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Identifying Automated Driving Systems-Dedicated Vehicles (ADS-DVs)
Passenger Issues for Persons with Disabilities

RATIONALE

This information report provides a literature review, along with results from expert interviews, regarding universal design
principles and guidance for the development of automated driving systems-dedicated vehicles (ADS-DVs) in order to
accommodate users with visual, mild cognitive, or certain physical impairments.

This 2025 limited-scope revision incorporates editorial/general changes from the 2019 release of SAE J3171, identified in
the previous reaffirmation ballot, including: correction of typos (missing commas/hyphens/words, incorrect numbering),
alignment of Background description with the numerical flow of the clauses, and updating terminology and grammar for
clarity and alignment with related documents. Besides those changes captured in the limited-scope revision, references
were corrected where needed.
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1. SCOPE

It is expected that Level 4 and 5 automated driving systems-dedicated vehicles (ADS-DVs) will eventually enable persons
to travel at will who are otherwise unable to obtain a driver’s license for a conventional vehicle, namely, persons with certain
visual, cognitive, and/or physical impairments. This information report focuses on these disabilities but also provides
guidance for those with other disabilities. This report is limited to fleet-operated, on-demand, shared mobility scenarios, as
this is widely considered to be the first way people will be able to interact with ADS-DVs. To be more specific, this report
does not address fixed-route transit services or private vehicle ownership. Similarly, this report is focused on motor vehicles
(refer to SAE J3016), not scooters, golf carts, etc. Lastly, this report does not address the design of chair lifts, ramps, or
securements for persons who use wheeled mobility devices (WHMD) (e.g., wheelchair, electric cart, etc.), as these matters
are addressed by other committees within SAE International.

2. REFERENCES
2.1 Applicable Documents

The following publications form a part of this specification to the extent specified herein. Unless otherwise indicated, the
latest issue of SAE publications shall apply.

2.1.1  SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606- 7323 (U.S. and
Canada only) or +1 724-776-4970 (Outside U.S. and Canada), www.sae.org.

SAE J1725 Structural Modification for Personally Licensed Vehicles to Meet the Transportation Needs of Persons with
Disabilities

SAE J2092 Testing of Wheelchair Lifts for Entry to or Exit from a Personally Licensed Vehicle

SAE J2093 Design Considerations for Wheelchair Lifts for Entry to or Exit from a Personally Licensed Vehicle

SAE J2249 Wheelchair Tiedown and Occupant Restraint Systems for Use in Motor Vehicles

SAE J2395 ITS In-Vehicle Message Priority

SAE J2831 Development of Design and Engineering Recommendations for In-Vehicle Alphanumeric Messages

SAE J2988 Guidelines for Speech Input and Audible Output in a Driver Vehicle Interface

SAE J3016 Taxonomy and Definitions for Terms Related to Driving Automation Systems for On-Road Motor Vehicles
SAE J3163 Taxonomy and Definitions for Terms Related to Shared Mobility and Enabling Technologies

Schaupp, G., Seeanner, J., Jenkins, C., Manganelli, J. et al., “Wheelchair Users’ Ingress/Egress Strategies While
Transferring Into and Out of a Vehicle,” SAE Technical Paper 2016-01-1433, 2016, https://doi.org/10.4271/2016-01-1433.

2.1.2 Non-SAE Publications

Bhuiyan, J. (2016). Disability advocates to regulators: Consider us when making self-driving laws. Retrieved from
https://www.vox.com/2016/4/27/11586482/disability-advocates-to-regulators-consider-us-when-making-self.

Brinkley, J., Posadas, B., Woodward, J., and Gilbert, J. (2019). Opinions and preferences of blind and low vision consumers
regarding self-driving vehicles: Results of focus group discussions. ASSETS, Association for Computing Machinery.

Bureau of Labor Statistics. (2017). Persons with a disability: Labor force characteristics summary. Retrieved from
https://www.bls.gov/news.release/disabl.nr0.htm.
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Bureau of Transportation Statistics. (2012). Transportation difficulties keep over half a million disabled at home. Retrieved
from https://www.bts.gov/archive/publications/special_reports and issue briefs/issue_ briefs/number_03/entire.

Campbell, F. (2017). Why public transport isn’t working - the last mile problem.
Chang, A., and Gouse, W. (2017). Accessible automated driving system dedicated vehicles.

Chapman, L. (2012). What do self-driving vehicles mean for disabled travelers. Retrieved from https://www.disabled-
world.com/disability/transport/autonomous-vehicles.php.

Connell, B., Jones, M., Mace, R., Mueller, J., et al. (1997). The principles of universal design: Version 2.0. The Center for
Universal Design.

Crane, D., Logue, K., and Pilz, B. (2017). A survey of legal issues arising from the deployment of autonomous and connected
vehicles. Michigan Telecommunications and Technology Law Review, 23(2), 191-320.

Douma, F., Lari, A., and Andersen, K. (2016). The legal obligations, obstacles, and opportunities for automated and
connected vehicles to improve mobility and access for people unable to drive. Michigan State Law Review, 75, 75-96.

Easton, C. (2014). Driverless cars could change lives for disabled people, if we let them. Retrieved from
https://theconversation.com/driverless-cars-could-change-lives-for-disabled-people-if-we-let-them-30286.

Endicott, M. (2016). Disability advocates see opportunity in self-driving cars. Retrieved from
https://www.disabilityscoop.com/2016/04/25/disability-self-driving-cars/22224/.

Frisbie, T. (2017). Will autonomous vehicles be accessible to people with disabilities? Retrieved from
http://sharedusemobilitycenter.org/news/will-autonomous-vehicles-be-accessible-to-people-with-disabilities/.

Gillespie, M. (2016). Shifting automotive landscapes: Privacy and the right to travel in the era of autonomous motor vehicles.
Washington University Journal of Law and Policy, 50(7), 147-169.

Harper, C., Hendrickson, C., Mangones, S., and Samaras, C. (2016). Estimating potential increases in travel with
autonomous vehicles for the non-driving, elderly and people with travel-restrictive medical conditions. Transportation
Research Part C: Emerging Technologies, 72, 1-9. http://dx.doi.org/10.1016/j.trc.2016.09.003.

Heussner, K.M. (2009). Retrofitted Car puts blind drivers behind the wheel. Retrieved from
https://abcnews.go.com/Technology/AheadoftheCurve/story?id=8168749andpage=1.

Inclusive Design Group. (n.d.). Inclusive design toolkit: What is inclusive design? Retrieved from
http://www.inclusivedesigntoolkit.com/whatis/whatis.html.

Kendrick, D. (2011). The blind driver challenge: Technology that puts blind people in the driver’s seat. AccessWorld, 12.

McParland, T. (2015). Why autonomous cars could be the change disabled people need. Retrieved from
https://jalopnik.com/why-autonomous-cars-could-be-the-change-disabled-people-1688864804.

Mobility-Aids. (n.d.). My car buckle mate. Retrieved from https://www.mobility-aids.com/my-car-buckle-mate.html.

Morris, J.T., Sweatman, W.M., and Jones, M.L. (2017). Smartphone use and activities by people with disabilities: User
survey 2016. Paper presented at the CSUN Assistive Technology Conference.

National Conference of State Legislatures. (2018). Autonomous vehicles: Self-driving vehicles enacted
legislation. Retrieved from http://www.ncsl.org/research/transportationautonomous-vehicles-self-driving-vehicles-enacted-

legislation.aspx.

National Disability Authority (NDA). What is universal design. Retrieved from https://nda.ie/about/what-we-do/centre-for-
excellence-in-universal-design.
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Pilarski, C., and Rath, J.F. (2013). Universal design: Moving beyond accessibility accommodations to a more inclusive
environment for everyone. American Psychological Association. Retrieved from
https://www.apa.org/pi/disability/resources/publications/newsletter/2013/11/inclusive-environment.

Preiser, W., and Smith, K.H. (2010). Universal design handbook (2nd ed.). McGraw-Hill Professional.

Rose, D. (2013). Blind drivers at the steering wheel. Retrieved from http://www.bbc.com/news/magazine-21720318.

Shergold, I., Wilson, M., and Parkhurst, P.G. (2016). The mobility of older people, and the future role of Connected
Autonomous Vehicles. Project Report. Centre for Transport and Society, University of the West of England, Bristol.

Shuttleworth, J. (2017). Mobility for everyone: Automated driving systems. Automotive Engineering, 4(9).

Smith, T.L., Lewis, C., and Moore, E.B. (2017). Description strategies to make an interactive science simulation accessible
Paper presented at the CSUN Assistive Technology Conference.

Staff, D.E. (2018). 6 simple auto aids for seniors make car travel easier. Retrieved from http://dailycaring.com/6-simple-
auto-aids-for-seniors-make-car-travel-easier/.

Stander. (n.d.). CarCaddie.
Steinfeld, E., and Maisel, J. (2012). Universal design: Creating inclusive environments. John Wiley and Sons, Inc.

Steinfeld, E., Maisel, J., Feathers, D., and D’Souza, C. (2010). Anthropometry and standards for wheeled mobility: An
international comparison. Assistive Technology, 22(1), 51-67.

Stenquist, P. (2014). In self-driving cars, a potential lifeline for the disabled. The New York Times. Retrieved from
https://www.nytimes.com/2014/11/09/automobiles/in-self-driving-cars-a-potential-lifeline-for-the-disabled.html.

United States Census Bureau. (2012). Americans with Disabilities: 2010, Household Economic Studies. Retrieved from
https://www?2.census.gov/library/publications/2012/demo/p70-131.pdf.

Wickens, C.D., Lee, J.D., Yili, L., and Gordon Becker, S.E. (2004). An introduction to human factors engineering (2nd ed.).
Pearson Prentice Hall, 185-193.

World Health Organization (WHO). (2018). Disability and health. Retrieved from https://www.who.int/en/news-room/fact-
sheets/detail/disability-and-health.

World Health Organization (WHO). Disabilities. Retrieved from https://www.who.int/topics/disabilities/en/.

2.2 Related Publications

The following publications are provided for information purposes only and are not a required part of this SAE Technical
Report.

2.21 U.S. Congress Publications

Copies of these documents are available online at www.congress.gov.

Technology-Related Assistance for Individuals with Disabilities Act of 1988, S.2561, 100th Cong. (1988).
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2.2.2 U.S. Access Board Publications

Copies of these documents are available online at www.access-board.gov.

U.S. Access Board. (2017) Revised 508 standards. Available from https://www.access-board.gov/quidelines-and-
standards/communications-and-it/about-the-ict-refresh/final-rule/text-of-the-standards-and-guidelines.

2.2.3 W3C Publications
Copies of these documents are available online at www.w3.org.

World Wide Web Consortium. (2018). World Wide Web accessibility guidelines. Available from
https://www.w3.org/WAI/standards-guidelines/wcag/.

3. DEFINITIONS

3.1 ACCESSIBILITY

The degree to which a product or service is able to be accessed or used by people with disabilities.

3.2 ASSISTIVE DEVICE

A device designed to help a person to perform a specific task (or type of task) they might not otherwise be able to perform.
3.3 AUTOMATED DRIVING SYSTEM-DEDICATED VEHICLE (ADS-DV)

A vehicle designed to be operated exclusively by a Level 4 or 5 automated driving system (ADS) for all trips within its given
operational design domain limitations (if any) (refer to SAE J3016).

3.4 DISABILITY

“Disabilities is an umbrella term, covering impairments, activity limitations, and participation restrictions. An impairment is a
problem in body function or structure; an activity limitation is a difficulty encountered by an individual in executing a task or
action; while a participation restriction is a problem experienced by an individual in involvement in life situations” (refer to
World Health Organization, 2019).

3.5 RIDESOURCING

Ridesourcing services are prearranged and on-demand transportation services for compensation in which drivers and
passengers connect via digital applications. Digital applications are typically used for booking, electronic payment, and
ratings (refer to SAE J3163).

NOTE: For purposes of ridesourcing services provided by ADS-DVs, the digital application would connect passengers with
a particular ADS-DV, rather than with a driver of a conventional vehicle.

3.6 UNIVERSAL DESIGN

“The process of creating products and built environments to be usable by all people, to the greatest extent possible, without
the need for adaptation” (refer to Pilarski and Rath, 2013).
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4. ABBREVIATIONS

ADS-DV Automated Driving System (ADS)-Dedicated Vehicle

OEM Original Equipment Manufacturer
PWD Persons with Disabilities

W3C World Wide Web Consortium
WHMD Wheeled Mobility Device

5. BACKGROUND

Over one billion people, about 15% of the world's population, have some form of disability (refer to World Health
Organization, 2018). In the United States, nearly one in five, or 56.7 million, people have a disability (refer to U.S. Census
Bureau, 2010). Of the 15 million Americans who report having difficulties accessing transportation services, 40% are people
with disabilities. The lack of a personal vehicle is the most frequently cited reason for being homebound for persons with
disabilities (PWDs) (refer to Bureau of Transportation Statistics, 2003). Over half a million disabled Americans never leave
home due to the lack of access to transportation (refer to Bureau of Transportation Statistics, 2003). Almost three decades
after the passage of the Americans with Disabilities Act, PWDs continue to face systemic barriers to transportation. The
lack of transportation accessibility contributes to the unemployment rate being twice as high for PWDs compared to that of
those with no disability (refer to Bureau of Labor Statistics, 2017). Furthermore, PWDs report transportation and affordability
as main barriers to receiving needed health care (refer to World Health Organization, 2018). For those who are unable to
obtain a driver’s license, transportation options are often limited to walking, public transport, and for-hire services such as
taxis.

Original equipment manufacturers (OEMs) and technology companies are working to develop, refine, and deploy ADS-DVs
for purposes of providing transportation services (refer to Chang and Gouse, 2017). ADS-DVs—vehicles designed to be
operated exclusively by an ADS as described in SAE J3016—have the potential to expand mobility opportunities for even
greater numbers of people, including PWDs who are currently unable to obtain a driver’s license due to certain vision,
cognitive, and/or physical disabilities. This document identifies and summarizes potential passenger issues related to the
use of ADS-DVs offered as part of ridesourcing services for PWD. The methods used to identify the issues presented within
this report are described in Section 6. In Section 7, the difficulty of classifying people with disabilities, which is a
complementary issue, is explained. These issues are then described in Section 8.
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6. METHOD
6.1  Approach

The goals for this report were to identify issues unique to ADS-DV design for individuals with certain visual, cognitive, and/or
physical impairments. Notwithstanding this narrower focus, the concerns of other classes of disability were also considered
to the extent they involve aspects unique to ADS-DVs. For example, although this document does not address issues faced
by PWDs who require wheelchair lifts or ramps, wheelchair locking mechanisms, and/or chest restraints, it does speak to
issues unique to use of an ADS-DV by passengers who use WHMD, such as where an ADS-DV should stop to facilitate
safer ingress/egress. Other issues related to accommodating WHMDs in passenger vehicles are addressed in SAE J1725,
SAE J2092, SAE J2093, and SAE J2249."

The methodological approach followed in developing this document consisted of three main steps: (1) review of driver’s
license requirements; (2) literature review; and (3) stakeholder interviews. Each of these is described below.

6.2 Review of Driver’'s License Requirements

As a first step, a thorough review was conducted of driver’s license requirements within the U.S., which is presented in
Appendix A. Each state requires that individuals pass a knowledge test, a vision test, and a skills test to obtain a driver’s
license. Meeting these requirements is unlikely for individuals with certain cognitive and/or vision disabilities.

6.3 Literature Review

The literature review group focused on researching the Task Force objectives and related inquiries. Topics of interest
included work currently being done to involve PWDs in design of technology and international best practices in accessible
transportation for PWDs.

6.4 Stakeholder Interviews

An interview group created questionnaires, identified stakeholders, and conducted interviews. Interviewees consisted of
four categories of stakeholders with specialized knowledge in disability-related issues, as presented in Table 1. Additionally,
the interview guides and questionnaire used are provided in Appendix B. All interviews took place via phone with at least
two SAE Task Force members in addition to the interviewee. One Task Force member served as interviewer and the other
served as notetaker. The interview notes were later entered into a spreadsheet and coded for thematic analysis. This
process allowed the identification of trends among the responses, which are described in Section 8.

Table 1 - Stakeholder interviews

Interviewee Categories Primary Information Gathering Goal
PWDs Identify barriers and workarounds
Advocates and others who work with PWDs Identify barriers and workarounds
Experts in design for PWDs Identify existing knowledge in universal design

that could be applied to design of ADS-DVs
Government and policy experts knowledgeable Identify policy measures that may facilitate
about transportation and/or PWD ADS-DV passenger accessibility as it relates to
certain PWDs

" The SAE Human Accommodation Devices Committee manages a group that addresses ingress/egress issues unique to persons with
certain disabilities, such as required use of a WMD. This information report, which falls under the On-Road Auto@tmm t
Committee, is therefore limited to those passenger issues that are unique to use of an ADS-DV, rather thar issu ﬁp S
vehicle used to transport persons with disabilities. Document Sharing Hub
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7. DIFFICULTY OF CLASSIFYING DISABILITIES

The classification of disabilities is often based on the portion of the body impacted and the severity of that impact
(e.g., blindness and reduced vision; deafness and reduced hearing; WHMD user and reduced ambulation). The International
Classification of Functioning, Disability and Health, a World Health Organization framework for measuring health and
disability, defines disability as an umbrella term for impairments, activity limitations, and participation restrictions at one or
more of the three levels of human functioning: (1) at the level of body or body part; (2) the whole person; and (3) the whole
person in a social context (refer to WHO, 2002). That is, a disability is only a problem when the individual tries to function
in a world that has barriers for PWD. The classification of the disabilities can only be done in relation to an activity and its
barriers.

If these barriers are removed, the person can fully engage in the world. By choosing to include PWDs as a passenger group
to be considered in the design, more barriers can potentially be removed. This is also a useful approach to designing for as
many types of people as possible. A parent with a child in a stroller, a person carrying groceries, or someone who is not
fluent/literate in the local language could face similar barriers to using an ADS-DV as someone with a disability.

Currently, to overcome the barrier of being unable to obtain a driver’s license, a PWD requires another human to operate a
vehicle. ADS-DVs are anticipated to enable elimination of the need for assistance from another human. However, there is
the potential that the design of the ADS-DV can introduce new barriers. This document describes potential barriers to be
mindful of when designing ADS-DVs to be usable by more PWDs.

Furthermore, it is critical to be mindful of individual differences in how PWDs interact with the world. For example, an
individual who was born blind never had the experience of seeing. An individual who lost their sight as an adult goes through
an adaptation process to learn how to interact with the world. An individual who has lost their vision gradually may not be
aware of the reductions in sight. Even if they are aware, they must learn new strategies to deal with the new deficits.
Furthermore, the ability to adapt to vision loss (traumatic or gradual) will vary between individuals. One should not assume
that all individuals who are blind or have vision impairments are the same.

This is one reason devices that are highly user-friendly to PWDs (e.g., some smart phones) have an accessibility setting.
Within this setting, PWDs can make selections for how they want to interact with the device based on their own needs.
These settings are often also used by tech-savvy individuals without disabilities to customize their experience. The types of
settings that are available depend on the design of the technology. The things to consider when designing the technology
and the settings are described in the next few sections.

8. DESIGN CONSIDERATIONS FOR PWDs
8.1 General Considerations

There are many terms associated with the process of designing for PWDs. The terms are not equivalent. Terms such as
“accessible design” are about finding workarounds for people with disabilities. Other terms, such as “universal design,”
“inclusive design,” and “design-for-all,” are about finding designs that work for the widest number of people. For this
information report, the term “universal design” will be used.

Universal design is very similar to the human factors design approach common in the automotive development community
in which designers focus on the intended passengers’ functional characteristics and needs. Regarding automotive
development in general, PWDs have not been considered as drivers because drivers are required to pass a vision test, a
knowledge test, and a skills test to obtain a license. Within universal design, individuals with disabilities are considered part
of the user group.

This means that individuals with disabilities should be consulted in all phases of development. Given that most automotive
design engineers are not PWDs, it makes sense for them to consult with PWDs, who are potential passengers of their
products, when attempting to design interfaces. Just as in the standard human factors approach, PWDs should be included
at every phase of development from concept generation through validation testing.
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