agencies [58,59]. The publications highlighted the diversity of needs 
amongst those with a variety of disabilities and impairments, and 
several findings were encountered repeatedly across findings. For those 
who use mobility aids (e.g., wheelchairs), ramps, drop floors, raised 
ceilings, and wheelchair-securement were frequently cited as needed 
features. The Alliance of Automobile Manufacturers (AAM) notes that 
there is currently no securement standard compatible with all wheel-
chairs that can be engaged entirely by the wheelchair user [51]. The 
AAM raises the concern that in the U.S., due to the focus of The Centers 
for Medicare and Medicaid on wheelchair use in the home environment, 
most wheelchairs are not crash-tested [51]. For those who may wish to 
transfer out of their wheelchairs, a convenient and easy-to-use stowage 
place should be provided [35,57]. 

These needs-focused manuscripts observed that user interface re-
quirements varied by disability. For those with visual impairments, 
audio input and output, as well as tactile interfaces were desired. For 
example, a project for autonomous shuttles in Birmingham, United 
Kingdom, included a tactile map that updates in real-time, so those 
passengers who are blind can know where they are on the route [60], 
whilst another prototype system developed at the University of Florida 

gives audio descriptions of the surrounding environment [61]. Some 
visually impaired users prefer large print data displays over audio in-
terfaces [54]. Those with hearing impairments, on the other hand, 
require a visual display of information. Individuals with impaired 
mobility or dexterity need to be able to reach and manipulate controls. 
Accommodating those with cognitive impairments requires easy-to- 
understand interfaces, and such interfaces may also be beneficial for 
older adults who may not always be comfortable with technology [50]. 
All of these modalities could be incorporated into one, flexible interface 
structure, which could communicate with the individual’s smartphone, 
which may already have accessibility features tailored to that person’s 
needs [48]. Halsey notes that Waymo has incorporated many of these 
interface requirements into its current AV design, including a smart-
phone app built with attention to accessibility, physical buttons with 
braille labels, a touch screen with a visual display of the route, and 
dedicated buttons to request the vehicle to pull over or contact emer-
gency support [62]. 

A journey in an AV includes communicating with the vehicle, 
locating and getting to the vehicle, boarding the vehicle, disembarking, 
making one’s way to the final destination, and other steps [48]. People 
who are blind or who have visual impairments may currently rely on the 
driver calling out to them. They will need a means of locating the spe-
cific vehicle that they have hailed. They also often rely on the driver for 
orientation to the drop-off area (e.g., being told in which direction lies 
the building entrance that is their ultimate destination). Similarly, some 
older adults require assistance in orientation or physical assistance or 
escort, from door-to-door, not just curb to curb [50]. AVs need to pick up 
and drop off at points that have no physical barriers that would prevent 
opening a door, deploying a wheelchair ramp, or otherwise impeding 
access to the vehicle [38,48,50]. Communication and data sharing be-
tween AVs and agencies responsible for infrastructure could help to 
automatically direct the vehicles to drop-off points with few or no bar-
riers [53]. 

Some publications suggested that AVs be equipped with cameras and 
audio communication for assisting persons with disabilities in emer-
gency situations [35,52,57], or for monitoring those with develop-
mental disabilities [48]. On the other hand, focus groups and disability 
organizations have expressed concerns with maintaining the privacy of 
those who use AVs [26,35,48,50,52,57]. 

The National Center for Mobility Management notes that, though the 
ADA does not currently require that personal vehicles be sold as acces-
sible AVs, this may be a requirement on shared AVs as a public ac-
commodation [63]. The National Council on Disability takes the 
position that shared-ride AVs must be accessible to all under the ADA 
and Sections 504 and 508 of the Rehabilitation Act [26]. Whether or not 
it is legally mandated, all focus group publications and expert interviews 
promote the idea that developers should strive for universal design — 
designing products that can be used by all. For example, the Renault EZ- 
GO is an AV prototype that has passengers board through a large door 
with a ramp that would accommodate wheelchairs [64]. But, while 
universal design should be the goal, it may not always be possible 
[35,38]. In those cases, the vehicle that best fits the user’s needs can be 
dispatched from a fleet. 

The literature reveals concern for government licensing re-
quirements for AVs [26,35,39,48,56,57]. While it may make sense to 
mandate that AVs require a human driver in some circumstances and be 
operated only by those with a valid driver’s license, many PwD could 
needlessly be denied the benefits of AVs if licensing requirements are 
maintained even as vehicle automation capabilities increase. Easton 
notes that international law defines a driver as a person who at all times 
should be able to control the vehicle and suggests that assigning a level 
of “personhood” to the systems controlling the vehicle may fulfill this 
requirement [65]. Many PwD are further concerned that other govern-
mental guidelines could either neglect an opportunity to ensure equal 
access or have the effect of creating barriers to the use of AVs by PwD. 
For example, commenting on California’s recent proposed rules for AVs, 
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the Disability Rights Education, and Defense Fund notes that by electing 
not to define accessibility, the rules miss an opportunity for mandating 
equal access to this emerging technology [66]. The same comment 
criticizes that other provisions of the proposed rules (e.g., those 
requiring emergency plans for passengers) may have the unintended 
consequence of barring riders with certain disabilities. 

Multiple sources expressed concern that, when confronted with an 
unavoidable collision, the algorithm governing the AV’s actions should 
not value the lives of PwD less than those of others [26,56,57]. In dis-
cussing collision avoidance, Sundararajan suggests that driving algo-
rithms can be specifically programmed to identify PwD (e.g., those in 
wheelchairs) by communicating with the individual’s smartphone or 
other connected devices. The algorithm could then adapt its driving by 
giving the person more time to cross the street [53]. 

Although AVs are widely considered to benefit older adults who may 
otherwise need to give up driving [35], one broad survey of perceptions 
of AVs found that older adults were less willing to ride in them [67]. The 
same survey, which did not focus on PwD, found that those who did not 
drive were less concerned with the vehicle being in control than were 
drivers. In contrast, when a team at Virginia Tech partnered with the 
National Federation of the Blind to develop an autonomous driving 
system, they found their potential user base was more interested in the 
autonomous features enabling a driver with visual impairment to exer-
cise executive control than in riding in an AV as a passenger [68]. 

While generally taking a positive view of the potential benefits of 
AVs, two reports were concerned that reliance on AVs to fulfill future 
mobility needs will reduce funding for public transit systems and 
infrastructure, which could then negatively impact mobility and safety 
[26,50]. 

3.3. Scientific literature 

Table 1 is a scientific evidence profile of the 35 manuscripts identi-
fied. Manuscripts focused on the needs of older adults (n = 17), in-
dividuals who are blind or who have low vision (n = 10), individuals 
with physical disabilities (n = 3), individuals with disabilities in general 
(n = 3), individuals with intellectual disabilities (n = 1), individuals 
who are deaf or hard of hearing (n = 1), individuals with epilepsy (n = 1) 
and a variety of other stakeholders such as caregivers, transportation 
professionals and people without disabilities. Only 4 articles contained 
interventions evaluated prospectively in an observational way, all of 
which were ranked very low according to GRADE criteria. No random-
ized controlled trials were included. 

In 2016, Harper, et al. estimated that AVs could increase travel in the 
U.S by 295 billion miles, or 14% in annual light-duty vehicle miles 
traveled, for those age 19 and up [69]. This includes new travel op-
portunities for older adults and people with medical conditions that 
prevent travel or restrict driving. They postulate that more AVs using 
highways could increase costs related to highway repair and mainte-
nance, energy, and emissions. The percent of individual household ex-
penses related to travel may also increase. A review article by Kovacs et 
al discussed how AVs may positively or negatively affect various eco-
nomic and social factors for older adults [70]. 

Several studies investigated the attitudes of PwD about AVs. Studies 
included individuals with intellectual disabilities [71], visual impair-
ment and blindness [72–74], older adults [75–80], people with epilepsy 
[81], and people with physical disabilities that result in mobility im-
pairments [82]. Several factors seemed to influence attitudes, including 
prior knowledge about AVs, hope for the future, perceived safety, 
skepticism about AVs, affordability, comorbidity, anxiety, and valuing 
freedom, control, social interaction, privacy, and independence that 
may result from their use. Most older adults and people with visual 
impairments were optimistic about the potential of AV technology in 
affording them travel options. Compared to younger individuals, older 
adults had higher levels of acceptable safety with respect to fatality risk. 
They also had neutral opinions from the standpoint of being a pedestrian 

in the vicinity of an AV, preferences for retaining the ability to control 
the AV manually, and interest in automation especially when cognitive 
or physical impairments begin to affect their driving. Over two-thirds of 
people with physical disabilities had a negative or ambivalent attitude 
about AVs, particularly surrounding the safety of the vehicles them-
selves, and individuals with visual impairments raised significant con-
cerns about the safety of AVs themselves and safety in particular 
environments. Yet, a majority of those with visual impairment expressed 
an interest in owning an AV and may be willing to pay for the tech-
nology. Many expressed reservations about legal liability that were 
based on rumors or opinions. There was a need for more understanding 
about laws requiring the driver to have the ability to manually control 
an AV in an emergency and laws requiring licensing of drivers in 
operation of AVs. People with epilepsy reported hope that their medi-
cations could be down titrated since this is sometimes delayed out of fear 
that a breakthrough seizure would make them ineligible to drive [81]. It 
is important to note that attitudes in most of these studies were based on 
knowledge of or perceptions about AVs, not on real-world experience 
with AVs or simulators. However, Kemppidis et al conducted facial 
expression analysis of passengers with various disabilities riding in an 
AV; the predominant expression was happiness, and self-reported anx-
iety decreased during the trip [83]. 

Many barriers specifically in the use of public transportation (para-
transit and fixed-route) have been reported [84,85] and are relevant to 
the design of AVs. Many vehicles that are supposed to be accessible to 
wheelchairs or scooters have limited space once the device is inside or 
are not truly accessible to common mobility devices [84]. Inaccessible 
interior configurations of low-speed automated shuttles include inade-
quate floor or aisle space for mobility devices, inadequate legroom, non- 
standardized seating configurations or locations that may be confusing 
to individuals who are blind or who have visual impairments, insuffi-
cient space for assistive devices like canes or walkers, or inaccessibility 
caused by crowding from other passengers [85]. Inaccessibility occurs 
even when the vehicle interiors are compliant with federal accessibility 
standards [85]. 

Paratransit trips were noted to be inconvenient (i.e., take too long to 
reach a destination, unreliable, have limited service areas or hours of 
operation, inflexible to changes in travel plans, require an advance 
appointment) [84]. Some PwD reported that paratransit drivers are not 
friendly towards PwD. Eligibility criteria for paratransit can exclude 
some PwD. Ridesharing was a popular choice for urgent travel needs, 
but drivers were noted to be unfamiliar with the needs of PwD, and the 
cost and limited service areas were considered restrictive [84]. It was 
thought that AVs may solve some of these issues by affording freedom 
and flexibility of travel, as well as safety to passengers and pedestrians. 
Some thought costs of AV travel may be lower due to lower labor costs, 
mass production, and energy efficiency [84]. Others expressed fear of 
traveling in an AV without a trained driver or of being stranded if there 
is a malfunction, or concerns that built environments may not be 
accessible to AVs. 

It was suggested that different AV service models will likely be 
needed to match the needs of people with varying disabilities, and AV 
may complement rather than replace current public transportation op-
tions for PwD devices [84]. Other authors argued that a model that 
mixes privately-owned, rideshare, and public AV options may be needed 
to support individuals of all income levels [86,87]. Kovacs et al stratified 
4 possible service models according to the impact they may have on the 
design of roads and streets, other transportation services, policy sur-
rounding driving, and land use [70]. The concept of AVs being used for 
street vending, in addition to travel, has also been proposed to meet 
needs for earning income in India. However, there was no mention of the 
participation of PwD in the design or development and no measurement 
of outcomes from its use [88]. Two manuscripts mentioned that it will be 
important to understand how AVs will affect physical and mental health, 
physical activity, access to services, or social isolation [86,87], in part 
because data will be needed to guide policy makers’ decisions. 
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Table 1 
Scientific evidence profile.  

Last Name 
of First 
Author 

General Theme Pub- 
lication 
Year 

Design Population of 
Interest 

Country Inter-vention Duration of 
Inter-vention 

Limitations Potential 
Pub-lication 
Bias 

Inter- 
vention 
or Main 
Sample 
N 

Control N GRADE 
Quality 
Rating 

Findings Relevant to 
PwD 

Abdi Review of 
emerging 
technologies for 
older adults 

2020 Review Older adults UK N/A N/A Search and analysis 
conducted 
primarily by the 
first author focused 
on English 
language and 
technologies in the 
USA and UK 

None 
detected 

N/A N/A N/A Benefits of AVs will 
depend on the level 
of automation 
achievable. 

Bellet Attitude toward 
AVs 

2017 Focus groups Older adults France N/A N/A Small sample size, 
possible 
recruitment bias 

None 
detected 

30 N/A N/A 63% of older adults 
were supportive of 
automation, 
especially if physical 
or cognitive 
impairments begin 
to limit driving. 

Bennett Attitudes 
toward AVs 

2019 Interview, 
survey 

Individuals 
with 
intellectual 
disabilities 

UK N/A N/A Qualitative data, 
limited to specific 
disability, possible 
sample recruitment 
bias, no control 
group 

None 
detected 

177 0 N/A Freedom and fear 
influenced 
willingness to use an 
AV. 

Bennett Attitudes 
toward AVs 

2019 Interview, 
survey 

Individuals 
with physical 
disabilities 

UK N/A N/A Qualitative data, 
limited to specific 
disability, possible 
sample recruitment 
bias 

None 
detected 

444 353 N/A 2/3 of PwD held 
negative or 
ambivalent views of 
AVs, challenges exist 
in creating a 
compelling customer 
value proposition. 

Bennett Attitude toward 
AVs 

2020 Interview Individuals 
who are blind 

UK N/A N/A Qualitative data, 
limited to specific 
disability, possible 
sample recruitment 
bias, no control 
group 

None 
detected 

211 0 N/A Desire for 
independence, 
comorbidity, locus of 
control, and anxiety 
mediated 4 topics 
(hope, skepticism, 
safety, affordability); 
3 topics influenced 
willingness to travel 
in an AV. 

Brinkley Attitudes 
toward AVs 

2018 Survey Individuals 
who are blind 
or have visual 
impairments 

USA N/A N/A Possible sample 
bias toward 
educated and tech- 
savvy end-users, no 
control group 

None 
detected 

516 0 N/A Generally optimistic 
but concerns with 
safety. 

Brinkley Design of a 
voice 
userinterface 
prototype 

2019 Design Individuals 
who are blind 
or have visual 
impairments 

USA Voice user 
interface 

N/A Prototype 
description but not 
a formal study 

None 
detected 

N/A N/A N/A Authors reported use 
resulted in belief in 
usability, more 
desire to purchase an 
AV, less fear of 
safety, and increased 
trust in AVs. 

(continued on next page) 
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Table 1 (continued ) 

Last Name 
of First 
Author 

General Theme Pub- 
lication 
Year 

Design Population of 
Interest 

Country Inter-vention Duration of 
Inter-vention 

Limitations Potential 
Pub-lication 
Bias 

Inter- 
vention 
or Main 
Sample 
N 

Control N GRADE 
Quality 
Rating 

Findings Relevant to 
PwD 

Brinkley Policy proposal 
on AV 
accessibility 

2019 Policy 
proposal 

Individuals 
who are blind 
or have visual 
impairments 

USA N/A N/A Limited to U.S. None 
detected 

N/A N/A N/A Need for guidance on 
accessibility related 
to AVs but legislation 
must be balanced 
with the need for 
rapid technology 
development. 

Brinkley User evaluation 
of an HMI in a 
driving 
simulator 

2019 Quasi- 
naturalistic 
observational 

Individuals 
who are blind 
or have visual 
impairments 

USA HMI One 60 min 
session 

Only 4 tasks were 
studied, no control 
group, risk of 
acquiescence bias, 
use of a simulator 
instead of on-road 
AV. 

None 
detected 

20 0 Very 
low 

Use resulted in 
higher belief in 
usability, more 
desire to purchase an 
AV, less fear of 
safety, and increased 
trust in AVs. 

Brinkley Attitudes 
toward AVs 

2020 Survey, focus 
group 

Individuals 
who are blind 
or have visual 
impairments 

USA N/A N/A Did not distinguish 
blind and low- 
vision in one study, 
used functional and 
not medical 
definitions, no 
control groups, 
limited 
generalizability due 
to many having 
college degrees, 
one study had a 
small sample of 
mostly blind 
individuals 

None 
detected 

516, 39 0 N/A Most were generally 
optimistic with some 
concerns about 
safety, costs, driver 
licensing, and 
policies/laws. HMIs 
will need to have 
many features to 
support needs. 

Classen Review of in- 
vehicle 
technologies 

2019 Review Older adults USA N/A N/A Studies used 
inconsistent 
terminology, 
reviewers made 
some assumptions 
for classifying the 
technology, 
samples may have 
been 
heterogeneous, 
possible selection 
bias, authors did 
not rate studies, 
methods for 
delineating 
improvements or 
decreases in 
outcomes were 
incomplete, 
possible drawer 
effect 

None 
detected 

N/A N/A N/A IVIS and ADAS 
enhanced safety and 
mitigated age- 
related declines; 
enhanced safety and 
comfort by 
increasing speed 
control, lane 
maintenance, and 
braking responses; 
IVIS may reduce 
cognitive workload, 
but may jeopardize 
safety if the systems 
are overly 
complicated. 

Harper 2016 USA N/A N/A N/A N/A N/A 

(continued on next page) 
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Table 1 (continued ) 

Last Name 
of First 
Author 

General Theme Pub- 
lication 
Year 

Design Population of 
Interest 

Country Inter-vention Duration of 
Inter-vention 

Limitations Potential 
Pub-lication 
Bias 

Inter- 
vention 
or Main 
Sample 
N 

Control N GRADE 
Quality 
Rating 

Findings Relevant to 
PwD 

Estimation of 
travel increases 
due to AVs 

Bounding 
analysis 

Older adults, 
individuals 
with medical 
conditions 
that restrict 
driving, non- 
drivers 

Limited to older 
adults, non-drivers, 
and those with 
medical conditions; 
changes to 
population size 
over time, cost, 
market penetration 
rates, 
improvements in 
public 
transportation, and 
increases in urban 
density and 
ridesharing were 
not considered in 
the analysis. 

None 
detected 

Total annual light- 
duty travel would 
increase by about 
14% (295 billion 
miles), females 
would make up most 
of this increase and 
the oldest senior 
cohort would have 
the largest percent 
increase. 

Hartwich Effects of 
automation and 
driving style 
familiarity on 
driving comfort, 
enjoyment, and 
acceptance 

2018 Quasi- 
experimental 
observational 

Older adults, 
younger 
adults 

Germany Driving 
simulator 
with different 
driving styles 

Approximately 
200 min 

Limited 
standardization of 
styles in a fixed- 
base driving 
simulator 
environment, could 
be confounded by 
the quality of 
driving 
performance, no 
sensory or motion 
feedback, dropout 
due to simulator 
sickness, 
convenience 
sample, some had 
prior simulator 
experience, the 
intervention of 
interest is 
automated driving 
while the 
experimental 
intervention was 
emulated by using 
manual driving 

None 
detected 

20 20 Very 
low 

Automated driving 
was more 
comfortable and 
enjoyable than 
traditional driving 
for older adults, 
older adults 
preferred unfamiliar 
driving styles 
compared to their 
driving style. The 
results may differ 
significantly if the 
emulation by human 
driving is replaced 
with true automated 
driving. 

Hong Development of 
a semi- 
autonomous 
vehicle for 
people with 
visual 
impairment 

2008 Design Students 
without visual 
impairments 

USA Vibrating 
chair and 
headphones 
that provide 
sensory 
feedback 

N/A Sample size is 
small, system tested 
by students without 
visual impairment, 
testing methods 
were not rigorous, 
results mostly 
descriptively 

Unclear if 
any 
participants 
were also 
developers 

10 0 Very 
low 

Participants felt that 
steering wheel and 
pedals should have 
been used instead of 
a joystick; lag in 
reaction time; 
mental demand high 

(continued on next page) 
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Table 1 (continued ) 

Last Name 
of First 
Author 

General Theme Pub- 
lication 
Year 

Design Population of 
Interest 

Country Inter-vention Duration of 
Inter-vention 

Limitations Potential 
Pub-lication 
Bias 

Inter- 
vention 
or Main 
Sample 
N 

Control N GRADE 
Quality 
Rating 

Findings Relevant to 
PwD 

reported; testing 
was not completed 
in a real-world 
setting. 

Hwang Attitudes 
toward AVs 

2020 Focus groups Individuals 
with physical 
disabilities, 
individuals 
who are blind 
or who have 
low vision, 
public transit 
service 
experts 

USA N/A N/A Sample size is small 
and focused on 2 
disability types, all 
participants were 
>35 years old, 
possible sampling 
bias due to limited 
geography, no 
control group, 
limited description 
of disabilities of 
participants in 
results 

None 
detected 

23 
people 
with 
disab- 
ilities 
and 10 
transit 
experts 

N/A N/A Enthusiasm for AV 
potential, concern 
for safety and 
accessibility 
including in built 
environments, need 
for cooperative 
relationships among 
stakeholders and 
education programs 

Indu Rani Solar-powered 
vehicle 
designed as a 
mobile shop 

2018 Design Individuals 
with physical 
disabilities 

India Solar- 
powered 
mobile shop 

N/A Design of a vehicle 
with no mention of 
participatory 
design, no outcome 
measures 

None 
detected 

N/A N/A N/A Limited relevance 
due to lack of 
stakeholder 
participation in 
design 

Kempapidis Experience 
riding in AV 

2020 Ride in AV, 
survey, and 
facial 
expression 
analysis 

Passengers 
with and 
without 
disabilities 

UK Arthur (AV) 7 min Possible sample 
recruitment bias, 
descriptive analysis 
of results, image 
analysis only on a 
subset of data, 
possible response 
bias 

Partial 
funding from 
Aurrigo, Ltd. 

419 N/A Very 
low 

Happiness was the 
predominant 
expression; anxiety 
decreased over 
journey 

Knoefel Semi- 
autonomous 
vehicles as 
cognitive 
assistive devices 

2019 Model Older adults Canada N/A N/A Applicability of 
model can change 
with rapidly 
changing 
technology, 
changes in vehicle 
ownership patterns, 
impacts of public 
policy regarding 
AV operations, and 
data security; no 
data presented 

None 
detected 

N/A N/A N/A Semi-autonomous 
vehicles can serve as 
countermeasures for 
cognitive decline, 
interdisciplinary 
collaboration is 
needed. 

Kovacs Impact of AVs 
on older adults 

2020 Review Older adults Australia N/A N/A Search terms not 
provided, authors 
did not rate studies 
or discuss 
limitations of the 
review itself 

None 
detected 

N/A N/A N/A Potential impact of 
AVs on social and 
economic factors 
discussed. Policy 
scenarios presented 
for different service 
models. 

Lee Transporting 
children in AVs 

2020 Survey USA N/A N/A Specific contexts 
and use cases not 

None 
detected 

1310 0 N/A Although the survey 
was based on a prior 

(continued on next page) 
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Table 1 (continued ) 

Last Name 
of First 
Author 

General Theme Pub- 
lication 
Year 

Design Population of 
Interest 

Country Inter-vention Duration of 
Inter-vention 

Limitations Potential 
Pub-lication 
Bias 

Inter- 
vention 
or Main 
Sample 
N 

Control N GRADE 
Quality 
Rating 

Findings Relevant to 
PwD 

Parents 
without 
disabilities 

included, AVs were 
broadly defined, no 
formal definitions 
of automation 
levels provided, 
participants were 
required to imagine 
scenarios, up 
sampling used, no 
control group 

study with PwD the 
results have limited 
relevance, except 
that features may be 
needed to monitor 
and protect the user 
and ensure safe 
handoff to an adult 
at the end of a 
journey, or provide 
the means to monitor 
the user or to 
communicate with a 
caregiver during the 
journey. 

Li Attitudes 
toward AVs 

2019 Driving 
simulator and 
interview 

Older adults UK N/A N/A Sample size is 
small, possible 
sample recruitment 
bias, no control 
group, participant 
experience with 
AVs limited to a 
simulator 

None 
detected 

24 0 N/A Older adults want to 
retain ability to 
manually control 
vehicle and would 
prefer AVs to have a 
driving style similar 
to them, but which 
corrects errors. 
Other design 
preferences are 
explored. 

Mele Liability and 
regulatory 
barriers for 
drivers of AVs 
who are blind 

2013 Review Individuals 
who are blind 

USA N/A N/A Focused only on 
drivers who are 
blind; author did 
not discuss 
limitations of the 
review itself; based 
on technology 
developed until 
2013 

None 
detected 

N/A N/A N/A Explores issues of 
liability and lack of 
regulation of AVs 
being used by drivers 
who are blind. 

Millonig Connected and 
AVs relevant to 
older adults 

2019 Review Older adults Austria N/A N/A Focused on older 
adults; the author 
did not discuss 
limitations of the 
review itself 

None 
detected 

N/A N/A N/A Connected and AV 
may increase 
barriers if not 
designed inclusively; 
private ownership of 
AVs will not be 
realistic for many 
users; human 
attendants may be 
needed; AVs may 
impact social 
isolation and 
physical activity. 

Peng Effect of age on 
safety of AVs 

2019 Survey and 
expressed 

Older adults China N/A N/A Small sample size, 
possible 
recruitment bias, 

None 
detected 

300 
older 
adults 

304 
younger 
individuals 

N/A Compared to 
younger individuals, 
older adults had 

(continued on next page) 

B.E. Dicianno et al.                                                                                                                                                                                                                             



NeuroscienceLetters761(2021)136103

11

Table 1 (continued ) 

Last Name 
of First 
Author 

General Theme Pub- 
lication 
Year 

Design Population of 
Interest 

Country Inter-vention Duration of 
Inter-vention 

Limitations Potential 
Pub-lication 
Bias 

Inter- 
vention 
or Main 
Sample 
N 

Control N GRADE 
Quality 
Rating 

Findings Relevant to 
PwD 

preference 
approach 

possible bias in the 
interpretation of 
small numbers, 
many participants 
were not drivers; 
some data removed 
due to aberrant 
responses 

higher levels of 
acceptable safety 
with respect to 
fatality risk, less 
positive attitude 
toward and 
acceptance of AVs. 

Pettigrew AVs for older 
adults 

2019 Interview Variety of 
professional 
stakeholders 

Mostly 
Australia 

N/A N/A Not all stakeholders 
represented, details 
about interviewees 
not reported, 
international study 
but respondents 
mostly from one 
country, older 
adults were not 
interviewed, no 
control group 

None 
detected 

43 0 N/A Privately-owned, 
rideshare, and public 
AV options may be 
needed to support 
individuals of all 
income levels; the 
dominance of 
commercial interests 
in the market; the 
need for 
participatory design 
and research that 
drives design. 

Rahman Attitudes 
toward AVs 

2019 Survey Older adults USA N/A N/A Possible sampling 
bias, responses 
based on 
perceptions but not 
experiences, no 
control group 

None 
detected 

173 0 N/A A generally positive 
attitude from the 
perspective of the 
driver, but neutral or 
negative from the 
perspective of 
pedestrian, 
familiarity plays a 
role. 

Rhui Smart vehicles 
and older adults 

2015 Review Older adults South 
Korea 

N/A N/A Older adult topic 
was not part of 
original search 
strategy so articles 
may have been 
excluded. Results 
relevant to older 
adults were a 
secondary aim. 

None 
detected 

N/A N/A N/A Studies on older 
adults focused 
mainly on the 
recognition of the 
driver’s physical or 
mental state of 
being, but not 
capability of driving. 
Fewer studies 
focused on driver 
action suggestions 
(e.g., warnings, 
notifications), but 
was not as thorough 
as research for 
younger drivers 
without disabilities. 

Robertson AVs and older 
adults 

2019 Survey, focus 
group 

Older adults Canada N/A N/A Responses based on 
perceptions but not 
experiences, 
possible response 

Funded by 
the Toyota 
Canada 
Found-ation 

2662, 38 0 N/A Knowledge and 
safety are related to 
intention to use, 
older adults 

(continued on next page) 

B.E. Dicianno et al.                                                                                                                                                                                                                             



NeuroscienceLetters761(2021)136103

12

Table 1 (continued ) 

Last Name 
of First 
Author 

General Theme Pub- 
lication 
Year 

Design Population of 
Interest 

Country Inter-vention Duration of 
Inter-vention 

Limitations Potential 
Pub-lication 
Bias 

Inter- 
vention 
or Main 
Sample 
N 

Control N GRADE 
Quality 
Rating 

Findings Relevant to 
PwD 

bias, no control 
group, one dataset 
had small sample 

receptive to various 
training strategies. 

Rovira Trust in AVs 2019 Survey Older adults, 
younger 
adults 

USA N/A N/A Responses based on 
perceptions and 
possibly media but 
not experiences, 
younger adults 
were more 
sedentary potential 
confounding of 
trust in automation 
with a need for 
automation, 
convenience 
sample, disability 
focus is minimal 

None 
detected 

86 52 N/A Trust varies 
according to several 
factors. 

Son Audification 
and 
visualization 
system for AVs 

2019 Design and 
performance 
analysis 

Individuals 
who are blind, 
individuals 
who are deaf 

South 
Korea 

Audification 
and 
visualization 
system for 
AVs 

N/A Users may be more 
interested in 
situation awareness 
information, no 
detail about 
participatory 
design 

None 
detected 

N/A N/A N/A Performance 
analysis showed that 
it can provide useful 
information to users 
quickly. 

Steinfield Ethics and 
policy 
implications for 
inclusive 
intelligent 
transportation 
systems 

2010 Policy 
proposal 

Individuals 
with 
disabilities 
and older 
adults in 
general 

USA N/A N/A Limitations of the 
review itself not 
stated scope limited 
to author’s 
perceptions about 
what is relevant 

None 
detected 

N/A N/A N/A Important to 
incorporate inclusive 
and universal design 
approaches when 
designing intelligent 
transportation 
systems, 
policymakers must 
consider many 
factors, including 
liability, cost, 
potential societal 
benefits, and 
privacy. 

Sultan AVs for people 
with epilepsy 

2020 Focus groups Individuals 
with epilepsy, 
caregivers 

UK N/A N/A Descriptive analysis 
of participants not 
available, 
convenience 
sample, small 
sample, no control 
group 

None 
detected 

8 0 N/A Concerns of this 
population may 
mirror those of other 
PwD but also present 
unique challenges 
such as the need to 
“safety-proof the 
car’s cabin in case of 
a seizure”. 

Tabattanon Accessible 
design of low- 
speed 

2019 Review Individuals 
with 
disabilities 
and older 

USA N/A N/A Exclusion from a 
review of some 
travel chain 
components such as 

None 
detected 

N/A N/A N/A Accessibility 
research on shared- 
use low-speed 
automated shuttles is 

(continued on next page) 
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Table 1 (continued ) 

Last Name 
of First 
Author 

General Theme Pub- 
lication 
Year 

Design Population of 
Interest 

Country Inter-vention Duration of 
Inter-vention 

Limitations Potential 
Pub-lication 
Bias 

Inter- 
vention 
or Main 
Sample 
N 

Control N GRADE 
Quality 
Rating 

Findings Relevant to 
PwD 

automated 
shuttles 

adults in 
general 

moving to and from 
transportation 
stations and stops, 
focus on 
publications on 
manned transit 
systems to infer 
accessible design 
issues for low-speed 
automated shuttles 

non-existent, and 
accessibility research 
on other public 
transit modes is 
limited. The latter 
was mostly focused 
on physical mobility 
impairments. 
Interior 
configuration of 
vehicles is critical to 
accessibility and 
maybe an issue even 
when compliant with 
federal accessibility 
standards. Mock-up 
prototypes could 
help promote 
accessible design. 

Tremoulet Transporting 
children in AVs 

2020 Simulator, 
interviews, 
and focus 
group 

Parents 
without 
disabilities; 
children 
without 
disabilities 

USA Driving 
simulator 

Simulator visit 
60 or 25 min, 
focus group 60 
min. 

Included parents 
only of 8- to 16- 
year-old children, 
small sample, 
driving simulator 
included traditional 
manual controls, no 
exposure to 
scenarios where the 
car failed or risk 
was high, no 
control group 

None 
detected 

19, 14 0 Very 
low 

The results have 
limited relevance to 
PwD, except that 
features may be 
needed to monitor 
and protect the user 
and ensure safe 
handoff to an adult 
at the end of a 
journey, or provide 
the means to monitor 
the user or 
communicate with a 
caregiver during the 
journey. 

Voinescu Usability of 
HMIs of AVs 

2020 Pre/post 
simulator 
study 

Older adults UK 4 journeys in 
a simulator 

25 min 
workshops, in- 
lab testing up to 
4 hrs 

The sample was 
underpowered for 
initial intended 
analysis, cross- 
sectional design, 
basic HMI design, 
journeys restricted 
to urban/city 
surroundings, 
subjective 
measures, no 
control group 

None 
detected 

25 0 Very 
low 

HMIs that are 
perceived as simple 
to use and require 
less interaction are 
likely to be preferred 
by older adults.  
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Several articles focused on AVs potentially being used by older 
adults. One manuscript reviewed grey literature to identify emerging 
technologies relevant to older adults [89]. Self-driving vehicles were 
highlighted, but authors felt that their relevance depends on the level of 
automation that can be achieved. Rhiu, et al published a review article 
on features of intelligent vehicles and included manuscripts that eval-
uated features relevant to older adults [90]. Most studies focused mainly 
on the recognition of the driver’s physical or mental state of being, but 
not the capability of driving. Fewer studies focused on driver action 
suggestions (e.g., warnings, notifications), but were not as thorough as 
research on younger drivers without disabilities. A manuscript by 
Knoefel et al maps cognitive changes associated with aging to their 
impact on driving, showing how various sensors could be used to 
automate steering, speed, braking, and navigation to compensate [91]. 

Human-machine interfaces (HMIs) that are perceived as easy to use 
and require less interaction may be more usable by older adults [92]. In 
a study using a driving simulator, automated driving was more 
comfortable and enjoyable than non-automated driving for older adults; 
interestingly, older adults preferred the unfamiliar driving style of the 
AV compared to their driving style, presumably because they had 
become familiar with using compensatory strategies to mitigate the ef-
fects of aging [93]. In a different study, however, older adults stated a 
preference for AVs that would mimic their driving style while correcting 
their errors; these participants also expressed ideas for vehicle design 
that would promote comfort, provide information updates, and prevent 
delays in responding to warnings requiring manual override [78]. 

A scoping review examined in-vehicle information systems (IVIS) 
and advanced driving assistance systems (ADAS) in older adults [94]. 
Reviewed studies showed evidence that using IVIS may require a lower 
cognitive workload, but safety can be compromised when the system is 
too complex. Also, ADAS affords speed control, lane maintenance, and 
braking responses which all may improve safety. Authors propose that 
designers of IVIS and ADAS should consult occupational therapists 
skilled in adaptive driving. 

Millonig notes that SAE automation levels 0–3 require some inter-
action of a human driver and that this may have serious implications for 
safety and trust when the driver is an older adult experiencing a decline 
in reaction time or other skills [86]. Features that allow the user to plan, 
book, and pay for trips or that connect the vehicle to pedestrians, 
infrastructure, networks, and other vehicles and devices could lead to 
exclusion of users who do not have smartphones, or who have difficulty 
learning new skills as technology continues to advance. On the other 
hand, connectedness could provide the user with helpful information 
about the vehicle, such as its accessibility to wheelchairs. 

One publication reported on two studies that detail specific needs for 
the design of HMIs for AVs for individuals who are blind or who have 
visual impairments [95]. Respondents expressed that the HMI would 
need to provide navigation assistance, situational awareness, and loca-
tion verification. A need for accurate speech recognition is apparent, but 
many individuals expressed concern over accuracy and stated they 
would prefer to control an AV with an accessible smartphone applica-
tion, although a backup system would be needed. Individuals who are 
blind expressed a preference for accessible applications over 
touchscreens, including touchscreens with voiceover capabilities, while 
those with low vision acknowledged some potential utility for 
touchscreen if they were made more accessible. The desire to manually 
control the vehicle in an emergency was a desire expressed by fewer 
respondents. Older respondents were more open to solutions that did not 
involve smartphone technology and expressed a need for navigation 
assistance to and from the AVs. Opinions varied as to whether the needs 
of the disability community are understood or being considered in AV 
accessible design, or whether designers and manufacturers understand 
the importance of this. Some expressed the need for systems that are 
secure against hacking. 

Four studies reported designs or evaluations of specific HMIs. An 
“Audification and Visualization System” for AVs was created for 

individuals who are blind or deaf [96]. This system has a customizable 
touchscreen, provides support for text-to-speech and speech-to-text, and 
manages data collected from vehicle sensors. Performance analysis 
showed that it can provide useful sensor and diagnostic information to 
users quickly. The Accessible Technology Leveraged for Autonomous 
vehicles System (ATLAS) is an HMI with speech recognition that pro-
vides PwD with navigation assistance and spatial orientation [97]. It was 
designed using participatory design with input from people with visual 
impairments. When individuals with visual impairments interacted with 
ATLAS in a vehicle, they had a higher belief in usability, more desire to 
purchase an AV, less fear of safety, and increased trust in AVs [95]. 
Finally, Hong et al described the design of a vibrating chair and audio 
feedback system for drivers with visual impairments; reaction time and 
mental demand were high when tested by students without visual im-
pairments [98]. 

A dearth of research addressed children with disabilities being 
transported in AVs or PwD using AVs to transport their children. Sultan 
provided results of a focus group of people with epilepsy and their 
caregivers. Participants felt a need for sensor technology that could 
detect a seizure in a passenger [81]. Simulator and survey studies have 
assessed the views of parents transporting children within AVs [99,100]. 
Although the participants in these studies were not PwD or parents of 
children with disabilities, one study was informed by the above study by 
Brinkley, et al. [95] and showed some overlap in the needs of children 
and those who need a caregiver. One concern was that there may be a 
need for features to monitor and protect the user and ensure safe handoff 
to a caregiver at the end of a journey or provide the means for the user to 
communicate with a caregiver during the journey. The need or prefer-
ence for a human caregiver or attendant being involved at points in the 
journey may be relevant to PwD, which may enhance trust and safety, 
but decrease the spontaneity of travel [86]. Robots and drones may also 
someday provide useful assistance with cargo and mobility devices [86]. 

Older adults have expressed a view that because the private sector 
has been driving AV technology development, there has been a lack of 
government legislation or guidance in many countries to plan for reg-
ulatory and infrastructure issues or voucher systems [87]. The need for 
legislation on accessibility related to AVs must be balanced with the 
need for rapid technology development, given that overregulation can 
impede such development [101,102]. Concern for liability can also be a 
barrier for the production and marketing of AVs [102]. Nevertheless, 
developers and manufacturers can be encouraged to begin addressing 
accessibility in design, especially by including PwD in the process. 
Policymakers should develop more guidance and best practices while 
considering many factors including liability, cost, potential societal 
benefits, and privacy [103]. 

4. Discussion 

4.1. Synthesis of findings 

The findings of this review echo the words of the National Council on 
Disability, “…the disability community knows better than any other 
how being involved in planning from day one is critical to a successfully 
accessible product, regardless of how many years in the future it lies.” 
[26]. This review reveals a need for guidance on accessible and usable 
design and planning and policy surrounding AV technology and infra-
structure. The grey and scientific literature highlight opportunities and 
barriers to accessible and usable AVs and services. Older adults are 
represented more than other groups including PwD, in the scientific 
literature. The literature paints a colorful picture of how PwD are a 
diverse group, and that accessible and usable design solution will 
therefore need to be tailored to each group’s needs and preferences. 
However, research is still in its infancy and must advance to include 
more participatory action design and engineering studies and higher 
quality, prospective experimental studies to evaluate outcomes of 
accessible and usable AV technology. Studies will need to address not 

B.E. Dicianno et al.                                                                                                                                                                                                                             



Neuroscience Letters 761 (2021) 136103

15

only the vehicles but also all aspects of the vehicle’s features and travel 
journey. 

4.2. Policy and knowledge translation implications 

The grey and scientific literature demonstrate a clear need for federal 
and international guidance on accessible and usable design. Universal 
design and participatory action design and engineering principles 
should be part of the development of AVs, AV services, and the built 
environment. Participatory action design and engineering should 
include PwD and all other important stakeholders, including trans-
portation service experts, adaptive driving instructors, travel compan-
ions, caregivers, and others. While over-regulation can stifle technology 
advancement, the rights and needs of PwD must be considered in the 
process, so reservations about legislation on accessible and usable design 
and engineering should be balanced with the need for equity and safety. 
Because some vehicles that meet accessibility standards are not truly 
accessible to all PwD or their mobility devices, especially in situations 
where crowding occurs, guidance on accessible design will need to 
evolve to accommodate this issue. A traveler’s entire journey, from ar-
ranging a ride to arriving at the destination, parking, and entering a 
building, should be considered in guidance on accessible and usable 
design. Accessible and usable design is needed for the built environment 
and connecting infrastructure, the vehicle, wheelchair, and scooter 
securement, the HMI, sensors and monitors, infotainment systems, 
vehicle connectedness and networks, stowage, mobile devices applica-
tions, assistive robots, and drones. The HMI of AVs will need to be 
customizable with accessibility features suitable for a variety of dis-
abilities and should enhance rather than compromise their safety. Safety 
standards for AVs must evolve to include criteria relevant to PwD, and 
companies should report on such criteria. Safety algorithms must be able 
to detect pedestrians with disabilities. Accessible design standards 
should be based on full-scale prototypes that have been tested in a 
laboratory setting [85]. 

Legislation on and planning for automated travel will need to be 
informed by a multitude of factors. Along with the expansion of the 
travel system to include more vehicles, travel options, and changes to 
the built environment, concepts such as liability, privacy, and impact on 
energy, and emissions will all factor into the decisions. Policymakers 
will need to address how to match the availability of different types of 
AVs (i.e., private vehicles, paratransit, public transportation) to the 
needs of each community, including the number and type of accessible 
vehicles in each fleet. Because it is unlikely that private ownership of 
AVs will be common in the disability community, policy surrounding 
payment for services, including benefits, state and federal coverage, and 
voucher systems, is needed, especially given the potential impact AVs 
could have on medical, employment, and education outcomes. Devel-
opment of successful service delivery models will need to consider 
human resources, such as the decreased need for drivers in parallel to 
the potential need for humans to serve as monitors, emergency contacts, 
attendants, or escorts, depending on the level of AV automation, and 
how to train these people. Policy will need to be developed on driver 
licensing requirements for AVs that do not unnecessarily exclude spe-
cific groups of PwD. Planning can be guided by geospatial analyses that 
outline trends in AV use, travel patterns, and associated changes in 
infrastructure, as well as associated projected costs. Policy will likely be 
informed by research on how AV use affects physical or mental health, 
social determinants of health, and society at large [70]. 

This review demonstrates a need for market research to determine 
the best methods for educating PwD and other stakeholders as end-users 
of AV technology. Important education topics are the current state of AV 
technology development, the extent of involvement of PwD and other 
stakeholders in accessible design, safety, privacy, the various trans-
portation options (paratransit, ridesharing, private vehicles, and public 
transportation), and laws surrounding the operation of AVs. The method 
of delivering this information and the content of the message will need 

to be tailored to specific disability populations. Older adults, for 
example, have shown interest in the classroom and hands-on learning 
opportunities (e.g., closed course and simulator driving) [76]. Those 
who are blind will likely need additional information about safety, how 
AVs provide freedom to travel, and the inevitability that AVs will be on 
the road [74]. Crowdsourcing may be a way for users to get up-to-date 
information about their travel options and help them report issues 
[103]. 

4.3. Research gaps 

Research gaps identified in this review are listed in Table 2. 

4.4. Limitations and future research directions 

Some limitations of our review deserve discussion. One limitation of 
this article is that we did not search every available scientific database. 
However, we did use core databases for technical papers and disability 
literature [104] and databases that include literature on psychosocial 
outcomes and social determinants of health such as transportation 
outcomes. We used citation-chaining to identify other potentially rele-
vant articles. Second, we limited our review to publications since the 
advent and implementation of the ADA but may have excluded older 
articles of relevance. Third, we reviewed studies only in English. As a 
result, some international studies may have been excluded. Fourth, the 
grey literature identified may have over-represented some populations 
because of the expertise of the Advisory Board. Fifth, while our defini-
tion of AV was broad, most literature identified focuses on ground 
transportation. Finally, we also used a broad definition of disability. 
Although driving limitations due to aging are not necessarily the same 
limitations faced by younger individuals with visual, physical, or 
cognitive impairments [87], we have taken an inclusive approach 
because the literature does show some overlap in needs and opinions of 
these groups and because young PwD experiences the effects of aging 
too. However, the external validity of the studies in this review is limited 
to populations similar to those in each study. Our synthesis points out 
salient similarities and differences in these populations. It will be 
important for designers, planners, manufacturers, and policymakers to 
include the voices of both groups in their future work. 

Further research is needed in many areas. The literature has only just 
begun to outline the needs of people with various disabilities in terms of 
accessible and usable design for AVs and the travel journey. High-quality 
prospective observational and randomized controlled trials will be 
needed to evaluate designs according to many outcomes such as safety, 
usability, and accessibility. This research needs to incorporate principles 
of participatory action design and engineering, where all stakeholders 
work collaboratively in a transdisciplinary fashion. A robust simulation 
infrastructure for software and hardware will be necessary for mea-
surement of outcomes, to provide users with realistic experiences on 
which to base their opinions and preferences and to inform policy such 
as for drivers licensing. More research on AVs is also needed within 
specific disability groups and with respect to the intersectionality of 
disability and other factors. For example, most older adults will expe-
rience an eye condition at some point if they live long enough [105] and 
many people with blindness have comorbid conditions that also influ-
ence attitudes about AVs [74]. 

Our future research plans include using the research gaps generated 
by this review to carry out surveys, focus groups, and journey mapping 
studies to answer important research questions. We plan to leverage the 
data obtained in these future experiments and data from publicly 
available datasets to understand factors that influence travel and to 
develop solid models that illustrate key features and parameters for 
implementing AVs and services. Finally, we plan to create a roadmap for 
manufacturers and transportation system providers that is responsive to 
the needs of PwD and demonstrates a path forward for the integration of 
accessible AVs and services. 
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5. Conclusions 

This review highlights opportunities and barriers to accessible AVs 
and services. People with disabilities are a diverse group. Accessible and 
usable design solutions for AVs will therefore need to be tailored to each 
group’s needs, circumstances, and preferences. Future research in 
diverse disability groups should include more participatory action 
design and engineering studies and higher quality, prospective experi-
mental studies to evaluate outcomes of accessible AV technology. 
Studies will need to address not only the vehicles and their features but 
also the entire travel journey. A community of practice built upon 
stakeholder engagement will accelerate the development and deploy-
ment of accessible AVs and services in an inclusive manner, which will 
be beneficial to the plurality of stakeholders and sensitive and respon-
sive to the needs of PwD. 
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