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Abstract
Automated driving could promote safety and comfort in everyday traffic by reducing the human factor in vehicle control and traffic flow. Especially older people can benefit from
such a technology, since age may have an impact on the
driving ability. However, only few driving assistance systems
focusing on the needs of the generation 50+ also consider
opportunities of highly automated vehicles, such as the usage of head-mounted displays while driving. In a survey with
drivers of 50+ years (N=26), we found that 81% had a basic
knowledge of automated vehicles (AVs) but 73% would not
buy an AV or are in doubt. In this WIP report, we present
our research approach leading to a novel system for automated driving, addressing the needs of the generation 50+.
We believe that the proposed system can foster the safety
and acceptance of users in this age group and beyond.
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CCS Concepts
•Human-centered computing → User centered design;
Participatory design;
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Figure 1: The phases of our
design process.

Automated driving is expected to reduce road accidents by
decreasing human influence on vehicle control and traffic
flow. It could increase safety and comfort while driving. However, in order to create an acceptance of automated vehicles it is crucial to present convincing products to the early
adopters. MIT AgeLab director Joseph Coughlin predicts
that consumers over 50 years will be the first to purchase
smart cars1 . Hence, people of this age group might become
these early adopters of self-driving vehicles. Another main
reason could be their financial capacity. However, only few
researchers have tried to identify the needs of the generation
50+ and to develop corresponding solutions. Our aim was to
learn about attitudes, problems and expectations in manual
and automated driving. We therefore asked 26 drivers of
50+ years about their usual purpose of driving, challenges
and unsatisfying experiences while driving. Furthermore,
about their willingness to buy an AV, concerns about AVs
and expected benefits. We then conducted a focus group
with six HCI experts and developed concepts for novel driver
assistance systems based on the survey results. We created
three storyboards for promising concepts and selected one
idea to build a VR prototype. We invited another five participants to evaluate the prototype. At this point we cannot
yet report on the validation, as this is still work in progress.
Instead, we report our research and design process and survey results.

Related Work
In 2017, 962 million people worldwide were older than 60
years. This number is expected to double by 20502 . At the
same time, senior drivers consider their quality of life highly
connected to individual mobility [16]. This means that aging
drivers will be an increasingly critical factor of road safety.
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They are affected by age-related changes in sensory, motor and cognitive functions [23]. Vision provides 85-95%
of the sensory cues in driving [13] and cognitive abilities
such as selective attention [15] and spatial cognition [21]
also decline with age. Aging drivers therefore often adjust
their driving strategies to avoid dangerous situations, such
as night driving, poor weather and rush hours [4]. In a study
on the acceptance of automated driving systems (ADS) [6],
the meaning of comfort and experience differed between the
younger (entertainment) and the elderly (driving assistance)
age group. Similarly, Abraham et al. [1] found that older
adults generally were willing to use some level of automation,
but were less interested in fully automated driving than the
younger generation. There are mixed results on how much
the demonstration of a new technology to its target users increases their willingness to buy it [6, 14]. Boot et al. [3] claim
that experience with new technologies may at least increase
the willingness to use them. We therefore consider it critical
to clearly describe the benefits of advanced driving assistance systems (ADAS) to the target user group. Additionally,
Furlan et al. [7] state that technology which is designed with
the needs of aging drivers in mind is likely to benefit other
age groups as well. Likewise, Frison et al. [6] argue that researchers and practitioners should support universal design
and fulfill individual needs for any users of ADAS. People
from the generation 50+ have a high potential of being the
first adopters of automated driving technology, due to their
financial capability. Consequently, we focus on users of this
age group and develop concepts based on their needs. However, our concepts might benefit drivers of all ages.

Research and Design Process
Our research and design process includes one iteration through
three of four main design phases, as shown in Figure 1. It
is adopted from the basic activities of interaction design: (1)
identifying requirements, (2) building alternative designs, (3)

developing interactive designs, and (4) evaluating the design [17]. However, in this manuscript we will not focus on
the last two phases, as they are still in progress.

Figure 2: Sorting of created ideas
during focus group. The labels for
the x-axis are fun stuff (left) and
paper material (right). The y-axis
ranges from hard to implement
(bottom) to easy to implement
(top). The ideas were discussed
and placed according to the axes
within the focus group.

Phase 1: User Research (Identifying Requirements)
To understand the needs of elderly drivers, we conducted
an online questionnaire with 26 participants (14 male) aged
51-67 years (M=58, SD=4.5). All have more than 15 years
of driving experience. More than half drive daily and more
than 90% drive more than 15 minutes each trip. The main
driving purposes are business, commuting, shopping and
visiting family and friends. While half of them mentioned
no challenges encountered in driving tasks, the other half
pointed out difficulties in seeing well, navigating and making instant decisions on the road. Many external risks were
mentioned, such as bad weather conditions (darkness, twilight, rain, direct sunshine, ice) or oncoming or following vehicles’ headlights. All are associated with impaired vision.
Additionally, about 50% pointed out the increasing cognitive workload caused by misleading navigation information
and distinguishing road signs and exit lanes in heavy traffic.
These findings are consistent with the literature [23]. In contrast to the challenges, an unsatisfactory overall experience
was confirmed by almost all participants, including the permanent need for concentration and quick reactions, distractions alternating with stress in intense or stop-and-go traffic,
reckless or unexpected behavior of other road users, and
road regulations in unfamiliar areas. Nevertheless, 65% had
a fundamentally positive attitude towards driving, and nearly
all expect AVs to solve the aforementioned challenges. Surprisingly, only 27% were certain in their plan to eventually
purchase AVs, another 27% denied this explicitly, and the remaining 46% were unsure about their choices in the future.
The reasons behind were mostly the immature technology
development and an expected decrease of fun while driving.
This is consistent with Hewitt et al. [10] who found a gener-

ally positive attitude towards AVs, along with increasing anxiety regarding higher degrees of autonomy. Most interesting
was the fact that 81% claimed to have basic knowledge of
AVs through various media (magazines, newspapers, television and word of mouth), but only 8% have personally experienced partial automated driving. As found by Furlan et al. [7],
a comprehensive introduction of AVs and their functions in
a study has a positive effect on older drivers’ acceptance
and trust in the technology. We therefore hypothesized that
a user-centered AVs-simulation prototype which addresses
the needs of the generation 50+ and immerses them in an
automated driving situation, would improve their willingness
of using the new technology.
Phase 2: Ideation & Storyboards (Building Altern. Designs)
We then invited six HCI experts to create and asses potential
concepts for AVs building on the survey results. Using the
method of insight combination [11] to achieve initial ideas,
we presented all collected user needs, challenges, positive
aspects of manual driving and expectations towards automated driving on yellow sticky notes. Blue sticky notes contained HCI patterns, tools and trends, e.g., "virtual reality". In
multiple rounds two random sticky notes (one of each color)
were assigned to all attendees. Then everyone recorded (on
green notes) potential concepts combining the needs and
patterns (yellow and blue notes) assigned to them. Afterwards, all green notes were sorted in a coordinate system
(see Fig. 2). The vertical axis ranged from promising to bad
ideas, the horizontal axis indicated unrealistic to feasible implementations. We only considered promising and feasible
ideas (upper right quadrant) for further refinement. The focus group finally selected three concepts, each considering
a different level of automation [20]. We then turned the rather
vague concepts into three detailed storyboards (see Fig. 3 ).
They are based on personas we created according to our target group. The first persona is a retired lady living in Munich,

Germany. Her name is Elisabeth Koch, she is 65 years old
and does not want to quit driving because of age-related impairments. The second persona is Yan Li, 56 years old and
lives in Shanghai, China. She is a secretary, commutes to
work daily and drives to a dancing class at least once a week.
Her daughter introduced her to automated driving, which she
finds interesting but still has several questions about.

Figure 3: Storyboards of three
concepts.

Figure 4: Sketch of VR prototype.

Concept 1: Bad Weather, SAE level 3
Driving in bad weather escalates the impaired vision of aging drivers. We propose to use a head-mounted display with
an augmented view of the surroundings. Drivers can select
what they see: A storm, fog, other more distant road users,
billboards and buildings can either be masked (to reduce visual clutter) or highlighted (to focus attention). In addition,
the brightness can be adjusted, for example to brighten a
dark environment. A scenario for this concept is: Ms. Koch
drives in her level 3 vehicle during heavy fog. She is afraid to
miss something due to constrained vision. Then she decides
to use an HMD to virtually reduce the fog in her field of view
and can continue the drive without anxiety.
Concept 2: Parking, SAE Level 4
Traffic congestions require of the continual concentration. We
propose a parking mode on the central information display
(CID), which distracts users from stop-and-go traffic and jams.
Scenario: Ms. Li is waiting to enter a large parking space and
has many vehicles in a line in front of her. When the system
estimates a 10 minutes delay, the voice assistant in her car
suggests content for this time. Ms. Li accepts and is given
multiple activity options on the CID. She starts to browse interesting stores nearby. Suddenly, the CID tells her that the
vehicle is parked and Ms. Li is happy to leave her vehicle.
Concept 3: Physiology Customization, SAE Level 5
To address the problem of increasing anxiety along with higher
autonomy, i.e., level 5 in which we do not expect vehicle

controls (e.g., steering wheel) as mandatory features. We
propose to adapt a vehicle’s interior (lighting, temperature,
sound) and movements (intensity of acceleration or braking,
top speed, velocity in curves) to physiological signals, such
as the pupil diameter [18, 19], heart rate [2, 8] or galvanic
skin response [5]. This implicitly creates a more pleasant
UX. Scenario: Ms. Koch drives her AV out of town onto the
highway. She is very excited to meet a friend she hasn’t seen
in years. Her heart rate increases and she starts sweating.
The vehicle automatically adjusts the inside temperature and
lighting, turns on calming music and avoids rapid acceleration. Ms. Koch continues her journey in a relaxed manner.
Phase 3 & 4: Prototype (Development and Evaluation)
We finally decided to build a prototype for Concept 1 as an
immersive scenario in virtual reality and are currently iterating on the system design. A sample sketch is shown in
Figure 4. Meanwhile, we are preparing for a user study
with participants from the generation 50+. The evaluation
includes a quantified UX questionnaire [12], a NASA-TLX
assessment [9] for mental workload and a semi-structured
interview [22] with participants.

Conclusion & Future Work
We present a research and design process with four main
phases: (1) identifying requirements, (2) building alternative
designs, (3) developing interactive designs, and (4) evaluating the design. We show insights and results from phases
one to two and how they eventually form into a prototype. We
currently modify and evaluate the prototype (phase 3 and 4
of the process) and will investigate whether such a system
could influence participants’ willingness to buy an AV. Furthermore, we will refine the prototype iteratively. At the conference, we hope to get feedback on our approach, in order
to eventually turn the results into a full publication focused on
the concepts.
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