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Abstract

As people grow older, their cognitive functions undergo changes which may
result in uncomfortable driving situations and even increase the risk of acci-
dents. This research aims to understand the neuropsychological aspects of
healthy aging and their possible relationship in changes in motor perfor-
mance or ability. The research methodology is descriptive and includes a col-
lection of basic studies in the scope of neuroscience, driving tasks, and older
driver behavior. The final analysis points to certain changes in the function-
ing of the cerebral cortex and its connections as being responsible for poor
performance in some basic driving tasks, but which can be compensated for
by means of adapted mechanisms in motor vehicles. This study may contri-
bute as a methodological tool, to the automobile design process, for the selec-
tion of Advanced Driver Assistance Systems (ADAS) or other emerging
technologies which can compensate cognitive changes, improve safety, com-
fort and inclusion of older drivers in the future of automobile interior design.
We conclude that in normal aging, people may present some cognitive defi-
cits especially linked to the frontal and parietal lobe, which interfere with the
necessary driving skills albeit not with the dangerous ones and can be com-
pensated by technological solutions. The main innovation of this article is re-
lated to the bibliographical compilation and critical analysis in terms of iden-
tifying the neuropsychological aspects of normal human aging and car driv-
ing and its relationship with possible contributions from vehicular technolo-
gy, as well its consider future trends in automotive interior design that should
be analysed with caution in order to users inclusion.
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1. Introduction

The Neuropsychology of aging and its effects on the driving experience

The median age of the global population is increasing rapidly, with 25% of the
total population predicted to be over the age of 65 by 2060 [1] [2]. The propor-
tion of vehicles registered to older drivers has increased consistently in recent
years and is expected to continue as a trend for a long time to come, while the
percentage of vehicles registered to younger drivers has decreased. People aged
65 and older are predicted to be four times more likely to purchase a new vehicle
than those under the age of 25 [3] [4], so older drivers represent a target market
audience to be considered. However, it also becomes a concern if cars do not
meet the needs of the elderly. Older people can expect a longer and healthier life
than previous generations, with more activity, mobility, and longer valid driving
licenses [5] [6], but longevity brings cognitive changes that can concern both
older drivers and other road users regarding their safety [7] [8] [9]. Several stu-
dies suggest that the elderly have greater limitations in safe driving tasks [10]
[11] [12], often related to cognitive flexibility, visual perception, selective atten-
tion [13], and divided attention [14] [15] [16]. The driving task requires the abil-
ity to receive and process sensory information and make proper, timely judg-
ments and responses [17].

In normal aging, besides the obvious physical changes, there are general cog-
nitive declines which take place that are critical for interacting with the envi-
ronment. Some studies point out reduced visual attention [18] [19] [20], slower
decision-making capacity, and a general decline in the ability to deal with com-
plex situations [21] [22] [23] [24]. On the other hand, there is also evidence for
the existence of different types of compensatory cognitive processes in older
drivers [18], known as “self-regulation in driving” [25]. Self-regulation is gener-
ally described as the process of modifying or adjusting driving patterns of
someone who is driving less or intentionally avoiding driving situations consi-
dered to be challenging, typically in response to self-awareness that, for some
reason, their driving skills have declined [26] [27]. Self-regulation is made after
an assessment of abilities has been carried out, giving rise to behavioral adapta-
tions that will be made depending on the driver’s confidence in complex situa-
tions that take into account risk, fatigue, and mental workload [9] [27]-[32].
Self-regulation of driving takes into account individual characteristics, including
experience, age, gender, personality traits, attitudes, and motivations [33] [34]
[35] [36].

The Brain and Car Driving
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In the case of age-related changes in cognitive processes, neuroscientists iden-
tify certain brain areas as being primarily responsible. Dysfunction in the frontal
lobe is often highlighted, a change that affects the white matter, particularly at
the level of the frontal commissures in the corpus callosum and the white matter
that connects the frontal lobe with other posterior areas, especially in the right
hemisphere. At the cognitive level, the speed of response is a very important fac-
tor, and in older adults, we observe an increase in reaction time. In all complex
tasks, such as the act of driving, a rapid exchange of information is necessary
between the different parts of the brain, not only between cerebral cortical areas
but also with other subcortical areas, because it may be necessary to make a de-
cision, inhibit, organize and to control stimuli, among other tasks [37] [38]. Si-
milarly, in the elderly, the frontal dopaminergic pathway may be altered [39]
[40] [41] [42] and reduced metabolism in the anterior and middle cingulate cor-
tex, and the left insula, may contribute to decreased information processing
speed and explain the slower behavior in older drivers [43] [44] [45].

Spatial abilities develop from childhood to adulthood and then change with
aging [46]. Related to this ability, the medial temporal lobe also contributes to
non-verbal cognitive tasks, for example in the processing of input or retrieval of
information in spatial memory and in the memory of object location and in the
treatment of working memory and episodic memory [47].

In the act of driving, these cognitive skills associated with spatial navigation,
spatial memory and the ability to maintain spatial information of one’s own
body when in motion, are very important. We know that the caudate nucleus,
part of the hippocampus, para-hippocampus and certain cells of the entorhinal
cortex are involved in this processing. Some studies [48] [49] indicate a more
noticeable decline of these areas in older people, which could explain why the
elderly reveal better orientation in familiar places rather than with less well-known
places.

When we select stimuli to analyze, we also suppress others we consider irrele-
vant. This so-called capacity for appropriate selection may decrease during the nor-
mal aging process. In cognitive processing, the simultaneous activation of dif-
ferent brain areas is a natural and common fact. Inhibiting and/or synchronizing
the responses of these areas takes a certain amount of time, which may be even
greater in the case of the elderly as there is a tendency to activate, in addition to
the specific areas commonly used in less aged brains, other contralateral areas
[50]. An example of this is observed in the act of driving when areas of the right
parietal lobe are activated to resolve conflict resolution and spatial attention
tasks.

[51] shows that older, healthy adults have a tendency to pay attention to visual
stimuli located on the left hemispace. According to [52], this tendency is asso-
ciated with greater activity in the right brain hemisphere and is also natural in
young adults.

Some authors [53] reinforce these ideas of changes on cognitive processes ra-
ther than on motor problems generally associated with driving in the elderly by
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explaining that aging changes in executive performance may be associated with
hypoactivation of the anterior insula, inferior frontal operculum, and the pre-
supplementary motor area, all of which are important areas for cognitive organ-
ization and the control of subsequent body movements.

Some authors defend the idea that the elderly, in general, tend to be careful
people who do not make quick decisions, not because of the fact that they have a
problem in the speed of cognitive processing, but because they have a self-perception
that in complex situations, it is necessary to divide their attention so that their
responses become more elaborate and have the confidence to emit an adequate
behavior [54]. Within this scope, it is suggested that certain driving behaviors
should be perceived based on other possible problems, such as visual processing
abilities, and not as a cognitive problem [11] [12].

In contrast to the changes that occur in the frontal lobe, on the other end of
the brain, in the occipital lobe, there appears to be no major morphological or
functional changes associated with normal aging that can affect driving [55].

While it is true that cognitive changes are normal in old age, it is also true that
other factors can influence the development of these changes. For example, it has
been proven that morphological brain changes can vary depending on gender,
motor skills, cardiovascular pathologies, cognitive reserve, and/or literacy levels
[56].

Most of the literature is focused on a specific driving task, and vehicle driving
requires multiple functions which, in turn, involve different brain areas, all of
them interconnected. The theme of this study is relevant because it attempts to
associate the difficulties of driving a car with the cognitive factors related with
aging, in order to shed light on a possible design proposal adapted to cognitive
difficulties.

Interior car design adapted to the cognitive needs of the elderly

Cognitive or thinking skills are essential for safe driving. Such skills allow driv-
ers not only to obtain important information about the driving environment but
also to make operational decisions and necessary strategic tactics [57]. While there
is wide variability among the elderly, some cognitive skills are more likely to de-
cline with age than others.

To mitigate further difficulties in navigation and loss of position or orienta-
tion difficulties, the car interior should provide integrated GPS (Global Posi-
tioning Systems). GPS must have clear use and accurate voice support, large text,
a high-resolution screen and minimal bells and whistles. It must guarantee driv-
er safety and others road users’ safety. Despite few studies, we believe that the
future developments of BirdsEye maps technologies will benefit drivers in gen-
eral, allowing them to view landmarks, from an aerial view, extremely realistic,
to make longer trips without getting lost. It can provide satellite imagery maps
that provide true representations of surroundings with high-resolution colour
imagery (BirdsEye Satellite Imagery maps), high-quality USGS and NRC raster
maps that offer a real-life view of terrain and points of interest (BirdsEye TOPO

Raster maps) and high-quality raster maps with terrain contours and points of
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interest (BirdsEye Select Raster maps) [58].

Information display interfaces such as “Dashboard” and “Central Console”:
Radio, GPS, Telephone, Audio and others not only incorporate a lot of informa-
tion but also require more mental effort and memory and as such, can cause
driver distraction when used [59] [60] [61] [62]. If we consider that the differ-
ences in cognitive and perceptual abilities between the young and the elderly
have implications for in-vehicle tasks, then we can expect older drivers to expe-
rience greater difficulties in these operations [63] [64]. In fact, this scenario will
increase cognitive demand, mainly due to the way the devices need to be oper-
ated [64], as they require an excessive amount of steps for completion; the steps
to reaching a particular function are different each time, forcing drivers to search
their system and; each function requires a different action from the driver (e.g.:
adjusting the temperature of the indoor temperature that is controlled mechani-
cally by sliding knobs, while redirection requires single taps). Too much detail
and visual information contained along the interior dashboard surfaces of the
vehicle, as well as a high number of devices with incorporated technologies, are a
source of distraction as they increase visual and cognitive stimuli, thereby creat-
ing mental confusion and increasing the time required for decision making. This
can result in more unsafe driving and increase the risk of accidents [57] [65]
[66], especially since the driver has to divide attention between road events and
the information systems in the vehicle.

The human brain responds to and processes stimuli presented on the left side
better, so it is coherent to suggest that relevant driving equipment and/or devices
should be positioned on this side of the vehicle’s interior, while those that could
be distracting should be located on the driver’s right.

There are several factors that cause driver distraction from traffic signs, pede-
strian movement, and successive lane-changing maneuvers: from road and traf-
fic circumstances to pedestrian movement, to onboard distraction from electric-
al devices and the multiple tasks of driving. As such, Adaptative Cruise Control
(ACC), Active Blind Spot Assist (ABSA), Pre-safe brake, Lane Departure Pre-
vention system (LDP) or Lane Keeping Assistance, Pedestrian Detection, Atten-
tion Assist System and Traffic Sign Recognition System provide significant as-
sistance to driving since the elderly require more time to react to stimuli, as for
example visual stimuli such as the color changes commonly found in road sig-
nage and traffic lights, etc. [58] [67] [68].

Today, despite the studies showing potential cognitive difficulties related to
driving, especially among older drivers, the fact is that driver assistance tech-
nologies coupled with inclusive design could raise driving longevity. Technolo-
gical advancements have been significantly present in the automotive industry
but vehicle manufacturers should be aware of the need for human adaptation to
these technologies, which should be as simple and effective as possible, in order
to effectively become driver-friendly (to all ages) technologies. User expectations

for the design of automotive interior interfaces are that they are easy to learn,
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memorable, efficient, error-tolerant, and meet the functional purpose for which
they were developed.

The future of the automobile will bring opportunities for smart surfaces innova-
tion, for reducing the technology footprint, simplifying manufacturing, reducing
user experience giving customers a more intuitive, tangible and unique way to
control experience, creating beautifully engineered ergonomic 3D user interfaces,
soft and flexible systems. Despite probably becoming the sector, there are road-
blocks to smart surfaces innovation that must be predicted with caution by the
automobile sector, such as the form factor and user experience that are extreme-
ly relevant for the inclusion of drivers with previous memories and experiences.

Another emerging automotive trend is integrating technologies in areas with
thermoformable polymer sensors, unlocking smart surfaces with smarter mate-
rials, replacing traditional sensors with functional materials (seamless and 3D
surfaces).

The desire creation of a more tactile future and gestural commands will bring
new interaction modes that must be analysed with caution. Currently, part of the
user’s interaction with the interior car devices is done in a tactile way, which is
less intuitive and simple, enhancing discretion and requiring greater tactile con-
trol skills for older drivers. More tests should be run on the tactility—or the lack
of it—in automotive interiors.

A human-centred design-driven approach to technology (tangible innovation
in smart surfaces for automotive interior) is a research challenge for the next years,
where senior drivers may represent an implementation obstacle in moving to-
wards gestural commands and new interaction modes.

It is important to establish an evidence-based framework that clearly predicts
risks so that drivers can continue driving for as long as possible, and thereby in-
crease their independence and quality of life, reducing the risk of accidents to
the drivers themselves and other road users [57] [69] [70] [71].

This work tries to contribute to the knowledge of the biological bases of the
driving behavior of elderly adults. Understanding the changes in the brains of

the elderly is important to develop compensatory technological mechanisms.

2. Results

With regards to cognition, our analysis provides a more accurate picture of the
needs of the elderly in terms of automobile driving tasks (see Figure 1). Insofar
as healthy aging is concerned, individuals seem to know how to drive, although
they are qualitatively different from young adults.

Aging produces cognitive changes that affect motor activity especially at the
level of the frontal lobe in the cerebral cortex, among other areas. In sixteen of
the major cognitive activity-dependent driving difficulties in elderly drivers identi-
fied in the literature, 46% of these difficulties require processing in the frontal
lobe, the main control center for these complex activities, while 27% are depen-

dent on the activity in the parietal cortex. The remaining percentage is distributed
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Loss on executive function, referred to as the

and self-regulate, making driving more
dangerous and increasing the risk of accidents.

metacognitive ability, which allows individuals
to effectively plan, organize, strategize, evaluate
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Figure 1. Seniors main automobile driving difficulties and corresponding cortex functional areas.
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in different areas which are also important for navigation, including the hippo-
campus in the temporal lobe (see Figure 2). In addition to these areas, the need
for the proper functioning of the neuronal networks that connect the various
brain regions should also be taken into account.

It is interesting to note that most research done in the area of aging and driv-
ing talks about visual, motor (physical) and attention problems. In this work, we
present a range of cognitive changes associated with healthy aging that can im-
pede comfortable driving.

In normal aging, frontal and parietal lobe changes are well known. The results
presented are in line with the literature and add an even more detailed break-

down of the problems presented in the act of driving.

3. Discussion and Conclusions

The driving experience makes vehicle operations become relatively more auto-
matic. At the motor level, we can speak of a procedural memory that causes the
release of brain areas linked to voluntary attentional processes, which are more
active at the early stages of learning to drive. Age can bring this advantage; how-
ever, areas of the brain that are important for the driving process, present altera-
tions that need to be compensated with internal strategies, that is, generated by
the individual himself through the activation of other brain areas, or by external
strategies, found in the vehicle itself such as the use of technology adapted to the
needs of the older driver.

While the aging process has different effects on the elderly, several studies show
that aging results in fewer cognitive abilities that are considered potentially un-
safe for driving a car. However, as shown in Figure 1, some of the tasks consi-
dered the most demanding for elderly drivers and that requires several areas of
the cerebral cortex (e.g. the task of parking) cannot necessarily be classified as
the most dangerous for drivers and other road users. As the literature shows, tasks
that require greater integration of brain areas are not necessarily more danger-
ous because when they are perceived as dangerous or challenging, older drivers
tend to avoid them with self-regulatory behaviors. The most demanding tasks
identified in older individuals (applying multiple parts of the cerebral cortex)

can be mitigated with appropriate technological resources that can benefit
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Figure 2. Percentage of areas of the cerebral cortex activated during automobile driving
tasks considered to more difficult in elderly drivers and that are cognition dependent.
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older drivers with a better driving experience. Adapting technologies to user needs
is a process that must be carried out through the careful analysis of individuals’
capabilities. This will not only increase comfort but also driver safety and the
safety of other road users. Driving is much more than a motor skill and from a
cognitive perspective, some of the deficits in normal aging that are very impor-
tant for good driving have been pointed out. It is our perspective that, in the fu-
ture, vehicles especially aimed at older drivers may offer tools that will at least
allow for calculations based on spatial dimensions according to vehicle size and/or
other external forces. They must provide technology that makes it possible to
analyze the movement of other elements in the environment, assisting in deci-
sion making, inhibiting or slowing down driver behavior, planning driving op-
tions, assisting in programming one’s own body movement, increasing/enhancing
the ability to perceive visual and auditory stimuli so as to avoid irrelevant driv-
ing stimuli, as well as providing a comfortable environment that increases atten-
tional capacity (for example, with more technological options to be made availa-
ble in the driver’s left space). All of these options can be taken into account in
addition to the features already found in today’s vehicles, such as navigation/lo-
cation assistance. Future technologies should be designed to help older drivers
compensate for their cognitive deficits, making driving safer and more comfort-
able.

Future research topics could be focused on the quality of life and satisfaction
of the elderly with the implementation of adapted technologies, in addition to

analyzing the differences in automobile driving difficulties.
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