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Digital and physical
ergonomics towards a
new-old generation of
self-driving cars

SILVIA IMBESI, GIAN ANDREA GIACOBONE,

FILIPPO PETROCCHI
Dipartimento di Architettura, Universita degli Studi di Ferrara

Keywords: Design for the elderly, inclusive mobility, innovative vehicles, self-
driving cars.

Abstract

In the context of the aging society and digitalization, this contri-
bution aims to illustrate how a more inclusive and ergonomic ap-
proach can enhance well-being related to the daily mobility of the
elderly. In the first part of the contribution the most important fac-
tors influencing the elderly’s mobility needs are highlighted, and
then are analysed with two significant cases of autonomous vehicles
for older users. Autonomous cars have the potential to enhance the
safety and efficiency of silver mobility with two types of interven-
tion: digital ergonomics offers great flexibility with the potential to
simplify functions and graphics layout, while physical ergonomics
can explore new shapes and functions to make transportation tech-
nology more intuitive for seniors.

Introduction
The overall current scenario can be considered as an antinomy: on
the one hand, the current context is characterized by an increas-
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ingly rapid (but not always positive) technological and economic de-
velopment; on the other hand, society - as it grows older - demands
a slowdown, greater comprehensibility, acceptability and inclusive-
ness of technology. This is particularly true for the technology help-
ful in traveling and enabling the elderly population to maintain its
independence, in their daily and weekly routine activities. In today's
market, there are already specific solutions for the elderly, such as
four-wheeled electric scooters, but very often this high specificity
on the product - although it allows the elderly to move around inde-
pendently - leads to stigmatizing the elder person as a weak person,
not up to date, slow, unfit for social and working life.

Designing suitable mobility for the elderly is not only an ethical re-
quirement but a concrete issue for the mobility of the future. This
conviction is also supported by the Nielsen Norman Group (Experi-
ence, n.d.) which not only considers older people an important part
of the next society but also emphasizes their ability to spend on
products and services that can solve their real problems, especially
when it comes to maintaining their daily routines and their health.
For these and other reasons, it is, therefore, necessary to begin to
consider mobility, no longer exclusively linked to the traditional val-
ues of speed, power, and success but also to values more related to a
cooperative space, no longer the domain of the driver alone, but an
amplifier of social interactions especially for elderly people which
normally are excluded to the driving tasks due to their natural mus-
cular and cognitive decline.

Aiming to include elderly people in the travel population, it is worthed
to focus on three kinds of issues when involved in the design of ar-
tifacts, services, and interfaces for older people: sensory, physical,
and cognitive limitations (Young et al., 2017).

Older people naturally show a progressive decline in all 5 senses but
particularly in sight, hearing, and touch. Considering vision, elderly
people often have problems reading very small texts and distinguish-
ing colors, especially in non-optimal visibility conditions. Within a
vehicle, these difficulties could be overcome through adequate use
of font size, the correct frequency and quantity of information pre-
sented, and by using more than one sense the communication be-
tween vehicle and user. Messages and actions could be sent with
a combination of visual, auditory, and tactile stimuli always taking
into account possible problems with high-frequency sounds (Corso,
1981) and the lower sensitivity to touch and vibration that the elderly
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usually present (Gescheider et al., 1994).

Elderly people are also likely to suffer from physical decline that
can affect their mobility while using private or public transport. As
a consequence, the elderly present reduced flexibility and coordi-
nation which have a negative influence on the proper use of the car
equipment. Several research projects carried out with the intent to
improve elderly mobility have been focused on the facilitation of the
vehicle interface including slower steps and clearer pauses to com-
pensate for muscle weaknesses, slower comprehension, and stiff
joints.

Last, but not least, there are difficulties related to the elderly com-
prehension and their slower information processing (Eby et al., 2016;
Johnson & Finn, 2017; Salthouse, 2010; Yang & Coughlin, 2014). These
difficulties are particularly significant when it is necessary to stay
focused on several tasks all at once like normally it occurs while
driving. In fact, in the common driving experience, the attention is
split between the standard car movement operations - normally, the
pedals and steering wheel usage - and the information processing
from the inside or the outside of the vehicle. Therefore, while de-
signing interfaces or vehicles for frail people like the elderly, it is
crucial to design proper information flows that take into account
the slower cognitive process of the elderly. Hence, an interface de-
sign with an inclusive intent should consider the correct information
timing aiming to reduce distraction, confusion, or mental overload
(Koppel et al., 2009).

After having introduced the aging society trends and the relative
influence on the design of services, products, and interfaces it is
worth it to dive deep into the factors that influence the needs of the
elderly about mobility.

Factors influencing the elderly’s needs for
mobility

Providing a transportation system able to meet the needs of old-
er people is a complex aim, especially considering differences in
people’s health status, social and cultural background, and travel
requirements (Luiu et al., 2018). Scientific research about geronto-
logical mobility shows that the use of transport decreases with the
deterioration of health status, causing a reduction of accessibility to
transportation (Haustein et al., 2013). Understanding which specific
factors impact the fulfillment of the elderly’s needs can influence
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stakeholders as service providers and policymakers in providing

those users with better ways of accessing and using transport.

The worsening of health conditions diminishes the elderly outdoor

activities, especially leisure ones. In particular, health issues can af-

fect the ability to board the vehicle and drive it, making necessary
the assistance of another person, and causing the shift from driver
to passenger, with a consequent limitation of independence and the

feeling of being a burden for others (Musselwhite, 2017).

According to Luiu et al. (2018), the fulfillment of the elderly’s needs

for traveling is related not only to the transportation environment

but also to other elements creating a complex framework, and pro-
viding useful information to analyse different specific situations.

The analysis of those elements can provide a great amount of details

and data useful to properly describe the chosen group of older users,

and then design specific solutions.

Identified impacting factors are:

* Demographics: It provides some data useful to assess a back-
ground profile, some characteristics, human factors, and daily
habits of the involved category of users. Examples of individual
peculiarities and living habits are data are age, gender, weight,
origins, education level, occupation, place of residence, cohabit-
ants, and relationships with the community.

* Health and well-being: It concerns personal health conditions
and the impairments that could affect mobility and transporta-
tion abilities. This element includes even qualitative information
such as the individual perception of well-being, satisfaction with
one's lifestyle, and feelings about the personal quality of life.

*  Built environment: It provides information about the urban living
context, the urban transportation public services, transporta-
tion infrastructure quality, and availability of facilities without
using transport.

* Activities: It regards the personal attitude and abilities of the
user related to transportation and the consideration given to
proposed activities. It also regards the destinations and frequen-
cy of their journeys and frequently encountered difficulties in
traveling.

* Transportation: It regards traveling options and the physical
access to transport modalities, the personal attitude towards
traveling, the ability to drive and plan journeys, and the options
for non-driving people. Examples are car availability, presence
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of driving license, frequency of use and typology of used trans-
portation means, issues in public mobility services, and attitude
in planning travels.
Among the analysed factors, several scientific research analyses
demonstrated that the elements most influencing the relationship
with out-of-home mobility are the person’s health conditions and
access to transport (Kim, 2011; Luiu et al., 2018).
In particular, health conditions greatly influence access to trans-
port, limiting the independent use of the personal car in favour of
other solutions like involving another person as the driver, using
public transport (not always accessible), and moving by walk (not
always physically possible). In these cases, the restricted access to
transport causes a significant reduction of outdoor activities for
older people, contributing to their isolation and need for personal
assistance.
Influencing factors like demographics, built environment, and activ-
ities, have a lower impact on the usability of artifacts, services, and
interfaces for aging people.
These elements make it evident that the design of new typologies of
vehicles is a key research field to ensure aged drivers have appro-
priate solutions for their instances. Sensory, motor, and cognitive
issues can be partially overcome by ergonomic solutions improving
the physical and digital accessibility of designed solutions.

Future perspectives for self-driving cars
addressed to older users

Considering the worldwide aging trend, the growing number of aged
drivers will exponentially increase in the coming years. Compared
to nowadays drivers, they will be healthier and hold more resources
to preserve their favourite ways to live their everyday lives. These
people will be highly automobile-dependent and used to moving on
their own more than the previous generations of drivers, who have
given up the independence of autonomous driving with less suffer-
ing (Alsnih & Hensher, 2003).

Following this perspective, one of the current potentially disruptive
innovations characterizing the automotive industry is the advent of
self-driving cars. This change could affect not only the shape and
functions of the vehicle but even the design of cities and infrastruc-
tures, beyond the interaction between the user and the automobile.
Besides, the potential removal of drivers from driving would avoid
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issues deriving from human factors, like age-related ones, and con-
sequently improve key aspects such as safety, journey planning, fuel
efficiency, and other issues related to mobility (Ahmed et al., 2022).
Generally, there is a lack of empirical evidence of the most important
requirements from the users’ point of view, focusing the design pro-
cess on technicians' inputs, rather than orienting it to the custom-
er’s acceptance (Konig & Neumayr, 2017). When new self-driving cars
were initially widely presented to the public, the more sophisticated
the car level of automation, the more users were skeptical about it
(Bekiaris & Petica, 1997). In recent years, a more positive opinion of
self-driving cars and related technologies has been detected, even if
some perplexities and concerns remain (Kyriakidis et al., 2014).
Older users’ resistance and caution to radical innovations are crucial
for the development of new products and services. They often show
a sort of irrational distrust towards everything unknown and unfa-
miliar. Especially with cars, the driving experience is conceived as
something “adventurous, thrilling and pleasurable” (Steg, 2005), and
for many expert drivers, this makes it difficult to grant the driving
task to the car.

Understanding instances and requirements of future aging drivers
can support the development of technological and non-technolog-
ical solutions able to innovate the sector of elderly mobility by in-
troducing new typologies of artifacts, providing safe and satisfying
experiences to this category of users. In particular, individual health
conditions and the vehicle's accessibility should be priority factors.
Car designers are now thrilled to seize the opportunity of revolu-
tionizing the concept of mobility with self-driving vehicles, consid-
ering consumers’ preferences and behaviours. Re-thinking the car’s
design and interaction model, avoiding traditional constraints such
as the passenger’s visibility, the seating position, and the control
panels, opens new possibilities for solutions improving ergonomics
and accessibility by exploring new form factors accommodating an
innovative user experience.

Case study

The advent of electrical and autonomous vehicles has opened a new
scenario for automotive designers which has to deal with new needs
especially coming from an aging society together with the removal
of the traditional interface. Among the numerous projects all over
the world about Autonomous vehicles for elderly people here are
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presented two significant case studies.

The first case study is Flourish, a three-year research project re-
cently developed in the United Kingdom (2015-2019) by many auto-
motive industries and the Centre for Connected and Autonomous
Vehicles (CCAV). Based on autonomous driving systems technolo-
gy, the project focused on developing new mobility alternatives for
older adults that can enhance their accessibility and inclusivity to
transport services.

The project is based on creating a mobility service for older adults
that uses autonomous two-person pod vehicles that enable users to
travel in urban contexts safely and inclusively.

The vehicle itself has special morphological aspects that are differ-
ent from the forms of traditional vehicles. For example, the horizon-
tal plane of the electric vehicle allows greater accessibility of the
vehicle ingress and egress for people with reduced mobility. The ori-
entation, the decentralized arrangement, and the orientation of the
seats offer greater space for movement and dialogue between older
people, fostering greater sociability inside the vehicle (Figure 1).

Figure 1. The Flourish autonomous pod during a demonstrative public test.
More information at http://www.flourishmobility.com/about-flourish.
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The peculiarity of the Flourish service lies in the design of its interface.
The project has used a human-centered and participatory approach
with users to foster interactions and configurations that are under-
standable and accessible, suitable for the elderly who may have reduced
abilities or physical and cognitive impairments.

Flourish reduces driving-related interactions by using an essential
dashboard with a single large screen that offers simplified functions
and clear information on the status of the journey to maintain an in-
tuitive use of the transport service. The interface allows either tactile
interactions with the touch screen or conversational dialogue through
a user voice interface for blind people or older adults with limited hand
movement. The long and complex “planning a journey” function is bro-
ken down into many manageable steps and guided through simple
questions such as "Where would you like to go?" or "Would you like to
add a stop to your journey?", which allows users to complete the task of
selecting the destination place calmly and efficiently.

Furthermore, the system keeps users informed and aware of where they
are in their journey by viewing their journey information at a glance via
amap or as a timeline. While notifications on screen, or voice messages
communicate what is happening around the urban environment, mak-
ing the vehicle behaviours visible and transparent to the passengers.
Finally, the artificial intelligence of the driving system offers a flexible
system that adapts to users' preferences, learning not only from their
needs related to the appearance of the interface itself, such as appear-
ance, information, and interaction but also from their regular desti-
nations. This allows the service to provide users with tailored experi-
ences about their more frequent trips, suggest new recommendations
of places to visit, and events to go to, or offer information about the
surrounding area according to their needs (Figure 2).

Figure 2. An elderly person is interacting
with the Flourish interface. The option
“planning journey” is visually simplified

and broken down in easy steps to make the
selection of the destination place easier and
accessible to older adults More information
at http://www.flourishmobility.com/about-
flourish.
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The second case is the “Elliot” trial a three months research project
conducted in South Australia in 2019 by the Global Centre for modern
aging (GCMA) in collaboration with the AURRIGO autonomous vehicle
company, the e Government of South Australia Department of Plan-
ning, Transport & Infrastructure (DPTI) and the Alexandrina Council
and the Regional Development Australia.

The project aimed to test local elderly attitudes and perceptions to-
wards autonomous vehicles (AV), the reason behind the use of the AV,
and the user experience with a special focus on the space perception
of the inner part of the vehicle.

Several key insights revealed an overall positive attitude towards AV
with the majority of the elderly users considering the experience as
useful and trustworthy and a convenient replacement of their vehicle
(Figure 3).

AV

AURRIGO

STttt R g

Figure 3. One of the “Elliot” autonomous trials in South Australia while tested by three elderly users and 1 chaperone.
More information at https://rdahc.com.au/wp-content/uploads/2019/04/Aurrigo-Elliot-Autonomous-Vehicle-Trial-
Summary-Report-FINAL.pdf
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Nevertheless, the research project also highlighted several points of
improvement related to physical and cognitive ergonomics.
Regarding the physical ergonomics, the considerations that came out
of the project were related to: the user request of having greater ac-
cessibility to the vehicle with better support of ramps, the need for
different types of vehicle accordion to the size of the group, and the
need for a larger space available for their animals, their walking aids
or wheelchairs.

Considering the cognitive ergonomics, besides the fact the perception
of the vehicle as safe, new, quiet, and useful several suggestions were
made to improve the understanding of the overall functions. Sugges-
tions were made about the possibility of having a phone application to
guide the elder through the trial experience as well as the possibility
of customizing the interior with some entertainment such as music or
the regulation of the temperature inside the cabin.

Furthermore, the service could have been more enjoyable if it was de-
signed door-to-door to accomplish their daily travel in the surround-
ing community, including shops. Margins of improvements were also
related to the weather and availability of the pods which can be a valid
alternative to walking especially during winter or in particularly rainy
periods. Finally, the autonomous vehicle was perceived as the optimal
vehicle to accomplish the last mile between the main route connec-
tions and the most remote locations (Figure 4).

Figure 4. The cabin inside the “Elliot” autonomous vehicle. More information at rdahc.com.au/wp-content/
uploads/2019/04/Aurrigo-Elliot-Autonomous-Vehicle-Trial-Summary-Report-FINAL.pd
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Conclusions

Considering the progressive increase of aging people, giving a new
usability perspective to the mobility sector is an incoming and ines-
capable necessity. Current technologies can provide innovative mo-
bility solutions for older users, giving them a more efficient and safe
transportation system increasing comfort, well-being, and social in-
clusion.

Exploring the elderly’s needs is a fundamental activity to understand
which requirements can be satisfied by Design Research in the trans-
portation field. Designing mobility for older people is a challenge re-
garding how it is possible to overcome issues related to motor or
cognitive impairments by creating digital and physical solutions able
to enhance vehicle accessibility in all phases of the journey.

The paper presents two case studies regarding autonomous vehicles
where a highly automated system allows the complete redesign of
the passenger’s user experience and the vehicle shape, supporting
the person in maintaining autonomy and increasing the quality of
the traveling experience. The case study is a significant example of
autonomous driving because it allows the user to practice non-driv-
ing-related activities during the journey, with the only task of select-
ing the chosen destination. The different relationships between hu-
mans and machines can make the mobility experience less stressful
and more comfortable due to safety and accessibility improvements.
Cars presenting self-driving features seem to be an effective solution
to make transport more inclusive for aged drivers; these peculiari-
ties can be divided into two main groups: the digital and the physi-
cal ones. The first group regards mainly the service aspects related
to digital technologies, characterized by a high level of automation,
providing inclusive interfaces with simplified functions and graphic
layouts that can easily guide the user through a facilitated and pleas-
urable non-driving experience. The second group is about the physi-
cal features of the vehicle that, free from traditional constraints, can
explore new shapes, such as wide screens or boarding platforms, to
physically facilitate the user in accessing every aspect of the vehicle.
Self-driving cars represent nowadays a great chance to provide ef-
ficient solutions to older drivers, opening an innovative design field
where experimenting with new useful and meaningful technol-
ogies, solutions, strategies, and interactions can produce a more
age-friendly future for the elderly.
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