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Abstract. Demographic forecasts show that by 2050 about 25% of Europe’s population will be
65 or older. Ageing society translates into older people using roads. An increasing number of
older people are drivers, cyclists and pedestrians representing a potential increase in accident
risk due to functional limitations. The article looks at road traffic risks and main trends from
the perspective of older road users (drivers, cyclists, pedestrians). With a longer time to react,
poor eyesight and hearing, impaired mobility, ill health and medication, older road users are
put at risk. A comprehensive and pro-active strategy is needed to deal with these risk factors
and meet the safety and mobility needs of older people in the (nearest) future. The strategy
should focus on assessing the main trends and identifying the road traffic risks for older road
users. It should also aim to implement treatments such as ITS and change how road
infrastructure is designed today. The objective of the work is to identify the risks to older
people in road traffic and develop recommendations on ways to improve the safety of this age
group. A study of the literature helped to identify the risk factors faced by older road users.
Statistical analyses were used to define the trends, causes and circumstances of accidents
involving this age group in the EU and in Poland compared to the EU. The article identifies
risks and classifies them for older drivers, pedestrians and cyclists. Needs for universal road
infrastructure design are identified (to ensure full accessibility for all age groups, including
older people and people with disabilities) and ITS treatments are formulated. EU data shows
that about 44% of all pedestrian fatalities are people aged 65 and older. This highlights the
seriousness of the problem. With an increasing share of this age group in society and a lack of
road treatments to improve the situation, the statistics may deteriorate even further. In Poland
drivers aged 65 and older have caused 10% of all accidents involving 14% of all fatalities.
Pedestrians in this age group have caused 6% of fatality accidents. The article defines and
classifies risk factors in three groups: growing exposure to risk, growing accident risk (factors
involving the user directly such as behaviour, illness, functional limitations) and growing
accident severity (fatality and serious injury accidents).

1. Introduction

The majority of European countries see an increasing share of older people within their populations
with forecasts suggesting that in 2080 nearly 30% of the entire population will be 65 and older [00].
The reason for this demographic change is that birth rates continue to drop and life expectancy
continues to grow. There are more and more older people using traffic both as pedestrians and drivers
and their risk of becoming involved in a road accident increases as well. As people age, limitations
emerge which make driving a more difficult task (poorer eyesight, poorer cognitive ability, longer
reaction time). Older people are also more likely to be involved in a pedestrian accident. These are
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some of the challenges for transport policy as a result of ageing populations. This calls for pro-active
and informed planning to ensure that older people can stay mobile and safe. The aim of the article was
to analyze data on accidents involving older people. The analysis concerned the number of accidents,
their circumstances and causes. The article proposed solutions for identified problems as well.

2. Literature study

In the literature an older person is defined as someone who is 65 or older [1], [2], [3], [4], [5]. The
literature distinguishes younger people who are in old age (65-74 years) and older people who are in
old age (> 75 years). Mobility goes down at about 75 years of age [1], [6], [7]. While this definition
may be seen as subjective, 65 is the official retirement age in many European countries. Please note
that age classes do not take account of individual differences between older people. Ageing as a
process does not necessarily begin at 65 and its progress may differ from person to person. As an
example, some 80 year olds may in fact be in better health than some 65 year olds. This leads to
significant differences between how older people of the same age move or between their physical and
mental capacities [8].

The effects driver age on risk perception have been studied extensively for a number of years. The
focus is mainly on two age groups that are most at risk: young drivers (aged up to 24) and older
drivers aged 65 and more. This is because the majority of research suggests that the youngest and
oldest drivers have much higher fatal and non-fatal crash risks than drivers in the middle-age ranges

(91, [10], [11], [12], [13], [14].

This article centres on the second group of drivers. As we know in industrialized countries, there is
a rapidly growing group of older drivers who are used to using private cars and also want to continue
using them later in life [15]. Older drivers and their road safety-related problems have drawn
considerable attention since the 1960s, when studies came out arguing that the elderly represent a risk
in traffic [15]. Several studies have also found differences in fatal and nonfatal crash risks among
subgroups of older drivers. For example, there is evidence that drivers aged 70—74 exhibit lower crash
risk relative to drivers aged 75—79, with the highest risk seen in drivers aged 80 and older [16], [17],
[18]. After age 60, with a sharp increase after age 80, driver fragility and over-involvement in crashes
is estimated to account for 34-45% of fatal crash risk [19]. The authors suggested that fragility is of
“over-riding importance in explaining the increased fatality risk per unit of travel among older
drivers”, however excess crash involvement became a clear contributing factor among older drivers at
ages 75-79.

Research conducted worldwide shows that there is widespread agreement that normal ageing is
generally accompanied by the onset of specific medical conditions [20], [21], [22], resulting in
declines in sensory, perceptual, cognitive, psychomotor and physical functioning [20], [23]. The claim
that older drivers subsequently have reduced driving skills and by extension, increased crash
involvement, is supported by their apparent over-involvement in crashes. Many elderly suffer
confusion, inattentiveness and slow perception and decision time. The perception and reaction time
represents "swiftness of reaction" and reaction time of elderly people is 30% longer than that of young
people from 300 to 700 ms [24]. Decisions are less likely to be taken almost simultaneously and
executed in parallel, but rather in sequence. The decline in muscle strength that accompanies aging has
long been recognized. Vision and cognitive ability are important for driving, steering, braking and
looking sideways. As a consequence of ageing, perceptual ability, cognitive function and muscular
strength deteriorate which may affect driving, cycling and walking in a safe manner. Visual
acuity/glare recovery and peripheral vision decrease with age, and distance perception is faulty at low
luminance. [24]. Hearing impairments related to the ageing process occur in 13% of elderly people
(60+). Hearing loss may cause problems in localizing sounds and consequently in ascertaining from
which direction a vehicle is approaching [25]. Loss of physical mobility is common for elderly road
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users because of a general weakening of the body and stiffness in the joints. Strength declines in the
elderly, ranging from 0% to 30% per decade, depending on age group, muscles and walking speed.
This effect becomes more pronounced with advancing age beyond 65 years [26]. Brake reaction /
movement time increase approximately 2% every five years, starting with age 15 and ending with
people aged 75 and older [27].

Many authors, however, stress that the conventional interpretation of older drivers’ safety status
recognizes that the crash risk curve based on distance driven, exaggerates older drivers’ crash risk due
to the ‘frailty bias’. Older adults’ biomechanical tolerances to injury are lower than those of younger
persons [28], primarily due to reductions in bone strength and fracture tolerance [29]. Therefore the
energy required to produce an injury reduces as a person ages [30] and thus increases the likelihood of
serious injuries among older drivers involved in a crash. This results in a larger share of older drivers’
crashes being included in casualty databases, thereby contributing to an apparent over-representation
in crashes.

Langford and others [31] have studied the effects of average weekly distances covered by older
people on the quality of how they drive. Studies were conducted in New Zealand which helped
researchers to establish that drivers who travelled low mileages were liable to have more crashes per
distance driven than drivers with higher mileages. Older drivers travelling 20 km or less per week had
around ten times the per-distance crash rate of drivers travelling 200 km or more per week. The
analyses presented in this paper also showed that low mileage drivers were more likely to report a
reduction in their driving performance and to report a range of health and medical conditions.

Accidents involving older drivers tend to be serious especially when the situation is complex. This
includes heavy traffic with side impact collisions at intersections which frequently appear to be
directly caused by the elderly road users who fail to respond to stimuli and/or took longer time to
respond. Intersections are a particularly dangerous location for drivers, pedestrians and bicyclists.
Studies conducted in the US in the 1990s prove that the risk of a fatal crash for older drivers aged 65—
69, compared with the risk for drivers aged 40—49 in the U.S. was 2.26 times higher for multiple-
vehicle involvements at intersections and 1.29 times higher in all other situations [32].

Various studies have examined the impact of intersections or driving scenes of varying complexity
on drivers’ visual scanning, decision-making and performance [33], [34], [35], all of which have some
bearing on overall safety. The role of the complexity of intersections leading to increased crash risk is
of particular concern among older adults [36]. Older adults tend to exhibit sensory, perceptual,
cognitive and motor declines [37], all of which can impact their ability to deal with the complexities of
intersections. Crash data corroborates some of these known deficiencies; older drivers have been
identified as having a higher frequency of intersection crashes involving vehicles crossing paths prior
to the collision, compared with their involvement in all crash types [38)] Moreover, in documenting
critical driver errors involved in serious crashes in the NMVCSS, [39] found that over 70% of older
drivers’ (aged 70 and over) surveillance errors involved attentional failures, such as looking but failing
to see vehicles or traffic control devices. In their road safety policies many countries introduce
additional preventative measures designed for the elderly. Japan is an example [40]. The country’s
additional requirements targeting older people are primarily caused by Japan’s population
characteristics with elderly people aged 65 or greater comprising more than 20% of the entire
population. Japan is currently one of the top-ranked aging nations in the world. Japan’s elderly
population growth rate is markedly higher than that of European countries and the US. As a result,
drivers aged 65 and more represent a substantial percentage of not only drivers but also road accident
casualties. In a bid to improve road safety a new law requires a license renewal course for the elderly.
Presently, if the expiry date on the driver’s license extends beyond the holder’s 70th birthday, the
driver is obligated, under the Road Traffic Law, to enrol in a license renewal course for the elderly.
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The course is intended to make the participants aware of changes to their driving behaviour through
lectures and advice on safe driving, driving aptitude tests using driving simulators, and assessments of
actual driving performance [41]. Furthermore, for participants 75 years old or more, cognitive function
tests to detect memory impairment and disorientation have been incorporated as a criterion for driver’s
license renewal in the revised Road Traffic Law effective June 2009.

Poland too has been recently engaged in a debate on regular checks for drivers aged 60+. In 2018
the ministry of infrastructure prepared a draft bill on mandatory health checks for older drivers. The
European Union is also working on similar legal regulations. In keeping with its road safety policy the
EU aims to have mandatory regular health checks for older drivers and make it a requirement for all pf
the Community’s member states. Accident investigations suggest that crashes may be caused by older
people when they faint or lose consciousness. This risk is very high for the elderly [42], [43].

Pedestrians aged 65 and older represent another group of road users which is extensively studied.
Walking represents a large part of all trips, especially for shorter distances. Yet the road environment
is becoming more and more complex [44]. With vehicles dominating the space, high speeds and heavy
traffic on many roads used by pedestrians, older people are faced with increasing demands placed on
their adaptive skills. This combined with their diminishing capacity to deal with traffic situations puts
older road users at a disadvantage when they use road traffic [45]. Pedestrian accidents represent a
large portion of road accidents, especially fatality accidents. In Europe pedestrians as fatalities
represent more than 21% of all road deaths. International data shows that pedestrian deaths are a major
road safety problem, especially in developing countries with a share nearing 70% of all fatality road
accidents [46], [47], [48], [49]. A significant part of these accidents involves older people who are
susceptible to risks as a result of becoming less agile in road traffic. In EU countries the average
number of older people who are victims of fatal pedestrian accidents in 2017 was 47%. Please note the
strong differentiation between the countries, ranging from about 60% of all fatalities in this age
category in Greece, Italy and Portugal to 33% in Estonia [49].

Older people who are involved in an accident are at a very high risk of serious injury because they
are more susceptible to injuries than younger people. The risk of serious injury is present even for low
speeds on impact [50], [51]. This is a consequence of ageing and how it influences sensory,
perceptive, cognitive and physical capability leaving older people less able to deal with traffic
situations. Crossing the road is a particularly acute problem as well as the ability to estimate the
distance between cars and the speed [52], [53]. A study by Sheppard and Pattinson involving [54]
older pedestrians shows that crossing the road poses difficulties. These include failure to spot an
oncoming vehicle or misjudging vehicle speed. Different studies suggest that more than one third of
older road users report problems when they are pedestrians [55], [56]. Other studies show [57] that
about 30% of people aged 65 and older have some kind of disability.

3. Problem identification

Road accident and demographic analyses were used to identify Poland’s share of accidents involving
older people as well selected causes, locations and circumstances of those accidents. A division was
made into pedestrians and drivers. Figure 1 shows a forecast of Poland’s population structure. As we
can see, until 2060 the number of people aged 65 and older (older people) will grow. With 2015 as the
baseline, 5.8 million will grow to reach 11.3 million in 2060, a doubling of the number. To analyse the
statistics a 2018 police report was used [58]. By analysing safety for the different age groups relative
to population, we can see that older people are most at risk of death in a road accident (Figure 2). For
949 fatalities, the fatality rate is 150 deaths per 1 million population. This is also the highest number of
victims alone. As regards injuries, at 7341, the rate is 1164 victims per 1 million population. A higher
rate can only be seen for the age group 15-24 (1866 injuries per 1 million population).
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Figure 1. Forecast of Poland’s changing population structure until 2080
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Figure 2. Demographic rate of accident risk and accident victims by age group

Figures 3 and 4 shows the demographic rates for people who have caused a road accident by age
and role, i.e. driver and pedestrian. As regards pedestrians older people are a clearly marked group —
23.8 victims per 1 million population. In the case of injuries the rate for older people is practically the
same as for the 0-14 age group. Accidents caused by older people as pedestrians in 2018 claimed 150
lives and 418 people were injured. As drivers, older people causing an accident are the second largest
group for the demographic rate (following the 15-24 age group) with 66 fatalities per 1 million
population. There were 417 people killed in accidents caused by older people.
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Figure 3. Demographic rate of accident risk and the victims by age groups — pedestrians causing
accidents
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Figure 4. Demographic rate of accident risk and the victims by age groups — drivers causing accidents

Accidents caused by older people between 2015 — 2017 were used to analyse crashes by time of
day, location, type of accident and other causes. Figure 5 shows an analysis of the time of day. It is
apparent that as much as 60% of accidents caused by older pedestrians happened during the night.
This shows that lighting, especially at pedestrian crossings, may not be sufficient for older people. In
the case of drivers causing accidents, night-time accidents represent about 20% of fatalities caused by
all drivers in this age group.
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Figure 5. Time of accidents involving older people

As regards accident locations, drivers and pedestrians cause accidents on the road (79% and 86%
respectively) and at pedestrian crossings. Older drivers who are at fault caused 20% of accidents
caused by this age group killing 11% of fatalities. As regards older pedestrians who are at fault 14% of
accidents were caused by this age group killing 11% of fatalities. It is clear from the numbers that
efforts are needed to improve pedestrian crossing safety. Analysis of type of accidents caused by older
drivers shows that side crashes are the most frequent — as much as 41% of accidents with 41% of
fatalities are caused by this age group. The other types of accidents include hitting a pedestrian (25%
of accidents and 14% of fatalities) and head-on collisions killing 22% of fatalities. Figure 6 and 7
show the causes of accidents caused by older drivers and pedestrians. In the case of drivers the main
causes include: failure to give way (34% of fatalities), wrong manoeuvres such as bypassing, driving
past, turning, overtaking, lane changing (19% fatalities), wrong speed for the conditions of traffic
(15%) and failure to give way to a pedestrian at a pedestrian crossing (10%). In the case of pedestrians
the causes include carelessly stepping onto the road in front of an oncoming vehicle (51% of
fatalities), crossing the road where it is illegal (17%), carelessly stepping onto the road from behind a
parked vehicle (11%) and crossing the road on a red light (9%).
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Figure 7. Causes of accidents caused by older pedestrians

4. Methods for solving the problems

In order to improve the safety and mobility of older road users a comprehensive and pro-active
strategy is required to deal with measures at EU, national, regional and local level. A European
Commission report [8] divides the measures into the following groups:

Infrastructural interventions;

Education and training;

Enforcement;

Modern in-vehicle technologies.

A key priority is to ensure that the package of measures is based on a “design for all” approach
(universal design) because it takes account of the specific needs, opportunities and limitations of
different road users. As a result, these measures will not only enhance the road safety and mobility of
older people; all road users will also benefit. As regards infrastructural interventions, priority should
be given to: separating motorised traffic from pedestrians and cyclists (especially where traffic is
intense and speeds are high), introducing low speed zones in built-up areas and around shops and
services, implementing self-explaining and forgiving roads, reducing conflicts at intersections and
pedestrian crossings in particular, improving lighting (especially for pedestrian crossings),
implementing ITS solutions and introducing standards for old age-friendly road design. Education and
training measures have these top priorities: training the elderly in recognising their deficits in road
traffic and adjusting their behaviour, introducing standardised medical protocols to systematically
asses the influence of age-related illnesses, functional limitations and prescribed medication on driving
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abilities. Key to enforcement measures is adopting a uniform approach in EU countries concerning the
decision on fitness to drive. The main measures involving modern vehicle technologies include:
assessing the effectiveness of advanced vehicle technologies for older drivers, training older drivers on
the effective usage of modern technologies and developing driver assisting systems.

5. Conclusions

The presented results of the demographic analysis indicate that the share of older people in Polish
society will grow in subsequent years. This has a significant impact on safety in road transport. The
age group of 65 and older is at a particular risk of being involved in a road accident. This applies
mainly to pedestrians who are accident fatalities and drivers when they cause an accident. The elderly
is currently ranked second among the perpetrators of road accidents. A larger share in accidents is
recorded only in the 15-24 age group. Analysis of the accident circumstances indicates that most of
them took place at night. The most common cause of accidents is the enforcement of the right of way
(in the case of drivers) and the entry of a moving vehicle (in the case of pedestrians).

It is now necessary to undertake strategic actions aimed at reducing the number of accidents
involving older people. These activities should be undertaken at various levels of traffic safety
management. Infrastructure work, educational campaigns, additional training, driving license
limitations and verifications, in-vehicle technologies and ITS can compensate for older people’s road
traffic restrictions only to some extent. Mobility, health and quality of life are interrelated with loss of
mobility leading to a poorer quality of life and poorer physical and mental health. As a result, the
safety and mobility of older people should be balanced when relevant strategies are developed Lack of
appropriate response from policy-makers may contribute to an increase in the number of accidents
involving older people in aging societies. At the same time, a lack of sense of security will reduce the
quality of life of older residents.
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