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Age-related macular degeneration is a leading cause of blindness worldwide and is one of many
limitations to independent driving among old adults. Highly autonomous vehicles present a prospective
solution for those who are no longer capable of driving due to low vision. However, accessibility issues
must be addressed to create a safe and pleasant experience for this group of users so that it allows them to
maintain an appropriate level of situational awareness and a sense of control during driving. In this study,
we made use of a human-centered design process consisting of five stages - empathize, define, ideate,
prototype, and test. We designed a prototype to aid old adults with age-related macular degeneration to
travel with a necessary level of situational awareness and remain in control while riding in a highly or fully
autonomous vehicle. The final design prototype includes a voice-activated navigation system with three
levels of details to bolster situational awareness, a 360˚ in-vehicle camera to detect both the passenger and
objects around the vehicle, a retractable microphone for the passenger to be easily registered in the vehicle
while speaking, and a physical button on the console-side of the right and left front seats to manually
activate the navigation system.

INTRODUCTION

Visual impairment is increasingly prevalent among older
adults due to age-related macular degeneration (AMD) that
affects the central retina. AMD is a leading cause of blindness
worldwide (Lim et al., 2012) and occurs in 1.5% of the
population in the United States over the age of 40, but has
increased to more than 15% in certain demographic groups,
such as white women over the age of 80 (Friedman et al.,
2004). Visual impairment limits the ability of older adults to
perform tasks in everyday life, such as reading, recognizing
faces, and driving (Owsley & McGwin, 2008). A previous
study surveying a subset of the AMD population found a
strong association between severity of AMD and self-rated
difficulty in driving (Mangione et al., 1999). Visual
impairment in old adults was also found to be associated with
a higher rate of motor vehicle crashes (Swain et al., 2021).

However, it is often difficult for adults with visual
impairment to give up driving completely despite the issues
they face while operating a vehicle. Kim (2011) found that
only a third of old adults might restrict their activities due to
lack of transportation options. Moreover, driving cessation in
old adults might contribute to health-related issues, such as
depression (Chihuri et al., 2016). With increasingly more old
adults with possible visual impairment, there is an urgent need
for adequate resources to help meet their transportation needs.

Currently, conventional vehicles do not provide solutions
for old adults with visual impairments. Autonomous vehicles
might provide a transportation solution to improve the
mobility of old adults with different levels of visual
impairment and other disabilities (Padmanaban et al., 2021).
Nevertheless, many vehicles on the road are still below SAE
(Society of Automotive Engineers) Level 3 and have

automation features that still require drivers to remain
attentive during driving (Ayoub et al., 2019). Even with SAE
Level 3 vehicles, the driver is still required to take over
control whenever requested by the vehicle and this poses a
great challenge (Ayoub et al., 2022), especially when the
driver is out of the control loop without enough situational
awareness (Avetisyan et al., 2022). Maintaining situational
awareness is especially difficult for old adults with visual
impairments. For highly autonomous vehicles in certain
geo-fenced areas (i.e., SAE Level 4), people still find it
difficult to trust the vehicle (Ayoub et al., 2021; Zhang et al.,
2022), especially older adults (Molnar et al., 2017).

The U.S. Department of Transportation promotes
innovative design solutions to help people with disabilities,
such as visual impairment to improve their mobility, especially
for highly autonomous vehicles (Padmanaban et al., 2021).
Thus, in this paper, we attempted to design a prototype of
highly autonomous vehicles (SAE Level 4) through a
human-centered design process in order to promote trust and
acceptance of old adults with visual impairment. In order to
understand how highly autonomous vehicles can be used to
improve mobility of old adults with visual impairment, the
objectives of this study are summarized as follows:

1) Explore and understand behavioral patterns, user
needs, and pain points of old adults with visual
impairment in a conventional vehicle, and

2) Design, develop, and evaluate a prototype of a highly
automated vehicle to help solve the most pressing
barriers for old adults with visual impairment.
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