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Abstract: 
Older pedestrians and cyclists are vulnerable road users, comprising a substantial proportion of all road fatalities 
world-wide. Pedestrian fatalities constitute between 20 and 30 percent of road fatalities, while cyclist deaths range 
from 2 percent in Australia to 10 percent in Denmark, Belgium, Germany and Sweden to 23 percent in the 
Netherlands. Older pedestrians and cyclists are over-represented in these figures, accounting for up to 45 percent of 
pedestrian fatalities and up to 70 percent of cyclist fatalities. The nature of injuries to older pedestrian and cyclists are 
severe once involved in a crash because they are largely unprotected and more frail than younger pedestrians and 
cyclists. Even in moderate crashes, the elderly are in greater danger of being seriously injured or killed than younger 
pedestrians and cyclists.  

The first section of this review provides an outline of the problem, discussing the contributing factors to increased 
crash and injury risk including age-related changes in functional performance, vehicle design factors and the road 
infrastructure, design and operation. There are consequences of ageing on sensory, perceptual, cognitive and physical 
abilities that can result in problems coping with traffic. Safe walking and cycling requires the adequate functioning of 
all these systems and loss of efficiency in any one can reduce performance and increase risk on the road. Many older 
pedestrians and cyclists, therefore, experience some difficulty participating safely in complex traffic. Selecting a safe 
gap in which to cross in front of oncoming traffic seems to be a major problem for older pedestrians and cyclists as 
well as adjusting walking and cycling pace and maintaining balance on a bicycle in the event of an emergency. In 
addition, the frontal structures of vehicles can greatly affect injury outcome. Current bumper, bonnet and windscreen 
design is not conducive to pedestrian and cyclist safety. Moreover, the trend of increasing numbers of large and 
aggressive sports-utility vehicles, four-wheel-drives and vans (often fitted with rigid bull-bars) in the vehicle fleet 
adversely affects the injurious consequences to pedestrians and cyclists. Last, the growing complexity of the road 
environment places increasing demands on an older person’s adaptability. The current road system, for the most part, 
seems to be unforgiving for older vulnerable road users and few facilities are designed specifically for the special 
needs and capabilities of older adults. 

The second section of this report provides a comprehensive review of the international ‘best-practice’ solutions aimed 
to reduce the crash and injury risk to older pedestrians and cyclists including behavioural/educational programs, 
enforcement, vehicle design improvements and improvements to infrastructure, road design and operation of the road-
transport system. Given that the behaviour of older road users is thought to contribute, in part, to their increased risk of 
collision, it is suggested that education, awareness and training programs as well as encouragement and enforcement of 
safe walking and cycling practices are considered. In terms of improvements to vehicle design, improvements to 
frontal structures, prohibition of rigid bull-bars and use of in-vehicle ITS applications are recommended. Consideration 
of changes to the road transport system to create a safer more ‘crashworthy’ environment for older pedestrians and 
cyclists, whilst maintaining their mobility, is also recommended. It is recommended that: i) more attention be given to 
reducing numbers of vehicles travelling at excessive or high speeds in areas of high pedestrian activity, ii) more 
attention be given to reducing pedestrian-vehicle and cyclist-vehicle interactions along roads, within curves and at 
intersections, iii) more attention be given to reducing the complexity of traffic environments, and iv) consideration of 
other road design improvements such as provision of improved facilities at public transport stops and provision of 
good street lighting in high risk areas. 
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EXECUTIVE SUMMARY 

Crashes involving pedestrians and cyclists are serious in nature and constitute a substantial 
proportion of serious injuries and deaths on the road. Moreover, many involve older adults, 
who are more vulnerable because of age-related frailty. Older pedestrians and cyclists 
experience many problems using the transport system and this is reflected in the types of 
crashes they are involved in. Like older drivers, they are over-represented in crashes in 
complex traffic environments such as at intersections, in fast and heavy traffic, on multi-
laned roads and when performing a complex manoeuvre.  

While many road safety strategies and policies recognise the vulnerability of older road 
users, particularly pedestrians and cyclists and emphasise the need to reduce their injuries, 
there are very few programs that specifically accommodate the special needs of these 
groups. Traditionally, the road network has been designed primarily for vehicles and little 
thought has been directed to the provision of features that allow safe and comfortable travel 
by older pedestrians and cyclists. However, more recent philosophies such as ‘Vision Zero’ 
in Sweden and ‘Sustainable Safety’ in the Netherlands view safety as the prevailing 
consideration. These models argue that the road-transport system can only be safe when the 
road infrastructure is designed and operates in a ways that explicitly recognises both 
human tolerance to violent forces and normal human error, so that death and serious 
injuries to all road users can be prevented. This means that special consideration of the 
needs of the most vulnerable road users should be taken into account in all road safety 
programs, policies and strategies.  

The Project 
A literature review was undertaken to assess the current state of knowledge in regard to the 
key issues affecting senior vulnerable road users (namely, older pedestrians and cyclists) 
and to identify a set of best-practice recommendations for managing the safety of these 
road user groups. In particular, the review addressed: 

• Older pedestrian and cyclist travel patterns and mobility needs, 

• Older pedestrian and cyclist crash risk, 

• The increased vulnerability associated with ageing, 

• Older pedestrian and cyclist crash and injury types, and 

• Measures to reduce the crash and injury risk to older pedestrians and cyclists 
(including behavioural and educational programs, improved vehicle design, and 
improved infrastructure and road design). 

The findings of the review were used to compile a set of recommendations to improve the 
safety of these road user groups while meeting their transport and mobility needs. 

The Problem 
Pedestrian fatalities constitute between 20 and 30 percent of all road fatalities world-wide 
and a substantial proportion of those involve the elderly (ranging from 21% in the USA, 
36% in Australia, between 40 and 45% in Sweden, Germany, Britain, Spain, the 
Netherlands & Denmark, to 64% in Switzerland). Cyclists, too, represent a substantial 
proportion of road deaths, ranging from between 4 percent and 8 percent in Switzerland, 
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Norway, Italy, Austria, Britain and France, between 10 percent and 14 percent in Denmark, 
Belgium, Germany and Sweden, to 23 percent in the Netherlands, Again, older cyclists are 
over-represented in these figures, accounting for between 15 percent and over 70 percent of 
all cyclist fatalities. 

The nature of injuries to pedestrians and cyclists are severe once involved in a crash, 
particularly involving a collision with a vehicle because, unlike a vehicle occupant, they 
are largely unprotected. Even in moderate crashes, the elderly are in greater danger of 
being seriously injured or killed than younger adults. Injuries sustained in a collision with a 
vehicle include lower limb fractures and knee damage as a result of contact with the 
bumper, fractures of the pelvis and femur as a result of contact with the leading edge of the 
bonnet, and head, shoulder and chest injuries as a result of contact with the rear of the 
bonnet, the windscreen, roof and ground. More importantly, the elderly are at even greater 
risk of severe injury because of their greater susceptibility to injury (frailty) compared to 
younger people. They are more likely to sustain fractures to all body parts in a crash, 
recovery time is much longer and the likelihood of long-term disability is high. 

Older pedestrians and cyclists are also over-represented in non-vehicle collisions and are 
more likely than younger adults to sustain a severe injury as a consequence of falling, 
tripping or stumbling. Injuries sustained in these types of crashes include upper limb 
injuries, and head, face and neck injuries.  

Even though it is difficult to determine the causal factors in many crashes because they are 
invariably complex in nature and often involve several contributing factors, it is necessary 
to understand how and to what extent these factors contribute to crash and injury risk. The 
identified factors fall under three broad categories: road user characteristics, vehicle factors 
and infrastructure/road design.  

Much of the literature on older road users is concerned with the consequences of ageing on 
sensory, perceptual, cognitive and physical abilities and resulting problems coping with 
traffic. While there is little doubt that the onset of age-related changes affects many areas 
of daily living, few clear associations between crash risk and specific age-related declines 
and/or medical conditions have been established, particularly for pedestrian and cyclist 
crash risk. Indeed, it is argued that many older adults are able to adjust their behaviour in 
traffic adequately to accommodate for these changes that may affect safe traffic 
participation and, in general, the majority of older road users do use the road-transport 
system without injurious consequences. Functional impairments can be partly compensated 
for by, for example, travelling less frequently, avoiding complex situations, travelling 
slower or by taking more time to observe traffic. However, there may be some older road 
users who do not or cannot compensate adequately. Indeed, many researchers now contend 
that the older road user problem is mainly restricted to certain sub-groups of people who 
may have poor risk perception or little insight into their changing abilities, or when 
behavioural and functional declines overwhelm the normal attempts at compensation, 
rather than encompassing all older people. There is now a shift from a general approach in 
older road user safety of ‘why older road users have high crash risk?’ to a differential focus 
on high-risk subgroups, asking ‘which older road users have high crash risk?’   

Older adults face reducing capabilities with increasing age. This applies to the visual 
system, it applies to the perceptual and cognitive systems, and it applies to the motoric 
system. Safe walking and cycling requires the adequate functioning of all these systems 
and loss of efficiency in any one can reduce performance and increase risk on the road. In 
addition, the onset of medical conditions that affect vision, physical activity and mental 
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functioning further act to reduce performance. Many older adults will, therefore, 
experience difficulty perceiving, processing information and acting on that information in 
order to participate safely in complex traffic. In particular, the problem of selecting a safe 
gap in which to cross in front of oncoming traffic seems to be a major problem and one that 
requires intact cognitive-motor skills. Older pedestrians and cyclists experience great 
problems interacting in fast-moving, complex traffic: walking, initiating walking and 
adjusting walking pace in the event of an emergency is difficult for many older pedestrians 
and maintaining balance, and adjusting cycling pace on a bicycle is difficult for many older 
cyclists. 

In addition, there are a number of vehicle design features that increase the severity of 
injuries sustained by pedestrians and cyclists once involved in a crash. The frontal 
structures of the vehicles (the parts most likely to impact a pedestrian or cyclist) can 
greatly affect injury outcome. Even though the design of frontal shapes of passenger 
vehicles has improved over the last decades, there is still much that can be done to reduce 
the severity of injuries. Current bumper, bonnet and windscreen design is not conducive to 
pedestrian and cyclist safety. Moreover, the trend of increasing numbers of large and 
aggressive sports-utility vehicles, four-wheel-drives and vans (often fitted with rigid bull-
bars) in the vehicle fleet is adversely affecting the injurious consequences to pedestrians 
and cyclists. 

Last, the road infrastructure, design and operation affect crash risk of older road users. The 
growing complexity of the road environment places increasing demands on an older 
person’s adaptability, whilst ageing can diminish the capacity to cope with such situations, 
placing older road users at a ‘double’ disadvantage. The current road system is generally 
designed for vehicles, and mainly for young, fit and healthy road users and, for the most 
part, seems to be unforgiving for older vulnerable road users. Few facilities are designed 
specifically for the special needs and capabilities of older vulnerable road users.  

Older pedestrians and cyclists experience problems in high-speed environments. While the 
injury consequences of impact speed are ot well understood by pedestrians, cyclists or 
drivers, they are powerful and well established. Also older adults experience difficulty 
making appropriate decisions and acting on those decisions in busy, fast-moving traffic 
because of motion perception and cognitive difficulties.  

Older pedestrians also experience problems at crossing facilities that are not placed in 
appropriate locations for convenient and efficient use, do not allow for slower walking 
speeds, and are not well-designed for people with visual and physical impairments. These 
facilities, even though they are considered a safety initiative, create stress and confusion 
for many older pedestrians and are commonly the locations of high crash frequency. 

Older pedestrians and cyclist also appear to experience problems in complex road and 
traffic situations such as at intersections, on multi-lane roads with bi-directional and fast-
moving traffic. Intersections are major points of conflict between road user groups and the 
potential for collision is high, particularly collisions between turning vehicles and 
pedestrians or cyclists continuing in a straight line.  

The Solutions 
Meeting the mobility and safety needs of older people in the future will require a 
comprehensive strategy, one which will encompass policy at all levels and include 
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educational and awareness initiatives, improving vehicle design, and ensuring a safe and 
comfortable road environment in which to walk and cycle.  

Behavioural change programs and enforcement 

Educational, awareness and behavioural change programs are aimed at providing 
information to road users regarding safe practices to adopt to participate in traffic safely. 
While their effects on crash risk are rarely evaluated, they are regarded as an essential 
component of any strategy and are, reportedly, well-received by many older community 
members. There are two main recommendations supporting the use of educative tools to 
promote safe practices: 

• Continued development and support for community awareness and educational 
campaigns to increase adoption of safe walking and cycling practices; 

• Continued development and support for programs that promote the continuation of 
safe driving for as long as possible are recommended, along with development and 
support of alternative transport options.  

Moreover, introduction of legislation to enforce adoption of safe practices, supported by 
mass media campaigns have been successful in bringing about behavioural change. Despite 
the (largely unsubstantiated) claims that mandatory helmet use is associated with loss of 
civil liberties and can have an adverse effect on bicycle usage, there is clear and consistent 
evidence that wearing of head protection reduces the incidence and severity of head and 
neck injuries. It is recommended that: 

• Careful consideration should be given to legislation for mandatory helmet, coupled 
with mass media to promote helmet use among all aged cyclists. 

Vehicle design improvements 

Improvements to vehicle design can reduce the severity of injuries to pedestrians and 
cyclists in the event of a collision. Recommendations include: 

• Continued development of test procedures to assess protection capabilities of 
vehicles for pedestrians and cyclists, and development of test specifications for all 
new vehicles; 

• Improved design of bumpers to reduce lower limb injuries; 

• Improved design of bonnet leading edge to reduce upper leg and pelvis injuries; 

• Improved bonnet and windscreen design to reduce upper body and head injuries; 

• Discourage the use of large, aggressive vehicles in the vehicle fleet; 

• Consideration of banning rigid bull-bars from on-road vehicles; 

• Development of less aggressive bull-bars; 

• Development of in-vehicle ITS technologies to assist drivers detect and avoid 
collisions with pedestrians and cyclists; 
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• Continued and expanded requirement of use of daytime running lights. 

Infrastructure, road design and operation improvements 

Improved infrastructure can achieve cost-effective immediate reductions in crash and 
injury risk to older pedestrians and cyclists. There needs to be more emphasis and support 
for a system that is more forgiving of the difficulties experiences by older vulnerable road 
users. Facilities that address the particular problems and needs of older pedestrians and 
cyclists should therefore be part of the road-transport system. Recommendations aim to 
moderate vehicle speeds, separate or reduce pedestrian/cyclist-vehicle interactions, and 
simplify road and traffic conditions that cause problems for older adults. It is recommended 
that: 

• Measures to moderate vehicle speeds in high pedestrian and cyclist activity areas 
should be considered, including: 

o setting of speed limits of 30 km/h but not more than 50 km/h,  

o extensive use of traffic-calming techniques,  

o use of perceptual countermeasure treatments, and 

o use of in-vehicle and out-of-vehicle ITS technologies; 

• Introduction of measures to separate or restrict vehicular and non-vehicular traffic in 
high pedestrian and cyclist activity areas, including: 

o Provision of vehicle-free or vehicle-restricted pedestrian/cyclist zones; 

o Provision of a well-designed bicycle network of tracks, paths and lanes; 

o Provision of a well-designed footpath network;  

o Provision of barriers or guardrails at unsafe mid-block locations; 

o Provision of crossing facilities suited to older pedestrians’ needs, including: 

?  Well-placed locations; 

?  Consideration of signalised facilities over unsignalised facilities; 

?  Extending walking speed value to between 0.91 m/s to 1.0 m/s; 

?  Consideration of ‘Puffin/Pussycats’ devices; 

?  Consideration of measures to reduce confusion about clearance phases; 

?  Consideration of facilities for visually impaired pedestrians, 

?  Inclusion of marked cross-walks in high-risk locations to reduce vehicle 
approach speeds. 

• Introduction of measures to reduce the complexity of intersections and road lengths: 
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o Improved intersection design to include treatments that increase conspicuity of 
pedestrians and cyclists, allow for slower walking and cycling, and establish 
right-of-way, including: 

o Provision of leading green phases for pedestrians; 

o Consideration of ‘Puffin/Pussycats’ and ‘TRCS’ devices; 

o Extension and widening of footpath in conjunction with painting of crosswalks 
and bicycle lanes; 

o Consideration of setting back holding lines for vehicles and advancing holding 
lines for bicycles; 

o Provision of warning signs to drivers to give-way to pedestrians and cyclists, 
especially while negotiating turns at intersections; 

o Installation of pedestrian- and cyclist-friendly roundabouts. 

o Installation of medians to separate bi-directional traffic. 

• Other recommendations include: 

o Provision of facilities at public transport stops including passenger safe zones 
and provision of a free-area on cycle paths; 

o Provision of good street lighting in areas of high pedestrian and cyclists 
activity. 

Conclusions 
Unless there is a fundamental reconsideration of the traffic and transport system to ensure 
that the mobility and safety needs of older vulnerable road users are met, the problems and 
risks associated with their transport needs will worsen in the coming decades. While many 
governmental policies and strategies acknowledge the need to provide safe facilities for 
special road user groups, little effort in practice has been made to find innovative and 
effective solutions. By adopting a system-wide and comprehensive application to key crash 
problems in areas where there is a high concentration of older pedestrians and cyclists, the 
safe mobility of these road users can be realised.   
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OLDER VULNERABLE ROAD USERS – MEASURES 
TO REDUCE CRASH AND INJURY RISK 

1 INTRODUCTION 

Crashes involving vulnerable road users represents a major road safety problem world-
wide and there is growing awareness within the road safety community that vulnerable 
road users may have their own particular needs and difficulties in using the road transport 
system and that this should be considered when designing and operating the system.  

Pedestrians and cyclists are considered extremely vulnerable road users because they are 
largely unprotected in traffic, compared to vehicle occupants. In a collision with a vehicle, 
pedestrians and cyclists are always the weakest party and at more risk of injury or death. 
Furthermore, because of their physical frailty, the elderly are especially vulnerable to 
injuries and older pedestrians and cyclists are considered two of the most vulnerable road 
user groups. While car use is a dominant mode of transport for many older people, other 
forms of transport such as walking and cycling are still important transport modes, 
particularly for shorter trips. In addition, the socially disadvantaged often depend on 
walking and cycling for their essential mobility. However, in most Western countries, older 
pedestrians and cyclists are at a significantly higher risk of death following a crash than 
younger pedestrians and cyclists. Moreover, research clearly indicates that the types of 
crashes and injuries sustained by older pedestrians and cyclists differ from crashes in 
which younger pedestrians and cyclists are involved.  

The Swedish National Road Administration (SNRA) commissioned the Monash University 
Accident Research Centre (MUARC) to conduct a literature review to assess the current 
state of knowledge in regard to the key issues affecting older unprotected road users and to 
identify a set of best-practice recommendations for managing the safety of this road user 
group. Specifically, the required review was outlined as follows: 

“ Elderly as unprotected road users is a growing problem area which will 
continue to grow as the percentage of senior citizens in society increases. 
Due to the bone brittleness that often comes with age, traffic accidents are 
generally more serious for older persons, often resulting in longer periods of 
hospitalisation. What type of traffic accident is most common and what are 
the resulting injuries? Measures to reduce the risk of injury and their 
impact.” 

In the proposal, MUARC stipulated that the review would assess the current state of 
knowledge in regard to the following issues: 

• The increased vulnerability associated with ageing, 

• Older pedestrians and cyclist crash types, 

• Ageing, behaviour and pedestrian/cyclist crash risk, 

• Older pedestrian and cyclist injury types, and 
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• Measures to reduce the crash and injury risk to older pedestrians and cyclists 
(including infrastructure, road design, vehicle design, road user behaviour and 
enforcement). 

This review aims to identify current and emerging issues for older pedestrians and cyclists, 
and to identify policy and research recommendations to improve the safety of these road 
user groups while meeting their transport needs and mobility.  

1.1 METHOD 

The review was undertaken by MUARC in collaboration with the Department of 
Psychology, University of Groningen (the Netherlands). This approach was considered 
essential due to the fact that cycling is not a major form of transport in Australia, but is a 
significant form of local travel in a number of European countries, particularly in the 
Netherlands, Sweden and Denmark. The team at the University of Groningen, therefore, 
provided input on relevant sections of the review on cyclists. In addition, other prominent 
research institutions in Europe were invited to act as advisors to the project and to provide 
European data, namely AVV, SWOV (The Netherlands) and TRL (United Kingdom).  

The literature search was undertaken on the Australian Transport Index, which contains 
over 135,000 records of publications from throughout the world, on roads, transport and 
related fields. Records cover books, reports, journals articles and conference papers. The 
database is produced by the ARRB Transport Research Library and is Australia’s major 
transport database. As well as the holdings of the ARRB Transport Research Library 
collection, it also includes the holdings of a number of other Australia libraries with 
transport-related collections. The TRIS database, produced by the US National Transport 
Library, the ITRD database, produced by the Organisation for Economic Co-operation and 
Development (OECD), and PsychInfo/Lit database were also searched for relevant 
references. In addition, the SWOV library database was searched for relevant European 
publications. 

All abstracts were read and selected for relevance and research strength. As a general rule, 
only publications from 1990 onwards were selected from the literature lists. This criterion 
was waived, however, where articles appeared to have exceptional worth. 

1.2 STRUCTURE OF THE REVIEW 

This review addresses the many issues associated with the safety of older pedestrians and 
cyclists. Similarities exist between the problems experienced by older pedestrians and 
cyclists. For this reason, the review focusses on overlapping issues, identifying the overall 
problems confronting both pedestrians and cyclists and, where appropriate, discussing 
issues of particular concern for each group.  

Chapter 2 provides an overview of the problem. A discussion of the benefits of walking 
and cycling is provided, along with the mobility needs of older people and provision of 
safety while meeting mobility requirements.  

Crash and injury risk data are also provided in this Chapter. Data on pedestrian and cyclist 
crash risk, crash type and injury type were gathered from Australasia, the USA, and a 
number of European countries including Sweden, The Netherlands, Britain and Denmark. 
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This section aims to qualify international variations in exposure, including walking and 
bicycle use, mode of travel and purposes of walking and bicycle use.  

The final section in Chapter 2 discusses the ageing of society with particular reference to 
the predicted growth in proportion of the elderly in societies world-wide.   

Chapter 3 provides a review of current knowledge on the factors that have been associated 
with the heightened crash risk of older unprotected road users. Crashes are complex in 
nature, often involving several contributing factors. Nevertheless, a number of factors have 
been identified that influence crash and injury risk of these road users. Here, the factors are 
discussed extensively under five categories:  

• Vulnerability, 

• Functional limitations and behavioural changes associated with ageing, 

• Driver behaviour, 

• Vehicle design, and 

• Infrastructure, road design and system operation. 

Chapter 4 presents the literature on countermeasures that aim to improve the safety of older 
pedestrians and cyclists. First, a number of innovative philosophies, such as the Swedish 
‘Vision Zero’ and the Dutch ‘Sustainable Safety’ philosophies, are presented and the 
implications for older pedestrians and cyclists are discussed. Secondly, measures that have 
been suggested and/or implemented that aim to improve the safety of these groups are 
identified and discussed. Very few countermeasures or programs aimed to improve the 
safety of pedestrians and cyclists are ever evaluated. However, where evaluations have 
been performed, the effectiveness is reported.  

Chapter 5 provides a summary of the review. It pulls together the main findings from the 
preceding Chapters and presents a set of best-practice recommendations for managing the 
safety and mobility of older pedestrians and cyclists.   
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2 OVERVIEW OF THE PROBLEM 

This Chapter provides an overview of the issues surrounding the mobility and safety of 
older pedestrians and cyclists, including travel patterns of the elderly, crash and injury risk, 
the types of crashes that older pedestrians and cyclists are involved in, and the implications 
of the ageing of society on the need to provide ongoing mobility and safety for these road 
users while they use the transport system.   

2.1 MOBILITY 

Car travel is the preferred travel mode by the elderly in most countries. While pedestrian 
travel in most countries and cycling travel in some European and Asian countries are 
important forms of transport for short trips, and walking is often a component of all trips, 
many older people experience problems walking and cycling. It is therefore important to 
recognise that efforts to promote walking and cycling (whether it be for environmental or 
health reasons) for these road user groups may be inappropriate. Indeed, there is no 
obvious reason to target older people in particular and there may be reasons why they 
should not be targeted. First, it should be noted that older people are less mobile than the 
general population and there is strong evidence that car travel is the safest travel mode 
(OECD, 2001). Secondly, older people – for reasons unrelated to this issue – tend to avoid 
rush hour and high traffic intensity roads. Consequently, it appears that car mobility (of 
older people) contributes only minimally or marginally to traffic congestion or 
environmental problems in general.  

Nevertheless, walking (and cycling) are transport modes that are vital to the mobility of 
older people, not only for short trips to carry out essential daily tasks, but also important 
factors in maintaining social contacts and health-promoting exercise. Even in highly 
motorised countries where the private car is by far the dominant mode of transport (such as 
the USA, Canada, Australia and New Zealand), a substantial amount of travel by older 
adults is undertaken by walking. Almost all road users are pedestrians at some time, often 
in combination with use of other transport modes, for example, walking to or from car-
parks and shops, or to or from public transport. 

2.1.1 The positives of walking and cycling 

Non-motorised modes of transport are increasingly becoming more popular, especially for 
short trips and, in many ways, walking and cycling are beneficial to the community. These 
forms of transport increase fitness, health and longevity, and decrease societal costs 
associated with ageing, illness and disease and with motorised travel, including 
environmental aspects such as pollution, congestion. Indeed, there are a number of 
programs in European countries that recognise the benefits of walking and cycling and 
actively promote these transport modes (see Section 4.2.1 for a detailed discussion of these 
initiatives). 

In recent years, many concerns over the negative side effects of car usage have been raised 
along with the desire to maintain healthy lifestyle choices. In some countries (such as 
Britain, the USA, Australia and New Zealand), cycling (and walking) are undertaken for 
recreational purposes, but there are exceptions, especially in Northern Europe, where 
cycling is much more common for daily transport. In several developing countries, too, 
(such as China, India and Korea) the bicycle continues to play a very important role in 
transport.  
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Walking is said to provide health, fitness, exercise and enjoyment, a sense of freedom, 
well-being and relaxation (Forward, 1998; Hydén, Nilsson & Risser, 1998; van der Heiden 
& Rooijers, 1994; Wigan, 1995). In her survey of behavioural factors affecting modal 
choice in Europe, Forward (1998) found that people of all ages saw walking as a relaxing 
mode of transport, which increased their sense of freedom and helped them to become 
healthy and fit. She also found interesting differences in perceptions about traffic between 
respondents in Amsterdam, Copenhagen and Barcelona. In Barcelona, heavy traffic was 
seen as an incentive for walking, while in Copenhagen, the same was seen as a 
disincentive. For respondents in Amsterdam, their perception of the traffic appeared to 
depend on their intention to walk or not in the future – those intending to walk saw traffic 
as an incentive while those not intending to walk saw it as a disincentive. 

Similarly, cycling is seen to be a healthy and enjoyable alternative mode of transport to car 
travel. It is environmentally friendly, convenient, inexpensive and quicker than walking 
(Finch & Morgan, 1985; Taylor, 1996; van der Heiden & Rooijers, 1994;) and people are 
also more likely to cycle than drive if traffic is heavy and the weather is dry (Forward, 
1998). Moreover, there are reports that suggest that cycling can increase life expectancy 
and fitness. The British Medical Association noted that half an hour’s cycling daily can 
increase the mean life expectancy by 1 to 2 years, that this increase outweighs the added 
risk incurred from crashes by a factor of 20 (BMA, 1997), and that the average daily cyclist 
enjoys a degree of fitness equivalent to someone ten years younger (BMA, 2000). The US 
Department of Health Services (1996) add that cycling has a preventative effect on health 
conditions such as cardiovascular diseases, diabetes, colon cancer, osteoporosis and 
depression. While these calculations are based on the small selectively healthy proportion 
of the population that cycles and it is difficult to determine if the relationship is correlative 
or causal, it is fair to say that active older people remain healthier than non-active older 
people. 

Both walking and cycling are physical activities and there is evidence to suggest that 
physical activity in advancing age has benefits for physical well-being and decreases the 
risk for chronic disease (e.g., diabetes and heart disease), mortality from cardiovascular 
disease and other associated diseases in older persons (Visser, Pluijm, Stel, Bosscher & 
Deeg, 2002; Wannamethee, Shaper & Walker, 1998). Moreover, regular daily activities 
such as walking, sport participation and household activity in older age has positive effects 
on cognitive functioning, particularly slowing functional and mobility decline (Binder, 
Schechtman, Ehsani, Steger-May, Brown, Sinacore, Yarasheski & Holloszy, 2002; Clark, 
1996; LaCroix, Guralnik & Berkman, 1993; Wang, van Belle, Kukull & Larson, 2002). 

It should be noted that some disadvantages of walking and cycling have also been 
identified. Some of the dangers of walking include: danger caused by traffic and personal 
safety, particularly when walking at night; discomfort if carrying heavy articles; poor 
facilities; and, time consuming (Forward, 1998; Hydén et al., 1998; Wigan, 1995). Danger 
and lack of safety are also of concern for cyclists, particularly high speed and heavy traffic, 
and negative attitudes are more common in countries with low cycling rates such as 
Australasia, USA, Spain and Britain (Forward, 1998; Hansen, 1995). Other negative 
aspects of cycling include theft of bikes, it is an inconvenient form of transport especially if 
luggage needs to be carried, poor facilities and inadequate cycling networks, 
uncomfortable and too much effort, especially in inclement weather (Finch & Morgan, 
1985; Forward, 1998; Hansen, 1995; Hydén et al., 1998).   
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2.1.2 Travel patterns 

It is important to identify the travel patterns of older people to understand their mobility 
needs. There are, clearly, many international differences in the amount of driving, walking 
and cycling by all age groups, and this may be related to cultural and attitudinal 
differences, as well as distances to be travelled.  

In highly motorised countries, the majority of pedestrian travel occurs around shopping 
precincts, town centres and residential streets. Given that distances to facilities and services 
can be long, it is not surprising to find that car use dominates in these countries. Even in 
some European and Asian countries, increasing numbers of trips are made in the car. One 
exception is Japan, where public transport accounts for most kilometres travelled (OECD, 
1998; 2001).  

In contrast, many public amenities in European countries are within short distances for 
most urban-dwelling people and designed in a way that promotes safety and encourages 
walking and cycling. Therefore walking and cycling are options for more people. 
Moreover, walking is often associated with public transport use. Again, use of public 
transport in countries such as the USA and Australasia is low compared to European 
countries and therefore walking trips combined with public transport use are made less 
often than in European countries. 

Car ownership, too, is a very important factor in the choice of transport mode (Danish 
Ministry of Transport, 1994). The level of kilometres travelled per person per day by cycle 
and on foot is very high among people who do not own a car, whereas car owners travel 
more kilometres per day than people without cars. Flaschenträger and Mollenkopf (1997) 
investigated the mobility patterns of older inhabitants in Chemnitz and Mannheim in 
Germany. In both cities they noted a substantial decrease in car availability with increasing 
age. In households in the 55-64 year old age group, 78 percent and 81 percent of the 
households in each city, respectively, had a car available but this proportion decreased to 
13 percent and 26 percent, respectively, for households in the 80+ year old age group. For 
single households these figures were even lower than for households with couples, and for 
women these figures were lower than for men.   

Obviously, reduced car availability implies that trips will have to be realised by other 
means. In all households, the main mode of transport was walking (62% and 50% of all 
trips, respectively). This figure was even higher if considered that 15 percent and 12 
percent of all trips, respectively, were made by means of public transport, which also 
require walking for at least part of the trip. Cycling is hardly used in Chemnitz (1%) but is 
relatively important in Mannheim (8%). Daily shopping and service trips could, in general, 
be realised on foot but visits to official organisations/businesses and to hospital/medical 
services mostly required alternative means of transport (e.g., car passenger, taxi). Older 
persons who had a car available were much more content about their mobility than those 
who used public transport or travelled on foot. Flaschenträger and Mollenkopf (1997) 
concluded on the basis of these figures that the transition from car driving to other means 
of transport that is found in older households is by no means voluntary and that additional 
measures (such as social service taxis) are necessary to allow households members at 
advanced age to maintain their mobility.   



8 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE  

2.1.2.1 Pedestrian travel patterns 

For older people, the car dominates everyday journeys, whether short or long. In Europe, 
half of all trips are made by private car, while in Australia and the USA, about 70 to 80 
percent of older people’s trips are made as drivers or passengers in private cars. Generally, 
the majority of longer trips are made in the car, but even for short trips under 5 km, the car 
is still used frequently, making up between 20 to 65 percent of these trips. Furthermore, 
there is evidence that older people, particularly older women, prefer car travel because they 
experience problems walking (OECD, 2001).  

Mesken and Davidse (2001) analysed the mobility trends of older persons in the province 
of Drenthe, the Netherlands. For the age groups 60-64 years and 65-74 years, driving 
remains the dominant transport mode. Persons aged 75 or above travel most as car 
passengers, while cycling and walking decline (Figure 1). 

Figure 1:  Mobility by transport mode in the Netherlands 

Source: CBS, 1999 

Despite these trends, many older people still walk. Although walking is a minor mode in 
terms of distance travelled (because most walking journeys are very short), journeys on 
foot account for a substantial proportion of all trips. Moreover, all road users are 
pedestrians for at least some of the time they are using the road system. 

Hydén et al. (1998) reported a number of studies showing that walking is a very common 
traffic mode among the elderly in some European countries. Approximately 15 percent of 
journeys in Denmark, 23 percent in the Netherlands, 33 percent in Spain, and up to 45 
percent of all trips in France were made on foot (EMO, 1991; Ministry of Transport, 1995; 
National Travel Survey Database, 1995). In Britain, 36 percent of all journeys by elderly 
men and 40 percent of elderly females’ journeys are made on foot (Department of 
Transport, 1995). According to a Finnish interview study, 70 percent of elderly considered 
walking as the most popular traffic mode.  

A survey of 215 respondents aged 65 years and older on mobility and safety of older 
pedestrians in Newcastle-upon-Tyne in Great Britain revealed that walking was the most 
frequent activity (particularly for short journeys), with bus being the main motorised mode. 
The majority of respondents reported going out on foot most days and 84 percent walked at 
least 3 to 4 times a week (Carthy, Packham, Salter & Silcock, 1995). Another larger British 
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household survey on average walking patterns showed that, compared with younger adults, 
older adults walked less overall, they tended to do most of their walking in the morning, 
they crossed fewer local distributor roads although they walked more alongside this type of 
road, and made fewer crossings at pedestrian facilities (Ward, Cave, Morrison, Allsop and 
Evans, 1994).   

Similar figures for elderly people’s journeys were found in the 1991 New Zealand 
Household Travel Survey. This survey showed that 33 percent of journeys made by people 
aged 70 years or over were made on foot, compared with 16 percent for adults aged 25 to 
59 years (Land Transport Safety Authority [LTSA], 1994). 

It is clear, however, that there is a limit on how far people will walk and it is distance that 
appears to play a major role in the decision to walk. The literature suggests that few people 
are prepared to walk longer than 1.6 km (Mitchell & Stokes, 1982; Demetsky & Perfater, 
1975; Jensen, 1994; Forward, 1998). Average distances walked per person per day by age 
group in selected OECD member countries were reported by Hagenzieker (1996) and the 
OECD (1998) and demonstrate age, gender and location differences (see Figure 2). 

 

Figure 2: Distances walked per person per day by age group and gender. 

Source: OECD, 1998 

On average, trip lengths for walking varied from about 1 km in countries such as Britain, 
USA and Australia to over 2 km in European countries such as Finland, Denmark and 
Sweden. Age differences in the amount of walking were also found. In some countries such 
as Australia and Britain, average distances walked per day decreased with increasing age 
from approximately 1 km in younger age groups down to between 0.5 km and 0.8 km per 
day for those aged 75 years and over. In contrast, some European countries (Denmark, the 
Netherlands and Switzerland) reported increases in average distances walked per day from 
between 0.8 km and 1 km by younger adults to between 1 km and 1.5 km for older adults. 
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No age differences in distances walked were found in Finland (OECD, 1998). The LTSA 
in New Zealand (1994) reported that average length of trip was slightly longer for older 
pedestrians, 0.3 km compared with 0.24 km. 

2.1.2.2 Bicyclist travel patterns 

Like for walking, there are international and age differences in the amount of cycling (see 
Table 1). Cycling rates are among the highest in north European countries such as the 
Netherlands, Denmark, Switzerland and Sweden, possibly because of local culture, 
climate, topography, short distances and special amenities for cyclists.  

Cycling in these countries accounts for approximately 27 percent of all trips and between 
12 and 39 percent of all short trips (OECD, 1998; US Department of Transportation, 1998). 
Choueiri, Lamm, Choueiri & Choueiri (1993) also noted that, on average, the Dutch make 
more cycle trips per day than either the British (approx. fourteen times) or the Swedes 
(approx. three times). Almost one-third of the Swedish population aged 65 years or older 
cycle at some time during the year (Ekman, Welander, Svanström, Schelp & Santesson, 
2001). 

Table 1: Average number of bicycle kilometres travelled per resident  
per year in selected European countries, 1998. 

Source: SWOV, 2000 

Country Kilometres cycled per 
year 

Denmark 893 

The Netherlands 853 

Germany 287 

Ireland 181 

United Kingdom 76 

Spain 20 

 

In contrast, cycling accounts for less than 10 percent of all trips in other countries such as 
Spain, Australasia and the USA (Hydén et al., 1998; Rodgers, 1995). Rodgers (1995) 
further pointed out that the bicycle is not considered a viable transport option by many 
middle-aged and older people in the USA, noting that this is most likely due to low 
urbanisation, greater distances to be travelled, fast traffic and suburban sprawl. 

Similarly, there are international and age differences in distances cycled and, like for 
walking, distance plays a major role in the decision to cycle. Most people are prepared to 
ride a distance of up to 5 km (Forward, 1998; Hydén et al., 1998). Figure 3 shows the 
distances cycled per person per day by gender and age group in selected OECD member 
countries.  
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The average trip length was around 3 km in most European countries (Finland, Sweden, 
Denmark, Britain, the Netherlands and Switzerland) with lower average trips in Australia 
(2.4 km), New Zealand (2 km) and Japan (1.3 km). Age differences in cycling were also 
apparent. Children and young adults (under 20 years old) cycled the most in all OECD 
countries. Average cycling distances for young people (18 years and under) in the 
Netherlands were 7 to 8 km and this decreased to between 2 and 3 km per day for those 
aged 65 years and over. Likewise, in Denmark, average distances travelled for those under 
19 years were between 3.5 and 4.5 km and this decreased to under 0.5 km per day for those 
aged 75 years and over. In Australia, on average, less than 1 km was travelled per day per 
person, even for children and young adults, and this decreased to under 0.1 km per day for 
those aged 65 years and older (Hagenzieker, 1996; OECD, 1998).   

 

Figure 3: Distances cycled per person per day by age group and gender. 

Source : OECD, 1998 

2.1.3 Reasons for walking and cycling 

Work-related trips, trips to and from public transport, recreation and shopping are the most 
frequently reported reasons for walking by all aged pedestrians. The OECD (1998) 
reported that between 30 and 40 percent of person kilometres on foot was travelled on 
home-work trips. Home-leisure trips covered about another third of the walked distances, 
that is, between 30 and 55 percent of the person kilometres, with low proportions in 
Finland and high proportions in Switzerland. Hydén et al. (1998) reported that, in Norway, 
walking is mainly used for shopping trips (those in which little shopping is carried) and 
leisure trips where the walking itself is the main purpose of the trip.  

Carthy et al. (1995) reported that over 40 percent of all journeys made by older respondents 
in Britain were on foot and shopping trips accounted for two-thirds of all journeys. 
Respondents were also asked about reasons for not going out and concerns of personal 
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safety featured highly, particularly among women, however, concerns about traffic did not 
feature strongly. 

Other data show that the majority of older pedestrian trips are for shopping, leisure, 
medical visits, visits to social venues and religious services (Fildes, Lee, Kenny & Foddy, 
1994b; Miniserio de Interior, 1995, cited in OECD, 1998). Elderly Spanish respondents 
indicated that they went out three times a day, most often between 11 am – 1 pm and 
between 5 pm – 9 pm, the majority of trips were short, between 100 m and 500 m, and over 
70 percent of travel was on busy roads with up to three lanes of traffic. 

For cycling, reports suggest that the bicycle is mainly used for journeys between home and 
work in some European countries: 45 percent of bike trips in France and Britain (Webster, 
Bly, Johnston, Paulley & Dasgupta, 1985), 39 percent in Denmark and 33 percent in the 
Netherlands (Hansen, 1995). Other reasons for cycling include shopping and recreation 
(Hydén et al., 1998). In highly motorised countries, cycling is generally undertaken for 
recreational purposes (Allen, Rouphail, Hummer & Milazzo, 1998). The majority of these 
studies did not investigate age differences in reasons for cycling.  

2.2 SAFETY – PROVIDING SAFE TRANSPORT MODES TO SUPPORT 
MOBILITY 

While the environmental benefits of walking and cycling over motorised modes of 
transport are well documented and it is important to maintain ongoing mobility for older 
road users, the safety of pedestrians and cyclists also requires careful consideration. Older 
people are less mobile than the general population and the evidence suggests that many do 
experience problems walking and/or cycling. It follows that, at least for some people, the 
provision of safe walking and/or cycling is a vital factor in maintaining their mobility. It is 
therefore essential to combine knowledge about the benefits of these transport modes with 
crash risk and vulnerability to serious injury in order to develop policies and initiatives to 
assist safe travel.  

The safety of older road users has received considerable attention in the past few decades. 
The majority of research has concentrated on the many issues surrounding older drivers, 
and very little research has addressed other transport modes of the elderly, even though the 
share of walking and cycling in the total number of trips is substantial and the nature of 
injuries to pedestrians and cyclists who are involved in a crash are often severe.  However, 
awareness of the problems of cycling and walking for the elderly is increasing and there 
are a number of documented policies and initiatives for vulnerable road users (these are 
discussed in detail in Section 4.1). For example, the European Charter of Pedestrian’s 
Rights (Tolley, 1990) includes the following with respect to the rights of vulnerable road 
users: 

• Children, the elderly, and the disabled have the right to expect towns to be places of 
easy social contact and not places that aggravate their inherent weaknesses; 

• The disabled have the right to specific measures to maximise their independent 
mobility, including adjustments in public areas, transport systems and public 
transport; 

• Speed limits and modifications to the layout of roads and junctions should be used as 
a way of effectively safeguarding pedestrian and bicycle crash risk; 
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• An effective system of road signs whose design also takes into account the needs of 
the blind and deaf should be a priority; 

• Specific measures to ensure that vehicular and pedestrian traffic has ease of access 
to, and freedom of movement and the possibility of stopping on, roads and 
pavements respectively should be adopted; 

• A drivers’ training program should be designed to encourage suitable conduct on the 
roads in respect of pedestrians and other slow road users; 

• Facilities for bicycles should be provided throughout urban areas; 

• Parking lots should be sited in such a way that they affect neither the mobility of 
pedestrians nor their ability to enjoy areas of architectural distinction; and 

• Each Member State must ensure that comprehensive information on the rights of 
pedestrians and on alternative ecologically sound forms of transport is disseminated 
through the most appropriate channels. 

2.3 CRASH RISK 

There has been a downward trend in pedestrian and cyclist deaths world-wide. For 
example, a reduction of 30 percent in pedestrian deaths between 1980 and 1995 on 
European Union (EU) roads was reported. The cyclist mortality rate showed a smaller 
reduction over the same period (European Transport Safety Council [ETSC], 1999). 
Nevertheless, over 8,400 pedestrians and cyclists die and over 170,000 are seriously 
injured each year on EU roads (Commission of the European Communities [CEC], 2000; 
Ekman et al., 2001). A significant proportion of these deaths involve older pedestrians and 
cyclists, accounting for around 22 percent of all road deaths in EU countries in 1996 (CEC, 
2000; ETSC, 1999). Valent, Schiava, Savonitto, Gallo, Brusaferro & Barbone (2002) 
reported an increased risk of death in Udine, Italy, among older pedestrians and cyclists 
aged 65 years and over compared with adult pedestrians and cyclists aged under 30 years 
of age (odds ratios of 10.9 and 7.7, respectively). 

Crash severity increases with increasing age and this increase is most pronounced in 
advancing years. This is true for all transport modes, but much more pronounced for older 
pedestrians and cyclists than for older car occupants. Figure 4 shows that pedestrian and 
cyclist deaths constitute a higher proportion of all deaths to older road users than car 
occupant deaths. Older pedestrians and cyclists are over-involved in serious injury and 
fatal crashes and under-represented in crashes of minor severity, compared to younger 
adult pedestrians and cyclists. This is most likely due to their vulnerability and increasing 
fragility with age (Mitchell, 2000; OECD, 1998; 2001; Oxley, 2000). Stone and Broughton 
(2003) found that the mortality rate for crashes in Britain increased with increasing age. 
The mortality rate for 80 to 89 year olds was about six times as high as that for younger 
adults (19.1 vs. 3.6). These comparative rates indicate that, for the older age group, one in 
five crashes results in a fatality. Moreover, compared to other road users (e.g., car 
occupants), older pedestrians and cyclists are at significantly higher risk of death. It is 
estimated that pedestrians have a 9-times higher and cyclists an 8-times higher death risk 
than car occupants (CEC, 2000; Ekman et al., 2001; Öström & Eriksson, 2001).  
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Pedestrian and cyclist crashes are considered by some to be an urban phenomenon. 
However, even though rural pedestrian and cyclist crashes are rare events, it seems that, in 
some countries at least (such as the Netherlands, Poland and Finland), pedestrian and 
bicycle traffic crashes account for a large share of all traffic fatalities on rural roads, too 
(Ribbens, 1996; Toivonen & Niskanen, 1998; Zajac & Ivan, 2003). Lamm, Choueiri, 
Mailänder, Choueiri & Choueiri (1993) estimated that the ratio of deaths to injuries is 
about three times higher in rural areas compared with urban areas and suggested that this 
reflects higher operating and impact speeds in rural areas (the crash risk for vulnerable road 
users on 100 km/h roads was 36 percent greater than on 80 km/h roads). Between 1992 and 
1996 pedestrians were involved in 13 percent of fatal crashes occurring outside built-up 
areas in Finland, while bicyclists were involved in 10 percent of fatal crashes occurring 
outside built-up areas (Toivonen & Niskanen, 1998). Ribbens (1986) found that an 
alarming 40 percent of all rural fatalities were pedestrians and bicyclists in South Africa. 
Polish data suggest that pedestrian fatalities in both urban and rural locations are also high. 
Gaca and Tracz (2000) reported that, in 1997 in Cracow, crashes involving pedestrians 
accounted for 54 percent of all crashes, but fatal pedestrian crashes represented as much as 
77 percent of all road fatalities. They found that a high proportion of these fatalities (about 
40%) occurred on rural roads. 

Figure 4:  Proportion of fatalities over 65 years of age according  
to category of road user for selected European countries. 

Source: CEMT 

2.3.1 Pedestrian crash risk 

Pedestrian crashes alone constitute a substantial proportion of all road deaths world-wide. 
In Sweden, pedestrian fatalities constituted between 12 and 20 percent of all road fatalities 
between 1977 and 1995 (Öström & Eriksson, 2001). Similarly, in Britain, Israel and 
Australia, pedestrians composed about a third of road fatalities (Australian Transport 
Safety Bureau [ATSB], 2002; Davies, 1999; Hakkert, Gitelman and Ben-Shabat, 2002). In 
the USA, pedestrian fatalities accounted for approximately 13 percent of all road deaths 
(National Highway Traffic Safety Administration [NHTSA], 2001). Pedestrian crashes are 
an even more significant problem in many developing countries. In Karachi, Pakistan, for 
example, of the reported road fatalities, almost two-thirds (63%) were pedestrians (Khan, 
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Jawaid, Chotani & Luby, 1999). Mohan (1992) reported that, in New Delhi, India, 42 
percent of road traffic fatalities were pedestrians in 1985. 

A large proportion of pedestrian deaths and serious injuries involve older pedestrians. 
European countries report high proportions of older pedestrian deaths and serious injuries 
but lower proportions of minor injury crashes, as does Australasia and the USA, indicating 
that, once involved in a crash, older pedestrians are more likely to sustain fatal or serious 
injuries than younger pedestrians. For example, in Britain in 1998, people aged 60 years 
and over comprised 15 percent of all pedestrian casualties, 22 percent of all serious injury 
casualties, 47 percent of all fatalities, and 21 percent of all fatalities among older road users 
(Mitchell, 2000; UK Department for Transport, 1998). 

Hagenzieker (1996) reported that, in 1992, the share of older pedestrian deaths was greatest 
in Switzerland, where pedestrian fatalities among people aged 65 years and over made up 
64 percent of all pedestrian fatalities, followed by Japan (50%). In Germany, Britain, 
Spain, the Netherlands, Sweden, Denmark and Finland, the share was between 40 to 45 
percent. Öström and Eriksson (2001) added that pedestrians aged 75 years to 84 years in 
Sweden have a risk of death that is 14 times higher than that of younger adult pedestrians 
aged 35 to 44 years. 

In Australia, the ATSB (2002) reported that 36 percent of all pedestrian fatalities were 
adults aged 60 years or over. In the USA, too, adults aged 65 years and older accounted for 
21 percent of pedestrian deaths in 2000 and had a pedestrian-vehicle collision mortality 
rate of 2.85 per 100,000 person years in 2000, approximately 3.5 times higher than 
pedestrians aged under 15 years (Fugger et al., 2000; Harruff, Avery & Alter-Pandya, 
1998; Koepsell, McCloskey, Wolf, Vernez-Moudon, Buchner, Kraus & Patterson, 2002; 
NHTSA, 2001). Zegeer, Stutts, Huang, Zhou and Rodgman (1993) conducted an analysis 
of over 26,000 injury pedestrian crashes in North Carolina, USA and over 71,000 fatal 
pedestrian crashes throughout the USA and noted that elderly pedestrians were less likely 
than younger pedestrians to be hit by a car.  They found that, if hit, however, older 
pedestrians were much more likely to die than pedestrians aged less than 45 years. Fatality 
figures for seniors ranged from 18.6 percent to 25.1 percent, compared to 4.9 percent to 
10.5 percent for pedestrians aged under 45 years.   

2.3.2 Cyclist crash risk 

The crash risk for cyclists differs world-wide, most likely due to differences in travel 
patterns. For example, Choueiri et al. (1993) reported that, in 1989, the Netherlands had the 
highest proportion of cyclist fatalities (23%) relative to all motor vehicle deaths, followed 
by Denmark (14%), Belgium (10%), Germany (10%), Sweden (10%), Switzerland (8%), 
Norway (7%), Italy (6%), Austria (6%), Britain (6%), and France (4%). Mohan (1992) 
reported that bicyclist fatalities in Asia, as a proportion of all road fatalities, ranged from 
11 percent in Malaysia to 25 percent in metropolitan New Delhi, India in 1985. In the 
USA, Rodgers (1995) noted that there are approximately 900 to 1000 deaths involving 
cyclists each year, and this only accounts for 2 percent of all road deaths (Fugger, Randles, 
Stein, Whiting & Gallagher, 2000; Klop & Khattak, 1999; LaScala, Gerber & Gruenewald, 
2000). More recent data from the Netherlands indicate that, in 2000, cyclists alone 
accounted for almost half of all road fatalities and serious injuries adding that one in five 
deaths and one in three hospitalised victims was a cyclist (Wittink, 2001a). 

Wang and Nihan (2004) reported that bicycle-vehicle crashes accounted for 10 percent of 
all traffic fatalities each year in Japan. More seriously, there are reports that, in Beijing, 
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China, about 39 percent of traffic crash fatalities occurred as a result of bicycle-vehicle 
crashes and nearly 7 percent of all traffic crashes were related to bicycles (Liu, Shen & 
Huang, 1995). 

With respect to the crash risk of older cyclists, calculations of age effects on cyclist fatality 
and serious injury risk generally show that older riders are at increased risk of death 
compared to younger riders, regardless of international variability in cycling rates. 

The CEMT (2001) reported that 62 percent of all fatally injured cyclists in Denmark were 
either under 20 years old or over 65 years old and the corresponding figure for the 
Netherlands was 51 percent. Further, Hagenzieker (1996) reported that the proportion of 
older cyclist fatalities in Sweden in 1992 was 73 percent of all age groups and that this 
share was larger than in all other countries. In Japan, Finland, Britain and Switzerland, the 
proportions of older cyclist fatalities were 44, 42, 15 and 20 percent, respectively.  

Ekman et al. (2001) noted that the risk for older cyclists aged 65 years or older in Sweden 
was about three times higher than that of younger adult cyclists, and the risk for those aged 
75 to 84 years old was six times higher than for younger cyclists in general. Stone and 
Broughton (2003) also reported increased fatality rates for older cyclists in Britain of 
between 10.8 for those aged 60-69 years to 19.1 for those aged 80 to 89 years, compared 
with average fatality rates between 3.4 and 5.3 for younger adult cyclists aged between 20 
and 49 years of age.  

Even in countries where cycling rates are low, increased age is associated with increased 
crash risk for cyclists. Rodgers (1995) found that the fatality risk for riders aged 65 years 
and older in the USA was significantly higher than for all categories of cyclists under age 
65 years, about 6 to 9 times the risk for riders aged under 15 years old, and that the 
majority of older cyclists killed were male (85%).  

2.3.3 Crash rates accounting for exposure measures  

While the above figures demonstrate that older pedestrians and cyclists are at increased 
risk of death and serious injury compared to younger pedestrians and cyclists, and that 
there are international differences, particularly regarding cyclists, a number of factors may 
influence these trends such as population structure, number of cyclists and pedestrians, 
level of activity and consequent exposure to risk including length of trips, number of roads 
crossed, types of roads travelled on, etc. Ideally, high-risk groups should be identified 
incorporating these valid exposure measures. While it is often difficult to apply these kinds 
of exposure measures to crash data because they are largely unavailable, there have been 
some attempts to adjust the figures for these factors and, in general, the findings reveal that 
the risks to older pedestrians and cyclists are even more apparent.  

One such measure is to examine rates on a population basis. Table 2 shows fatality rates 
for younger and older adult pedestrians and cyclists per 100,000 population in a number of 
countries.  

Although rates differ markedly between countries, the fatality rate for older pedestrians is 
substantially higher than that of younger adult pedestrians, ranging from two times (USA, 
the Netherlands) to six times higher in Sweden, and eight to nine times higher in 
Switzerland and Denmark (Hagenzieker, 1996; Jensen, 1999; SNRA, 1998). For older 
cyclists, the fatality rates are considerably lower than those of pedestrians, except in 
Finland and the Netherlands, where fatality rates for older cyclists are higher than for older 
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pedestrians and higher than for younger adult cyclists. Choueiri et al. (1993) reported that, 
in 1989, persons over 64 years of age accounted for more than one-third of the bicycle 
crash deaths in the majority of Western European countries, yet persons in this age group 
made up only between one-sixth and one-seventh of the population. 

Table 2: Fatality rates for pedestrians and cyclists per 100,000  
population by age group and country in 1990. 

(Source: Hagenzieker, 1996). 

Pedestrians Cyclists 

Country 25-64 year 
olds 

65+ year 
olds 

25-64 year 
olds 

65+ year 
olds 

Denmark 0.97 8.61 1.56 4.49 

Finland 1.52 6.19 1.08 8.01 

France 2.30 7.08 0.68 1.28 

Germany 1.78 8.19 0.84 3.05 

The Netherlands 0.63 2.41 1.18 6.09 

Spain 3.30 11.57 0.37 0.83 

Sweden 0.97 4.48 0.63 1.91 

Switzerland 1.24 10.08 0.66 1.54 

Britain 1.88 8.50 0.40 0.45 

United States 2.55 4.81 0.27 0.21 

Japan 2.43 12.32 0.81 4.64 

 

There are other exposure measures that can be used to enable a better understanding of the 
risk to older pedestrians and cyclists and to make meaningful comparisons. These include 
measures such as distance travelled, number of trips, number of roads crossed, and type of 
road travelled on. Not all countries, however, collect data on distances travelled or roads 
crossed by (elderly) pedestrians and cyclists. Nevertheless, for those countries in which 
data are collected, the estimated risks of a fatal crash per kilometre travelled on foot or by 
bicycle show the high risks associated with walking and cycling for older adults. 

For example, data from the Netherlands show that, in general, pedestrians of all ages are at 
higher risk of death per billion kilometres travelled than car occupants and cyclists. For 
older age groups, this risk increased for all modes of transport, but particularly for older 
pedestrians and cyclists where risk was 0.6 for cyclists and close to 0.7 for pedestrians 
compared to 0.1 for car drivers aged 65 years and above (Figure 5).  

A detailed analysis of victim risk was undertaken in the Province of Drenthe, the 
Netherlands (Mesken & Davidse, 2001). They found that, for all groups with the exception 
of 18-24 year olds, driving or being a car passenger was far less risky than walking or 
cycling if measured in terms of victim risk per billion kilometres travelled. The relative 
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risk stayed more or less constant from the age group of 30-39 years to the age group of 60-
64 years. From that age onward, victim risk increased for all modes but the increase was 
much more pronounced for walking and cycling. The risk of cycling for persons aged 75 
years or above was about 5 times as high as it was for the 30-39 year age group.  For 
persons aged 75 years or above, victim risk while cycling also was about 5 times as high as 
victim risk while driving a car and about 12 times as high as victim risk as a car passenger. 
Although somewhat less dramatic, the same pattern emerged for the victim risk as a 
pedestrian. This risk also increased substantially after the age of 65 years. It was about 3 
times as high for the 65-74 year age group (in comparison to the 30-39 year age group) and 
about 4 times as high for those aged 75 and above. 

Figure 5: Risk of death per billion kilometres travelled by age and  
mode of transport in the Netherlands, 1998. 

Source: SWOV 

Julien and Carré (2002) noted that, despite the exposure indicator (time, distance, or the 
number of crossing movements), the proportion of the walking activity in which 
pedestrians are exposed to direct crash risk is very low because most walking is in places 
where motorised traffic is unable to gain access or is prohibited. In theory, then, they 
argued that risk only exists when pedestrians and vehicles share the same space, i.e., when 
the pedestrian walks on the carriageway, and that that exposure to traffic crash risk must be 
evaluated in a more precise and more limited manner. They examined risk exposure during 
pedestrian journeys in a sample of 101 participants who made a total of 344 trips in Paris 
and found that those who travel exclusively on foot (mainly children and the elderly) 
spend, on average, thirty minutes a day travelling. Further, children and the elderly made 
the fewest trips in a day. People tended to walk more when they used public transport than 
they did when their trips were exclusively on foot (750 m compared to 450 m). However, 
the actual exposure to crash risk was, on average 3 min 34 sec, or 13 percent of their daily 
walking time (i.e., time spent crossing roads, walking on the road when the footpath is 
obstructed, etc.). Taking this exposure measure into account, Julien and Carré estimated 
that the risk for pedestrians is ten-fold higher than for motorists.  

Ward et al. (1994) also attempted to adjust pedestrian casualty rates by amount of walking 
and number of roads crossed for the Northampton district in Britain. They used a one-day 
diary completed by over 1,000 residents of all ages as typical of average walking patterns.  
They showed that pedestrians aged 65 and over were at higher risk per kilometre of travel 
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for all walking as well as alongside traffic and per roads crossed than were younger adults 
but, interestingly, at considerably less risk than children (Figure 6).  Other reported figures 
by Ward et al. (1994), however, failed to show any marked age differences in crash rate 
between crossing the road and other near-road pedestrian activities (there was, however, a 
slight hint of an increase risk for older pedestrians based on roads crossed but this is 
unlikely to be a significant difference).  Keall (1995) reported similar trends in New 
Zealand.  

Interestingly, Hydén et al. (1998) noted that there seems to be an inverse relationship 
between the number of cyclists/amount of cycling and crash risk. They reported that in 
countries such as Italy and Britain where cycling rates are low (under 0.2 km cycle 
kilometres per person and day), crash risk was high (approximately 11 persons killed per 
bicycle kilometre). In contrast, in the Netherlands, where cycling rates are high (2.3 cycle 
kilometres per person and day), crash risk was low (2 persons killed per bicycle kilometre). 
They argued that there are primarily two reasons behind these differences. First, there are 
infrastructure differences between countries. Those with high cycling rates have invested 
more in bicycle facilities. In addition, the more bicycle facilities there are, the more 
feedback on their safety performance, and it is therefore likely that infrastructure is 
gradually improved through systematic black-spot treatment and other similar strategies. 
Secondly, there is evidence that flow has a strong influence on crash risk. They suggested 
that when bicycle volumes are very low, drivers do not expect any bicycles at all, but when 
volumes increase, the probability of encountering a cyclist increases and when volumes are 
high, they are almost always expected as part of the traffic. Unfortunately, these 
suggestions do not consider any relationships between age, amount of cycling and crash 
risk. 

Figure 6: Casualty rates by age per 100 million kms  
travelled and roads crossed. 

Source: Ward et al., 1994 

Recent Finnish and Swedish bicycle fatality data do, however, suggest that males 
continuing cycling in old age have very high fatality rates per head of population (200 per 
1 million population in Finland and 60 per 1 million population in Sweden), while older 
females tend to avoid cycling. However, where the number of trips is taken into account, 
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the injury risk for older males was in fact slightly lower than for older women (see Räsänen 
& Summala, 1998). 

Rodgers (1997) noted that there are complex relationships between rider characteristics, 
bicycle use patterns and crash risk and examined these relationships using a mail-out 
survey among over 3,000 respondents in the USA. He estimated that approximately 9 
percent of respondents had crashed or fallen from their bicycle during the preceding 12-
month time period. Risk ratios were calculated, adjusting figures for the amount of riding 
time, and the findings revealed the effects of age on the likelihood of a crash by distance 
travelled. Risks for cyclists aged 18 to 24 years and 65 or more years were between 1.8 and 
4.8 times higher than risks for all other age groups between aged 25 and 64 years. 
Moreover, logistic regression analyses revealed that there was a significant non-linear 
relationship between age and risk: risk declined with age for riders under 64 years old and 
then rose substantially for those aged 65 years and over. The relative risk for older cyclists 
aged 65 years and over was more than 14 times the risk for riders aged under 15 years of 
age. These data confirm the earlier relation found between fatality risk and age in the 
Netherlands (see Figure 5).  

In summary, fatality and serious injury figures show the relative risk of older pedestrians 
and cyclists. It seems that older pedestrians and cyclists, world-wide, are at much higher 
risk of death or serious injury compared with younger pedestrians and cyclists, and 
compared with older car drivers and passengers. These risks are even more apparent when 
adjusted for exposure to risk.  

2.4 CRASH AND INJURY TYPES 

Despite the fact that older pedestrians and cyclists suffer more problems and show higher 
fatality and serious injury risk than other groups, there is only a limited number of (in-
depth) crash investigations that specifically examine the crash circumstances of these 
groups. Nevertheless, from the literature that is available, it appears that the types of 
crashes in which older pedestrians and cyclists are involved differ from crashes involving 
younger pedestrians and cyclists, and a number of common crash patterns have been 
identified (Fildes, Corben, Kent, Oxley, Le & Ryan, 1994a; Sheppard & Pattinson, 1986; 
SWOV, 1987; Zegeer et al., 1993). While the majority of older pedestrian and cyclist 
crashes involve collisions with vehicles (and these tend to result in the most severe injury 
outcome), is also seems that older pedestrians and cyclists are over-represented in non-
vehicle collisions compared to younger pedestrians and cyclists. Moreover, injuries 
sustained by older pedestrians and cyclists appear to be more severe than those sustained 
by younger adults, whether collisions are with a vehicle or not. 

2.4.1 Pedestrian crash and injury types 

Like for older drivers, much of the research on older pedestrian safety draws the 
conclusion that complex traffic situations play a major role in crash frequency (Carthy et 
al., 1995; Fontaine & Gourlet, 1997; Hunter, Stutts, Pein & Cox, 1995; Oxley et al., 1997; 
Sheppard & Pattinson, 1986).  

Unlike younger pedestrian crashes in which alcohol consumption seems to be the main 
predisposing factor and which generally occur close to drinking venues, mostly at night 
and on weekends (Alexander, Cave & Lyttle, 1990; Corben & Diamantopoulou, 1996), 
older pedestrian crashes tend to occur on a regular trip, during daylight hours, often during 
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autumn and winter, and often close to home or at shopping centres or recreational venues 
where, no doubt, older people tend to spend much of their time away from home (Koepsell 
et al., 2002; Toivonen & Niskanen, 1998; Zegeer et al., 1993).  

Older pedestrians are over-represented in crashes at intersections, particularly those 
without traffic signals, and being struck by a turning vehicle. Harkey (1995) noted that 33 
percent of older pedestrian deaths and 51 percent of older pedestrian injuries took place at 
intersections. No other age group of pedestrians obtained percentages as high as these. 
Older pedestrians are also over-represented in crashes when they are crossing mid-block 
sections of roads, particularly on wide multi-lane roads, in busy bi-directional traffic, when 
boarding or exiting public transport, as well as crashes with reversing vehicles (Fugger et 
al., 2000; Harruff et al., 1998; Jensen, 1999; Koepsell et al., 2002; Oxley et al., 1997; 
Zegeer et al., 1993). The CEMT (2001) added that older pedestrians are over-involved in 
crashes within built-up areas than outside them and they tend to be at fault in their 
collisions (however, they also noted that this claim is based on police reports and may be 
biased in favour of the driver), and collisions are often due to their inability to handle 
complex traffic situations.  

2.4.1.1 Pedestrian-vehicle collisions 

Pedestrian crashes involving vehicles are the dominant crash type for pedestrians and, not 
surprisingly, these collisions result in the most severe outcomes for all pedestrians, but 
particularly for older pedestrians who are more frail and lack the capacity to recover from 
injuries in the same manner as a younger person. Pedestrian-vehicle collisions account for 
79 percent of all pedestrian deaths in Belgium, 70 percent in Britain, 77 percent in France, 
and 59 percent in Denmark (ETSC, 1993).  

The most common type of pedestrian crash is that where a pedestrian is struck side-on by 
the front of a vehicle, accounting for around 60 percent of all fatal pedestrian crashes  
(ETSC, 1993; Mackay, 1988; McLean, 1996). Essentially, the pedestrian is run ‘under’ 
rather than over, where the pedestrian is struck and scooped towards the bonnet and 
windscreen and then slides over the roof and finally lands on the road. The most common 
injury contacts in newer vehicles are the front bumper, bonnet, A-pillar and windshield. 
The initial impact is the bumper edge, which strikes the lower leg and results typically in 
fractured bones of the lower leg and dislocation/ligament damage to the knee. Dependent 
on the height of the pedestrian and overall shape of the front of the vehicle, the next impact 
on the leading edge of the bonnet can result in fracture of the pelvis and/or femur. The 
pedestrian then rotates about the leading edge impact until the head, shoulders and chest hit 
the bonnet, windscreen frame or A-pillar. The severity of these injuries depends largely on 
the area struck by the head and the speed of the vehicle. Further injuries will occur as the 
pedestrian moves over the roof or falls to the ground (Australian Federal Department of 
Transport, 1987; ETSC, 1993; Jarrett and Saul, 1998). 

Isenberg, Chidester and Mavros (1998) found that, in their sample of injured pedestrians, 
the majority sustained more than one injury, and that lower extremity contacts accounted 
for 67 percent of the first injuries received. Overall, lower extremity injuries were the most 
frequent body region injured, accounting for 34 percent of the injuries, followed by the 
upper extremities accounting for 19 percent of the total injuries. The head and face were 
the next most frequent body regions injured, accounting for 17 percent of the injuries. 
Interestingly, when minor severity injuries were excluded from the total injury 
distributions, they found that injuries to lower extremities still predominated (31%), 
however, head injuries also represented a large proportion of injuries (32%). Recent 
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Japanese data confirm that head injuries account for the highest percentage (64%) of 
pedestrian fatalities (Maki, Kajzer, Mizuno & Sekine, 2003).  

Not surprisingly, Isenberg et al. (1998) also found that the ground was the most frequent 
injury contact, however, 93 percent of the injuries from this contact were at minor severity 
levels.  Serious injuries were more likely to be caused by contact with the front bumper, 
bonnet edge, cowl area or A-pillar and they concluded that if contact was made to one of 
these areas, there was a greater likelihood that a serious or life threatening injury would 
occur. 

Few studies have examined age differences in type and severity of injuries resulting from 
road crashes, however, the literature on fractures due to all external causes show age and 
gender effects on fracture patterns (Baron, Karagas, Barrett, Kniffin, Malenka, Mayor & 
Keller, 1996; Singer, McLaughlan & Christie, 1998). In their prospective study of adults 
who had sustained fractures in a road crash, Singer et al. (1998) found that young males, 
older females and older males had high incidence of fractures relative to other age groups, 
with the effect for older females more pronounced than for older males of the same age. 
Similarly, in a cohort of persons aged over 65 years of age where fractures of the upper and 
lower extremity due to all causes were studied, it was reported that women had higher rates 
for all types of fractures than males and that the rate of fractures increased with age for 
both males and females (Baron et al., 1996).  

One of the few studies that examined the physical consequences of pedestrian crashes 
amongst older victims was conducted in the Netherlands (Duursma & Kingsma, 1995). 
This study examined the injury outcomes amongst patients over 50 years of age who were 
treated in an emergency room in a University Hospital following a pedestrian-vehicle 
collision. The most frequently diagnosed injury was head injury (27%), followed closely 
by lower extremity fracture (26%). The authors noted that subsequent mortality was high 
amongst these patients. Particularly noteworthy was that those who suffer a hip fracture 
(6% of diagnoses) had a mortality of 35 percent within one year. 

Of great concern, too, are chest injuries, which are a common injury consequence of 
crashes. The Crash Injury Research and Engineering Network in the USA have shown rib 
fractures, painful but not life-threatening for most adults, are more likely to lead to death in 
the elderly. Wang, Hughes, Council and Paniati (1995) showed that older people often do 
not have the lung capacity to recover from such injuries. They found that older people were 
dying of chest injuries sustained in crashes (rib fractures, collapsed lungs, damaged hearts 
and ruptured arteries) at markedly higher rates than younger adults. Recent data by 
Augenstein (2000) showed that 86 percent of the elderly who were killed in a road crash 
sustained a chest injury (with almost 40% of deaths occurring because of rib fracture), 
while only 38 percent had head injuries.  

Despite the lack of research addressing age differences in injury patterns for pedestrians, it 
is widely held that both children and older pedestrians are at increased risk of injury 
compared to young adult pedestrians because of body kinematics. In the case of older 
pedestrians, given that physical changes occur that reduce tolerance to injury, it is 
predicted that they would suffer more serious injury than a younger adult, given the same 
physical insult. Isenberg et al. (1998) examined fatal age distribution within their sample of 
pedestrian crashes and found that the elderly (those aged 60 years and over) were over-
represented by about 10 percent, compared with younger adults. 
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Similar figures were reported in Britain, with the proportion of injuries that prove fatal 
increasing with age, but particularly for pedestrians. For those aged 20 to 50 years old, 
about two percent of those injured as pedestrians were killed. This proportion increased 
steadily with age, so that for people aged 80 years or over, more than nine percent of all 
pedestrian injuries were fatal. The proportions were lower for car drivers and passengers, 
but the increase risk with age was similar (for drivers aged 80 years or over, four percent of 
all driver injuries were fatal) (Mitchell, 2000). 

Harruff et al. (1998) provided more direct evidence for this argument. In their investigation 
of the crash and injury circumstances of 217 pedestrian fatalities in urban Seattle, USA, 
they found that head/neck injuries were the most common injury, present in 73 percent of 
cases. Fifty-one percent had fatal trunk injuries and 30 percent had fatal extremity injuries. 
Importantly, they noted that older ages were less commonly associated with head injuries, 
and head and chest injuries were more common in scene deaths than in trauma centre 
deaths. Younger adult pedestrians aged 20-49 years were over-represented in scene deaths, 
with most sustaining major aortic lacerations. Statistically significant differences were also 
found in the frequency of abdominal injuries according to age and in the rate of lower 
extremity according to vehicle type, roadway and pedestrian activity. They suggested that 
these differences could be partly due to the fact that older individuals are likely to die of 
trunk and or extremity injuries that younger ones might survive. They argued that the data 
are consistent with the conclusion that deaths due to less severe trunk and extremity 
injuries account for the excess mortality in the oldest age group while head and chest 
injuries constitute the most important factor limiting survival in the youngest age groups.  

2.4.1.2 Pedestrian-non-vehicle collisions 

Older pedestrians also appear to be over-represented in non-vehicle related pedestrian 
collisions, many occurring as a result of a fall and it is suggested that official crash 
statistics may greatly under-estimate the number of older pedestrians injured in situations 
other than collisions with vehicles. This is largely due to the fact that, while they provide 
considerable information on crashes, most databases are limited almost entirely to 
recording crashes that are vehicle-related events that occur on public roadways and 
therefore exclude a substantial number of collisions involving older pedestrians. These 
include pedestrian collisions with vehicles that occur in car parks, driveways, and on 
footpaths, and injuries resulting from falls on footpaths, stepping off kerbs and falling 
while crossing the road (without being struck be a vehicle). Although injuries resulting 
from pedestrian falls and other non-collision events are generally not as serious as those 
where a vehicle is involved, they nevertheless represent a significant cause of trauma for 
older pedestrians.  

Injuries to pedestrians and cyclists were examined in a large study in the USA by coupling 
emergency department data with analyses of hospital discharge and motor vehicle crash 
file data in three USA States, California, New York and North Carolina (FHWA, 1999; 
Stutts & Hunter, 1999). These reports noted that State-wide crash files are likely to capture 
less than one-third of pedestrian and bicyclist injury cases serious enough to require 
emergency department treatment (between 40 to 60% of bicycle cases and 35 to 55% of 
pedestrian cases were not reported).  

The pedestrian data revealed some interesting information regarding crash types and 
injuries to older pedestrians. About three-quarters of events involving middle-aged (45-64 
year olds) and older pedestrians (65 years and over) occurred in a non-roadway location 
(predominantly on the footpath) or on the roadway but did not involve a vehicle. The most 
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frequent injured body locations were lower limbs (50%), upper limbs (33%), head (21%), 
and face or neck (18%). Lower limb injuries were more common for pedestrians struck by 
vehicles, while upper limb injuries were more common in pedestrian-only events. In 
addition, pedestrians not struck by vehicles had lower rates of fractures, as well as intra-
cranial and other injuries, compared to those who were struck by a vehicle.  

Others, too, have reported that a substantial number of non-vehicle-related events occur 
and pose significant injury risks for older pedestrians (Eck & Simpson, 1996; Mohan, 
1992; Stutts & Hunter, 1999;). Mohan (1992) pointed out that a great proportion of older 
pedestrian injuries (75%) and cyclist injuries (76%) occurred as a result of a fall or hitting 
some object on the road. Similar results are reported by Nilsson’s (1989) study based on 
hospital data from Ostergotland county, Sweden. Fifty-seven percent of all transport-
related injuries comprised pedestrians and cyclists without involvement of vehicles. Eck 
and Simpson (1996) reported that many pedestrian falls occurred because of poor surface 
conditions including slippery surfaces from ice and snow, and presence of surface holes or 
openings. 

2.4.2 Cyclist crash and injury types 

Like for pedestrian crashes, a high proportion of serious injury cyclist crashes also involve 
collisions with vehicles at intersections (Gårder, Leden & Thedéen, 1994; Klop & Khattak, 
1999; Räsänen & Summala, 1998;). There is also evidence suggesting that non-vehicle 
collisions are a significant cause of injury for cyclists. Choueiri et al. (1983) noted that 
rider error was a major cause of crashes, contributing to 75 percent of crashes. Other 
causes include vehicle driver error (10%), poor bicycle maintenance (5%), defective 
bicycle trail design or dangerous road conditions (3%), and defective bicycle (7%). 
Toivonen and Niskanen (1998) reported that bicyclist crashes occurred in the spring and 
autumn and usually occurred during the day and in good weather. 

Not surprisingly, too, injuries to older cyclists appear to be more severe than injuries to 
younger cyclists. A Dutch study demonstrated that hospital admissions as a result of 
cycling crashes increased with age, from 25 percent for 50 to 54 year olds to 45 percent for 
cyclists aged 75 years or over (Kingma, 1997). Danish data also confirm the over-
representation of serious injuries among older cyclists compared to younger cyclists. In this 
country, 19 percent of cyclists aged 65 years or older were seriously injured in cycling 
crashes between 1980 and 1992, compared with only 2 percent of those aged 65 years and 
under (Larsen, Poulsen & Johannsen, 1995). Olkkonen, Lähdenranta, Slätis and Honkanen 
(1993) reported permanent disability in 11 percent of children, in 47 percent of adults and 
in 67 percent of elderly adults admitted to Finnish hospitals due to bicycle injury. Klop and 
Khattak (1999) further noted that, while children were over-represented in all bicycle 
crashes in the USA, those 44 years and over were over-represented in intersection crashes 
resulting in a fatality, providing additional evidence that negotiating intersections may be 
more difficult for older cyclists.  

Blankendaal and Den Hartog (1998) investigated 7,219 cyclist collisions resulting in 
hospital admission (excluding fatal crashes). The most frequent primary injury for all ages 
was fractures (58%), followed by intra-cranial injury (25%). There were marked changes in 
injury patterns over age. Fractures accounted for 41 percent of the admissions in 0-14 year 
olds and this gradually increased to 74 percent in hospitalised persons over 75 years of age. 
The reverse pattern was seen for intra-cranial injury, which gradually decreased from 38 
percent for 0-14 year olds to 13 percent for persons over 75 years of age. The type of 
fracture was also different. Lower extremity injury was dominant amongst older people 
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(51%), compared with only 15 percent of younger people suffering lower extremity injury 
(this group suffered more upper extremity injuries). These differences cannot be attributed 
to differences in body height, as the same differences – albeit less extreme – were also 
found between young adults (25-39 year olds) and older people.  

The injuries sustained by older cyclists were also much more severe than those suffered by 
younger adult cyclists. The median number of days hospitalised increased from 3 days for 
0-14 year olds and 4 days for 25-39 year olds to 8-14 days for people aged 55 years and 
older. The percentage of cyclists hospitalised longer than 28 days remained stable at 3-4 
percent until the age of 55 years and then increased to 15 percent for cyclists over 75 years 
of age. 

2.4.2.1 Cyclist-vehicle collisions 

Many bicycle crashes involve collisions with vehicles and cyclists face high injury risks in 
these types of crashes. Moreover, the majority of these crashes occur at intersections 
(Attewell, Glase & McFadden, 2001; Eilert-Petersson & Shelp, 1997; Maki et al., 2003; 
Nielsen, 1995; Rivara, Thompson & Thompson, 1997; Robinson, 1996; 2001; Rodgers, 
1995; Toivonen & Niskanen, 1998). Intersections are high-risk locations for bicycle-
vehicle collisions because of the frequent conflicts between bicycle and vehicle flows. 

Bicycle collisions with vehicles comprised over 80 percent of cyclist deaths in the USA 
(Rodgers, 1995), and over one-third of fatal crashes and close to 60 percent of injury 
collisions occurred at intersections (Klop & Khattak, 1999; NHTSA, 2001), often on 
narrow two-lane roads with higher speed limits (Wang & Nihan, 2004). In Denmark, two-
thirds of cyclist deaths and injuries involved collisions with vehicles at intersections, in 
which the majority occurred as cyclists were travelling straight ahead and collided with 
vehicles turning right (Nielsen, 1995). Finnish data also show that the great majority (90%) 
of cyclist deaths were caused by collisions with vehicles (Olkkonen, Lähderanta, Tolonen, 
Slätis & Honkanen, 1990) and that half of cyclist crashes occurred at intersections 
(Toivonen & Niskanen, 1998), particularly when drivers approached from different 
directions and crashed when they drove ahead (24%), or approached a cyclist from behind 
(17%). In 13 percent of the crashes a car collided with a cyclist travelling along the edge of 
the road. In these cases the crash was usually caused by inattentiveness or an error on the 
part of the driver or the cyclist. Trucks pose even more significant risk to cyclists. It is 
estimated that there are 30 to 40 fatalities and around 100 serious injuries each year in the 
Netherlands as a result of collisions at intersections where trucks turning right collided 
with a cyclist riding alongside (AVV, 2003). 

With regard to older cyclists, Goldenberg (1992) found that they were over-represented in 
collisions with vehicles in the Netherlands. Compared to younger age groups, the 
proportion of older cyclists colliding with cars, trucks and buses was between 25 and 40 
percent higher. In many of these cases the older cyclist approached a priority road from a 
side road and was attempting to cross a multi-lane road with high traffic volumes and 
speeds. Half of these crashes occurred in urban areas, 19 percent at intersections controlled 
by traffic signs, and 15 percent at T-intersections controlled by traffic signs. Of those that 
occurred at T-intersections, the majority involved manoeuvres such as crossing the road or 
turning left at the intersection. Goldenberg (1992) also reported that older cyclists were 
involved in crashes on straight roads when they attempted a left turn and were hit from 
behind by a car. In these cases, the cyclist involved was always cycling on the main road, 
never on a separate cycle path and the car driver either found no indication of the intended 
left turn or assumed the cyclist would wait for them to overtake. In addition, Goldenberg 
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found that about one-fifth of all crashes involving an older cyclist were collisions with light 
traffic (i.e., other cycles and mopeds) in urban areas.  

Like for pedestrians, cyclist collisions with vehicles generally result in severe injury 
outcomes and there are similarities between pedestrians and cyclists in the distribution of 
injured body regions in serious injury crashes. In their analysis of bicycle crashes in 
Western Europe and the USA between 1975 and 1989, Choueiri et al. (1993) found that the 
most frequently injured parts of the body in bicycle crashes were the head and face, arms 
and hands, and legs and feet. The most common types of injuries were lacerations, 
contusions, and abrasions, followed by fractures, strains and sprains and concussions. 
Larsen (1994) further reported that more than 40 percent of serious injuries resulting from 
a bicycle-vehicle crash in Denmark were to the leg, approximately 22 percent were head 
injuries, over a quarter of injured cyclists still experienced physical inconvenience two 
years after the collision, and the proportion permanently disabled increased with age. 

Head injuries are the major cause of cyclist fatalities and are usually the result of a 
collision with a motor vehicle (Ishikawa, Ono & Sasaki, 1991; Maki et al., 2003; Stutts & 
Hunter, 1999). Maki et al. found that head injuries accounted for the highest percentage of 
cyclist fatalities (72%). Studies in the USA estimated that between 62 percent and 80 
percent of bicycle fatalities were directly related to head injuries (Choueiri et al., 1993; 
Rodgers, 1995) and that typically, cyclists who die with serious head injuries do not have 
other life-threatening or potentially disabling injuries.  

Interestingly, Schmidt, Haarhoff and Bonte (1991) noted that, in a sample of 43 fatally 
injured cyclists, three-quarters sustained severe injuries to the head and brain, but older 
cyclists were more likely to be slightly injured and die later due to typical complications 
like pneumonia or pulmonary thrombo-embolism. 

2.4.2.2 Cyclist-non-vehicle collisions 

Like for pedestrians, there is evidence to suggest that a large proportion of cyclist injuries 
are the result of non-vehicle collisions, and that these often involve older cyclists. The 
majority of studies on bicycle-only crashes have used emergency department and hospital 
admission data to determine the extent and nature of these crashes, and note that the 
majority of injuries sustained in these crashes are less severe than crashes with vehicles.  

Studies in Finland and Denmark report high proportions of cyclists injured on public roads, 
but many of these incidents did not involve a vehicle. In Finland, 80 percent of hospitalised 
cyclists were injured in road-related crashes, and non-vehicle events accounted for 58 to 72 
percent of the inpatients and 93 percent of the outpatients treated (Olkkonen, 1993; 
Olkkonen et al., 1990). In Denmark, the results of a survey of 3,000 cyclists treated in 
hospital emergency departments revealed that 60 percent of cyclists had been injured in 
bicycle-only events and only 40 percent in collisions with other vehicles. Forty-two percent 
of the non-vehicle crashes had occurred on the roadway and an additional 44 percent on 
bicycle tracks or lanes along the roadway (Larsen, 1994).  

In the Netherlands, more than half of cycling crashes are reported as single-vehicle crashes, 
where the cyclist fell or slipped (47%) or collided with an obstacle or animal (12%). Of the 
47 percent where the cyclist slipped or fell, the main identified causes were stunting on 
cycle (27%), foot caught between the spokes (18%), cycle defect (13%), bad road surface 
(8%), falling because of a bend (7%), and problems with baggage (6%). Of the 12 percent 
where the cyclist collided with an obstacle, this was most often a collision with the kerb 
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(36%), collisions with posts (18%), parked cars (11%), trees/poles (10%), animals (9%) 
and other (16%) (Hagenzieker, 1996).   

Similar trends are reported in other countries. In a national Australian survey of hospital 
admissions, O’Connor and KPMG Peat Marwick (1993) found that 32 percent of the 
admitted cyclists were injured in other, bicycle-only events. A New Zealand study revealed 
that nearly three-quarters (74%) of cyclists admitted to a hospital for treatment during 1988 
were injured on the roadway, and two-thirds of these did not involve a collision with a 
vehicle (Collins, 1993).  

The FHWA (1999) and Stutts and Hunter (1999) reported that 70 percent of bicycle injury 
cases presenting to hospital emergency departments did not involve a vehicle. More than 
half (53%) of the injury events occurred in roadway locations, 17 percent in driveways, 6 
percent on footpaths and 24 percent in other non-roadway locations such as car parks, 
yards, or on private unpaved roads. Almost two-thirds of the non-roadway bicycle-vehicle 
collisions occurred on footpaths, generally when the vehicle was entering or exiting a 
driveway or car park. Children were more likely to be involved in bicycle-only events, 
while adults were more likely to be involved in bicycle-vehicle collisions. Injury data 
revealed that bicycle-only injuries sustained on driveways and off-road tracks were more 
likely to require hospitalisation than injuries sustained on footpaths. The most frequently 
injured body regions were upper limbs (46%), lower limbs (37%), face or neck (28%) and 
head (22%). Cyclists injured in collisions with vehicles were twice as likely to receive 
lower limb injuries than those injured in bicycle-only events. These data did not reveal any 
significant factors for older cyclists as there were very few injured older cyclists and the 
age categories were broad for older adults (the oldest age category was 45 years and 
above).  

Regarding more serious injuries, Rodgers (1995) reported that 14 percent of cyclist deaths 
in the USA involved ‘other’ types of crashes such as falls, collisions with animals, 
pedestrians, other cyclists, or collisions with other moving or stationary objects. More 
importantly, he found that older cyclists were over-represented in other crash types, while 
younger cyclists (child cyclists and younger adult cyclists) were over-represented in 
collisions with a vehicle. While about 13 percent of the vehicle-related deaths involved 
cyclists who were 55 years of age and older, 28 percent of the ‘other’ deaths involved 
cyclists who were 55 years of age and older.  

2.5 THE AGEING POPULATION 

The final section in this Chapter addresses the ageing of society and the implications for 
the future mobility and safety of older road users.   

The proportion of the world’s population in the older ages continues to increase. These 
changes are mainly due to declines in fertility reinforced by increased longevity. The 
number of older people has tripled over the last 50 years and will continue to triple again 
over the next 50 years. In the next 40 to 50 years, virtually all countries will face 
population ageing, although at varying levels of intensity and in different time frames.  

The Population Division of the Department of Economic and Social Affairs of the United 
Nations (United Nations, 2001) reports on the process of population ageing for the world 
as a whole and individual countries for the period 1950 to 2050 and notes that population 
ageing is an unprecedented global phenomenon that impacts on all facets of human life.  
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Currently, the growth rate of the older population (1.9%) is significantly higher than that of 
the total population (1.2%). In the near future, the difference between the two rates is 
expected to become even larger as the baby boom generation starts reaching older ages. By 
2025-2030, projections indicate that the population over 60 years will be growing 3.5 times 
as rapidly as the total population (2.8% compared to 0.8%).  

Europe is currently the world’s major area with the highest proportions of older persons 
and is expected to remain so for at least the next 50 years (European Conference of 
Ministers of Transport [CEMT], 2001; United Nations, 2001). In more developed regions, 
almost one-fifth of the population was aged 60 years or older in the year 2000 and, by 
2050, this proportion is expected to reach one-third. The OECD (2001), too, reported that 
in 2050, many countries including Austria, Belgium, Finland, France, Germany, Greece, 
Italy, Japan, Luxembourg, Portugal, Spain and Switzerland are expected to have one-
quarter or more of the population aged 65 years and over. In the Netherlands, alone, the 
proportion of the population aged 60-74 years was 12.1 percent and the proportion of those 
aged 75 years and over was 5.8 percent in 1997. These proportions are expected to increase 
to 16.4 percent and 7.0 percent by the year 2015, respectively (CBS, 1999; Mesken & 
Davidse, 2001). These authors also noted that this increase is not evenly distributed across 
the country. After retirement, older people tend to move from the cities and densely 
populated areas in the west to rural areas in search for lower costs of living, higher social 
safety and, in general, more peace and quiet.  At the same time, the younger segment of the 
population tends to move to the west in search of jobs and prosperity. The province of 
Drenthe (a popular retirement destination for many elderly Dutch) had in the period 1992 
to 1996, on average, a net migration surplus of 7.6 percent for 50 to 64 year olds and a 
surplus of 2.9 percent for persons aged 65 years and older against a net deficit of 23.4 
percent for persons between 15 and 24 years of age.  

Moreover, the older population is itself ageing. The fastest growing age group in the world 
is the oldest-old, those aged 80 years or older. They are currently increasing at 3.8 percent 
per year (twice as high as the current growth rate of 1.9 percent for people aged over 60 
years) and comprise more than one-tenth of the total number of older people. Those aged 
80 years or over in more developed countries now make up around 3 percent of the total 
population. By 2050, however, this proportion is projected to increase almost four-fold, to 
reach over 10 percent in 2050 (CEMT, 2001; United Nations 2001).   

Predictions of the crash risk for future generations of older road users were provided by 
Hu, Jones, Reuscher, Schmoyer and Truett (2000) in the USA and by Fildes, Fitzharris, 
Charlton and Pronk (2001) in Australia. Projections took into account factors such as 
driving behaviour, population migration, personal wealth and health, infrastructure and 
technological impacts. Both studies predicted an overall three-fold increase in fatalities 
from 1995 to 2025 without active intervention. While both studies focussed primarily on 
older drivers, similar predictions may be made for pedestrians and cyclists.  

Similarly, on the basis of present crash risk and the predicted age distribution of the 
population in 2015 in the Netherlands, Mesken and Davidse (2001) calculated, using the 
estimation method proposed by Sivak et al. (1995), that, in 2015, 47 percent of the 
hospitalised cyclist victims will be above 60 years and that 50 percent of the hospitalised 
pedestrians will be above 60 years. 

The ageing of populations means that the safety and mobility of older road users is likely to 
become a major issue in the years ahead as a consequence of the increased number of 
older, potentially more mobile, road users in the community. Clearly, there is a need to 
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address the emerging issues surrounding the safety of older road users in order to support 
their continued safety and well-being.  

2.6 SUMMARY 

This introductory section has presented an overview of the issues surrounding older 
pedestrian and cyclist safety, discussing travel patterns, crash and injury risk and crash 
types.  

Recognising the mobility needs of older road users, the evidence suggests that car travel is 
the preferred travel mode for most older people, however, many still walk and, in some 
countries, many still cycle. While these forms of transport are considered a healthy 
alternative, crash statistics clearly indicate that the safety of older road users is 
compromised using these transport modes, even though the majority of older pedestrians 
and cyclists use the road transport system in one way or another without injurious 
consequences. Considering that older people walk and cycle less than younger adults, and 
there are fewer older people in the community, crash rates of older pedestrians and cyclists 
clearly show that they are at much higher risk of death or serious injury while using these 
forms of transport, compared with other forms such as the private car, and compared with 
other age groups.  

Furthermore, crash data support the argument that older pedestrians and cyclists experience 
specific problems in using the road-transport system, particularly when encountering 
complex traffic situations such as at intersections. More importantly, once older 
pedestrians and cyclists are involved in a crash, they are much more likely to sustain a 
serious injury or die than a younger person, given the same physical insult.  

Last, it is important to point out that, while the safety of older road users is important 
today, it will become even more important in the near future as the population ages. In the 
next 20 to 30 years, the proportion of elderly in the population is predicted to increase 
substantially, and these changes will place new and growing demands on the transport 
systems in all countries. The provision of safe transport systems particularly for alternative 
forms of transport such as cycling and walking will play an essential role in supporting 
healthy, independent ageing. 
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3 CAUSAL FACTORS 

This Chapter presents an overview of the nature of road trauma involving older pedestrians 
and cyclists, and reviews the current knowledge of the contributing factors to their crash 
and injury risk. First, the vulnerability of older adults and the impact on injury risk is 
discussed. Secondly, behavioural factors and health and functional status of pedestrians 
and cyclists are also discussed along with driver behaviour, vehicle features and the 
contribution of the physical road environment to crash and injury risk.  

Even though vulnerable older road users are identified as ‘high-risk’, it is difficult to 
determine the causal factors related to their crashes from crash statistics alone. Moreover, 
crashes are complex in nature, often involving several contributing factors and it is a 
difficult task to determine, first, the major contributing factors and secondly, how and to 
what extent risk factors contribute to crash risk. Nevertheless, understanding the factors 
that contribute to crash and injury risk is an important step in the development and 
implementation of appropriate strategies and countermeasures to ensure safety. Several 
explanations have been offered to account for the over-representation in serious injury and 
fatal crashes. A wide range of studies have examined the safety of vulnerable road users 
and most attempt to establish relationships between crash frequency and severity, road user 
characteristics, vehicle factors, road features and other possible contributory factors.   

3.1 VULNERABILITY / FRAILTY 

For all crashes involving a motor vehicle and a pedestrian or cyclist, the pedestrian or 
cyclist is more severely injured than the driver. The significant difference in mass between 
the vehicle and the cyclist or pedestrian as well as the protection afforded the car occupant 
by the physical structure of the vehicle contribute to the relative increased injury severity 
for the pedestrian or cyclist. Even at relatively low impact speed, pedestrians and cyclists 
receive severe injuries mainly because their only protection is their clothing.  

More importantly, the elderly are at even greater risk of severe injury because of their 
greater susceptibility to injury (frailty) compared to younger people. With increasing age, 
biological processes result in a reduction of resilience to trauma and biomechanical 
tolerance to injury becomes progressively lower, primarily due to reductions in bone and 
neuromuscular strength and fracture tolerance. Physical frailty is a syndrome characterised 
by declines in multiple physiological domains, including muscle mass and strength, 
flexibility, balance and neuromuscular coordination, and cardiovascular function. In 
addition to the process of ‘normal’ ageing, factors that contribute to the development of 
frailty include chronic illness, poor nutrition, and physical inactivity (Binder et al., 2002). 
Evans (1991) argued that, once age exceeds about 20 years, fatality risk grows at an 
approximately uniform rate of 2.3 percent per year for males and 2.0 percent for females. 
Mitchell (2000) also demonstrated increased fragility with age by setting a fatality index 
(the risk of an injury being fatal), normalised by the average for the age group 20-50 years. 
He estimated that the fatality index for older car drivers, passenger and pedestrians rose 
from 1.0 at ages 20 to 50 years to 1.75 at age 60 years, 2.6 at age 70 years and 5 to 6 for 
people aged 80 years or more. Essentially, these data mean that, given the same crash and 
physical insult, an older adult is more prone to serious injury or death than a younger adult.  

Even in moderate crashes, the elderly are in greater danger of being seriously injured or 
killed than younger adults. Whereas a young person may sustain minor injuries in a 
collision with a vehicle, an older person is more likely to be fatally or seriously injured in 
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the same situation, and this is particularly evident among pedestrian and cyclist crashes. 
Approximately two percent of pedestrian aged 20 to 50 years injured in crashes are killed. 
For people aged 80 years and over, more than 9 percent of pedestrian crashes are fatal 
(CEMT, 2001). Even falling to the ground causes more severe, disabling and sometimes 
fatal injuries to an older person (Brummel-Smith, 1990; Lord, Clark & Webster, 1991; 
Day, Fildes, Gordon, Fitzharris, Flamer & Lord, 2002). Further, frailty greatly increases 
the risk for functional decline, institutionalisation, morbidity, and mortality.  

Moreover, once injured, recovery time is much longer for an older person, compared to a 
younger person. In an article in the Los Angeles Times, Augenstein (2000) noted that: 

‘with a little bit of trauma in the elderly, you can go from being an active, 
well-functioning person to being a non-functioning person. Once somebody is 
disabled in their late 70s and 80s, their ability to return to where they were 
before is very poor’. 

3.2 AGE-RELATED FUNCTIONAL AND BEHAVIOURAL CHANGES  

On the whole, older road users consider themselves and are considered by others as a safe 
and cautious group, however, it has been argued that the over-involvement of older adults 
in crashes is largely a consequence of their reduced ability to cope with certain traffic 
situations (Carthy et al., 1995; Mathey, 1983; OECD, 2001; Preusser, Williams, Ferguson, 
Ulmer & Weinstein, 1998; Stelmach & Nahom, 1992; Triggs, Fildes & Koca, 1994), and 
that older road users are primarily responsible for crashes in which they are involved.  

Ageing is associated with functional changes which are the result of many factors, 
including ‘normal’ ageing of sensory, cognitive and physical functions, onset of medical 
conditions, lifestyle changes and psychosocial factors, acting together over a long period of 
time (Wang et al., 2002). There is general agreement that ‘normal’ ageing reduces or slows 
down sensation, perception, cognition, psychomotor response and physical functioning and 
all of these composites have a logical relationship to driving, walking and cycling. Poor 
health status further limits functional performance. Given these changes, then, it may be 
reasonable to predict that judgements and performance may be hampered when driving, 
walking and cycling, at least in some traffic circumstances. For the most part, it appears 
that most older drivers compensate for these changes and do so successfully (Eberhard, 
1996; OECD, 2001; Rumar, 1986; Smiley, 1999). It remains, however, that there are large 
gaps in the knowledge about how functional limitations and resulting behaviour 
specifically affect the safety of older pedestrians and cyclists, and about how the adoption 
and process of compensation for these changes may reduce risk. While it is often argued 
that the potential for crash and injury risk of older road users is heightened because of these 
age-related declines, in practice, however, it appears that, by and large, the relationships 
between functional, behavioural and health declines and crash risk are conjectural. 
Moreover, it is noted that the view that diminished functional skills contribute to a 
reduction in the ability to perceive or recognise danger and take measures to avoid hazards 
may (perhaps unfairly) heighten negative attitudes towards older road users. Nevertheless, 
the above explanations are plausible explanations for the fact that older people are 
disproportionately at risk. 

Much of the literature on older road users discusses the consequences of ageing on sensory, 
perceptual, cognitive and physical abilities and resulting problems coping with traffic. 
There are a number of comprehensive reviews of functional limitations and the impact on 
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driving skills (see Janke, 1994; Marottoli, 1996), and some limitations have been 
associated to varying degrees with increased crash risk. However, many studies lack 
validity and associations are modest at best. Moreover, very few studies have found 
unequivocal relationships between functional limitations and pedestrian or cyclist crash 
risk. While it is highly possible that all risk factors identified for older drivers are 
applicable to older pedestrians and cyclists, these associations still need to be substantiated. 
Nevertheless, much of the literature identifies behavioural and functional limitations as 
major contributory factors and merit discussion. 

Some studies show age differences in road-crossing and cycling behaviour that may put 
older pedestrians and cyclists at increased crash risk (Allen et al., 1998; Botma, 1995; 
Carthy et al., 1995; Jensen, Andersen, Hansen, Kjærgaard, Krag, Larsen, la Cour Lund & 
Thost, 2000; Mathey, 1983; Mori & Mizohata, 1995; Oxley et al., 1997), while others have 
failed to find any conclusive evidence to suggest that behaviour increases crash risk, most 
suggesting that older pedestrians and cyclists are more cautious and rule-observing than 
younger ones (Arnold, Bennett & Hartley, 1990; Harrell, 1990; 1991; Wilson & Rennie, 
1981). Moreover, it has been suggested that, due to the greater likelihood of the pedestrian 
or cyclist being fatally or seriously injured after a collision with a vehicle, the report of the 
crash will generally contain only the driver’s version of events. In this situation, the 
conclusion of ‘pedestrian or cyclist at fault’ may have been derived from incomplete and/or 
biased information rather than the full description of the crash (Keramidas, 1998). 

3.2.1 Road-crossing behaviour 

Considering that collisions with vehicles result in the most serious injury outcomes for 
pedestrians, the behaviour of older pedestrians while they cross the roadway has been the 
focus of most studies on older pedestrian safety. A number of observational studies and 
surveys have sought to identify age differences in road-crossing behaviours that may 
account for higher crash risk for pedestrians. Reduced physical capabilities of older adults 
result in less mobility, a reduced ability to move out of the way of oncoming vehicles, and 
less likelihood of using crossing facilities if it requires more walking. Furthermore, traffic 
judgements while crossing without the aid of formal crossing facilities may also be quite 
different to those of younger people because of sensory, perceptual and cognitive deficits.  

While the majority of studies have examined behaviour at mid-block crossings, a few 
studies have also observed behaviour at crossing facilities and it seems that, while older 
adults are less likely to use formal crossing facilities, when they do use them, they are more 
likely to comply with signal phasing. Carsten, Hodgson and Tight (1990) found that the 
proportion of pedestrians who made use of crossing facilities decreased with increasing 
age. Whereas 88 percent of children under 12 years old used the facility, 53 percent of 13 
to 59 years olds did so, and only 43 percent of those aged 60 years and above did so. 
Further, an extensive observational study of red light negation in the Netherlands (Oude, 
Egberink & Rothengatter, 1984) showed that, of those pedestrians that arrive at the kerb 
during the pedestrian red cycle, 45 percent start to cross before the pedestrian green cycle 
starts. While this study did not provide age-related data, a separate study in Sweden 
(Draskòczy, 1990) observed red light negation and found substantial differences between 
older (60+ years) and younger adult pedestrians with proportions of red light violations 
between 45 percent and 72 percent for younger adults and proportions ranging between 0 
percent and 43 percent for older pedestrians. In addition, older pedestrians were 
particularly disinclined to violate red lights during peak periods.  
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With respect to mid-block road-crossings (without the aid of crossing facilities), in order to 
cross the road safely, pedestrians must, while approaching or stopping at the edge of the 
road, inspect the roadway in both directions and look for approaching vehicles. This part of 
the task involves detecting vehicles in motion, ascertaining the direction and velocity of 
vehicles, the identity of the vehicle and estimating when the vehicle will arrive at the 
crossing point. Further, pedestrians must, on many roads, integrate and remember 
information about traffic in both directions and in multiple lanes as well as combine 
information about vehicle arrival times with own walking speed in order to reach a 
decision to cross. Once a decision has been reached, pedestrians must initiate and carry out 
actions as quickly as possible. Making the decision to cross the road, therefore, is a 
complex task requiring reasonably intact perceptual, cognitive and physical skills. Accurate 
perception of the motion of the approaching vehicle is paramount when making 
judgements and these decisions may place high demands on older adults, especially in 
conditions of uncertainty, in busy or complex traffic, or when a decision needs to be made 
quickly.  

Observational studies of pedestrian behaviour, in general, point to attempted compensation 
for age-related changes, but risky crossing decisions by older pedestrians, particularly in 
selecting appropriate gaps to accommodate for their slower walking speed in complex 
traffic environments. Recent observational studies in Melbourne, Australia (Oxley et al., 
1997; Oxley, 2000) highlighted a number of important differences between the road-
crossing behaviour of older and younger adult pedestrians. These include: more time spent 
waiting at the kerb and inspecting traffic; longer times taken to leave the kerb; longer 
walking times; and, most importantly, shorter safety margins between them reaching safety 
and the approaching near-side vehicles reaching the crossing point. The oldest-old adults 
(those estimated to be aged 75 years and over and those who walked the slowest) were 
most at risk, with many of them crossing when the gap between time-of-arrival of the 
nearest vehicle and crossing time was dangerously small. Moreover, older pedestrians were 
more likely than younger ones to commence to cross before the far-side traffic was clear in 
two-way traffic, more likely to look down at the ground while on the roadway, and often 
found themselves caught in the middle of the road with little time to take evasive action. 
These studies demonstrated that, despite attempted compensation for age-related changes, 
the ability to cross the road safely becomes more difficult as age increases, and this is 
particularly so as the complexity of the task increases. Similar findings were also reported 
by Carthy et al. (1995). 

Sheppard and Pattinson’s (1988) survey of crashes revealed some of the difficulties in 
crossing roads, as reported by 473 older pedestrians (average age 75 years) who had been 
involved in a pedestrian-vehicle crash. Failure to see, or to see in time to take evasive 
action, the vehicle that struck them was reported by 63 percent of respondents. About two-
thirds of those who saw the vehicle that struck them saw it only when it was within about 9 
m of them; for 17 percent it was not more than a car length away, by their estimates, when 
it was seen.  

Of those respondents who saw the vehicle before being hit, 41 percent noted that the 
vehicle that struck them was doing something unusual. The most frequent replies were: 
reversed into me (30%), expected driver to stop or alter course (20%), thought the vehicle 
was not moving (11%), and vehicle came from behind a corner, parked car, etc. (10%). 
Errors in judgement of the speed or course of vehicles and unwarranted expectancies about 
the behaviour of drivers are central factors here. When asked about ability to judge speeds 
of approaching cars, 30% said they could ‘not do this well at all’. This reply was much 
more common among those who had never driven or who had stopped driving. Only 44 
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percent said they could make this judgement ‘fairly well’, the most positive response 
category. The problems are also reflected in the replies of 204 people who said the location 
of their crash was a difficult place to cross. One-fourth reported that it was hard to see, 14 
percent indicated that the intersection was confusing and 25 percent said the traffic comes 
too quickly. When queried about difficulties in seeing, hearing or walking about one-third 
of the participants indicated such problems – 33 percent walking, 45 percent eyesight and 
51 percent hearing. These findings support suggestions that age-related changes in sensory, 
perceptual, cognitive and motor functions contribute to difficulties in making appropriate 
road-crossing decisions and increase the risk of collision. The contribution of health and 
functional limitations to pedestrian crash risk are discussed in more detail in Section 3.2.  

Further, Swedish data indicate that more than one-third of elderly road users find it 
difficult to be pedestrians (Ståhl, 1991; Ståhl, Brundell-Freij & Makri, 1993) and these 
problems can affect road-crossing behaviour. The problems are caused by the following: 
they are afraid of being involved in a crash caused by their personal limitations; they are 
afraid of falling due to poor maintenance of the roads; cyclists present a problem; and they 
find it difficult to gather information in complicated and changing traffic situations. Ståhl 
also noted that older people’s lower physical ability and related fear and anxiety often 
result in them trusting traffic regulations which might result in a sense of false feeling of 
security and increase crash risk.  

Apart from road-crossing behaviour, there are other behaviours that may increase crash 
risk for older pedestrians. The fact that older pedestrian crashes occur during autumn and 
winter months may be due, in part, to poor visibility. Darkness presents problems for 
pedestrians, not only of seeing the footpath and road, but also of being seen by drivers. 
Allen, Abrams, Ginsberg and Weintraub (1996) report that the vast majority of drivers who 
struck a pedestrian at night claim they had difficulty seeing the person, while this claim 
was made for about 11 percent of the cases in daytime. About 25 percent of drivers were 
aware of striking a pedestrian at night only after they heard the impact. Older (and other 
aged adult) pedestrians are often inconspicuous to drivers, as many wear dark clothing. 
Zegeer et al. (1993) note that older pedestrians often wear dark clothing in winter and on 
dark days they may be difficult to distinguish against a dark background.  

The behaviour of other pedestrians, too, can affect crossing decisions. Andrew (1996) 
found that the fewer the number of other pedestrians crossing the road, the greater is the 
tendency for pedestrians in all age groups to check for oncoming traffic. 

3.2.2 Cycling behaviour 

All-aged cyclists can be unpredictable in traffic. They can more easily disregard the rules 
and regulations than car drivers at intersections who have to wait in line. Also, due to their 
manoeuvrability, cyclists can decide on their actions or response to other traffic at the last 
moment. The behaviour of older cyclists may be even more unpredictable because of 
difficulties in handling emergency situations and physical difficulties in maintaining 
balance and a straight line of travel.  

It is suggested that, like older drivers and pedestrians, the behaviour of older cyclists may 
contribute, in part, to their increased risk of crashing. Again, age-related declines in 
sensory, perceptual, cognitive and physical skills may play some role here, however, no 
clear associations have been established as yet. Considering, however, that bicycles are 
relatively unstable, older cyclists would, intuitively, experience more problems in 
maintaining balance and a straight line of travel because of age-related physical limitations. 
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Moreover, it would appear that complex traffic situations such as intersections are difficult 
for older cyclists to negotiate. 

There are some reports suggesting that cyclists are at fault in many crashes with vehicles, 
however, few provide data on age differences, and of those that do, there is little suggestion 
that older cyclists are at fault. Gårder (1994) analysed the causal factors in bicycle crashes 
in Maine, USA, between 1986 and 1991. He found that approximately 57 percent of 
intersection bicycle-vehicle collisions involved turning movements of vehicles and 
concluded that the cyclist was at fault for most of the reviewed crashes. No age-related 
data, however, was reported in this study. Top and Timmermans (1988) observed cyclists’ 
crossing behaviour at non-signalised intersections. For each crossing manoeuvre (turning 
left, turning right, crossing straight) they defined the normative behaviour based on a 
normative task analysis for cyclists and calculated a norm score, (indicating the number of 
corrected performed actions as a proportion of the total number of actions required for the 
manoeuvre). In a regression analysis with personal characteristics as predictor for the 
calculated norm scores, they found age to be the best predictor (although only 6% of the 
variance in the norm scores was explained). The two oldest groups observed (50-59 year 
olds and 60+ year olds) appeared to behave slightly but significantly more normative than 
the other age groups as measured with the overall norm score. No differences between age 
groups were found in the norm scores concerning position on the road and concerning 
visual search. 

There are some suggestions that cyclists have a propensity to cross intersections on red 
lights, albeit less frequently than that found amongst pedestrians. However, it seems that 
older cyclists are more observant of rules than younger cyclists. In an observational study 
of red light negation by cyclists in the Netherlands (BGC, 1988), cyclists travelling parallel 
to the main traffic stream had a much higher propensity to cross on red (22 to 35%) than 
those travelling parallel to the minor traffic stream (3 to 7%). Spikman and Westra (1990) 
observed cyclists’ propensity to cross on red in relation to age and traffic flow and found 
that, for all ages, the propensity of cyclists crossing on red was higher during off-peak than 
during peak periods, but the difference was much less pronounced for cyclists aged 60 
years and above than for cyclists aged 12 to 60 years. In both conditions, older cyclists 
were less inclined to cross on red than 12 to 60 year olds (25.7% vs. 28.0% for peak 
periods and 28.2% vs. 41.7% for off-peak periods). A similar study carried out in Sweden 
(Draskòczy, 1990) found much lower proportions than those found in the Netherlands 
(about 16% on average). Older cyclists appeared very rule compliant in this study. 

Mori and Mizohata (1995) examined the characteristics of older road users in Japan and 
found that older cyclists travelled at speeds approximately 20 percent lower than younger 
adults. Danish data also show that travel speed of cyclists decreases with increasing age. 
Cyclists aged between 18 and 54 cycled, on average, approximately 16-19 km/h (Allen et 
al., 1998; Botma, 1995; Jensen et al., 2000). This dropped to around 12-14 km/h for those 
aged 55 to 64 years of age and decreased more to between 6-8 km/h for cyclists aged over 
75 years of age (Jensen et al., 2000). No cyclist, at any speed, can ride a bicycle in a 
perfectly straight line and typical operating widths of their tracking paths are between 0.75 
m and 1.4 m (Allen et al., 1998). Bicycles are inherently unstable at low speeds and, given 
physical limitations of most older adults, the task of maintaining balance would be more 
difficult for an older cyclist than a younger cyclist. Older cyclists were observed to swerve 
considerably more when cycling straight than younger cyclists, which may in part be due 
to their reduced cycling speed (Davidse, 2002).  
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Mori and Mizohata (1995) also reported that older cyclists were likely to neglect checking 
the traffic situation behind them when changing their directions and tended to sway 
towards the centre of the road more than younger cyclists, by as much as 1 m. They also 
traversed intersections or roads in an inappropriate manner.  

Like for older drivers and pedestrians, alcohol does not seem to be a causal factor in older 
cyclist crashes. Li and Baker (1994) examined the magnitude of alcohol use in cyclists who 
were fatally injured in traffic-related crashes in the USA. They found that about 32 percent 
of fatally injured cyclists had been drinking (recording BAC levels = 0.01%) and 23 
percent were legally intoxicated (BAC level = 0.10%). However, they also noted that 
intoxicated cyclists were more likely to be younger adults. Compared with cyclists aged 65 
years and over, younger cyclists (aged between 25 and 34 years) were about five times as 
likely to be BAC positive or legally intoxicated.  

In addition, in many countries, particularly those in Europe where cycling is common, the 
helmet wearing rate is low at around 10% (Weiss, 1994). Some concerns have been raised 
regarding the use of helmets, such as loss of personal freedom, loss of civil liberty and 
people’s right to choose if, and how, they protect themselves, adverse effects of mandatory 
helmet-wearing laws, such as reductions in bicycle usage and therefore public health issues 
(reduced fitness levels and the negative effect this may have on related conditions such as 
cardio-vascular health and obesity), and fears that cyclists may be induced to take more 
risks given the protection of the helmet (Curnow, 1997; Finch, Heiman & Nieger, 1993; 
Gårder & Leden, 2000; Robinson, 1996; Wardlow, 2000). The argument that reduced 
cycling may accompany helmet legislation is contentious, as some studies have found 
reduced cycling exposure, particularly amongst adolescents (Finch et al., 1993), while 
others have not (Foss & Beirness, 2000; Macpherson, Parkin & To, 2001). In Victoria, 
Australia, adult cycling levels increased by 40 percent in the two years following the 
introduction of helmet laws (Cameron, Vulcan, Finch & Newstead, 1994).  

However, there is also clear and consistent evidence that riders who ride without head 
protection are roughly three times more likely to suffer head injuries in a crash than those 
who wear a helmet. Further, a cyclist who sustains a head injury is some 20 times more 
likely to die than a rider who suffers other kinds of injury (Henderson, 1995).  

There is very little research that has addressed age differences in helmet-wearing rates and, 
due to the different age classifications used by different studies, it is difficult to gauge and 
compare helmet use among elderly cyclists around the world. For example, in some 
studies, the highest adult age bracket can be listed as 40 years and older (e.g., Frith, 2000), 
55 years and older (e.g., Rodgers, 2000), 65 years and over (e.g., Svanström, Welander, 
Ekman & Schelp, 2002) or merely lumped together as ‘adult cyclists’ aged 18 years and 
over (e.g., Finch et al., 1993). Moreover, the reasons for non-acceptance of helmet wearing 
are not well understood, it seems that there is a wide disparity in wearing rates even in 
countries where mandatory helmet wearing laws have been introduced, and that children 
and their parents are more likely to wear a helmet than teenagers and older cyclists. Among 
teenagers, the problem is one of peer pressure and the fear of looking ‘daggy’, while for 
older cyclists it seems to be a problem of fear and misunderstanding about the benefits of 
head protection. For example, many older riders (ages not specified) mistakenly believe 
that they ride ‘safely’, the only real risk they face is being hit by a vehicle, and that in such 
cases they can, firstly, avoid a collision, and secondly, the helmet cannot provide 
protection (Henderson, 1995). However, it still appears that helmet-wearing amongst the 
elderly is lower in countries that have not passed helmet laws in comparison to those that 
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have. For example, in 1998 in Sweden (which does not have any helmet legislation), only 
11.6 percent of elderly cyclists aged 65 years and over wore helmets (Svanström et al., 
2002). In contrast, Rodgers (2000) reported that, in 1998 in the USA (in which 15 States 
had helmet laws in place), 43.4 percent of cyclists aged 55 years and over wore helmets 
always or almost always. Section 4.2.5 provides a more detailed discussion on helmet use 
and injury rate reduction.  

The visibility of cyclists is also an important factor in crash risk. Schoon (1996) noted that 
more than 30 percent of the Dutch cycle crashes that occurred at night or in twilight could 
have been avoided if cycle lighting had been working and lighter coloured clothing had 
been worn. The conspicuity of cyclists at night obviously improves when cyclists carry 
proper bicycle lighting, however there is a variety of problems that prevent this. For 
example, use of the dynamo requires additional pedal effort, to which the average cyclist is 
averse, cabling is fragile, and head-lamps and rear-lights are prone to theft. As a 
consequence, the majority of cyclists in the Netherlands do not carry lights during 
darkness. This is tolerated by law, and even if cyclists carry no lights during darkness on 
rural roads without street-lighting, the driver still is considered culpable if a collision 
would occur (see Otte, 1993). However, car drivers have little chance to detect cyclists at 
distances that would enable them to respond adequately if travelling at legal speeds (80 
km/h) on rural roads where cyclist may be present. Even at a reduced speed of 60 km/h 
braking distance still is around 80 m, at which distance unilluminated bicycles are not 
likely to be detected. Cairney (1998) investigated the conspicuity of different types of 
bicycle lighting and found traditional battery tail-lights and, to a lesser degree, LED tail-
lights failed to provide adequate level of conspicuity. The performance of head-lights 
appeared even worse.  Flashing lights in general provided better conspicuity than steady 
lights. Again, while there is little evidence of age differences in cyclist visibility, it is noted 
that older adults tend to wear darker clothes, particularly in winter, which may reduce their 
visibility even further.  

3.2.3 Physical limitations 

As a consequence of ageing, physical skills deteriorate and crashes have been linked to 
reduced agility and motor responses. There is no doubt that motor control and physical 
agility are of prime importance when crossing the road or cycling in traffic. Good motor 
performance depends upon the ability to co-ordinate movements with changing visual 
inputs and when interacting with fast moving traffic. However, aging results in muscular 
and strength declines and instability. 

For both pedestrians and cyclists, the problems seem to be related to slower walking and 
cycling and therefore longer times exposed to dangerous traffic, a reduced ability to get out 
of the way of oncoming vehicles (adjusting walking or cycling speed and/or direction), 
maintaining balance, and executing actions quickly when faced with traffic emergencies. 
People with motor impairments have a reduced ability to respond to threats as quickly as 
other people, they are less agile and often more dependent on other people for assistance. 
Good balance is essential for avoiding tripping or falling when crossing roads or walking 
on uneven footpaths, and in maintaining a straight course on a bicycle, particularly when 
slowing at intersections. In addition, physical limitations can impact on choice of route 
and, generally, more time is needed to prepare for and complete trips. 

Arthritis sufferers experience further reductions in physical well-being.  Arthritis is a 
common condition among older people and a leading cause of disability, affecting one of 
every two people over 65 years in the USA (Centers for Disease Control and Prevention, 
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2001).  Arthritis results in restrictions in range of motion, particularly a loss of joint 
motion, reduced physical endurance and strength, pain and fatigue (Janke, 1994).  For 
older pedestrians and cyclists, this condition can greatly restrict the range of movement 
(head and neck movement, difficulty in walking, controlling the bicycling and pedalling, 
and involuntary hesitancy), strength, and reduce physical endurance, the result of which 
can be difficulty in or slowing of the detection of approaching vehicles (Isler, Parsonson & 
Hansson, 1997).  In addition, this problem can reduce walking speed and pedalling ability, 
and the ability to increase walking or cycling pace to suit traffic conditions. The related 
discomfort and pain can be a distraction for older pedestrians and cyclists and can lead to 
fatigue. 

3.2.3.1 Postural instability and balance 

The elderly suffer general physical weakening: they lose agility and endurance, and 
experience cardiovascular degeneration, musculo-skeletal wasting, and neuromuscular 
weakening.  These result in poor balance control mechanisms and declines in postural 
reflexes result in impaired mobility and increase risk of injury. In everyday life, stability 
and balance are important factors, however, older adults experience more difficulty than 
younger adults in maintaining postural stability and balance. Older pedestrians and cyclists 
are, therefore, at higher risk of falling, tripping or stumbling while walking or cycling, 
particularly on uneven surfaces. A small trip or minor failure while cycling may result in a 
severe injury outcome for and older person even when there are no other road users 
present. The instability of pedestrians and cyclists becomes an even larger problem when 
they are mixed with motorised traffic. 

Effective posture depends upon visual, proprioceptive and vestibular functions.  As these 
functions change with age, older pedestrians and cyclists will experience difficulty with 
balance and postural stability.  Vision is thought to be the most important source of 
information for balance control and locomotion. Decreased foot pickup, toe clearance and 
stride length result in slower walking speeds and increased chances of tripping for older 
pedestrians.  Older people tend to sway more than younger adults (Lord, Clark & Webster, 
1991) and are less able to correct balance after a stumble (Brummel-Smith, 1990).  Further, 
a loss of righting reflexes and inefficient functioning of sensory organs that monitor 
balance cause instability and this can be accentuated when confronted with fast moving 
traffic.  It is likely that older people plan and prepare for movement differently than do 
younger ones, with action sequences becoming more complex and involving additional 
cognitive/motor processes among the former.  These physical changes may result in 
associated pain, stiffness, abnormal movements, and impaired coordination and reaction 
abilities (all essential for safe walking and cycling).  The older adult is also less resistant to 
fatigue, which may be a safety concern for the elderly when emerging from a vehicle and 
walking after a long drive. 

Cyclists’ safety risks stem from keeping balance and track and controlling conflicts with 
other road users. In his study of older cyclist crashes, Goldenberg (1992) found some 
evidence that, in about 10 percent of the crashes, inadequate control over the bicycle 
contributed to the crash. In particular, the following forms of loss of control were noted: 
startled by another road user and falling, not keeping on a straight course, and cycling 
erratically. This was found more often for older female cyclists than for older male cyclists.  

In addition, for cyclists to detour or stop for traffic and then commence cycling again 
means extra physical effort. Many cyclists, including older ones are highly motivated to 
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find and keep easiest routes, often the most direct ones, and to keep the cycling momentum 
even when negotiating busy intersections. 

3.2.3.2 Slower walking speeds 

As indicated previously, walking speed impacts on an older pedestrian’s ability to cross 
roads safely, primarily because of longer times exposed to vehicular traffic but also on 
ability to make appropriate road-crossing decisions. One of the few studies that provided 
evidence of a relationship between a range of functional skills and faulty road-crossing 
decisions was conducted by Oxley, Ihsen, Fildes and Charlton (2002). Performance 
measures were correlated with crossing decisions in a simulated road-crossing 
environment, to show associations between physical agility, visual, attentional and 
cognitive abilities and crash risk. Slower walkers made more ‘incorrect’ (or unsafe) 
crossing decisions than faster walkers. This finding suggests that slower walkers 
experience difficulty in adjusting behaviour to suit changing abilities and supports Lee, 
Young and McLaughlin’s (1984) argument that older people need to ‘re-calibrate’ as they 
become infirm and slower. 

In addition, many concerns have been raised regarding the adequacy of crossing times 
provided at pedestrian crossings. The duration of pedestrian walk signals is generally based 
on the assumption that the walking speed of pedestrians is 1.3 m/s (based on average 
walking speeds of younger, more fit adults).  However, a significant proportion of 
pedestrians (at least 35%) walk more slowly than that (Hauer, 1988).  Not surprisingly, the 
majority of studies examining walking speeds have found that the average walking speed 
of older pedestrians is considerably longer than younger adult pedestrians, whether 
crossing at signalised intersections or at mid-block locations, and is generally between 
around 55 to 80 percent that of younger adults. Reported walking speeds of pedestrians 
range from between 1.0 and 1.18 m/s for pedestrians aged over 65 years old, and between 
1.48 and 1.68 m/s for younger adult pedestrians aged under 45 years (Bowman & Vecellio, 
1994; Guerrier & Jolibois, 1998; Mori & Mizohata, 1995; Oxley et al., 1997; Tarawneh, 
2001). A study in Sweden (Dahlstedt, undated) found that pedestrians aged 70 or older, 
when asked to cross an intersection very fast, fast or at normal speed, considered fast to be 
less than 1.3 m/s.  The comfortable speed was 0.67 m/s for 15% of these people. Eubanks 
and Hill (1998) also studied the walking and running speeds of pedestrians of varying age 
by having them walk and run specified distances. Average walking speeds increase 
gradually from approximately 0.94 m/s at age 2 years to approximately 1.68 m/s at the age 
of 10 and remained fairly steady until age 40. As age increases, walking speeds decrease 
substantially to around 1.25 m/s for those aged 60 years and over. Tarawneh (2001) 
examined the effect of age, distance walked and number of pedestrians crossing at selected 
signalized crossings in Jordan. Not surprisingly, he found that young adults walked the 
fastest and adults aged over 65 years were the slowest. Interestingly, he also found that 
pedestrians of all ages walked faster when crossing wider streets compared to narrower 
streets (walking 1.34 m/s and 1.11 m/s, respectively). Similarly, Coffin and Morrall (1995) 
timed walking speeds of people walking indoors and at outdoor locations comprising 
signalised intersections, unsignalised intersections and mid-block crosswalks. They found 
that average walking speeds were faster at the signalised intersections, with men walking 
faster than women (1.45 m/s vs. 1.37 m/s).  The slowest average walking speeds occurred 
at the unsignalised intersections, again with males crossing faster than females (1.19 m/s 
vs. 1.13 m/s). Most importantly, they found that 15 percent of the elderly pedestrians 
walked slower than 1.2 m/s at the signalised intersections and slower than 1.0 m/s at the 
mid-block crossing. 



 

 OLDER VULNERABLE ROAD USERS 41  

Another large study of walking speed and start-up time gathered data on several thousand 
pedestrians in the USA, more than half of whom were over the age of 65 (Knoblauch, 
Pietrucha & Nitzburg, 1996). Observations of pedestrian behaviour were made at a variety 
of urban intersections under various conditions. Factors of concern included street width, 
traffic volume, posted speed, signal type, crosswalk type and environmental conditions 
(e.g., rain, snow). Older pedestrians were significantly slower than those under 65 years, 
and walked more slowly when it was snowing or when the street was snow covered than 
under other weather conditions. The mean and 15th percentile walking speeds were 1.46 
m/s and 1.21 m/s, respectively, for young (under 65 years) pedestrians, and 1.20 m/s and 
0.94 m/s, respectively, for older pedestrians.   

Moreover, research by Perry (1992) shows considerably lower speeds for pedestrians 
impaired by arthritis and other conditions and none of these reaches the average walking 
speed of 1.3 m/s assumed for design of pedestrian crosswalk signal timing. Average 
walking speeds for various disabilities include: cane/crutch – 0.80 m/s; walker – 0.63 m/s; 
immobilised knee – 1.1 m/s; hip arthritis – 0.68 to 1.12 m/s; and, rheumatoid arthritis – 
0.75 m/s.  

Although the walking speeds reported in the studies cited above vary somewhat, depending 
on the specific study, it is clear that a large proportion of older pedestrians are on the 
roadway for longer than younger pedestrians, may find it difficult to choose appropriate 
gaps in the traffic in which to cross mid-block road sections, and will find it difficult or 
impossible to cross streets at the 1.3 m/s expected of them at most signalised crossings.   

3.2.3.3 Initiating actions 

In addition to walking more slowly, older adults take longer to initiate actions (Fugger et 
al., 2000; Knoblauch et al,. 1996; Morgan, Phillips, Bradshaw, Mattingley, Iansek & 
Bradshaw, 1994; Oxley et al., 1997; Stelmach & Nahom, 1992). In their investigation of 
walking speed, Knoblauch et al. (1996) also measured start-up time (from the start of the 
WALK signal to the moment the pedestrian steps off the kerb and starts to cross). They 
found that mean start-up time was longer for older pedestrians (2.48 s) than for younger 
ones (1.93 s). Observations of road-crossing behaviour also demonstrated that average time 
taken to leave the kerb after the last near-side vehicle had passed by older pedestrians was 
longer for older pedestrians (2.45 s) than for younger ones (0.03 s) (Oxley et al., 1997). 
This, it was argued, could be the result of limited motor-cognitive processing abilities in 
regulating locomotion. Others, too, have provided supporting evidence for these findings, 
suggesting that complexity of a cognitive task could compromise postural stability, 
locomotion and walking speed (Lajoie, Teasedale, Bard & Fleury, 1996; Mulder, Berndt, 
Pauwels & Nienhuis, 1993; Shumway-Cook, Woollaccott, Kerns & Baldwin, 1997; 
Stelmach, Zelaznik & Lowe, 1990; Teasedale, Bard, LaRue & Fleury, 1993). 

3.2.4 Visual limitations 

Barlow (2001) stated that 4.3 million people (2%) in the USA are severely visually 
impaired, with a further 1.1 million people being legally blind. Moreover, 33 percent of the 
visually impaired reside in cities and still need to be able to go about their daily business 
that may take them into areas that are unfamiliar. As visual impairment is a problem that 
increases with age, Barlow (2001) projects that by 2010 the number of visually impaired 
people aged over 45 years in the USA will increase to approximately 20 million. Vision is 
affected in older people by decreased visual field, loss of contrast sensitivity and sensitivity 
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for fine details, as well as slower horizontal eye movements, and failing vision (an 
inevitable part of ageing) is a major fear among the elderly.  

Given that traffic participation is regarded as a highly visual task (Kosnik, Sekuler & 
Kline, 1990; Shinar & Scheiber, 1991), it is conceivable that the higher incidence of visual 
problems among older adults may be an important factor in appropriate detection of 
potential hazards while walking or cycling.  However, the role of age-related deterioration 
or visual disease losses in crash risk is not well understood (Klein, 1991; Shinar & 
Scheiber, 1991).  Moreover, it is difficult to determine what specific visual skills are 
essential for safe walking and cycling, and little research is available to unequivocally 
associate any aspects of visual processing with increased pedestrian and bicyclist crash 
risk.  Considering, however, the importance of vision in performance of daily activities, in 
detection of potential hazards, and in balance and ambulation, changes in the visual system 
are likely to have profound effects on an older person’s ability to walk and cycle safely in 
traffic. Furthermore, given that good depth perception allows an estimation of the distance 
of vehicles from oneself and that accurate motion perception allows accurate prediction of 
the motion of approaching vehicles and selection of safe gaps in the traffic, it may be 
argued that good dynamic visual acuity, contrast sensitivity, effective visual field in the 
periphery and visual search skills are most important for safe walking and cycling. 

The relative contribution of vision and hearing to speed judgements was examined in a 
Japanese study (Ohta & Komatsu, 1991) where passengers rated vehicle speeds (20 to 60 
km/h) under normal perception, and while deprived of hearing, vision, or both. The most 
accurate perception of speed was found in the normal condition, with a slight reduction 
without hearing, and a further slight reduction without vision. Judgements of ‘last possible 
safe moment to cross’ on a divided highway decreased with increasing speed of the 
oncoming vehicle, indicating that more risks are likely to be taken in the presence of high 
speed traffic. It has been found that high speeds are usually under-estimated and low 
speeds, over-estimated (where high is more than 50 mph).  While this work was done with 
vehicle occupants, similar findings would likely apply to pedestrians and cyclists, however, 
no studies to date have compared these judgements at high and low speeds. 

3.2.5 Perceptual and cognitive limitations 

Perceptual and cognitive functions are important factors that influence day-to-day function 
in older people (Wang et al., 2002) and many studies have demonstrated poor performance 
in a range of cognitive tasks relative to younger ones (Korteling, 1994; Salthouse, 1991). 
Traffic-related studies have also reached similar conclusions that complex traffic situations 
(such as intersections, bi-directional traffic and high speed traffic) play a major role in 
crash and injury risk for older road users. For example, Oxley et al. (2002) provided 
evidence of an association between poor visual search, attention and cognitive skills and 
faulty crossing decisions among older pedestrians. Indeed, one of the most robust findings 
in the older road user literature is the problem of poor gap selection (Fildes, Corben, 
Morris, Oxley, Pronk, Brown & Fitzharris, 2000; Oxley, 2000; Staplin & Lyles, 1991). 
Furthermore, this problem is exacerbated in complex traffic environments where the need 
to integrate many information sources may overload the (limited) cognitive capacity of 
many older adults. 

3.2.5.1 Selecting safe gaps 

Some older road users may over-estimate their safety by not always allowing sufficient 
gaps when crossing in front of traffic.  The ability to select a safe gap in the traffic in which 
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to cross is difficult for older road users because of age-related deficits in motion detection, 
particularly perceiving the details of moving objects, tracking fast moving stimuli, and 
estimating time-of-arrival (Schiff, Oldak & Shah, 1992; Scialfa, Guzy, Leibowitz, Garvey 
& Tyrell, 1991).  

Van Wolffelaar, Rothengatter and Brouwer (1987) studied older persons’ decision making 
in judging traffic gaps using the signal-detection paradigm and found several striking 
differences between older and younger adult drivers. Response time (time required to make 
a decision to accept/reject a gap) increased with increasing age from 1.6 s for adults aged 
under 60 years of age to 2.4 s for those above 60 years. The gaps judged to be safe 
(criterion ß) increased with age – indicating that older people used a more conservative 
criterion. However, the performance as measured by sensitivity (d’) decreased – indicating 
that older persons were less capable in distinguishing safe gaps from unsafe ones.  

DeLucia, Bleckley, Meyer & Bush (2003) found that older adults (mean age = 55 years), 
compared to younger adults (mean age = 25 years), tended to under-estimate time-to-
collision, indicating that collisions would occur relatively sooner. Such a bias towards 
under-estimation would render older people relatively safer. However, the authors also 
found that older adults were much less accurate than younger adults. This was particularly 
the case with larger time-to-collision’s which supposedly require more cognitive 
operations. These results are in line with those obtained by Van Wolffelaar et al. (1987). 

Similarly, from their observational and experimental studies, demonstrating age differences 
in gap selection, Oxley and her colleagues drew a number of conclusions regarding the 
effect of perceptual and cognitive limitations on safe road-crossing ability. They suggested 
that, in complex environments, such as two-way busy traffic, older adults experience 
problems in assessing two directions of traffic simultaneously, particularly when under 
time pressure, and making decisions based on the approach of both vehicles (Oxley et al., 
1997; Oxley et al., 1999). More importantly, they found that distance information is used 
predominantly to determine time gaps by all aged pedestrians and that younger pedestrians 
were able to integrate distance and speed information quickly and instantaneously. The 
oldest pedestrians in these studies (aged 75 years and over), too, were able to integrate 
distance and velocity information of oncoming vehicles in a simple traffic environment and 
when given enough time. However, they seemed to experience greater difficulty doing so 
in more complex traffic, when under time pressure, and when vehicles were further away. 
The authors concluded that older pedestrians have fewer resources available than younger 
pedestrians to process distance and speed information simultaneously, and that an age-
related reduced ability to integrate this speed information in complex traffic in parallel may 
result in distance-based decision errors in road-crossing decisions, particularly when faced 
with making quick decisions. Similar conclusions were drawn by Carthy et al. (1995).  

Andersen, Cisneros, Atchley and Saidpour (1999) investigated age differences in the 
ability to accurately predict imminent collision on the basis of own speed, deceleration and 
distance among younger (mean age = 22.8 years) and older adults (mean age = 69.7 years). 
Participants were presented four different collision events. In one event the participant had 
a higher than zero speed at the collision location, in the second event the participant had 
zero speed at the collision location. In the two other events, no collision would occur. The 
results indicate that older participants had a higher collision response rate (i.e., they were 
more inclined to judge that an approach would result in a collision) than younger 
participants. This tendency was found at all speeds (including speeds relevant for cyclists), 
but was more pronounced at higher speeds. The difference in reporting collisions between 
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older and younger subjects was larger for approaches that did not produce collisions than 
for approaches that resulted in collisions. These findings can be interpreted as indicating 
that older participants were less accurate in judging imminent collisions than younger 
participants. However, they tended to err on the positive, that is judge that collisions were 
imminent when in fact they were not. The conservative criterion used by older participants 
can be interpreted as a tendency to compensate for the decline in accuracy (see Section 
3.2.6 for a detailed discussion on compensatory strategies). This has a potential safety 
benefit if it does not result in a decreased predictability of the behaviour of older road 
users. 

3.2.5.2 The role of complexity 

The literature on ageing clearly documents the effect of task complexity on performance. 
Older adults seem more affected than younger adults as the conditions of a task become 
more complex and demanding (Salthouse, 1991; van Wolffelaar, Brouwer & Rothengatter, 
1990), and complex situations can act to provide further interference to an information 
processing system that may be affected by the ageing process (Triggs et al., 1994). There is 
clear evidence that complex traffic and complex manoeuvres hamper an older road user’s 
ability to negotiate safe travel, resulting in an over-representation of older road user crashes 
in these situations. Older road users’ increased crash risk in these settings is most likely 
related to the combined deterioration of a number of relevant cognitive functions and high 
demands of the road system on an older road user’s ability to cope with such situations. 

Van Wolffelaar et al. (1990) studied older peoples’ capability to deal with multiple traffic-
related tasks. They had subjects perform a simple tracking task with and without an 
additional peripheral detection task and a cognitive task (dot counting or serial addition 
task). In summary, they found that adding the peripheral detection task and to a greater 
extent the cognitive task resulted in a disproportionate deterioration of the primary tracking 
task.  Adding the cognitive task to the combined tracking and peripheral detection task 
resulted in a marked increase in reaction time (RT) but, more significantly, also drastically 
increased the non-response to the peripheral stimuli. These effects were the most 
pronounced when the cognitive task was paced and required a manual response. 
Administration of an adjective checklist before and after the experiment showed that, 
compared to younger participants, older ones reported feeling more exhausted and tired 
after completion of the experiment. Although these results are obtained in the laboratory, 
the tasks presented are representative for traffic participation. In traffic, whether on 
bicycle, on foot, or in the car, people have to maintain the correct course while paying 
attention to peripheral stimuli and performing cognitive, decision-making tasks. This 
experiment demonstrates clearly that while performing single tasks may very well be 
within the realm of older traffic participants, combination of these tasks – as in real traffic 
participation – produces a disproportionate amount of swerving, errors and missed stimuli. 
Moreover, performing the tasks takes a far greater toll on older people than it does on 
younger people. 

The majority of pedestrians in Sheppard and Pattinson’s (1986) study complained of 
difficulty in the crossing place as a result of busy and fast traffic, difficulty in seeing 
traffic, and confusion because many roads joined or traffic light confused them. 
Intersections often cause difficulty for older pedestrians despite the availability of signal 
lights, walk lights, marked walkways and stop signs (NHTSA, 1981; Retting, van Houten, 
Malenfant, van Houten & Farmer, 1996). Pedestrians at intersections must not only look 
left and right on the road being crossed, but also must look both forward and backward for 
turning vehicles from the intersecting road.  
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Older pedestrians are over-involved in crashes with backing vehicles (Fildes et al., 1994a), 
particularly those backing from parking lot spaces and driveways. This type of crash often 
occurs as a result of inattention on both the drivers and pedestrians part and problems in 
anticipating unexpected events by older pedestrians. 

Undivided roads, too, cause problems for older pedestrians (Carthy et al., 1995; Oxley et 
al., 1997). Oxley and her colleagues (1997) found that pedestrians over 75 years old were 
more disadvantaged than younger pedestrians in complex two-way traffic compared to 
one-way traffic, experiencing difficulty integrating all of the information to select safe gaps 
in the near-side traffic while considering traffic in the far-side lane at the same time. They 
suggested that an increase in environmental complexity and sources of information places 
overwhelming demands on their (limited) mental faculties. Since a number of sources of 
information must be sampled periodically, the pedestrian must be able to attend selectively 
to these sources.  Selective attention mechanisms become less efficient with age, so there 
may be difficulty locating task-relevant information in a complex environment. Likewise, 
the pedestrian must be able to divide attention among information sources when crossing 
the road – speed and distance of oncoming vehicles, kerb height, and road surface 
conditions (especially in winter). Interestingly, on divided roads (with a median strip) 
where a safe crossing to the centre of the road necessitated only consideration of one 
direction of traffic, older pedestrians were able to select safe gaps, much like their younger 
counterparts. Installation of median strips benefited older pedestrians to a large extent.  

There are, doubtless, other complex traffic situations in which older pedestrians are at 
increased risk of collision, compared to younger pedestrians. There is, however, little 
available evidence associating other traffic situations with poor road-crossing skill. It is 
possible that fast moving, heavy traffic and roads with multiple lanes provide too much 
information to older pedestrians to be able to cross these types of roads safely.  

The only traceable experimental study with older cyclists was carried out by Maring 
(1988). In this study, younger adult cyclists (mean age = 34 years) and older adult cyclists 
(mean age = 68 years) cycled on a closed circuit in four different conditions. In condition 
A, cyclists had to cycle the track without any additional task. In condition B, cyclists had to 
perform an auditory detection task while cycling on the track. Whenever they heard the 
stimulus sound they had to respond as fast as possible by pressing a push button on the 
handle-bars. In condition C, cyclists had to solve an arithmetic problem that was projected 
on a screen alongside the cycle track. The difficulty level of these problems was adapted to 
the individual skill level. In condition D, the auditory detection task and the arithmetic 
problem-solving task had to be performed simultaneously. The tasks in conditions C and D 
also had to be performed when standing still so that the baseline performance level could 
be determined. Cycling speed and weaving were measured using a dynamo and steering 
angle measurement apparatus. The main results can be summarised as follows (all effects 
mentioned are statistically significant): Older cyclists were slower than young cyclists in 
all conditions. They also swerved more than younger cyclists. These differences were 
relatively constant, with the exception of the auditory detection task, which resulted in 
older cyclists swerving less and younger cyclists swerving more (however, older cyclists 
still swerved more than young cyclists). Reaction times to the auditory stimulus were 
calculated and these revealed the following pattern. In the simplest condition (standing 
still, responding to the auditory stimulus only) the difference in RT between older and 
younger cyclists was small (both < 400 ms). The same task performed while cycling 
produced an elevated RT in older cyclists (450 ms) whereas the RT remained below 400 
msecs for younger cyclists. When the auditory detection task was combined with the 
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arithmetic task, RT of older cyclists increased to 650 ms whereas that of younger cyclists 
remained below 500 ms. Having to perform both tasks while cycling produced elevated RT 
(650 ms) in both groups. Finally, the response latency in solving the arithmetic problems 
was analysed by calculating difference scores compared to baseline (the response latency 
while standing without the auditory detection task). Older cyclists took 1200 ms longer to 
solve the arithmetic problem when they had to do this when cycling compared to an 
increase of only 200 ms for younger cyclists. When the detection task was added the 
response latency increased to 400 ms for younger cyclists while it remained at 1200 ms for 
older cyclists. 

These results indicate that cycling (without distraction or additional tasks) is already a 
demanding task in itself for older cyclists. They cycle slower and swerve more. On its own, 
cycling slower may not be necessarily a negative performance indicator, but in normal 
traffic conditions it does mean that older cyclists are frequently overtaken by other cyclists 
(which leaves them less room to swerve). It also should be considered that maintaining 
control over the bicycle becomes more, not less, difficult when cycling slower. This is 
apparent from the swerving in this study, which was more pronounced amongst older 
cyclists in all conditions. The elevated RT to auditory stimuli when cycling is also an 
indication that the simple task of cycling is demanding for older cyclists. While it can be 
argued that the increases in RT may be significant but not relevant in practice as they 
increase with about a factor two in the worst case, the results on the arithmetic task were 
dramatic. Having to perform that task (which was adapted to individual skill level) when 
cycling increased latency time of older cyclists with 1200 ms. Such a simple arithmetic 
task is comparable to a simple traffic problem (e.g., determining priority) that has to be 
solved; taking more than a second longer to solve that problem, then, can be fatal. Two 
more remarks remain to be made about this study. First, it was carried out on a track closed 
for all traffic. Normal traffic conditions are likely to be more hectic and hence likely to 
produce results that are even more striking. Secondly, as the participants were volunteers, 
older cyclists who find cycling awkward and troublesome were likely to be under-
represented and those with good riding skills and good physical and cognitive health over-
represented. On the basis of these detailed experimental results there is only one conclusion 
to be drawn: older cyclists, even those who are fit and healthy, do not possess the 
capabilities necessary for cycling safely in traffic.    

3.2.6 Ability to compensate for limitations and perceive risk accurately 

Despite the inevitable onset of age-related changes, it is likely that many older adults are 
able to adjust their behaviour in traffic adequately to accommodate for these changes that 
may affect safe traffic participation. Functional impairments can be partly compensated for 
by, for example, travelling less frequently, avoiding complex situations, or by travelling 
slower and taking more time to observe traffic. However, there may be some older road 
users who do not compensate adequately. Indeed, many researchers now contend that the 
older road user problem is mainly restricted to certain sub-groups of people who may have 
poor risk perception or little insight into their changing abilities, rather than encompassing 
all older people. This evolution represents a shift from a general approach of ‘why older 
road users have high crash risk?’ to a differential focus on high-risk sub-groups and ask 
‘which older road users have high crash risk?’ 

One of the widely held assumptions about older road users is that there is a high level of 
‘self-regulation’. That is, older adults are able to adapt and compensate successfully for 
age-related changes. Those that support this view argue that most changes occur gradually 
throughout the life-span and many individuals learn to compensate for or adapt to these 
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changes well, making appropriate adjustments to behaviour in order to maintain a similar 
level of performance (Lawton, 1990; Rumar, 1986). For the most part, the literature refers 
to these behavioural changes as ‘compensatory’, implying that older road users change 
their behaviour in response to a loss of function or as a counteracting measure for 
difficulties experiences. However, it may not be entirely accurate to label such behavioural 
adaptations as ‘compensation’. While these changes may reflect a behavioural adaptation 
to age-related changes in performance levels, other explanations are possible, such as 
mature judgements about road use, lifestyle choices, and personal preferences. 
Nonetheless, there is a substantial amount of literature supporting the view that older 
drivers can, and do, compensate well for their limitations by increasing cautiousness and 
conservativeness, reducing driving and driving more slowly, and restricting driving to 
optimal conditions only (Charlton, Oxley, Fildes, Oxley, Newstead, O’Hare & Koppel, 
2003; Eberhard, 1996; OECD, 2001; Smiley, 1999; Winter, 1988).  

Pedestrians and cyclists, too, may adopt strategies to compensate for limitations such as 
avoiding complex traffic, only crossing at formal crossings, planning walking and cycling 
routes and selecting very large gaps in the traffic, however, little conclusive evidence 
exists.  In their investigation of the effect of age on road-crossing decisions, Oxley et al. 
(1999) found that pedestrians in their 60’s over-compensated for perceived limitations by 
selecting very large gaps in the traffic.  In contrast, however, some older pedestrians over 
75 years failed to recognize traffic hazards and crossed in potentially dangerous situations.  
This finding demonstrates that young-old adults have an awareness of changing abilities, 
but that old-old adults lose the ability to compensate adequately. Van Wolffelaar et al. 
(1997) found similar trends among elderly drivers and also demonstrated that this 
compensatory behaviour did not compensate the increased inaccuracy (swerving, errors 
and missed stimuli). 

There is evidence to suggest that, at least some, older road users do not self-regulate or 
compensate adequately. There may be a number of factors that inhibit the adoption of 
compensatory behaviours including, a lack of awareness of the impact of ageing on 
performance, difficulty in making judgements about one’s own competency to perform 
everyday tasks, inappropriate risk perception, a perception of loss of independence, onset 
of cognitive impairment such as dementia that can hamper good judgement of 
performance, or simply an overloading of age-related losses that overwhelm normal 
attempts at compensation (Yanik & Monforton, 1991). There may be a limit to how much 
an older person can compensate and these mechanisms may break down when the demands 
are significant or complex. 

It is possible that a reduced awareness of the impact of aging on task performance can 
accentuate risk of collision.  It has been suggested that some elderly people deny that they 
are old and tend to identify themselves as younger than their years (Cooper, 1990; Linn & 
Hunter, 1979; Sabey, 1988), may be unwilling to admit to diminished skills and that ageing 
can affect road skills (Elliott, Elliott & Lysaght, 1995; Warnke & Kellner, 1984), and 
justify continuing to drive by assertions of their competency to drive (Matthews, 1986).  In 
his investigation of the relationship between perceived skills and/or confidence in driving 
abilities and perceived risk as a function of age, Matthews (1986) found that older drivers 
(along with younger drivers) i) under-estimate the risk of being involved in a crash, ii) fail 
to admit to driving errors, iii) feel they have total control and have the necessary skills to 
avoid crashes, iv) believe that a crash would be much more likely to occur through some 
other cause than their own error, and v) see the risk of a crash as being a problem for their 
peers and not themselves.  
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Marottoli and Richardson (1998) explored the relationship between both confidence and 
awareness of limitations and driving patterns, performance and crash history in a group of 
older drivers with a mean age of 81 years. Confidence, they argued, is a belief in one’s own 
ability, while awareness is the ability to perceive one’s limitations. Lack of confidence in a 
given driving situation may prompt one to avoid those circumstances. Likewise, awareness 
of one’s limitations or driving problems should prompt an individual to restrict or curtail 
driving. Marottoli and Richardson argued that lack of awareness is critical to understanding 
one’s limitations and to function accordingly, and individuals who lack awareness of their 
abilities and limitations may engage in behaviours that compromise their safety and the 
safety of those around them. Their data showed that, despite the fact that 40 percent of 
participants reported a history of adverse events (crash involvement, receiving a violation 
notice or being stopped by police), and 27 percent displayed moderate to major difficulties 
in a driving test, all drivers rated themselves as being average or above-average drivers. 
Similarly, they found that drivers were confident irrespective of on-road performance 
and/or event history. 

Studies of pedestrian behaviour reveal similar findings. Jonah and Engels (1983) reported 
that the elderly express the least fear about crossing roads, concluding that they may cross 
in a risky fashion because they are over-confident and fail to recognize the extent of the 
dangers around them. Mathey (1983) assessed the attitudes and behaviour of older 
pedestrians through 200 interviews and traffic observations of 800 elderly pedestrians.  The 
findings suggested that, although they knew the rules and regulations, these pedestrians 
interpreted the rules generously as applied to themselves.  Many crashes occurred in areas 
that were familiar, where the pedestrian had a subjective feeling of safety and where their 
attention and caution were low. Among the risky behaviours in traffic were 
underestimating the speed and overestimating the distance of vehicles (especially on wide 
roadways), abrupt crossing after waiting a long time to cross, indecisive behaviour when 
entering a pedestrian crossing, and walking in traffic under stress of time or emotion.  This 
extreme view of older pedestrians as being incompetent, risky and unaware of potential 
hazards cannot be accepted unequivocally, however, since Mathey did not provide 
empirical data to support his assertions. 

In addition, risk perception of older people may be quite different from that of younger 
people. Research into risk perception indicates that older people perceive themselves to be 
at risk on the road, but do not have well-defined perceptions of the possible sources of the 
risk and this has been linked with cognitive deficits with risk perception (Holland & 
Rabbitt, 1992; Sabey, 1988). Van der Pligt (1998) described the estimation of risk as a 
complex task, where the decision-maker has to search actively for relevant information in 
the environment. Considering the evidence already presented that older adults are 
disadvantaged when presented with a complex task, it may be argued that older road users 
have limited abilities to perceive risk appropriately. Holland and Rabbitt (1992) added that 
the reduced information capacity of the elderly makes them less efficient at monitoring 
their own performance, less aware of their mistakes, and also less able to remember 
making mistakes.   

3.2.7 Medical conditions  

In addition to functional limitations, the general health and onset of medical conditions are 
often considered to be predictors of crash risk for older road users. The research has 
established associations between specific medical conditions and increased crash risk for 
older drivers, however, again, few associations have been established for pedestrian and 
cyclist crash risk. The medical conditions that, so far, serve as ‘red flags’ to indicate that an 
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older person’s ability to drive safely may be compromised include: visual impairments 
such as cataracts, diabetic retinopathy, glaucoma and field loss, monocular vision, macular 
degeneration; cardiovascular disease such as coronary heart/artery disease, disturbances of 
cardiac rhythm, abnormal blood pressure, and congestive heart failure; cerebro-vascular 
disease such as stroke and transient ischaemic attacks; cognitive diseases such as dementia; 
and physical conditions such as arthritis. Moreover, many older people are affected by 
multiple health conditions and consequent impairment. Guralnik, LaCroix and Everett 
(1989) considered the prevalence, co-morbidity and impact on functional ability of a 
number of chronic medical conditions common in the elderly. Approximately 70 percent of 
those aged 80 years and older reported co-morbid conditions and a clear, graded increase 
was found in the proportion of those experiencing disability with increasing number of 
conditions. 

Almost nothing is known about the impact of age-related medical conditions on walking 
and cycling, however, the reader is referred to a separate review of the literature 
undertaken by MUARC for SNRA that discusses the impact of chronic medical conditions 
on driving ability. Although that review does not specifically address age-related medical 
conditions, some would be applicable to older drivers, and possibly older pedestrians and 
cyclists (see Charlton, Fildes, Koppel, O’Hare, Andrea, Smith, Khodr, Langford & O’Dell, 
2004). The most widely researched risk factor in driving is dementia and it warrants some 
discussion regarding its possible effect on safe walking and cycling. While the prevalence 
of active older pedestrians and cyclists with dementia is unknown, research estimates that a 
substantial proportion of older people with dementia still drive (O’Neill, 1992). It is likely 
that there are also active older pedestrians and cyclists with dementia. Dementia involves 
impairment of memory in association with impairment in judgement or abstract thinking, 
other disturbances of higher cortical function, personality change, and is estimated to occur 
in as many as 15 per cent of persons over 65 years of age (Kaszniak, 1987, cited in 
Kaszniak, Keyl & Albert, 1991). Alzheimers disease is the most prevalent form of 
dementia and commonly results in slower performance on timed tasks and problems in 
switching visual selective attention from one source of information to another, so there is 
little doubt that this would impact on the ability to walk or cycle safely.  Parkinson’s 
disease results in slowness of movement, rigidity, tremor, and extra-ocular motor 
abnormalities. Other ramifications of Parkinson’s disease are mental slowness, lack of 
initiative, forgetfulness, impairment of cognition, and mood disturbance. This disease may 
be particularly debilitating for older pedestrians and cyclists because of its effects on 
neuromuscular performance.   

3.2.8 Medication use 

In addition, to the incidence of medical conditions is the issue of the role that medications 
and polypharmacy (taking several drugs together) may play in risk of involvement in a 
crash. Use of prescribed drugs is prevalent among the elderly with this group receiving a 
larger proportion of all prescriptions than any other age group (approximately three times 
as many as younger individuals). Furthermore, polypharmacy is more prevalent among the 
elderly than younger age groups, particularly the use of cardiovascular drugs, analgesics, 
and alimentary tract drugs (Bjerrum, Sogaard, Haala & Kragstrup, 1998; Gurwitz & 
Rochon, 2000; Nobili, Tettamanti, Frattura, Spagnoli, Ferraro, Marrazzo, Ostino & 
Comelli, 1997). A number of prescription medications have the potential to adversely 
affect skills while on the road, however, older people require continuing medication for 
their health and quality of life needs.  
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While quantifying risks or proving a cause-and-effect relationship between medication use 
and crash risk is difficult, there are good reasons to conclude that some drugs might 
contribute to the risk of older pedestrian and cyclist crashes. Use of prescription 
medications may constitute a real risk for older pedestrians and cyclists because of harmful 
interactions, pharmokinetics and pharmacodynamics. The use of psychotropic medication, 
particularly widely prescribed anti-depressant, has been associated with falls, confusion 
and morbidity in the elderly population (Damestoy, Collin, & Lalande, 1999; Gurwitz & 
Rochon, 2000; Mamdani, Parikh, Austin & Upshur, 2000).  Further, there is some 
suggestion that the use of tranquillizers and sedatives severely impede traffic performance 
(van Wolffelaat et al., 1990). Medications may contribute to crash risk because sedation 
slows reaction time and diminishes awareness of hazards, impaired postural stability is 
associated with drug use, and impaired balance may be caused through use of 
aminoglycoside antibiotics, aspirin, quinine and furosemide. Further, it is suggested that 
the elderly are more sensitive to the effects of medications than younger adults because of 
an unfavourable toxicity profile in the elderly (Ray, Gurwitz, Decker & Kennedy, 1992; 
Rojas-Fernandez, Thomas, Carver & Tonks, 1999). 

3.3 DOMINANCE OF THE CAR AND DRIVER BEHAVIOUR 

Although the behaviour of older road users themselves has been noted as a contributing 
factor to crashes, there is some evidence that the perception that vehicles have higher status 
on the road compared with cyclists and pedestrians and consequent behaviour of drivers 
may also contribute, in part, to increased risk of pedestrian and cyclist crashes (Baker, 
Robertson & O’Neill, 1974; Preusser, Wells, Williams and Weinstein, 2002; Snyder & 
Knoblauch, 1971; Stutts, Hunter & Penn, 1996; Hydén et al., 1998; Summala, Pasanen, 
Räsänen and Sievänen, 1996).  

Many of the problems for pedestrians and cyclists stem from the fact that the modern 
traffic system is designed largely from a car-use perspective and other transport modes 
such as walking and cycling have a low status. Hydén et al. (1998) argued that this is 
primarily because of the fact that pedestrians and cyclists do not pose a threat to car 
occupants, therefore they are not afraid of them. The protective behavioural patterns of 
drivers do not therefore take enough account for unexpected and sudden movements of 
weaker (vulnerable) road users. Retting, Ulmer and Williams (1999) noted some concern 
that urban drivers are operating more aggressively, with less regard for traffic law and the 
vulnerability of other road users. Indeed, there have been many calls for moderating 
vehicle speeds of drivers in high activity pedestrian and cycling precincts (Job, Prabhakar, 
Lee, Haynes & Quach, 1994; Oxley, Diamantopoulou & Corben, 2001). More is said on 
the impact of speed on crash and injury risk in Section 3.5.1.1 

As far back as the seventies, studies showed that a large proportion of drivers were at fault 
or ‘probably negligent’ in pedestrian crashes (Snyder & Knoblauch, 1971; Baker, 
Robertson & O’Neill, 1974; Jones, 1976). Thompson, Fraser and Howarth (1985) too, 
found that drivers rarely checked for pedestrians, proceeded through intersections without 
slowing, appear to over-estimate a pedestrian’s ability to cope with traffic and only reduced 
speed in the presence of large groups of pedestrians. More recently, Stutts, Hunter and Pein 
(1996) categorized pedestrian-vehicle crashes according to the specific sequence of events 
leading up to fatal and non-fatal crashes in urban and rural settings in six States in the 
USA. They found that in 55 percent of crashes, one or more contributing factors were 
identified as ‘driver factors’. For pedestrians, the most common contributing factors were 
ran into road, failed to yield, and alcohol impairment. The most frequently cited driver 



 

 OLDER VULNERABLE ROAD USERS 51  

factors included: hit and run (16%); failed to yield to pedestrian (15%); exceeded speed 
limit or safe speed (6%); improper backing (6%); safe movement violation (5%); 
inattention or distraction (4%); reckless driving (3%); and, alcohol impairment (3%).   

Preusser et al. (2002) found drivers and pedestrians were nearly equally likely to have 
made at least one critical error leading to crash occurrence. Specifically, culpability was 
assigned to the pedestrian in between 48 and 52 percent of the crashes and to the driver in 
between 36 and 42 percent of the crashes, with at least one precipitating factor assigned to 
the pedestrian in between 58 and 67 percent of the crashes and to the driver in between 63 
and 67 percent. Interestingly, child pedestrians were substantially more likely than adult 
pedestrians to be a precipitating factor. Moreover, assigned culpability varied substantially 
by crash type – for mid-block and intersection ‘dash’ crashes, the pedestrian was almost 
always judged culpable, for other crash types (turning vehicle, reversing, pedestrian not on 
road) the driver was usually judged culpable.  

Várhelyi (1998) summarised earlier literature on driver behaviour at Zebra crossings and 
found that the willingness of drivers to give-way to pedestrians is low, drivers generally do 
not slow down when pedestrians are at Zebra crossings, drivers do not lower their speeds 
sufficiently to maintain a readiness to be able to handle a possible unexpected dangerous 
situation, and drivers are more willing to slow down or stop when the speed of their vehicle 
is low. He observed the speed of cars approaching a non-signalised mid-block Zebra 
crossing on a two-lane arterial road in Lund, Sweden, when pedestrians were present or not 
and found that only about 5 percent of drivers gave way to pedestrians and noted that, if 
pedestrians wanted priority, they had to ‘force’ the approaching vehicles to brake. He also 
found that speed behaviour of drivers approaching the Zebra crossing depended on the 
pedestrian’s arrival related to the car’s expected arrival and concluded that pedestrian 
behaviour can only influence driver behaviour before he reaches the ‘decision zone’ at 50 
to 40 m before the Zebra crossing After this, drivers will maintain high speed, which 
Várhelyi describes as a ‘competitive’ behaviour that signals to the pedestrian that the driver 
does not intend to give-way.  

Hakkert et al. (2002) noted that uncontrolled pedestrian crossings are associated with such 
events as drivers not noticing a pedestrian in the crosswalk area, drivers disregarding the 
crossing area and continuing at high speed, and lack of possibility for a pedestrian to cross 
the road during a period of intensive vehicular traffic.  

There is also evidence of driver responsibility in older pedestrian crashes. Some have 
found that drivers involved in older pedestrian-vehicle collisions had worse-than-average 
driving records, drove without due care and attention, failed to give-way and lacked 
knowledge of road rules (Baker et al., 1974; Vestrup & Reid, 1989). In addition, Saibel, 
Salzberg and Thurston (1995) found that driver compliance was worse and there were 
more near misses at marked crossings when the pedestrian was an older adult. It is also 
possible that some drivers possess certain negative attitudes towards pedestrians, 
particularly older ones, believing that it is the pedestrian’s responsibility to cross the road 
safely, which in turn may result in them driving in a manner not conducive to pedestrian 
safety. Job et al. (1994) found that a great majority of drivers felt that the elderly rely on 
cars stopping for them, that they often cross dangerously, they are a traffic hazard, and 
should do more to avoid holding up traffic. A small but substantial proportion of drivers in 
this study also supported the view that the elderly should stay off the road.   

Summala, Pasanen, Räsänen and Sievänen (1996) examined cyclist-vehicle collisions at 
non-signalised intersections where a two-way bicycle track was present in Helsinki, 
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Finland and found that the clear dominant type of crash was that in which a cyclist 
approaches the intersection from the right and the driver is also turning right. Observation 
of drivers’ visual search at T-intersections further showed that drivers turning right scanned 
the right side of the intersection less frequently and later than those turning left. They 
argued that drivers develop a visual strategy that simply concentrates on detection of more 
frequent and major hazards to themselves (i.e., other vehicles approaching from the left) 
but ignore visual information on less frequent dangers (i.e., cyclists approaching from the 
right) and therefore fail to see the cyclists from the right early enough. A later study 
(Räsänen & Summala, 1998) confirmed that drivers fail to see cyclists coming from an 
unexpected direction because of inappropriate scanning behaviour. They also found that 
another contributing factor was that cyclists seemed to trust too much that drivers would 
give-way, with many cyclists aware of the presence of the vehicle, but doing nothing to 
avert the collision. They concluded that these behaviours are closely related to the system 
of two-way cycle tracks and to the fact that the general priority rule is applied that states 
that vehicles should give-way to cyclists. Others, too, support these conclusions (Herslund 
& Jørgensen, 2003). 

There is, however, evidence from the Netherlands to suggest that drivers are cognizant of 
cyclists, particularly at non-regulated intersections. Observational studies (Janssen, van der 
Horst, Bakker Ten Broeke, 1988) indicate that there is a substantial discrepancy between 
law and reality. Vehicle-bicycle interactions on non-regulated intersections (where the 
generic priority rule applies) appear to be largely independent of formal rule and dealt with 
on the basis of a simple informal ‘first come, first go’ rule, in other words, in many cases 
car drivers yielded to cyclists even if they were formally not required to do so. These 
results are consistent with those obtained by Sagberg (1997) who found that car drivers 
gave way in 70 percent of the interactions when they were not formally required to do so. 
On priority-regulated intersections the outcomes of the interactions were more consistent 
and in accord with the formal rule.   

3.3.1 Behaviour of other road users  

There is some evidence to suggest that the behaviour of other footpath users contributes to 
the problems experienced by older pedestrians. In their survey of older road users, Fildes et 
al. (1994b) many elderly respondents reported problems associated with other footpath 
users including cyclists, roller-bladers, etc. In terms of crash risk, there is little information 
available, mainly due to under-reporting and the low severity of injuries sustained in these 
types of crashes. Nevertheless, there are some reports on the incidence and impact of these 
collisions.  

Drummond (1989) reported on the incidence of pedestrian casualties following collisions 
with cyclists on the footpath and found that, although this problem was of very small 
proportions, there is relatively high potential for conflict between pedestrians and cyclists 
in commercial land use zones, older pedestrians express concerns about the presence of 
cyclists (and skateboarders) and that pedestrian amenity should be addressed at these 
locations. More recently, Graw and König (2002) reported that collisions between 
pedestrians and cyclists in Germany involved 13 fatalities in 1998. They found that the 
crash is usually caused by the cyclist, but the pedestrian is usually in greater danger of 
suffering more severe injuries that can even result in death. More importantly, they found 
that, in the majority of cases, the injured pedestrians were frail, elderly people. The initial 
impact of the front wheel of the cycle usually resulted in a minor injury to the leg, but the 
most severe injuries to the pedestrian were caused by a subsequent fall and fatal head 
trauma when the head hit the ground.  
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3.4 VEHICLE DESIGN 

An important factor in the severity of pedestrian and cyclist crashes is the vehicle. A few 
epidemiologic studies on pedestrian and cyclist injuries have commented on vehicle type 
and it seems that vehicle mass and frontal structures are major contributors to the severity 
of injuries sustained by pedestrians and cyclists in a collision. Since the majority of 
pedestrian-vehicle collisions involve the pedestrian being struck by the front of a car 
(estimates of between 60% and 94%), it stands to reason that pedestrian injuries are related 
to the vehicle’s external frontal design.  

While there has been a marked change in the overall frontal shapes of passenger cars 
during the past two to three decades that indirectly benefit pedestrian and cyclist safety, 
current vehicle design still contributes to the severity of injuries sustained in a collision. 
Moreover, with the recent rise in popularity of sport utility vehicles (SUVs), minivans and 
four-wheel-drive vehicles, in many countries, the issue of vehicle design is becoming more 
relevant to pedestrian and cyclist safety (McFadden, 1996; Ballesteros, Dischinger & 
Langenberg, 2004). Given these recent changes in vehicle design and types of vehicles on 
the road, relatively little is known about the outcomes for pedestrians and cyclists in 
crashes involving more modern vehicles. Moreover, very little is known about the impact 
of vehicle design on older pedestrians and cyclists. 

The fitting of bull-bars to many of these vehicles is also of concern to pedestrian and 
cyclist safety. The Pedestrian Council of Australia (2003) reported that about 60 percent of 
four-wheel-drive vehicles in Australia and half of the utilities and vans owned by city 
residents are fitted with bull-bars that are unnecessary for urban driving. Moreover, tubular 
metal bull-bars without deformable padding are very stiff and concentrate crash forces in a 
smaller area and more likely to injure pedestrians and cyclists in a collision than if the 
vehicle were not fitted with a bull-bar (LTSA, 2003; UK Department for Transport, 2003). 
The Transport Research Laboratory in Britain examined crashes involving bull-bar 
equipped vehicles in 1994 and found that, in that year, there were two to three additional 
fatalities and about 40 additional serious injury casualties as a result of vehicles being fitted 
with bull-bars. In Australia, the ATSB found that, while bull-bars saved about five lives 
each year in crashes with animals on country roads, bull-bars were involved in up to 20 
percent of fatal pedestrian crashes on urban roads (cited in Pedestrian Council of Australia, 
2003). 

The impact behaviour of pedestrians and cyclists in a collision with a vehicle is similar, but 
there are some differences and these are mainly due to height differences. In their 
examination of vehicle-related (bonnet-type passenger vehicles) pedestrian and cyclist 
crashes, Maki et al. (2003) reported that the pedestrians’ head typically struck the vehicle 
in the rear part of the bonnet or in the windscreen area and there were virtually no cases of 
head impact against the roof. In contrast, in a cyclist-passenger car crash, head impacts 
were more likely to occur on the windscreen and/or roof rather than hitting the bonnet. The 
head injury risk to bicyclists tended to be low in impacts against the centre of the front roof 
area, but there were some cases where bicyclists sustained fatal or serious injuries when the 
contact locations were close to the A-pillars or the roof side rails.  

Not surprisingly, Maki et al. also found that injury types and their sources differed between 
bicyclists and pedestrians. Bicyclists suffered femur and tibia fractures caused by the 
bonnet leading edge. The front bumper caused fewer tibia fractures in bicyclists than 
pedestrians. The bent-knee posture, higher centre of gravity of the legs and the high 
position of the pelvis of bicyclists may explain these injuries and their sources. The authors 
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argued that, since the upper legform and legform impact tests are designed for pedestrian 
injuries, more detailed crash investigations are needed to apply the test to bicyclists, 
including taking into account the bent-knee posture and higher location of the legs and 
pelvis of bicyclists.  

There is also substantial research on the effect of other vehicle types on injury risk. Maki et 
al. (2003) assessed injury risk to bicyclists for different levels of injury severity and vehicle 
types. They found that the front-end geometry of vehicles greatly affects the severity of 
bicyclist and pedestrian head injuries. Bonnet-type vehicles were less likely to cause a fatal 
bicycle injury than minivans at the same impact velocity, suggesting that there may be 
some influence that is particularly ascribable to the former type of vehicle. 

McFadden (1996) found that 12 percent of vehicles involved in fatal pedestrian crashes had 
bull-bars, but he believes it could be higher, up to 20 percent. A recent study of pedestrian 
crashes and vehicle type in Maryland, USA (Ballesteros et al., 2004) reported that 
pedestrians hit by SUVs or pick-ups (utilities) were more likely to be killed or seriously 
injured than those hit by passenger cars or vans (24% and 18% of deaths occurred when 
struck by SUVs and pick-ups, respectively, compared to 13% and 14% of deaths when 
struck by cars and vans, respectively). Ballesteros et al. also examined non-superficial 
injuries and found different injury patterns for different vehicle types. Compared to 
conventional cars, collisions with SUVs and pick-ups resulted in a higher proportion of 
traumatic brain injuries (TBI), thoracic, abdominal and spinal injuries and injuries to the 
lower extremities above the knee, but a lower percentage of injuries below the knee 
sustained by pedestrians. Injuries sustained by pedestrians in collisions with vans, too, 
differed from those with passenger cars with more abdominal injuries and fewer lower 
extremity injuries below the knee. Ballesteros et al. explained these differences in terms of 
overall mass of the vehicle and frontal structure. Since SUVs, pickups and vans have 
higher bumper heights, the initial contact point would be higher on the leg compared to 
conventional cars where the initial impact would be closer to the ground. Also, as drivers 
brake to avoid a collision, the front of the vehicle tends to tilt downward, lowering the 
bumper height. For conventional cars, this tilting is more dramatic when compared with 
SUVs, pickups and vans, hence the bumpers for these taller cars would remain more 
elevated.  

Another recent examination of the effect of striking vehicle type on pedestrian fatalities 
and injuries was conducted by Lefler and Gabler (2004). They found that large vans had 
the highest risk (133 fatalities per 1,000 pedestrian crashes), while passenger cars had the 
smallest risk (45 fatalities per 1,000 pedestrian crashes). When struck by a large van, 13 
percent of pedestrians died as a result of the collision. In contrast, only 5 percent of 
pedestrian crashes involving a car resulted in a pedestrian death. Large SUVs also resulted 
in a high proportion of pedestrian fatalities (12%). While mass of the vehicle was 
considered a contributing factor, Lefler and Gabler demonstrated that impact speed and 
design factors other than mass also play an important role in injury severity outcome. Even 
at a given impact speed, pedestrians struck by a large truck or van, with their higher 
bumpers and more blunt frontal profiles, are much more likely to incur a serious head 
injury that when struck by a passenger car. Likewise, as passenger cars are more 
aerodynamically streamlined and have lower bumpers than trucks and vans, pedestrians 
struck by a car are much more likely to incur a leg injury. These findings are supported by 
other research (e.g., Leaf & Preusser, 1999; Mizuno and Kajzer, 1999; Joksch, 2000).  

Harruff et al. (1998) noted that vehicles other than passenger cars were responsible for a 
disproportionate number of pedestrian fatalities. Earlier studies (Rivara, Reay & Bergman, 
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1990) also showed that pick-up trucks and cars were over-represented in the pedestrian 
fatality statistics. Vans were associated with less frequent lower extremity injuries than 
other vehicle types. An interesting conclusion made by Harruff et al. was that vehicle speed 
alone was a poor predictor of extent of pedestrian injuries and that the dynamics of impact 
are more important than the speed of the vehicle in producing most types of injuries. They 
argued that it is the considerable mismatch between a stiff, heavy motor vehicle and a soft, 
relatively lightweight pedestrian, and the specific way in which a vehicle hits or runs over a 
pedestrian is more important than a vehicle’s speed in producing most types of injuries. 

Hedelin, Björnstig and Brismar (1996) identified tram collisions and resulting injuries as 
an important cause of injuries and fatalities (48%) among pedestrians in Gothenburg, 
Sweden. While many fatal crashes were alcohol-related, they noted that older pedestrians, 
especially older men, were over-represented in non-fatal and fatal tram-related crashes (2.2 
per 100,000 population of older adults aged 80 years and older, compared with 0.9 younger 
adults aged 20 to 29 years old). Moreover, the death/injury ratio was approximately 1:10, 
which is higher than for other kinds of traffic injuries in urban locations. Almost all of 
those who suffered serious or severe injuries had been caught under or between tramcars.  

3.5 ROAD FEATURES AND TRAFFIC CONDITIONS 

The road environment is though to be one of the most important factors determining crash 
and injury risk. The design, construction and condition of the road environment and 
facilities provided for its users may play a large role in the chain of events that lead to a 
crash and to the severity of injury. As a consequence of the dominance of the car in many 
countries, a lack of coherent planning of route networks for vulnerable road users is 
evident and strong relationships between adverse road elements, high speed and high crash 
locations have been identified (Hydén et al., 1998; ETSC, 1999).  

Older people, themselves, report a number of problems being pedestrians, and a number of 
road factors have been identified. For instance, Morton (1995) found that older road users 
reported the following problems: going out is a trial for most older people because the 
environment is noisy and intimidating; there are not enough safe crossings; footpaths are 
often lacking in country areas and in towns, they are uneven and difficult to walk on, are 
congested by cyclists, rollerbladers, etc., and are often blocked by parked cars; destinations 
are increasingly remote, sited for the convenience of drivers; and, public transport often 
does not exist (Morton, 1995).  

Studies in Sweden indicate that more than one-third of the elderly find it difficult to be 
pedestrians. The problems reported include: fear of crash involvement because of personal 
limitations, fear of falling due to poor maintenance of roads, difficulty in gathering 
information in traffic due to rapid, complicated and changing traffic situations. Even 
cyclists present a considerable problem to many older pedestrians (Ståhl, 1991). 

As noted in previous Sections, the complexity of the road environment dramatically 
increases crash and injury risk for older road users. Other factors, too can affect crash and 
injury risk including speed limits, provision of cycling and road-crossing facilities, and 
physical road surface conditions (Oxley et al., 2001; Nyberg, Björnstig & Bygren, 1996). 
For example, Klop and Khattak (1999) examined the effect of roadway and environmental 
factors on injury severity in cycle-vehicle collisions. They found that the roadway 
characteristics that increased crash risk were speed limit, straight grades, and curved grades 
(likely related to driver and cyclist impaired braking, acceleration and manoeuvreability). 
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Environmental factors included fog and darkness (likely effect on driver reaction times and 
speed differentials at the point of impact). They also found that higher average annual daily 
traffic, narrow shoulder width, street lighting and speed limit variables were associated 
with decreased injury severity. These factors and their contribution to crash and injury risk 
are discussed here. 

3.5.1 Speed 

Speed and speeding has a great impact on pedestrian and cyclist safety. Clearly, the faster 
drivers choose to travel, the more likely they are to be involved in a crash, and are more 
likely to severely injure vulnerable road users. Higher driving speeds reduce predictability 
and reduce a driver’s ability to control the vehicle, negotiate and manoeuvre around 
obstacles on the roadway. Higher speed also increases the distance a vehicle travels while 
the driver reacts to a potential collision, reducing the time available to avoid a collision.  

3.5.1.1 The relationship between vehicle speed and injury risk 

More importantly, higher speed increases the severity of the impact once a collision occurs. 
The probability of injury, and the severity of injuries that occur in a crash, increases, not 
linearly, but exponentially with vehicle speed – by a factor of 4 for fatalities, 3 for serious 
injuries and 2 for casualties (Nilsson, 1984). Even small increases in speed can result in a 
dramatic increase in the forces experienced by crash victims. It is estimated that, for every 
1 km/h increase in mean speed, the number of injury crashes will rise by around 3 percent 
(thus an increase of 10 km/h would result in a 30 percent increase in injury crashes). 
Pedestrian and cyclist crashes are highly likely to result in injury to the pedestrian or 
cyclist even at low vehicle speeds due to the forces exerted by vehicles on them. The 
critical relationship between vehicle speed and injury severity for pedestrians is 
demonstrated in a number of reports and shown in Figure 7.  

Figure 7:  Risk of pedestrian death as a function of vehicle impact speed. 

At vehicle impact speeds under 30 km/h the probability of pedestrian death (at any age) is 
approximately 5 to 10 percent. However, the probability of death at impact speeds greater 
than 40 km/h increases rapidly with almost certain death at impact speeds over 55 to 60 
km/h (Ashton & Mackay, 1979; Anderson, Farmer, Lee & Brooks, 1997). For older 
pedestrians, this relationship differs somewhat because of their frailty. The death 
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probability distribution for older pedestrians shifts to the left, indicating that they are much 
more likely to die at lower impact speeds than younger pedestrians. 

Others have reached similar conclusions. Ballesteros et al. (2004) found that pedestrian 
mortality and injury severity increased with vehicle speed. Pedestrians hit in speed limit 
areas of 25 mph or under died 24 percent of the time, whereas, those hit in areas of 40 mph 
or greater died 39 percent of the time. Likewise, Stone and Broughton (2003) showed that, 
while three-quarters of fatal and reported serious cycle crashes occurred on 30 mph (50 
km/h) roads, the fatality rate rose markedly with speed limit. The fatality rate on 30 mph 
roads was 3.0 and this rose to 13.0 on 50 mph roads and further to 19.6 on 70 mph roads. 

Davis (2001) developed a model for predicting the probability distribution across 
categories of pedestrian injury severity, given a vehicle’s impact speed. He provided 
estimates of the distribution of injury severity for children, young adults and older adults 
and demonstrated that, although injury severity distributions were similar for children and 
young adults, those for the elderly group were noticeably different. Older pedestrians were 
more likely to suffer severe injuries at lower impact speeds. For children and young adults, 
the probability of death increased from around 0.05 at 50 km/h, 0.1 at 60 km/h to 0.4 at 80 
km/h. For older pedestrians, the probability of death at 50 km/h was higher at 0.6 at 50 
km/h, 0.9 at 60 km/h and 1 at 70 km/h.  

3.5.1.2 Speed limits 

Speed limits are considered to be the most powerful road feature that determines speed 
choice and therefore play a pivotal role in determining overall crash and injury risk on rural 
roads. The primary reason for setting speed limits, at least in some jurisdictions, is said to 
provide safety and mobility, attempting to strike an appropriate balance between travel 
time and crash risk for specific roadway sections. The posted speed limit aims to inform 
drivers and riders of maximum driving speeds that the authorities consider reasonable and 
safe for the roadway. 

Many studies have examined the effect of raising or lowering speed limits in both rural and 
urban environments (e.g., Brown, Maghsoodloo & Ardle, 1990; Freedman & Esterlitz, 
1990; Mace & Heckard, 1991; Pfefer, Stenzel & Lee, 1991; Parker, 1997). In terms of the 
effect of lowering or raising speed limits on the incidence and severity of crashes, studies 
consistently show that crash incidence or crash severity decline whenever speed limits have 
been reduced (Nilsson, 1990; Engel, 1990, Peltola, 1991; Sliogeris, 1992; Finch, 
Kompfner, Lockwood & Maycock, 1994; Newstead & Mullan, 1996; Haworth, Ungers, 
Vulcan & Corben, 2001; Oxley et al., 2001). Conversely, studies in the USA and Australia 
generally show that the number of crashes and crash severity increase when speed limits 
are raised, especially on freeways (NHTSA, 1989; McNight, Kleinland & Tippetts, 1990; 
Iowa Safety Task Force, 1996; Parker, 1997; Sliogeris, 1992, Newstead & Mullan, 1996).  

Most OECD countries have adopted general urban speed limits of 50 km/h and some 
permit zoning at lower speeds, for example in residential areas and school zones because of 
high pedestrian and cyclist volumes. One of the recommendations of the European 
Transport Safety Council (1995) was to encourage the use of 30 km/h or lower speed limits 
in residential areas where appropriate layouts could be achieved, together with more 
general use of traffic calming in built-up areas. In Victoria, Australia, the 50 km/h speed 
limit on residential streets was introduced in January, 2001 and was prompted by national 
research that indicated that up to one-third of casualty crashes including pedestrian and 
cyclist crashes occurred on local streets (i.e., those streets that provide access to dwellings 
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and local facilities) in major urban centres. The research has demonstrated convincingly 
that even modest reductions in vehicle travel speeds on local streets can have profound 
effects on stopping distances and the severity of injuries sustained by pedestrians, who 
have the most to gain from lower speeds. Recent data have shown that this initiative has 
significantly reduced road trauma on Victoria’s residential streets 
(www.general.monash.edu.au/muarc). Specifically, this evaluation showed a number of 
benefits, including: 

• 12-13% reduction in all casualty crashes; 

• 19-22% reduction in pedestrian casualty crashes; 

• 40-46% reduction in pedestrian fatal and serious injury crashes; 

• fewer property damage only crashes and reduced vehicle emissions; 

Two costs were also found, including increased travel times (approximately 9 seconds per 
trip) and increased vehicle operating costs.  

The conclusions drawn from this research were expressed in terms of how very small 
increase in travel time are valued. If these increases are valued, then a 50 km/h speed limit 
is economically justified only for urban arterial roads currently zoned at 60 km/h. If these 
increases are not valued, then a 50 km/h speed limit is economically justified for urban 
local streets, collector roads and arterials currently zoned at 60 km/h.   

Although pedestrian and cyclist crashes are predominantly an urban phenomenon, crashes 
in rural areas remain a concern because a higher proportion of rural crashes result in death 
(Garber & Lineau, 1996, Zajac & Ivan, 2003). One reason for these higher rates is that 
vehicle speeds tend to be higher in rural areas than in urban areas. Zajac and Ivan 
examined roadway and area features that may influence vehicle speeds and as a result 
affect injury severity for pedestrians struck while crossing rural two-lane State highways in 
Connecticut, USA. They found that clear roadway width, low-density residential areas and 
downtown fringe, vehicle type, driver alcohol involvement, pedestrian age 65 years and 
older, and pedestrian alcohol involvement significantly increased pedestrian injury severity 
at these rural locations.  

3.5.2 Intersection design 

It is clear that intersections pose many dangers and risks for older road users, as drivers, 
pedestrians and cyclists (Wachtel & Lewiston, 1994; Staplin, Lococo, Byington & Harkey, 
2001; Fildes et al., 2000; Stamatiadis, Taylor & McKelvey, 1991; OECD, 2001; Preusser et 
al., 1998; Insurance Institute for Highway Safety, 2000; McKnight, 1996). Intersections are 
major points of conflict between pedestrians, cyclists and motorised vehicles and one of the 
most important factors in intersection design is providing design features that allow safe 
passage. However, given the functional declines associated with ageing, many of the 
design features of intersections do not explicitly take older road users into consideration. 
Consequently, older road users experience great difficulty negotiating and interacting 
safely at these locations.  

Important factors that can affect an older pedestrian’s or cyclist’s ability to negotiate 
intersections safely are physical changes that affect walking and cycling speed and control 
of a bicycle, endurance and ability to turn their head to bring turning vehicles into view, 
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and cognitive factors that affect decisions in complex traffic. These problems can be 
exacerbated by poor or inappropriate design features design features such as inadequate 
sight distance, lack of refuge islands, lack of use of signals to control turning movements, 
poor conspicuity of signals and signs, poor channelisation and delineation of travel lanes. 
Older road users seem to experience particular difficulties with turning vehicles failing to 
give-way and can become confused when an unexpected event occurs.   

In a national US analysis of crash data, Hauer (1988) found that 33 percent of fatalities and 
51 percent of injuries experienced by older pedestrians occurred at intersections. Council 
and Zegeer (1992) also examined vehicle-pedestrian crashes at intersections in the USA 
and the collision type in which older pedestrians were over-involved. The results showed 
older pedestrians to be over-represented in both right- and left-turn crashes. The young-
elderly (ages 65 to 74 years) were most likely to be struck by a vehicle turning right, 
whereas the old-elderly (ages 75 years and over) were more likely to be struck by a left-
turning vehicle. In a more recent USA study, the Insurance Institute for Highway Safety 
(IIHS, 2000) found that 38 percent of pedestrian deaths among people aged 65 years and 
older occurred at intersections.  

In Denmark, over 60 percent of crashes involving cyclists occur at intersections (Danish 
Road Directorate, 1997). Layouts that place cyclists outside the driver’s normal field of 
view are likely to be hazardous. Free-flowing arrangements, particularly near-side turning 
and merge lanes for vehicles are particularly hazardous for cyclists. In contrast, those that 
place the cyclists in front of and reasonably close to the driver tend to be safer (Herrstedt et 
al., 1994).  

Roundabouts are considered the safest intersection control type for drivers because conflict 
angles are reduced, speed are reduced, however, larger multi-lane roundabouts are known 
to cause substantial problems for pedestrians and cyclists. In Britain, cyclists are some 15 
times more likely than car users to suffer a crash at a roundabout. Over half of these 
crashes are due to motorists entering the roundabout and hitting a cyclist (Layfield & 
Maycock, 1986). The construction of a cycle lane on the square of roundabouts is unsafe, 
especially for cyclists. Drivers, particularly those of large vehicles turning right to see 
oncoming traffic often fail to see bicyclists because of the angle and blind spot. 

3.5.3 Crossing facilities 

While signalised pedestrian facilities are commonly regarded as a safety initiative, a large 
proportion of older pedestrian crashes still occur at or in the vicinity of these sites (Fildes et 
al., 1994a; OECD, 1998; London Research Centre, 1998). It is unclear from the literature 
whether marked crossings are safer than sites without marked crossings, with some 
suggesting they are safer (e.g. Knoblauch, Tustin, Smith & Pietrucha (1986), and others 
noting that they are associated with higher injury rates, even after accounting for 
differences in pedestrian volumes (e.g., Zegeer, Stewart, Huang & Lagerwey, 2001; 
Koepsell et al., 2002).  

Of the studies that show that crosswalks are not always protective, it is argued that these 
locations may in fact increase crash frequency and/or injury risk by making the pedestrian 
feel safe and thus, possibly, less cautious when entering a crosswalk (Mueller, Rivara, Lii 
& Weiss, 1990; Stevenson, Jamrozik & Spittle, 1995). Koepsell et al. (2002) found that the 
presence of crosswalk markings was associated with a 2.1-fold increased risk overall for 
older pedestrians, even after controlling for the amount of pedestrian traffic, vehicular 
traffic and other site characteristics such as crossing segment length and type of traffic 
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regulation. However, this association varied according to the system of traffic regulation. 
They found that when no traffic signal or stop sign was present to control traffic flow, 
marked crosswalks were associated with a 3.6-fold increase in crash risk. In contrast, at 
intersections with a stop sign or traffic signals, there was no association between presences 
of marked crosswalks and pedestrian-vehicle collision risk. Like previous studies, they 
argued that marked crosswalks may give older pedestrians a false sense of security, 
incorrectly believing that vehicles must give-way to them.  

Older people experience difficulty at signalised crossings because walk phases are too 
short for them to complete the road cross and phase signals are often confusing. Morton 
(1995) noted that about 20 percent of British people aged over 65 years indicated that the 
lack of formal pedestrian crossings was a problem for them and a further 15 percent said 
that controlled crossings did not give them sufficient time to get across. In Japan, Mizohata 
(1990) examined walking speed of those aged over 75 years in relation to green-light time 
of pedestrian signals for different road types and widths, and found that crossing times 
were inadequate for nearly half of the older pedestrians crossing a 40 m eight-lane road. In 
their interviews with 178 pedestrians at five intersections in Miami Beach, USA, Guerrier 
and Jolibois (1998) noted that most pedestrians (75%) reported not encountering any 
difficulties while crossing, however, older pedestrians (particularly those with reported 
walking problems) reported significantly more difficulties than their younger counterparts, 
including short signal phases, drivers preventing them from crossing and excessive traffic.  

This is a sensitive issue for traffic planning, where capacity of vehicular traffic flow is 
important. While a longer walk cycle time would accommodate slower walking speeds of 
older pedestrians, it is argued that this would impose delays on motorists. 

3.5.4 Road width 

The width of roads contributes to crash risk. Wide, multi-lane roads are especially 
hazardous for older pedestrians, possibly due to their slower walking speeds and 
diminished abilities to handle complex traffic conditions (Zegeer et al., 1993; Oxley et al., 
1997; Oxley, 2000). Zegeer et al. found that older adult pedestrians had high proportions of 
crashes on roadways with four or more lanes (27-29%) compared to younger adult 
pedestrians (7-22%).  

A number of studies have shown that narrow cycle lanes are less safe than wider lanes for 
cyclists. Crash risk increases if more departures onto the traffic lane are made (departures 
can be due to loss of control or overtaking manoeuvres) (CROW, 1993; Herrstedt et al., 
1994). Current design standards for cycle path widths may not cater for older cyclists. 
Northern European countries generally recommend one-direction cycle lane widths of 
between 1 m and 1.4 m to accommodate cycle operating space at average speeds. In the 
USA, the width recommended by AASHTO for bicycle path facilities is between 1.2 m and 
1.8 m and recommended design speed is 32 km/h, even though the average cycling speed 
has been shown to be around 16-19 km/h for young adult cyclists and between 12-14 km/h 
for older cyclists (Allen et al., 1998).  

3.5.5 Surfaces of roads and footpaths  

Many surveys of older pedestrians and cyclists note the problems associated with surfaces 
of roads and footpaths (Morton, 1995; Fildes et al., 1994b; Oberg, Nilsson, Velin, 
Wretling, Bentman, Brundell-Freij, Hyden & Ståhl, 1996, Nyberg etal., 1996). The 
problems include absence of cycle paths and footpaths in rural areas, uneven paths and 
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road surface, narrow and poorly maintained paths, obstacles on the footpath in town 
centres, congestion caused by parked cars on the footpath and other footpath users, and 
poor lighting. 

The presence of a footpath clearly has a strong beneficial effect of reducing conflicts 
between pedestrians and vehicles. McMahon, Zegeer, Duncan, Knoblauch, Stewart and 
Khattak (2001) examined the factors contributing to ‘walking along roadway’ pedestrian 
crashes and noted that the likelihood of a site without a paved footpath being a crash site is 
88 percent higher than a site with a paved footpath. They also reported that narrower 
unpaved shoulders along with higher traffic volumes and speeds increase the likelihood 
that a pedestrian/vehicle conflict will occur. 

Morton (1995) noted that surveys show that about 3 million people a year in Britain are 
injured falling over on poorly maintained footpaths. This research also indicated that 55 
percent of elderly pedestrians experience problems with cracked pavements, 40 percent 
with heavy traffic on the pavement, 31 percent with uncleared snow and wet leaves, 29 
percent with cyclists on the footpath, and 27 percent with vehicles parked on the pavement. 
Swedish data also shows that the risk of falling or slipping is much greater among the 
elderly than among other age groups (children and adults). Elderly cyclists also have twice 
the risk of injury as adult cyclists and this risk is even greater when roads are covered in ice 
or snow. Oberg et al. (1996) and Oberg (1998) noted that, during winter, urban pedestrians 
in urban areas in Sweden face a six to eight times higher risk of injury on roads that are 
covered in ice or snow compared to pedestrian injury rates in summer. They found that 78 
percent of injured pedestrians and 42 percent of injured cyclists in incidents not involving a 
motor vehicle considered that the condition of the road or footpath surface was of 
significance. They also noted that the majority (70%) of pedestrian injuries in Linköping 
occurred in the winter. Likewise, Nyberg et al. (1996) noted that in nearly half of single 
bicycle crashes, defects in physical road surface conditions were contributing factors. Eck 
and Simpson (1996) examined pedestrian crashes or falls not involving a vehicle and 
pointed out the importance of surface condition to pedestrian safety, noting that slippery 
surfaces from ice or snow and surface holes or openings were especially problematic.  

Björnstig, Björnstig and Dahlgren (1997) noted that slipping on ice or snow during winter 
caused 3.5 injuries per 1000 inhabitants per year in the Umeå district, Sweden, with the 
injury rate being highest among older women (accounting for 34% of these injuries). The 
majority (85%) of injuries occurred when walking along the street. They also stated that 
the medical care costs that were incurred during winter by pedestrians slipping on ice and 
snow were almost equal to the combined medical care costs for all other traffic injuries that 
occurred at this time. Older people were more likely to sustain a fracture from the fall than 
younger people. Older women had the highest proportion of fractures (68%), with most 
fracturing upper extremities.   

3.6 SUMMARY OF THE PROBLEM AND CAUSAL FACTORS 

It is clear that the issues of vulnerability and frailty are major contributing factors for 
pedestrians and cyclists, but particularly so for older road users. Increased frailty can 
explain much of the over-representation in serious injury and fatal crashes of older road 
users. Once involved in a crash, older pedestrians and cyclists are much more likely to 
sustain a severe injury or die than a younger pedestrian or cyclist. 
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There is evidence to suggest that older road users are more cautious and conservative than 
younger road users, and many adjust their behaviour in traffic to accommodate age-related 
changes. There is also evidence, however, that behaviour and associated declining 
functional skills of some older adults increase their risk of collision. Observations of the 
behaviour of older pedestrians and cyclists give some indication that some older adults 
(particularly the oldest and slowest ones) experience difficulty in certain traffic situations 
and this has been attributed to a range of functional declines, particularly poor vision, 
declining perceptual and cognitive skills, and reduced physical skills. There are also some 
medical conditions such as visual impairments, cardiovascular and cerebro-vascular 
diseases, cognitive diseases and physical conditions that can further affect crash risk.  

In addition, the design of vehicles, particularly frontal structures, contributes largely to the 
severity of injuries sustained in pedestrian-vehicle and cyclist-vehicle crashes. Large four-
wheel-drive, vans, and sports utility vehicles (especially those fitted with metal bull-bars) 
are particularly aggressive towards vulnerable road users. Even the overall frontal shapes 
of passenger vehicles can contribute to severe limb, pelvis and head injuries for pedestrians 
and cyclists.  

Lastly, the road infrastructure, environment and traffic conditions are thought to be some 
of the most important factors determining crash and injury risk. In most countries, the road 
network is designed primarily for car use, with consequences for the safety of vulnerable 
road users. Dominant attitudes by drivers, aggressiveness and fast speeds of vehicles in 
areas of high pedestrian and cyclist activity greatly increase the potential for crashes and, 
more importantly, the injury consequences once a collision occurs. Moreover, older 
pedestrians and cyclists appear to experience problems in situations that demand efficient 
cognitive processing, fast responses and quick actions. Given their functional limitations, 
many do not cope well in complex road environments and traffic such as intersections, 
multi-laned roads, fast moving traffic, crossing facilities that do not allow enough time for 
slow walkers, poorly placed and maintained bicycle paths, uneven footpaths and other 
footpath users, poor road surface conditions, and poor lighting.  
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4 COUNTERMEASURES – IDENTIFICATION AND 
EFFECTIVENESS 

This Chapter presents the identified measures that aim to improve the safety of older 
pedestrians and cyclists. It has been argued that most of the road safety benefits for 
pedestrians and cyclists have arisen from other, unrelated systematic improvements to the 
road, the road environment, vehicle design and initiatives targeting high-risk driver 
behaviours such as speeding and drink-driving (e.g., Corben & Diamantopoulou, 1996; 
McLean, 1996). There are, however, a number of specific countermeasures that are aimed 
at cyclist and pedestrian safety and these fall into three broad categories: behavioural and 
educational measures, infrastructure and road design improvements, and vehicle design 
improvements. Each of these groups of measures can have a positive influence on traffic 
participation, crash involvement, and/or injury severity.  

Some initiatives aim to improve the safety of all aged pedestrians and cyclists, while others 
target older road users. It should be noted at the outset, that it is possible that some 
countermeasures targeting one group of road user may be detrimental to another group and 
a balance between these effects needs to be considered. The OECD (2001) pointed out that 
improving facilities for particular groups of road users is not a straightforward task, given 
the complexity of the transport system, and the needs of groups with special needs. They 
pointed out that, for example, providing kerb ramps for older pedestrians with physical 
limitations may adversely affect visually impaired pedestrians who use kerbs as a guide).  

Another example of a possible mismatch between the needs of road user groups was raised 
by Wouters, Slop, Lindeijer, Kuiken and Loendersloot (1995). They noted that there has 
been some criticism of the current Dutch strategy to aim for a ‘sustainably safe’ 
infrastructure, particularly in terms of the provisions for cyclists. For example, treatments 
such as speed humps may act to slow vehicles, thereby generally improving safety for 
pedestrians and cyclists, however, may cause difficulties for older cyclists who have 
problems balancing and controlling a bicycle. They argued that there may be many 
situations requiring adaptation to road design applications to better suit the elderly road 
user and pointed out that facilities that may increase safety for some, such as speed humps 
with deflected cycle passage, the axis deviation and the intersection plateau should be 
critically re-examined for possible risk to older cyclists.  

In contrast, some facilities that can accommodate older road users may be unsafe for 
younger road users. For example, Hagenzieker (1996) noted that the provision of two-
staged left-turn facilities for cyclists at intersections is easier and considered to be safer 
than turning left diagonally and is suited to older cyclists who experience difficulty 
performing complex manoeuvres. However, observational studies (Twisk & Hagenzieker, 
1993) demonstrated behavioural changes in younger cyclists in that they do not use these 
facilities and turn diagonally anyway. When groups do not use facilities as intended, unsafe 
rather than safe situations might result. Another example is the provision of longer walk 
phases for older pedestrians. These facilities may result in increased waiting times for other 
road users with the possible consequence of impatient road users running red lights and 
creating unsafe situations. 

Notwithstanding these issues, it is generally agreed that behavioural and educational 
programs, vehicle design changes and road improvements that target older road users will 
assist all aged road users. Although much of the literature does not specify the safety 
effects for older pedestrians, given that older pedestrians make up a large proportion of all 
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pedestrian fatalities and serious injury crashes, it may be considered that the safety of this 
groups would benefit from the majority of these measures.  

First, some innovative concepts are discussed in terms of the implications for vulnerable 
road users. Following this, all identified measures are presented in this chapter under the 
broad headings of behavioural and educational programs and enforcement, vehicle design 
improvements, and infrastructure and road design improvements. Where applicable, the 
effectiveness of measures is also discussed. 

4.1 STRATEGIES AND POLICIES – THE IMPLICATIONS FOR 
VULNERABLE ROAD USERS 

Many road safety strategies and government policies emphasise the vulnerability of 
particular road user groups such as pedestrians and cyclists and stress the need to improve 
their safety and aim to address their safety with a balanced and comprehensive use of 
multiple treatments, rather than with isolated measures. For example, the ETSC (1999) 
noted five key strategies for achieving a safe traffic system for pedestrians and cyclists that 
encompass both behavioural and engineering countermeasures: 

• Managing the traffic mix by separating different kinds of road user to eliminate 
conflicts where conditions are favourable to separation; 

• Creating safe conditions elsewhere for integrated use of road space, for example, 
through speed and traffic management, increased user and vehicle conspicuity, and 
vehicle engineering and technology; 

• Modifying the attitudes and behaviour of drivers of motor vehicles through 
information, training and the enforcement of traffic law; 

• Consulting and informing pedestrians and cyclists about the changes being made for 
their benefit, and encouraging them in steps that they can take to reduce their risk; 
and, 

• Mitigating the consequences of crashes through crash protective design and 
encouraging the use of protective equipment. 

The OECD (1998), too, outlined a number of recommendations for action for vulnerable 
(unprotected) road users, including: 

• Giving priority to vulnerable road users in planning the environment in built-up 
areas; 

• Reducing vehicle speeds and promoting traffic integration in built-up areas; 

• Making the road ‘legible’ and the traffic environment ‘forgiving’; and, 

• Improving the design of space for pedestrians and cyclists. 

In Australia, National and State Road Safety Strategies (ATSB, 2001; VicRoads, 2001) 
have recognised the need to pay special attention to road users who are particularly 
vulnerable to road crashes. They identify this group as comprising the young and the 
elderly, with special emphasis on pedestrians, bicyclists and motorcyclists. Apart from 
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identifying pedestrians aged over 70 years as a ‘high-risk’ group, these documents also 
stressed that making roads safer for pedestrians should be a high priority issue. 

However, an important point to make is that facilities for vulnerable road users, generally, 
are not automatically integrated in the planning for traffic and transport in most countries, 
whereas, those of car drivers are. This stems back to the 1960’s and 1970’s where car 
ownership increased rapidly and was therefore given priority over other modes in transport 
planning. One consequence of this is that the framework of safety policies has been to 
promote car use and consequently restricting the mobility of pedestrians and cyclists. 
Moreover, many road safety strategies have aimed at addressing large road safety issues 
such as speeding, drink driving and designing roads for the ‘average’ road user. While 
many also acknowledge the need to accommodate vulnerable road user groups such as 
older pedestrians and cyclists, less effort has been made to find innovative solutions to the 
problems that they face while using the road transport system. However, when one 
considers the argument that the community should not accept any deaths and serious 
injuries sustained in the roadway system (Tingvall, 1998), the safety of vulnerable road 
users should come to the forefront of any road safety program any effort to reduce the 
prevalence of injury crashes involving these road users should be encouraged. 

More recent policies have recognised the importance of other transport modes, particularly 
for travelling shorter distances, measures are being considered to increase mobility and 
safety of all road user groups. Nevertheless, priority is still given to motorists and many 
infrastructure and design features are not directed towards the safety and mobility needs of 
vulnerable road user groups. Wittink (2001b) argued that consideration of walking and 
cycling as a means of transport requires a change of thinking on the political level. 
Moreover, he argued that, if the safety and mobility of all groups are to be enhanced in an 
integrated way, a better balance in mobility and safety for all modes of transport must be 
created. 

Some European countries have adopted general philosophies that enhance community 
values and integrate roadways into communities and the environment and design roadways 
for specific purposes and address safety in a way that considers all users. In particular, the 
Swedish ‘Vision Zero’ and the Dutch ‘Sustainable Safety’ philosophies have received 
much attention world-wide. These philosophies include some ethical viewpoints that guide 
a broader view of what is to be done to reduce road trauma. 

4.1.1 Swedish Vision Zero 

The Swedish ‘Vision Zero’ concept is one that is receiving much attention world-wide as 
an innovative and effective philosophy to improve road safety for all road user groups. The 
‘Vision Zero’ framework aims to alter the road structure and associated rules of use so that 
no user will be exposed to mechanical forces above the threshold for producing serious 
injury.   

The SNRA has adopted the ‘Vision Zero’ philosophy, with the primary goal to ‘… ensure a 
socio-economically efficient transport system that is sustainable in the long term for 
individuals and industry throughout the country.’ To achieve this goal, five sub-goals have 
been identified, including high accessibility, high transport quality, a good fit in the 
environment, promotion of regional development and, most importantly, no fatalities or 
serious injuries (zero vision).  
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Sweden is widely recognised as a world leader in road safety, and often displays what is 
considered world’s best practice with regard to road safety and road trauma reduction.  
Since 1997, Sweden has based its road trauma reduction efforts on ‘Vision Zero’, a radical 
and ethically-based philosophy which holds a long term goal that ‘no-one will be killed or 
seriously injured within the Swedish road transport system’, provided they behave legally 
while using the system. A unique and driving force in ‘Vision Zero’ is the strong ethical 
foundation to the way in which the road transport system is designed and operates and one 
that accepts that humans will make errors (SNRA, 2002).  

A new philosophy towards road trauma reduction is vital to assist social change among 
those who design, operate and use the road transport system so that safe choices become 
easy choices, and health is no longer traded for mobility (Ministry of Transport and 
Communications 1997). ‘Vision Zero’ appears to offer such a philosophy, so its potential 
to strengthen road trauma reduction is high. 

The Vision centres around an explicit goal, and develops into a highly pragmatic and 
scientifically-based strategy which challenges the traditional approach to road safety. This 
means that mobility and safety cannot be traded against each other, and so mobility 
becomes a function of safety, not vice versa. Speed must be limited to a level 
commensurate with the inherent safety of the road system, which is a true paradigm shift 
and contrasts to the more conventional approaches, where human life, mobility and other 
impacts are valued in financial terms and compared with each other. Speed limits within 
the road transport system should be determined by the technical standard of vehicles and 
roads so as not to exceed the level of violence that the human body can tolerate. The safer 
the roads and vehicles, the higher the speed that can be accepted. 

Whilst the philosophy acknowledges that it may never be possible to achieve the ultimate 
goal of zero deaths or serious injuries, only by striving for this vision will the energy 
needed for action and innovation be generated. More importantly, Wittink (2001a) noted 
that safe bicycling has been put high on the agenda recently in Sweden. The SNRA 
recently launched a new strategy under the ‘Vision Zero’ philosophy to promote safe 
cycling and some municipalities are developing programs. For example, Gävle and 
Trollhättan have developed their own strategy to promote safe cycling.  

4.1.2 Dutch Sustainable safety 

The Dutch concept of ‘Sustainable Safety’ is similar to the approach taken in Sweden. It is 
based on the idea that humans are the reference standard. Humans are capable of many 
things, but traffic makes heavy demands and humans make mistakes. The transport system 
therefore needs to be adapted to humans so that they can behave safely, one that is adapted 
to the limitations of human capacity through proper road design, vehicles fitted with ways 
to simplify the task and constructed to protect occupants, and a road user who is adequately 
educated, informed and (where necessary) controlled (Wegman, 1995; Kraay, 999). In 
essence, the concept first aims to drastically reduce the probability of crashes in advance 
by means of infrastructure design and, where crashes still occur, the second aim is to 
influence the process that determines severity of crashes so that serious injury is virtually 
excluded (Kraay, 1999). It sets out three main requirements for road infrastructure, namely: 

1. Functionality: the traffic will be distributed over the road network, 

2. Homogeneity: there will be small speed and mass differences between transport 
modes that can collide, and 
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3. Recognition: traffic situations are, to a great extent, predictable, so that road users 
know what behaviour is expected of them and of other road users. 

Within these main requirements are some additional requirements. For functionality, it is 
specified that i) streets and roads have a neatly appointed function, as a result of which 
improper use is prevented; ii) minimal parts of the trip should be taken along relatively 
unsafe roads, iii) trips should be as short as possible, and iv) the shortest and safest routes 
must coincide.  

For recognition and predictability, it is specified that i) the necessity to search for a 
destination should be avoided, ii) road categories should be recognisable, and iii) the 
number of traffic solutions should be limited and consistent.  

For homogeneity, it is specified that i) conflicts with oncoming traffic should be avoided, 
ii) conflicts with traffic crossing the road should be avoided, iii) vehicle types should be 
separated, iv) speeds should be reduced at potential points of conflict, and v) obstacles 
along the carriageway should be avoided. 

The philosophy makes the distinction between road function, noting that, when roads have 
multiple functions, risk of collision increases. Therefore, in a sustainable-safe road 
network, each road and each street only has one function. Together, then, four types of 
road make up the road network. These include through roads, distributor roads, access 
roads and residential roads and each provide varying degrees of facilities for pedestrians 
and cyclists. For example, urban distributor roads (or through-roads) separate traffic 
directions by use of an unbroken line and usually provide a separate cycle path or cycle 
lane with a minimum width of 1.5 m. Places where cyclists and pedestrians can cross over 
are shaped like a cross-road and the speed limit at these locations is no more than 30 km/h.  

4.2 BEHAVIOUR AND EDUCATION PROGRAMS 

Behavioural and educational programs encompass initiatives such as those that promote 
safe traffic participation, those that increase awareness of limitations and adoption of 
appropriate compensation, those that target driver awareness of the vulnerability of older 
road users and the effect of high speed on injury severity, and those that promote the use of 
protective devices such as bicycle helmets. 

In the past, the effectiveness of behaviour training and educative awareness programs has 
been questioned, many believing that they have limited success for older adults because of 
supposed difficulties in getting older people to respond to educational campaigns, to learn 
new strategies and to change habits they have developed over many years. Recently, 
however, it has been argued that, as behavioural factors play a large role in traffic safety, 
more effort should be placed on intervention programs aimed at altering human behaviour 
and attitudes (Evans, 1991). Indeed, many campaigns to promote safe practices such as 
seat-belt wearing, helmet-wearing, reduce drink driving and reduce speeding have met with 
success in many countries, albeit through long-term campaigns. Moreover, findings from 
experimental studies indicate that, with practice, the performance of older adults can 
improve considerably and there is evidence that awareness and educative tools are 
beneficial for older adults (Fisk & Rogers, 1991; Triggs et al., 1994). Indeed, older driver 
safety awareness and educative tools are now used widely throughout the world.  
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In their discussion of the process of loss of function with ageing, Wouters and Welleman 
(1988) suggested that there are three main issues that need to be addressed in any 
behavioural countermeasure that is proposed for older road users. These are: 

• Loss of function should be slowed down as much as possible and routine should be 
continued, 

• Where it is no longer possible to retard loss of function, compensatory behaviour 
should be reinforced, and 

• When the possibilities of compensating for and halting loss of function and routine 
have been exhausted, the vulnerability of the elderly demands that certain situations 
should be adapted or that exposure to such situations should be avoided. 

4.2.1 Promoting safe cycling and walking 

In recent years, the EU policy has been to promote alternative modes of transport, 
particularly walking and cycling and some EU member States (e.g., the Netherlands, 
Denmark) have set numerical targets. For instance, the Danish national traffic plan ‘Traffic 
2005’ declares that 4 percent of the total car traffic should be converted into cycling and 
walking by the year 2005 (Danish Government, 1993; ETSC, 1999). The Dutch 
government also aims at restricting car use and reducing it by 35 percent from its level in 
1986 by the year 2010 by achieving a 30 percent increase in the number of kilometres 
cycled, a 20 percent decrease in travelling time for cyclists to major facilities, a travel time 
on journeys up to 5 km not exceeding that by car, and a 50 percent increase in commuting 
by cycle (Wegman, et al., 1992; ETSC, 1999). Finland, too, has designed a program on 
cycling policy with the aim to double the cycling mileage in relation to the volume of all 
trips travelled and reducing bicycle crashes resulting in fatal casualties into one half of the 
1989 level (Ministry of Transport and Communications, 1993; Ojajärvi, 1995).  

The EU Transport Research Directorate has commissioned several studies that aimed to 
identify measures that could be used to promote mobility and safety of pedestrians and 
cyclists and replace short car trips with cycling and walking. These projects are the 
PROMISING, WALCYNG and ADONIS projects (see Wittink, 2001; and Dijkstra, Levelt, 
Tomsen, Thorson, Severen, Vansevenant, Nilsson, Jørgensen, la Cour Lund & Laursen, 
1998; for overviews of each project). These projects collected and adapted many 
innovative concepts derived from measures implemented in various EU countries. For 
example, the ADONIS program provides information that is useful for planner, policy-
makers, traffic managers and administrators to improve road safety and the urban 
environment and the results from research are published in reports covering the following 
issues: i) best practice to promote cycling and walking; ii) behavioural factors affecting 
modal choice; iii) qualitative analysis of cyclist and pedestrian crash factors; and iv) how to 
substitute short car trips by cycling and walking. The best-practice catalogue includes some 
71 technical measures and 31 non-technical measures to provide facilities for pedestrians 
and cyclists.  

Based on the results from the ADONIS program’s behaviour factors affecting modal 
choice component, (an attitude survey and travel survey of 354 participants in Amsterdam, 
Barcelona and Copenhagen), Forward (1998) suggested a number of measures with the aim 
of substituting short car trips by walking and cycling. To encourage walking, the 
suggestions were:  
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• Ensure that different amenities can easily be reached by foot, 

• Provide and maintain adequate lighting in public areas, 

• Improve home delivery services, 

• Introduce traffic-calming in areas with mixed traffic, and 

• Increase the number of car-free areas. 

For cyclists, the suggestions were: 

• Develop a road infrastructure that gives higher priority to cyclists, 

• Promote cycling as a convenient, efficient and environmentally friendly mode of 
transport, 

• Provide bicycles at places of work, 

• Provide city bicycles free of charge, 

• Introduce ‘call-a-car’ schemes, 

• Improve home delivery services, 

• Introduce new types of cycle racks and storage systems,  

• Increase the number of parking places for cycles and decrease the number of parking 
places for cars,  

• Introduce bicycle registration programs, and 

• Make people aware of their own contribution towards the creation of a sustainable 
society.  

Other European countries have established their own programs to promote cycling and 
walking. In Britain, the Department of Transport has introduced the ‘Cycle Route Program’ 
(Department of Transport, 1995), the Dutch have introduced the ‘Bicycle Master Plan’ 
(Wegman et al., 1992), and the Swiss have implemented the ‘Pedestrian Plan of Geneva’ 
(see Dijkstra et al., 1998).  

It should, however, be stressed that policies aimed at promoting particular modes of 
transport and enhancing mobility of particular groups should also take into account their 
safety, however, proposals to increase safety are few. Many of the measures proposed in 
these programs aim to promote walking and cycling irrespective of the safety 
consequences. Indeed, Wittink (2001b) argued that the safety problems of pedestrians and 
cyclists have a direct relationship with the absence of a mobility policy. Moreover, the 
position of older pedestrians and cyclists vis-à-vis these policies are not discussed. The 
exceptions include the Dutch initiative, the Bicycle Master Plan, with the stated aims of 
‘not only to promote the use of the bicycle, but at the same time, increase the safety and 
appeal of bicycle use’. The Finnish policy also states that the safety of cycling is a main 
priority. 
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Changing attitudes of dominance of the car, promotion of safe cycling and walking as a 
healthy alternative mode of transport, specialised training programs, gaining experience of 
cycling while still driving, and raising awareness of the effect of behaviour in traffic are 
some of the ways that safety can be improved for older pedestrians and cyclists. 

4.2.2 Pedestrian and cyclist awareness and education initiatives 

Given that unsafe behaviour and actions are thought to increase crash risk, educational 
measures that aim to correct or modify unsafe behaviour have been suggested. Those that 
support awareness, training and education initiatives argue that pedestrians and cyclists 
themselves need to be educated and encouraged to take steps that are open to them to 
reduce their exposure to risk, such as identification of age-related functional declines, 
maintaining function and practice of appropriate behaviour to compensate for these 
limitations, updating knowledge of road regulations, wearing clothing and devices that 
increase their conspicuity to drivers, making eye contact with drivers, and cyclists wearing 
helmets (Dewar, 1995; Hagenzieker, 1996; Zegeer et al., 1993).  Zegeer at al. (1993) also 
recommended enforcement as an additional tool to reinforce safe traffic behaviour and 
suggested that successful enforcement campaigns include a public educational component 
that is aimed at both pedestrians and drivers.  High crash-risk areas or times, such as 
intersections close to where the elderly are found (community centres, shopping centres, 
recreational venues), might be targeted.  In addition, traffic regulations, such as those that 
prohibit car parking within a certain distance of crossings may increase pedestrian safety 
by eliminating visual obstructions caused by stationary cars. While such educational and 
training programs have been suggested and some implemented, very few have been 
evaluated (Duperrex, Bunn & Roberts, 2002), hence it is difficult to gauge their efficacy. 

One program in the USA is the ‘Walk Alert Pedestrian Safety’ program (National Safety 
Council, 1989). Key safety measures that are conveyed to older pedestrians in this program 
include: 

• Adoption of proper search behaviour – stopping and the kerb and looking for 
approaching and turning traffic, especially at pedestrian crossings and at 
intersections, 

• Visibility – wearing of bright clothes during the day and retro-reflective materials at 
night increase conspicuity, and being seen by moving out beyond parked cars to 
search for traffic before crossing, and 

• Understanding the meaning of the flashing ‘Don’t Walk’ sign. 

Blomberg and Cleven (1998) and Cleven and Blomberg (1998) reported on the impact of 
an older pedestrian information and education program in the USA, sponsored by NHTSA 
and FHWA and tested in Phoenix, Arizona and Chicago, Illinois. Using a ‘zoning’ method, 
mapping older pedestrian crashes (153 in total) that had occurred over a three-year period 
in Phoenix, Cleven and Blomberg identified six high-risk zones in which to target older 
pedestrians.  

The intervention program itself comprised a heavy educational and informational element 
that was coupled with an engineering component.  The educational element consisted of 
the distribution of flyers, posters, brochures and bumper stickers. Materials were available 
in senior citizens centres, motor vehicle offices and police stations. Public service 
announcements were made via radio, television and newspapers, and information was 
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printed on bus cards.  For the engineering component, crosswalks were repaired and 
repainted, faulty traffic signal timing at crosswalks was rectified, and visual obstructions at 
crossing areas were removed. In addition, signs were posted near signalised crossings that 
explained the ‘Walk’, ‘Don’t Walk’ and flashing ‘Don’t Walk’ pedestrian signals.  

The program evaluation was undertaken in Phoenix to measure knowledge gains and 
exposure to the project countermeasures. Crash data for the four years prior to 
implementation of the program (1988 to 1991) and four years throughout the program 
(1992 to 1995) were compared. In addition, survey data were collected in ten separate 
waves – the first three waves provided baseline data and the data obtained from the 
remaining seven waves were used to evaluate the effectiveness of the intervention. While 
the overall population and pedestrian crashes increased over the study period (10% 
increase), older adult pedestrian crashes decreased by 14 percent, mainly due to a 46 
percent decrease within the targeted zones and significant decreases in crashes at 
intersections. The survey also showed that older residents were aware of the 
countermeasure program and this awareness increased as the study progressed (from 9% at 
commencement to 34% in the final study survey). Flyers (in the form of a door hanger) 
were reported to be the primary source of education information received by the 
respondent (45% of respondents reported this as the major source of information). Other 
important sources of information included newspapers (20%), television (19%), pamphlets 
(7%) and radio (4%).  

In addition, benefits associated with the ‘zone’ method included the efficient identification 
of the highest at-risk areas for elderly pedestrian crashes and implementing the 
countermeasures in a smaller but appropriate area. This enabled scarce financial resources 
to be targeted to problem areas, thus returning maximum results. For instance, the 
educational component of this intervention program in the high-risk zones cost $24,000. 
Had this education campaign been implemented in the city of Phoenix in general, it would 
have cost in excess of $250,000.   

The State of Victoria in Australia introduced a ‘Walk-With-Care’ program in the early 
1990’s to address some older pedestrian crash issues. The program combines educational, 
promotional and engineering countermeasures in an effort to reduce the frequency and 
severity of older pedestrian crashes, with the support of local government. While an 
evaluation of content and delivery has been undertaken, no evaluation in terms of road 
safety countermeasures has been attempted (Kent & Fildes, 1997). 

4.2.2.1 Improved visibility 

Many education and awareness programs address the issue of visibility and encourage 
older pedestrians and cyclists to make themselves more conspicuous to drivers by wearing 
light coloured clothing and/or lights on bicycles. Visibility aids such as reflective garments 
enhance the conspicuity of pedestrians and cyclists, thus attracting the driver’s attention to 
their presence (Osberg, Stiles & Asare, 1998; Yeates, 2001b). In addition, fitting of front 
and rear lights on bicycles can increase visibility to drivers and reduce the potential for 
collision. In Denmark, legislation was passed in 1998 requiring lamps on bicycles to be 
visible at a distance on 300 m and fitting of front, rear and wheel reflectors (ETSC, 1999).   

Osberg et al. (1998) evaluated the safety behaviour of cyclists in Paris, France and Boston, 
USA noted that the use of lights for night-time riding provides the possibility of preventing 
both vehicle-related and non-vehicle-related bicycle crashes by enabling cyclists to avoid 
potholes and ‘road debris’ and, by making the person more visible, may give sufficient 
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warning so that drivers can reduce their speed in the event of a potential collision. In 
general, they found that older Parisian cyclists (aged 51 years and over) were more likely 
than younger Parisian cyclists (aged 18 to 50 years old) to have working lights  (79% vs. 
15%). In Boston, there were too few elderly cyclists out at night to permit any meaningful 
analysis. Swedish data found that, in 1998, 64 percent of cyclists used lights, while 30 
percent used both lights and reflectors (SNRA, 1998).   

Kwan and Mapstone (2004) reviewed the experimental literature that has assessed the 
effectiveness of visibility aids on pedestrian and cyclist safety and on driver’s responses in 
detection and recognition of these road users. For day-time visibility, the majority of trials 
found improvement of driver’s detection and recognition distance with fluorescent colours, 
particularly yellow, red and orange with one trial demonstrating the white also yielded 
higher detection frequency when compared with grey and black colours. For night-time 
visibility, 25 trials were reviewed and generally found that the use of visibility aids at night 
shortened driver’s reaction time, and enhanced driver’s detection and recognition. 
Visibility aids included retro-reflective coloured vets, flashlights held by pedestrians, leg 
lamp on cyclists, lamps and flashing lights mounted on bicycles, clothing with retro-
reflective colours (red and yellow being the most effective), reflective tyres on bicycles and 
‘bio-motion’ markings. Similarly, Wittink (2001a) suggested fitting of more efficient lights 
to bicycles to improve cycle visibility.   

Yeates (2001b) states that when buying bicycle lights, cyclists need to consider the areas in 
which they will be riding and suggested that brighter lights may not be necessary when 
travelling along city streets. In addition, he noted that the lights must also be capable of 
‘efficient light distribution’, as narrow, focused beams do not provide sufficient peripheral 
light and make turning corners difficult due to a lack of general illumination. 

4.2.2.2 Measures to avoid falling 

There are some measures that elderly pedestrians can take to avoid tripping or falling while 
walking, particularly in winter when roads and footpaths can be slippery. Björnstig et al. 
(1997) made some suggestions for personal protection include anti-slipping devices that 
are attached to the heel of outdoor shoes, padding to be worn by older women around the 
hips to prevent femur fractures, and some form of wrist protection.   

Gard and Lundborg (2001) assessed the effectiveness of three anti-skid devices (toe, heel 
and full foot) that were fitted to shoes across several variables: safety, walking balance, 
time to put on, and ease of use. A sample of older adults tested these devices on five types 
of icy surfaces that are likely to be encountered in Sweden during winter: ice covered with 
sand; ice covered with gravel; ice covered with salt; ice with 3-5 mm of snow and 
uncovered ice. The results showed that the fixed heel device received the highest rating for 
walking safety and balance as well as for ease of use and time to attach the device. The 
whole foot device was rated as providing bad or no walking safety and balance. 

4.2.3 Driver awareness and education initiatives 

Drivers also should be educated about the needs of cyclists and pedestrians and the ways in 
which the road infrastructure can be modified to provide better facilities for vulnerable 
road users, requiring new patterns of driver behaviour, especially in respect of choice of 
route and choice of speed appropriate to each part of the chosen route. The ETSC (1999) 
suggested that training by driver instructors, the advice and information that drivers receive 
from user and safety organizations, and the influence exerted on them by enforcement 
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should all be reoriented to promote attitudes and behaviour based on higher priority for the 
safety of pedestrians and cyclists. They add that emphasis should be placed upon greater 
consideration of and compliance with traffic laws concerning speeding and giving way 
(these behaviours strongly influence pedestrian and cyclist safety). No programs, however, 
were found that aim to educate drivers. 

4.2.4 Measures to keep older drivers driving safely 

It is clear that, for the elderly, travelling by car is a much safer form of transport than 
walking or cycling and consideration should be given to initiatives that raise the awareness 
of the relative risks associated with modes of travel. Moreover, initiatives that address the 
issues of maintaining safe driving practices for as long as possible are worth considering.  
Many booklets, pamphlets, and programs have been developed that address this issue and a 
discussion of these is outside the scope of this review. Nevertheless, it is important to note 
that, as car travel is the safest mode, efforts should be directed to maintaining safe car 
travel by the elderly.  

Another good reason for encouraging older drivers to maintain driving is the finding that 
driving experience can affect the crash rate of older pedestrians. Nagayama and Yasida 
(1996) found that elderly pedestrians in Osaka, Japan, who do not have a driver’s license 
are 4 to 8 times more likely to be involved in a pedestrian crash. Fatality rates are also 
much higher amongst elderly non-license holders compared to those who do hold a license, 
with this effect being particularly noticeable for older women. They argued that license 
holders are more aware of the dangers facing them as pedestrians as well as having a 
greater cognizance of the factors, situations and types of behaviour that may result in car-
pedestrian crash involvement. Conversely, non-license-holders do not have this awareness.  

4.2.5 Helmet wearing 

While the effectiveness of bicycle helmets in reducing head injuries is debated world-wide, 
the protection offered by cycle helmets is crucial for all-aged cyclists because of the 
incidence and severe trauma associated with head injuries. Some regard bicycle helmets as 
a secondary safety intervention to road design (Mathieson, 1986), however, the published 
evidence clearly establishes that the use of bicycle helmets achieves substantial reductions 
in head, brain and facial injuries, (in the region of between 45 and 80%) and that the most 
efficacious method to increase helmet use is through legislation (Macpherson & Macarthur, 
2002). Further, helmets may serve as a reminder to the cyclist that they are engaged in a 
potentially dangerous activity requiring caution (Osberg et al., 1998). Fortunately, the 
attitudes of road users and decision-makers are changing towards a more safe direction in 
terms of helmet wearing.  

4.2 5.1 Helmet design 

Bicycle helmets are designed to protect the head from impact injury in the event of a crash. 
Helmets are generally one of three types: hard-shell; micro-shell and no-shell (also 
sometimes referred to as soft-shell). The hard shell and micro-shell helmets comprise a 
hard outer shell and an inner foam layer while the no-shell variety is composed entirely of 
foam.  Helmets protect the head by shielding it from abrasions and penetration injuries and 
diffusing the force of the impact over a large area.  In addition, the foam layer absorbs as 
much of the impact energy (or deceleration force) as possible to prevent it from being 
transmitted to the head.  In the process, the foam itself is crushed and destroyed 
(Henderson, 1995). Any remaining, unabsorbed energy that reaches the head may result in 
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brain damage or scalp fractures (Ching, Thompson, Thompson, Thomas, Chilcott & 
Rivara, 1997).   

In several studies that have assessed the performance levels of the different models of 
helmets, it has been found that the micro-shell and foam-shell varieties absorb and diffuse 
impact energy better than the older hard-shell models (Williams, 1991; Cameron, Finch & 
Vulcan, 1994).  Other research has found that no-shell (foam only) bicycle helmets have a 
propensity to ‘grab’ the asphalt surface of the road during impact instead of sliding over it, 
and this in turn increases the transmission of rotational acceleration forces to the head 
(Andersson, Larsson and Sandberg, 1993). Rotational acceleration forces are regarded as 
being more dangerous than translational acceleration forces and are associated with brain 
injury (Henderson, 1995; Curnow, 2003).  

In addition, it is important that helmets have good retention systems (clasps and straps) to 
ensure that the helmet remains on the head during impact.  Should the helmet come off 
during a crash, the cyclist faces a three-fold risk of head injury (Rivara, Astley, Clarren, 
Thompson & Thompson, 1999). However, there have been tragic reports of young children 
being hanged by their bicycle helmet straps whilst playing on playground equipment 
(approximately 9 cases) because they could not undo their helmets (Andersson, Larsson & 
Sandberg, 1993). It has been suggested, therefore, that it may be necessary to incorporate a 
self-release mechanism into the design of helmet straps. The draft European Helmet 
Standards state that chin-straps should self-release at force levels between 60N and 90N for 
children. 

However, before helmets will be worn it is also important that they are acceptable to 
consumers. Research has indicated that while many cyclists rate safety concerns as being 
the most salient reason for wearing helmets (e.g., Rodgers, 1995), they also would like 
helmets that are comfortable (Finnoff, Laskowski, Altman & Diehl, 2001), lightweight, and 
smaller rather than bigger in size (Loubeau, 2000). The appearance of the helmet is also 
important, particularly for adolescents (Finch, Ferla, Chin, Maloney & Abeysiri, 1994). 

4.2.5.2 Helmet Performance 

Some countries (such as Australia and New Zealand) have established helmet accreditation 
standards (stringent minimum safety criteria that helmets must conform to) before they can 
be sold. These tests may include impact tests, vertical drop tests, penetration resistance 
tests, and dynamic retention tests, although there are international variations as to which 
tests are deemed necessary (Henderson, 1995). In addition, a number of crash 
reconstruction studies have been undertaken to assess the protective ability of helmets as 
well as to maintain uniformity of performance, These studies, generally measure the 
protective function of helmets in terms of the estimated reduction of the risk of injury or 
death that is attained through wearing them (Henderson, 1995) and they return a range of 
estimates of risk reduction.   

At the conservative end of the spectrum, a meta-analysis found that helmets reduced the 
risk of head injury by about 45 percent (Attewell, Glase & McFadden, 2001), while other 
studies have reported risk reduction estimates as high as 85 percent for head injury and 88 
percent for brain injury (Thompson, Rivara & Thompson, 1989).  In a later study, 
Thompson, Rivara and Thompson (1996) made several methodological improvements to 
their 1989 study cited above – namely, a larger sample size (3,390 injured cyclists), the 
inclusion of bicycle-vehicle collisions and cyclists who sustained serious brain injury as 
well as those who later died as a result of their head injuries. Once again, bicycle helmets 
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were found to provide very high protection: 74 percent risk reduction for serious head 
injury, 69 percent for any head injury and 65 percent for brain injury. In addition, helmets 
were equally effective in providing protection to the cyclist in bicycle-vehicle collisions as 
well as those that involved non-vehicular crashes. 

An Australian study, using a sample of 445 children under the age of 15 who had received 
bicycle-related injuries, found that wearing helmets reduced head injury. After controlling 
for confounding variables such as gender, age, crash severity and the involvement of 
vehicles, it was calculated that helmet use was associated with a 63 percent reduction in the 
risk of upper head injury of and an 86 percent reduction in the risk of loss of consciousness 
(Thomas, Acton, Nixon, Battistutta, Pitt & Clark, 1994). 

Results from a meta-analysis of 16 studies that investigated the efficacy of bicycle helmets 
in reducing the risk of head, brain, face and fatal injuries indicate that helmets offer 
substantial protection for all of these types of injuries. The risk reduction estimate for head 
injury was calculated to be 45 percent, for brain injury it was 33 percent, facial injury 27 
percent, and fatalities, 29 percent. In addition, these results were found to apply regardless 
of the age of the cyclist, the severity of the collision or whether cars were involved 
(Attewell, Glase & McFadden, 2001). 

In those instances where helmets fail to provide protection during impact, it is thought that 
that the helmets were not worn properly (wrong placement on the head or with the straps 
unfastened), came off during the collision, were faulty, (Williams, 1991) or cyclists had ill-
fitting helmets (Rivara, Astley, Clarren, Thompson & Thompson, 1999). Rivara et al. 
(1999) calculated that wearing the helmet tilted back on the head (a common form of 
misuse) left the (child) cyclist open to a 52 percent increased risk of head injury in 
comparison to cyclists who wore their helmets correctly. Cyclists whose helmets did not fit 
properly faced approximately double the head injury risk of those whose helmets were the 
correct size. 

4.2.5.3 Helmet use and injury reduction 

A number of studies have evaluated the impact of the increased helmet use emanating from 
mandatory helmet legislation on both the number and severity of bicycle-related injuries.  
These studies usually use injury figures obtained from several official sources, such as 
insurance claims, various hospital databases, or police records. 

In the USA, Schulman, Sacks and Provenzano (2002) estimated that approximately 327 
fatal, 6,900 hospitalised and 100,000 emergency department cases of bicycle-related head 
injuries could have been avoided in 1997 with universal use of bicycle helmets. They also 
estimated that these preventable cases were associated with more than US$81 million in 
direct and US$2.3 billion in indirect health costs (these costs do not include economic 
valuation for lost leisure time, pain, and suffering).  

Research conducted in Victoria, Australia has closely monitored the impact of legislation 
on helmet wearing rates by measuring helmet use in the years preceding the 
implementation of the laws as well as in the years following legislation (Cameron et al., 
1994). Prior to the laws being passed, a widespread multi-faceted helmet promotion 
campaign was undertaken, using education, helmet discounts and the mass media.  Helmet 
wearing rates for adult cyclists aged 18 years and over in metropolitan Melbourne, showed 
a small but steady increase from about 20 percent in 1988 to 36 percent in 1990 (pre-
legislation). This modest increase was thought to be a result of the non-legislative helmet 
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promotion campaign that preceded the helmet laws. After legislation came into force, adult 
helmet use rose sharply from it’s pre-law level to 74 percent in 1991 and then upwards 
again to 84 percent in 1992. Similarly, in NSW, Australia, helmet use amongst adults 
jumped from 26 percent (pre-law) to 83 percent two years post-law (Williams, 1995). 

Cameron et al. (1994) also investigated the impact of the helmet laws on insurance claims 
with the Transport Accident Commission (TAC) for cyclists who sustained head injuries or 
were killed in collisions with cars. As shown in Figure 8, in the first year after legislation 
there was a 48 percent reduction in claims for these two groups of cyclist injuries. In the 
second year post-law, claims fell even further, resulting in a significant 70 percent 
reduction in claims for bicycle-related head injuries and fatalities. During the same period 
there was a smaller decline in the number of injured or killed cyclists who did not sustain 
head injuries (23% in the first year post-law and 28% in the second post-law year).  
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Figure 8:  Severe bicyclist casualties in Victoria registered with the Transport 
Accident Commission: July 1981-June 1992 

Source: MUARC 

Cameron et al., (1994) attribute this reduction in head injured cyclists to two factors: the 
increased helmet use created by the law, and also to lower levels of cycling amongst 
children. (There was a 36% reduction in the number of children who rode their bicycles, 
although adult bicycle use rose by 44%). 

Similarly, Carr, Skalova and Cameron (1995) also noted a reduction in head injuries 
amongst hospitalised cyclists four years after the introduction of a mandatory helmet use in 
Victoria, Australia. They estimated a 39.5 percent decrease in head injuries, and suggested 
that this reduction was a consequence of the helmet law (rather than trends already in 
progress). In addition, they found a 40 percent reduction in serious head injuries and a 46 
percent decrease in collisions that involved vehicles and cyclists. There was no reduction in 
those cyclists who sustained ‘critical’ head injuries. In NSW, too, the number of hospital 
discharges and transferrals for injured adult cyclists declined by 29 percent after helmet 
legislation (Williams, 1995). 

In New Zealand, following the introduction of mandatory helmet legislation in 1994, 
Schuffham, Alsop, Cryer and Langley (2000) found a significant 19 percent reduction in 
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hospitalised bicycle-related head injuries for cyclists of all ages. Further, they calculated 
that 139 serious head injuries were prevented over the three years immediately following 
the law’s enactment. In another New Zealand study, Povey, Frith and Graham (1999) 
reported a 20 percent reduction in hospitalised head injured cyclists as a result of a 
collision with a vehicle, following the implementation of national helmet laws.  For non-
vehicular crashes the injury reduction was between 24 and 32 percent.   

4.2.5.4 Cost-effectiveness of helmets 

Society as a whole bears the cost of financially supporting injured cyclists (Miller, Romano 
& Spicer, 2000). The medical expenses associated with treating head injuries that result 
from bicycle crashes are substantial. The inclusion of other costs, such as lost productivity 
and lost quality of life, gives a further indication of the size of the problem, both to the 
individual and society as a whole. No studies were found that have estimated the cost-
benefit of helmet promotion programs or implementation of helmet legislation, amongst 
older cyclists. However, Thompson, Thompson, Rivara, and Salazar (1993) calculated that 
for a helmet subsidy program offering either a US$5 or US$10 helmet subsidy to be cost-
effective, helmet-wearing rates of 40 to 50 percent would need to be achieved. Using a 
hypothetical cohort of 100,000 children, the researchers estimate that over a five-year 
period (assuming a wearing rate of 40 to 50% and a $5 or $10 helmet subsidy), there would 
be a saving of US$427,808 for reductions in bicycle-related head injuries and severe brain 
injuries.   

Hatziandreu, Sacks, Brown, Taylor, Rosenberg and Graham (1995) also indicate that 
higher helmet-wearing rates are required for helmet promotion programs to be cost-
effective. Thus, compared to either school-based or community-based helmet promotion 
programs, helmet legislation was deemed to be the most cost-effective, principally for the 
higher helmet use it fosters. They suggested that, in the long-term, the most cost-effective 
approach may be one that incorporates all three types of programs, as was done in 
Australia.  

4.3 VEHICLE DESIGN IMPROVEMENTS 

Since many pedestrian and cyclist serious injuries and deaths are the result of collisions 
with vehicles, improvements in crash protection should be achieved by changing vehicle 
design. It is argued that pedestrian protection features built into vehicles can be very 
effective in preventing serious and fatal injuries in impacts at moderate speeds.  

4.3.1 Frontal design 

Characteristics of frontal vehicle structures have a marked effect on the nature and severity 
of injuries sustained by pedestrians and cyclists struck by that vehicle. One area currently 
being addressed for pedestrian and cyclist protection internationally is the design of frontal 
structures of vehicles to effectively provide pedestrians and cyclists with ‘optimum’ crash 
conditions and it is argued that standards for pedestrian and cyclist-friendly car frontal 
structures and for under-run guards on larger vehicles are of utmost importance.  

Over the past three decades progress has been made in examining the causes of pedestrian 
injuries, the biomechanical mechanisms of pedestrian impact, and the development of test 
procedures for use in assessing the degree of pedestrian protection afforded by modern day 
vehicles. There are essentially three main groups that have influenced such work. These are 
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NHTSA in the USA, the European Enhanced Vehicle-Safety Committee (EEVC) and the 
International Standards Organisation (ISO). Many of the innovative vehicular 
countermeasures are currently being assessed using cadavers, computer simulations and 
various anatomical models e.g., free-flying head forms and lower limb forms, which are 
subjected to various types of crashes from all sorts of angles and there are assigned ratings 
to cars in terms of their ‘pedestrian injury potential’. The EEVC have proposed that, by the 
year 2010, all new vehicles should comply with the test specifications, and should these 
standards be accepted, it is expected that there would be a 20 percent reduction in 
pedestrian deaths. EEVC’s proposals on sub-system testing should have resulted in a 
European specification on pedestrian protection. It was estimated in 1993 that a net benefit 
of €1.6 million could be achieved in the EU over the lifetime of vehicles that comply with 
the technical specifications drafted. In 2003, there is no information whether this target has 
been achieved. 

Essentially, what has developed from the findings of these groups is the introduction of 
pedestrian component testing for all new cars in Europe, the USA, Japan and Australia. A 
set of component tests have been designed representing the three most important 
mechanisms of injury, namely i) lower leg against the bumper, ii) upper leg against the 
bonnet edge, and iii) head against the bonnet and top wing.  

Lower limb injuries, such as fractures and damage to knee ligaments, resulting from 
impacts with bumpers can be ameliorated somewhat by ensuring that bumpers are placed 
in positions that are lower than knee level. These lower bumper positions allow the thigh 
and shin bones to rotate together (rather than in opposite directions) upon impact thus 
reducing the lateral bending of the knee. Currently most car bumpers are made of plastic 
but immediately behind the bumper there is often a heavy cross member to provide vehicle 
and occupant protection. For pedestrians, the parts behind the bumper need to be moved 
back or the bumper needs moving forward so that the front face of the bumper will be able 
to crush about 5 to 7.5 cm in an impact with a pedestrian’s leg. To a certain extent, it is 
also possible to cover bumpers with some kind of material that would absorb some of the 
impact energy (Crandall, Bhalla & Madeley, 2002).   

The next contact is normally between the upper leg and/or the pelvis and the bonnet 
leading edge. Currently, most cars are too rigid in this area. To minimise the pedestrian 
impacts that occur to the front of the vehicle, it is recommended that the car bonnet be 
designed in such a way that it cushions the impact.  Detailed changes to the sheet metal 
bodywork of the bonnet edge are required to reduce stiffness and provide sufficient crash 
depth. This can be achieved by weakening or moving back the under-bonnet reinforcement 
to allow deformation of the outer skin.  

The final contact on the vehicle is normally that of the upper body and head striking the 
bonnet top, the area between the rear of the bonnet and the windscreen (the scuttle area), 
and the windscreen. The location of the head impact is dependent on pedestrian stature and 
motion, the position of impact and the size and shape of the vehicle. Impact with parts of 
the bonnet covering hard, unyielding engine parts result in serious head injury such as skull 
fractures and diffuse axonal injury. To minimize the severity of the impact, it is necessary 
for there to be a clearance space between the bonnet and the underlying engine parts, a 
crush depth of between 5 and 10 cm to allow sufficient deceleration of the head, and 
suitable bonnet strength (ETSC, 2002; Australian Federal Department of Transport, 1987). 
Crandall et al. (2002) added that it is possible to install a ‘pyrotechnic device’ that causes 
the bonnet to quickly rise during a crash thus creating the necessary space. Such a device 
would not interfere with the design lines of the car during normal operation.  In addition, 
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airbags placed near the hard structural pillars of the windscreen would cushion blows to the 
head at these impact points. 

In addition, Crandall et al. (2002) recommended supplemental vehicle modifications 
including sheathing windscreen wiper spindles and laminated windscreens and estimated 
that, with these countermeasures, head injuries that are sustained through contact with the 
front of vehicles travelling at speeds of 50 km/h could be reduced to a ‘minor’ status.   

There are some criticisms of the four pedestrian protection component tests (Janssen, 2001; 
Hobbs, 2001; Lawrence, 2001, all cited in ETSC, 2002). For example, the lower leg 
bumper test would lead to a situation where many of those saved from lower leg fractures 
should instead suffer serious knee joint injuries which are more important because these 
have a greater risk of permanent disability; the head impact test uses a head-form which 
represents an older child and does not represent the adult head meaning that this would 
provide inappropriate protection for the adult head and a third of the bonnet area would 
remain dangerous; and the introduction of a lower leg test which is not accompanied by a 
bonnet leading edge test requirement would likely increase femur and pelvic fractures. 

The ETSC (2002) noted that the pedestrian protection component tests performed in 
EuroNCAP since 1996 on new cars shows that all failed all four tests and most performed 
poorly and concluded that the car industry as a whole has not yet provided pedestrian 
protection on a voluntary basis. Moreover, there are currently no tests for cyclist protection 
and those used for pedestrian protection are not effective in assessing cyclist head 
protection (Maki et al., 2003). Maki et al. argued that the range defined for the area of head 
protection impact needs to be modified so as to include the front part of the vehicle roof.  

In Australia, a project is currently being undertaken by MUARC, in conjunction with a 
leading car manufacturer, which will examine pedestrian protection options on passenger 
vehicles and develop a design strategy to improve pedestrian protection. Specifically, this 
project will examine the pattern of real-world injuries to pedestrians, model pedestrian 
kinematics and injury outcomes, develop and undertake a crash test program to trial 
various design and countermeasure options to improve pedestrian protection, and estimate 
the potential societal Harm benefits of these options. As yet, no detailed results have been 
released. 

The frontal design of trucks could also be adapted to maximise the drivers’ field of view 
forward of the truck (Retting, 1993). Retting also suggested that retro-fitting mirrors on 
existing trucks that allow drivers to see the area in front of the truck cab as well as 
electronic technology to aid drivers in detection of pedestrians near the front of the truck 
might reduce the risk of truck/pedestrian collisions at intersections.   

All of the research and testing of vehicle frontal structures have focused on pedestrian 
injuries, however, the problems of cyclist injuries are not widely recognised. As early as 
1982, Ashton wrote a comprehensive overview of the type of injuries that pedestrians 
sustain in pedestrian-vehicle collisions and the type of design improvements that need to be 
made to reduce injury severity, but did not address cyclist injuries. The ECTS (1993) report 
on reducing traffic injuries through vehicle safety improvement acknowledges that 60 
percent of all pedestrian casualties are struck by the front of vehicle, yet only devotes 2 
pages (of 174) on pedestrian safety. There is no mention of cyclist safety.   
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4.3.2 Bull-bars  

In the past 10 years or so, there has been an increasing trend of large recreational vehicles, 
SUVs, mini-vans and four-wheel-drive vehicles in the vehicle fleet in the USA, Australasia 
and many northern European countries. Many of these vehicles are fitted with bull-bars 
that are rigid structures, offering no impact absorption protection for vulnerable road users. 
While it is generally acknowledged that these features impact negatively on pedestrian and 
cyclist safety (EEVC, 1996; Cameron, Newstead & Le, 1998; Newstead, Cameron & Le, 
2000), little is known about the crashworthiness of these structures and injury outcomes.  

The UK Department for Transport (2003) noted that some models of vehicles have been 
approved as meeting EC vehicle safety standards with bull-bars fitted and therefore the sale 
of these cannot be prevented. However, they also noted that the Vehicle Certification 
Agency (VCA) in Britain is already discouraging manufacturers from using design of bull-
bars which are aggressive and is working with them to approve better designs.  

Not all bull-bars pose the same risks to pedestrians and cyclists. Some manufacturers now 
produce bull-bars from plastic, or from composite metal/plastic materials. While tests in 
Europe and Australia show that these bull-bars are relatively soft and are a lower risk to 
pedestrian compared to both vehicles fitted with metal bull-bars and vehicles without bull-
bars (LTSA, 2003; UK Department for Transport, 2003), there is no clear evidence for this.  

EU Directives set out requirements for the external projections of vehicles and bans sharp 
edges on the exterior of vehicles and ‘ornaments’. Specifically, they require ‘the external 
surface of vehicles shall not exhibit, directed outwards, any pointed or sharp edges or any 
projections of such shape, dimensions or hardness as to be likely to increase the risk of 
seriousness of bodily injury to a person hit by the external surface or brushing against it in 
the event of a collision’ (EEC, cited in UK Department for Transport, 2003). Further, the 
EEC welcomes governmental commitments to make all vehicles pedestrian friendly and 
has drafted a Directive which would amend the provisions relating to sharp edges to 
include hard surfaces (which would include aggressive bull-bars) and would ensure that 
only non-aggressive bull-bars were placed on the market. The Hong Kong Department of 
Transport (2003), too, intends to ban all aggressive bull-bars fitted to the front of all on-
road vehicles. Standards Australia (2003, cited in Pedestrian Council of Australia, 2003) 
have recently released new design rules that specify that bull-bars on new vehicles will 
have to be low profile and contour-hugging, generally conforming to the shape of the front 
of the vehicle to which it is fitted. 

4.3.3 In-vehicle ITS applications 

There appears to be very few ITS technologies designed specifically to enhance the safety 
of pedestrians and cyclists. Indeed, many of the applications developed for drivers may 
impact negatively on pedestrians and cyclists, however, there are a number of in-vehicle 
devices that can act to improve their safety. First, there are speed alerting and limiting 
devices that act to reduce speeding – these devices and implications for pedestrian/cyclist 
safety are discussed in detail in Section 4.4.3. Second, there are devices that detect 
pedestrians and warn drivers or intervene to prevent a collision – these include vision 
enhancement technologies and rear collision warning and avoidance technologies. In 
addition, there are devices that increase the conspicuity of vehicles to pedestrians such as 
daytime running lights.  

Vision enhancement technologies offer potential solutions to the problems experienced by 
drivers under poor vision conditions, particularly in detecting other road users and objects 
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on the roadway. These systems are designed to assist drivers detect information and objects 
ahead on the road in time to take appropriate actions. There are two types of vision 
enhancement systems, passive and active. The passive systems detect energy radiated by 
all objects without any system-generated illumination, such as infra-red technologies. 
Active systems scan the environment with radar and lasers to develop images based on 
reflections. Head-up displays can then be used to over-lay the images on the out-of-
windscreen view (Gondak, 1995). While it is reasonable to suppose that if vision 
enhancement systems can improve the ability of the driver to notice objects on roadways 
during conditions of impaired visibility, then the system is likely to be successful in 
reducing the incidence and severity of collisions, there is no published report of the 
potential safety benefits of this class of ITS technology. Moreover, there are some 
identified problems with this technology: head-up-display systems are somewhat restrictive 
in visibility of objects such as pedestrians and cyclists that may appear in the periphery; the 
images formed by pedestrians and cyclists in the driving scene often resemble 
‘undifferentiated blobs’ and may be difficult to discern; information projected on the head-
up-display may mask out other important traffic information; accommodation to the 
display and shifting attention back to the traffic environment may increase drivers’ 
response times to critical events; excessive false alarms in areas of high pedestrian activity 
and the impossibility of determining pedestrian intentions; and reliance on systems and 
consequent reduced vigilance in detecting pedestrians. Clearly, for these systems to be 
fully effective, further research and development work is required (Regan et al., 2000).  

In the USA, 43 percent of reversing crashes are encroachment type crashes involving slow 
speeds striking a pedestrian, object or other vehicle. Rear collision warning and avoidance 
systems provide a promising approach to prevent these collisions and are estimated to 
reduce reversing encroachment type crashes by 26 to 90 percent (Dingus, Jahns, Horowitz 
& Knipling, 1998). These systems use rear-mounted proximity detection sensors that detect 
and warn the driver of an object in the path of the reversing vehicle. The typical range for 
most systems is about 4.6 m, although the effective range is less for relatively small targets 
such as pedestrians.  In addition, audible warning devices to indicate a reversing vehicle 
would appear to assist older pedestrians and cyclists. It is presumed that this device could 
reduce the number and severity of crashes occurring between reversing vehicles and 
pedestrians or cyclists substantially. The only ‘evaluation’ of this type of device was 
discussed by Jensen (1999) who suggested that, in theory, the safety effect of this device 
could be considered to reduce the number of crashes with reversing vehicles by about 34 
percent (based on the assumption that in 1986 no trucks or buses were equipped with this 
device and that 100 percent were in 1995).  

The use of daytime running lights involves the illumination of headlights during daylight 
hours to increase the vehicle’s conspicuity and, given the visual difficulties older adults 
experience detecting the approach of vehicles, this technology may benefit older 
pedestrians and cyclists. Several countries now require varying degrees of daytime running 
lights use by law, either by requiring drivers to switch on headlight or by a requirement to 
fit special lights to vehicles. Studies to date reveal mostly positive findings about the 
effectiveness of daytime running lights with estimates ranging from about 8 percent to a 29 
percent reduction in multiple road user daytime crashes (ETSC, 1999). No data are 
available on the effect of this technology on pedestrian or cyclist crashes.  
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4.3.4 Improved bicycle and equipment design 

The design of bicycles themselves can influence the safety of older cyclists. Given that 
older cyclists experience functional declines, specifically physical problems in steering and 
balance and maintaining a straight course, there have been some suggestions to modify 
bicycles to compensate for these declines. For example, Hagenzieker (1996) suggested 
fitting bicycles with rear view mirrors to enable cyclists to undertake left hand turns with 
greater ease, and the use of tricycles to assist in maintaining balance. In addition, the fitting 
of appropriate lighting is also essential. The issue of visibility is discussed in Section 
4.4.6.2 but it is also worth noting here that the ETSC (1999) pointed out that the quality 
and use of lights can be improved by enabling the storage of separate light systems or by 
designing the lighting into the cycle frame.  

Vis (1994) considered the vehicle characteristics of the bicycle in some detail. Technical 
requirements for bicycles are only implemented in terms of legal requirements at the time 
of sale. If new bicycles manage to meet the minimum standard, they are likely to do so for 
only a very limited amount of time. One essential safety element of bicycles is the brakes. 
Vis noted that only about half of the bicycles used in the Netherlands appear to have a 
functioning back-wheel brake only, and of these a third non-functional. Half of all bicycles 
appeared to have badly functioning brakes due to lack of maintenance. One-third had 
steering wheel defects (mostly bearing) and a third had non-functional cracks (which 
means it is impossible to apply braking force). The ETSC (1999) added that cycles show 
large differences in component strength and the reliability of brakes and that, in some 
countries, safety checks are carried out.  

One of the main problems in terms of purchasing expensive bikes and fittings is the high 
likelihood of getting one’s bike or parts stolen (a great problem in some northern European 
countries – about one million bikes are stolen each year in the Netherlands). There is also 
the anecdotal problem that people who cycle on appropriate, well-fitted and hence 
expensive bicycles tend to be prone to attacks when cycling. A new bicycle that complies 
with the legal requirements costs about €1000. If the bike does not get stolen in its entirety, 
its wheels and certainly its appliances will be.  This is not an incentive to buy a good 
quality bike and maintain it and there is good evidence that one of the main reasons that 
people refrain from using bikes with fittings is the likelihood of it being stolen (Forward, 
1998). Normal practice in the Netherlands is to buy a bike in the street for around €25 and 
enjoy while it lasts. In addition, few cyclists carry lights (estimated between 20 and 50%). 
While this seems to be accepted practice, it does not do much good for the functional 
aspects. 

Other suggestions for bicycle design that can assist older cyclists include fitting of good 
and effective mirrors and provision of easily mounted bicycles. Intuitively, these features 
would accommodate the physical limitations of older cyclists. Given that the flexibility of 
the shoulders and neck is estimated to decline by approximately 25% in older adults and 
results in restrictions in the ability to move their head and neck (Marottoli & Drickamer, 
1993), the fitting of mirrors would assist older cyclists in scanning the environment for 
other vehicles. In addition, given that many older people also experience reduced leg, knee, 
ankle and foot flexibility, range of motion and associated pain (Janke, 1994), the provision 
of bicycles that can be mounted with ease would assist older cyclists in getting on and off 
bikes and maintaining stability. No reports, however, were found addressing the 
effectiveness of these features for older cyclist safety.  
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4.4 INFRASTRUCTURE, ROAD DESIGN AND SYSTEM OPERATION 
IMPROVEMENTS 

While education, training, publicity and promotion programs are valuable tools to increase 
the safety of vulnerable road users, these strategies often require a long period of time until 
the benefits can be realised. In addition, while there are continuing efforts to improve 
vehicle design for vulnerable road users, vehicles are inherently limited in the protection 
they can afford occupants and other road users. Engineering countermeasures that modify 
the physical environment of the transport system, on the other hand, can provide quick and 
effective mobility and safety benefits.  

Improvements in road design and infrastructure have the potential to create a safer travel 
environment, particularly a more ‘crashworthy’ traffic environment and should aim to 
minimize potential conflict between vehicles and vulnerable road users and consequent 
serious injuries by engineering out potentially unsafe features of roads (ETSC, 1999).  
Traditional safety models attempt to strike a balance between safety and mobility. More 
recent models, however, such as ‘Vision Zero’ in Sweden and ‘Sustainable Safety’ in The 
Netherlands view safety as the prevailing consideration. These models argue that the road-
transport system can only be safe when the roads are designed and operate in a way that 
explicitly recognises both human tolerance to violent forces and normal human error so 
that death and serious injuries can be prevented. For older, vulnerable road users, this 
means providing a road environment that is forgiving of human error and accommodates 
their needs and capabilities.  

The Finnish Ministry of Transport aimed to double the share of cycling trips by 2000 
(compared with 1986 level) and halve the number of cyclist fatalities and, so far, they have 
been successful in reducing traffic fatalities of all road users, including pedestrians and 
cyclists (see Wittink, 2001a). This reduction has been attributed to infrastructure 
investments made especially in the 1980’s, such as the construction of cycle paths and 
numerous under- and over-passes. Moreover, special attention was given to road design in 
urban areas, with planning guidelines for pedestrian and cycle transport, particularly for 
reduced speed limits combined with traffic-calming schemes. 

There are a number of infrastructure improvements that can improve the safety of these 
groups including reducing vehicle travel speeds when pedestrians and cyclists are present, 
provision of an infrastructure that gives higher priority to pedestrians and cyclists in critical 
locations, separation of cars and pedestrians/cyclists, provision of car-free areas, 
environmental beautification, improvement and expansion of the walking and cycling 
network, provision of crossing facilities, and ensuring that amenities can easily be reached 
by foot.  

It should be stated at the outset that very few treatments are ever evaluated using adequate 
experimental design and even fewer have used randomized treatment. Moreover, few 
measures target older road users specifically. It would be an impossible task to critically 
assess all studies reviewed. Nevertheless, these treatments are described here in detail and, 
where applicable, the associated benefits for older pedestrians and/or cyclists are discussed. 

4.4.1 Road design guidelines, catalogues and manuals 

While the stated key objectives in many road design guidelines are to provide an 
appropriate balance of mobility and safety for all road users, older pedestrians and cyclists 
may, however, be disadvantaged because they experience difficulties using the system. 
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There are a number of reports addressing the failings of road design in accommodating the 
needs and capabilities of older drivers (see Fildes et al., 1999; Staplin et al., 2001), arguing 
that most jurisdictions have built their road networks using design standards based on the 
performance of younger, fit adult road users. Based on research on crash patterns and age-
related limitations, Staplin et al. in the USA and Fildes et al. in Australia have provided 
detailed recommendations to change road design at intersections, interchanges, roadway 
curvature, passing zones and construction zones to improve the safety of older drivers. Few 
studies, however, have addressed the appropriateness of specific road design standards to 
suit the limitations of older pedestrians and cyclists.  

Moreover, it is argued that the priority given to vehicles in the transport system in many 
countries has a negative effect on the safety and mobility of other non-vehicle transport 
modes. Hagenzieker (1996) also points out that the infrastructure and road design plays a 
large part in where people decide to travel and their safety. In many areas, it seems that the 
infrastructural and physical conditions for walking and cycling are poor. For example, 
pedestrians and cyclists often have to share the road with all types of motorised vehicles. 
Further, facilities are often poor in environments were there is potential for high conflict 
(such as at intersections). Hagenzieker also argued that a first and important step is to 
create a system that encourages safe walking and cycling by giving more consideration to 
non-motorised traffic in policy and traffic planning and providing a predictable, clear and 
comprehensible system for all its users. 

There are a number of international catalogues and manuals that specify road design for 
pedestrians and cyclists. For pedestrians, there are three main catalogues, including the 
Austrian pedestrian catalogue (VCÖ, 1993), the Dutch pedestrian catalogue (VBV, 1993) 
and the US pedestrian catalogue (FHWA, 1989). The Austrian catalogue discussed 
characteristics and needs of pedestrians and documents planning, design, and the 
relationships with cyclists and public transport. The Dutch catalogue discusses 
accessibility, ease of walking and road-crossing, safety and attractiveness, structure and 
facilities and supportive measures such as information campaigns, education, maintenance, 
and the control of slippery conditions. 

Staplin et al. (2001) made a number of recommendations to supplement existing highway 
design standards and guidelines in the areas of highway geometry, operations and traffic 
control devices to accommodate the needs of older drivers and pedestrians in the USA. The 
recommendations are based on an understanding of older road users’ needs and capabilities 
and address five main traffic environments in which older road users are over-involved in 
crashes including at-grade intersections, interchanges, horizontal curves and passing zones, 
construction zones, and rail crossings. The recommendations for older pedestrians at 
intersections include: provision of a pedestrian refuge where the right-turn lane is 
channelised; location of crosswalk as close as possible to the approach leg to maximize 
visibility of pedestrians; provision of signs explaining pedestrian control signal operation 
and a warning to watch for turning vehicles; provision of leading pedestrian interval, timed 
to allow slow walkers to cross at least one moving lane of traffic, at intersections with 
high-pedestrian volumes and high turning-vehicle volumes; roundabout installation limited 
to one-lane entrance and exits; pedestrian crossings at single-lane roundabouts be set back 
a minimum of 7.5 m; and provision of raised island pedestrian refuges at all roundabouts.  

For cyclists, three main European catalogues are available, including two Dutch catalogues 
(CROW, 1993; ASVV, 1996) and the German cycling catalogue (FGSV, 1996). The Dutch 
cycling catalogues focus on design of the network, road sections, road surface, 
intersections, speed inhibitors, parking, storage facilities, assessment of cycling 
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infrastructure, legal regulations, and traffic facilities for special categories and for mixed 
traffic. The German catalogue focuses on infrastructure measures and design fundamentals. 

The ADONIS catalogue (Dijkstra et al., 1998) is also available for pedestrians and cyclists 
and this presents both technical and non-technical measures. Technical measures include 
the facilities for moving along road sections and within areas, for crossing and for storage, 
waiting and resting. The non-technical measures comprise transport policy plans, education 
and public information, and organisational facilities. This catalogue specifically documents 
measures that are especially beneficial for vulnerable road users including the disabled, 
children and the elderly. Most infrastructural measures documented in ADONIS are aimed 
at diminishing the negative effects of conflicts between pedestrians and motorised traffic, 
or cyclists and motorised traffic. They accomplish their goals either by separating the 
different types of road users, or by reducing their differences in speeds. This can either 
reduce the traffic time for cyclists and pedestrians (because of less physical hindrance 
resulting in higher speed and/or less waiting time) or can contribute to safety and comfort. 

The European PROMISING project aims to develop measures that reduce the risk of injury 
to vulnerable and young road users as much as possible in a non-restricting way, i.e., that 
safety should be improved with as little impact as possible on mobility. It specified a 
number of measures that are closely associated with urban planning and policy 
philosophies, namely i) area-wide speed reduction or traffic-calming schemes, and ii) the 
provision of an integrated walking network. Area-wide schemes are aimed at reducing 
vehicle speeds and thus allowing for a safer mingling of pedestrians with motorised traffic. 
Integrating walking networks serve to remove and/or reduce conflicts with pedestrians and 
vehicles and to provide or improve crossing points (Wittink, 2001b).  

4.4.2 Some examples of integrated use of treatments 

While many of the countermeasures are discussed as separate treatments, it is clear that 
innovative use of both high and low cost treatments in combination have shown promising 
safety benefits. Here, some examples of the effectiveness of comprehensive use of 
measures are presented.  

The PROMISING project paid much attention to the effectiveness of measures and 
estimated costs and benefits of a selection of measures as well as taking into consideration 
the points of view of road users and their experiences. Cost-benefit analyses were 
calculated for a limited number of 20 measures (including roundabouts, speed reduction 
schemes, upgrading of pedestrian and cyclist facilities etc.), because of the difficulties 
associated with obtaining good data on the exposure and risk of injury of each mode of 
transport and other limiting factors. Nevertheless, the general conclusions were made:  

• Measures that reduce driving speed, especially in urban areas improved safety, and 
sometimes mobility, for pedestrians and cyclists,  

• The benefits of facilities for pedestrians and cyclists exceeded their costs by a wide 
margin, and 

• Measures that improved conspicuity and visibility of road users were cost-beneficial 
(Wittink, 2001b). 

Further, when the results of the cost-benefit analysis were combined with recommended 
measures, taking into account that only isolated measures could be included in the cost-
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benefit analysis, there were ten measures that were the most important according to the 
PROMISING project of which the following related to pedestrians and cyclists safety: 

• A separate network of direct routes for pedestrians and a separate network of direct 
routes for cyclists, 

• Categorisation of roads to separate flow traffic from distribution traffic and access 
traffic, 

• Area-wide speed reduction, 

• Infrastructural design standards for pedestrians and cyclists, 

• Priority rules and regulations for pedestrians and cyclists in urban areas and technical 
measures that support priority, 

• Education that focuses on a considerable and respectful attitude to other road users, 
and 

• Injury protection by design of cars and heavy vehicles. 

In summary, Wittink (2001b) recommended that balanced and comprehensive solutions 
should be implemented, rather than isolated safety measures. 

In addition, Simoes and Marin-Lamellet (2002) made some recommendations for road and 
pavement improvements that may foster a safer and more accessible environment and 
assist the elderly meet their mobility needs: 

• Protected street crossings that have stop lines painted at a distance of 2 m from the 
crossing, 

• No barriers in pedestrian areas, 

• Footpaths that are smooth and are of a consistent level, with no greater than a 2.5 
percent gradient, 

• Replacement of stairs with smooth ramps or elevator, 

• Stairs of appropriate height and width (19 cm for those 65-69 years of age and 18 cm 
for those over 80 years), 

• Accessible and safe underground parking facilities, 

• More safety islands for wide streets, and 

• Separate lanes for cyclists and pedestrians. 

Jensen (1999) reviewed the safety effects of measures for pedestrians from over 50 studies. 
Table 3 provides an overview of the list of measures that Jensen found from effect studies. 
Some of these well-known measures may be considered to improve older pedestrian safety. 
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Table 3: Summary of safety effect of measures to improve pedestrian safety 

(Source: Jensen, 1999). 

Safety measure  Type of pedestrian crash 
under influence Safety effect* 

Speed reduction of 0.5 – 18km/h All pedestrian crashes -17% to -92%** 

Footpath All pedestrian crashes Uncertain 

Combined footpath & cycle path All pedestrian crashes -37% 

Pedestrianisation of street All pedestrian crashes -82% to –100%  

From two-way to one-way street  All pedestrian crashes -34% to –62% 

Zebra crossing on road link Crashes with crossing pedestrians +50% to -50% 

Zebra crossing at non-signalised intersection Crashes with crossing pedestrians +127% to –35% 

Footbridge Crashes with crossing pedestrians -85% 

Side road refuge with kerb All pedestrian crashes +50% to –27% 

Other refuge with kerb All pedestrian crashes +27% to –81% 

Central reserve – marked or with kerb Crashes with crossing pedestrians -57% to –82% 

Guardrail on central reserve of at footpath All pedestrian crashes -20% to –48% 

Signalisation of Zebra crossing on road link Crashes with crossing pedestrians -20% to –35% 

Roundabout All pedestrian crashes -46% to –89% 

Signalisation of intersection All pedestrian crashes -0% to –70% 

Exclusive pedestrian signal phase All pedestrian crashes -7% to –63% 

Road lighting Pedestrian crashes in dark -35% to - 45% 

Improved lighting at pedestrian crossing Pedestrian crashes in dark -30% to –62% 

Reflector, reflective strip Pedestrian crashes in dark -89% 
* Attained or estimated safety effect 
**  Negative symbol denotes crash reduction 

Others, too, make recommendations that can benefit cyclists and pedestrians. For example, 
in Britain, Davies, Ryler, Taylor and Halliday (1997, cited in Taylor & Damen, 2001) 
recommended the following: 

• Redistribution of carriageway space to reduce cyclist intimidation by motorists who 
overtake too closely. This can be achieved by a redistribution of space, vehicle access 
restriction, provision of cyclist lanes, and provision of wider near-side lanes; 

• Provision of cycle route networks that increase the safety, convenience and 
attractiveness of cycling; 

• Introduction of traffic-calming measures to reduce traffic speeds. Care should be 
taken, however, to allow for cyclists in the design of central refuges, pinch points, 
build-outs, traffic islands and chicanes. Some of these measures can force cyclists 
into the path of oncoming traffic and be ‘squeezed’ by vehicles overtaking them in 
narrow lanes. In these situations cyclists can also feel pressure by vehicles following 
close from behind; 

• Roundabouts – safe design of roundabouts for cyclist; 
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• Traffic reduction and promotion of cycling; 

• Cycle-friendly infrastructure – introduction of cycle audit procedures; and 

• Cycling infrastructure. 

Zegeer et al. (1993) also noted a range of countermeasures that encompass behavioural, 
enforcement and engineering measures could improve the safety of older pedestrians in the 
USA. Measures included awareness campaigns, enforcement of traffic regulations to both 
drivers and pedestrians, installation of physical measures such as pedestrian refuge islands, 
appropriate placement of street furniture, more use of footpaths and kerb ramps, restricted 
turns for traffic at some intersections, use of overpasses and underpasses, provision of 
pedestrian malls and provision of good lighting.   

Gaca and Tracz (2000) suggested a range of countermeasures to improve pedestrian safety 
on rural roads in Poland. In addition to education and enforcement measures, they 
suggested land use planning measures such as development of networks of access roads 
and walkways serving housing estates, location of facilities to minimise pedestrian traffic 
along and across main roads, and engineering measures such as building and separating 
pedestrian facilities along road (widening of shoulders, provision of separate walkways), 
improvement of visibility conditions (removing visibility obstructions, lighting of critical 
road elements), placement of fencing and other obstacles directing pedestrians to more 
convenient places to cross, provision of refuge islands, signs and marked crossings, and 
implementing speed reducing measures. 

4.4.3 Speed reduction measures 

Speed is a vital contributing factor to crashes, but particularly for injuries to vulnerable 
road users and speed reduction is probably the only systematically evaluated and proven 
measure that can effectively reduce trauma to vulnerable road users. Studies have 
consistently shown that at collision speeds above 30 km/h, the probability that a pedestrian 
will be fatally injured rises rapidly, with almost certain death at impact speeds of 55-60 
km/h (Ashton & Mackay, 1979; Anderson et al., 1997). Yeates (2001) argued that 
pedestrians and cyclists are only likely to be relatively safe in areas with traffic speeds of 
30-40 km/h subject to traffic volumes. At these speeds, most potential collision situations 
can be recognised and avoided. If a collision does occur, damage and injury will be light to 
severe but rarely fatal. This argument is supported by crash statistics in the Netherlands, 
where the introduction of 30 km/h speed zones generated a 22 percent reduction in 
personal injury to vulnerable road users (OECD, 1998). Harruff et al. (1998), too, pointed 
out that the rate of fatal pedestrian crashes in Seattle was less than the overall USA rate and 
attributed this, in part, to reduced speeds resulting from increased congestion. 

Excessive or inappropriate speed compromises safety and is one of the key areas where 
effective management, enforcement and education measures are required to minimise crash 
frequency and severity. In their review of speed and speeding behaviour, Oxley and 
Corben (2002) argued that it is important to ensure that speeds are safe when errors are 
made and match speed choice with the intrinsic safety of the road-traffic system. They 
added that such an approach should recognise the following: 

• The crucial role of speed in determining injury outcomes, 
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• The inherent vulnerability of unprotected road users (e.g., pedestrians, motorcyclists, 
bicyclists and older road users), 

• The risks associated with high-speed, high-volume operation, and 

• The growing problems of vehicle incompatibility. 

Hagenzieker (1996) added that reductions in vehicular speed allows elderly pedestrians the 
necessary time to complete the perceptual, information processing and response tasks 
demanded by an often complex traffic environment.   

Speed management, therefore, is a key element in providing a safe traffic system for 
vulnerable road users. There have been many calls to moderate speeds in high-activity 
pedestrian and cyclist areas and there is strong evidence to suggest that even small 
reductions in vehicle speeds result in substantial reductions in serious injury crashes 
(Anderson et al., 1997; Oxley et al., 2001). 

Anderson et al. (1997) estimated the effect that speed reductions would have on the 
incidence of fatal pedestrian injuries in car-pedestrian collisions. Using fatal pedestrian 
crash data obtained for the period 1983 to 1991 in 60 km/h zones in Adelaide, South 
Australia, they estimated crash reductions that could be expected as a result of four 
different speed scenarios: an overall 5 km/h speed reduction for all cases; an overall 10 
km/h speed reduction in all cases; all drivers obeying the posted speed limit and an overall 
50 km/h speed limit. They estimated a 32 percent reduction in pedestrian deaths with 10 
percent of collisions being completely avoided with an overall 5 km/h reduction in 
travelling speed. They also argued that, if all drivers reduced their speed from 60km/h to 
50km/h, there would be a 48 percent reduction in pedestrian fatalities with 22 percent of 
crashes being avoided altogether.   

Looking only at speed reductions in the urban area (most elderly pedestrian crashes occur 
in urban locations), and assuming a non-compliance rate by drivers similar to that already 
found in 60 km/h zones, Anderson et al. estimated that there would be a 30 percent 
reduction in fatalities, 14 percent of these crashes would have been completely avoided, 
and 16 percent of them would have resulted in injuries less severe than death. While the 
researchers did not differentiate fatality avoidance by pedestrian age, they did assert that 
small reductions in vehicular speed can result in large reductions in the percentage of 
pedestrian fatalities.  

Interestingly, a study that investigated the number of pedestrian-vehicle collisions at a total 
of 2,000 marked and unmarked pedestrian crossings in urban areas across the USA found 
that the speed of traffic did not have a significant impact on crash frequency. This finding 
persisted even after other factors such as pedestrian and traffic volume, number of lanes 
and median type were controlled for. However, the researchers did point out that the range 
of speed limits included in the analysis was small (40 km/h to 56 km/h) (Zegeer et al., 
2001). Further, this study did not investigate the effect of travel speed on injury severity.  

There are several ways of influencing the speed of vehicles including setting of appropriate 
speed limits for the environment, traffic-calming measures for areas with low traffic 
volume, provision of a network of arterials with interconnecting light signal systems that 
stimulate driving at relatively low speeds, engineering measures to prevent high speeds at 
intersections, and technological systems that limit speeds. 



90 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE  

4.4.3.1 Setting appropriate speed limits 

The practice for setting speed limits in most western countries is similar and most 
guidelines state that the main aim is to achieve a balance between safety, mobility and 
amenity (AASHTO, 1994; Austroads, 1988). The posted speed limit aims to inform divers 
of maximum driving speeds that the authorities consider reasonable and safe for the 
roadway. However, for such a vital safety issue as speed, transparency is needed as to how 
this ‘balance’ is reached and whether it results in an acceptable safety outcome. It is also 
unclear as to how these three factors are weighed up and compared to reach this ‘balance’. 
Inadvertently, trade-offs that favour mobility and excessively compromise safety relative to 
the other goals may not be accepted in our present-day society. Striking such a balance 
implies the trading of the lives and health of humans for other societal benefits such as 
reduced travel times, lower emissions, and improved amenity of areas. It seems that, in 
many countries, a high level of importance or weight is given to travel time savings 
expected to result from higher vehicle speeds. While these travel time savings are 
estimated to be moderate in rural settings, there remains the ethical dilemma of trading 
human lives and health of other benefits in society. 

Increasingly, however, societies are explicitly declaring that such trade-offs are ethically 
unacceptable. Specifically, the notion of ‘trading-off’ a number of deaths or long-term 
injuries for moderate travel time savings accrued by a large number of road users has been 
questioned in recent years and, indeed, is no longer acceptable in some societies. The 
appropriateness of placing monetary value on human lives and then weighing it against 
time savings has also been called into question. For instance, Miller (1993, cited in 
Haworth et al., 2001) warned of the danger of making decisions based on conflicting travel 
time and cost values. He concluded that ‘by using monetary crash costs in resource 
allocation highway engineers inadvertently increased mobility by sacrificing lives’ (p.605). 

Current criteria also do not adequately account for the factors that influence driver/rider 
speed choice and the consequences of human limitations on this choice. Current guidelines 
aim to meet driver/rider expectations, however, it is essential that human limitations such 
as poor risk perception, estimation of speed, and motivations for speeding are understood 
and considered as important criteria in speed limit setting. There is clear evidence that 
drivers and riders consistently drive at speeds above the posted speed limit and that in 
many environments the average travel speed is not appropriate or safe relative to the road 
environment, particularly in areas where there is high pedestrian and cycling activity.  

Further, the importance placed on the 85th percentile driving speed means that new 
proposed limits will always be compared with travel speeds that are most likely excessive 
for the inherent safety of the road environment. Most speed management guidelines place 
emphasis on the notion of achieving ‘credible’ speed limits, arguing that if speed limits are 
set too low they will not be respected and obeyed. Moreover, these systems assume that 
drivers and riders consistently and accurately assess both crash and injury risk and 
drive/ride accordingly. The evidence, however, suggests that they are not good at this – 
they over-estimate others’ speeds, under-estimate their own speed and under-estimate the 
role of speed in crash risk, but more importantly in injury risk. This tends to perpetuate the 
setting of speed limits at the higher end of the range and results in speed limits being 
skewed towards higher speeds. 

Speed limit has been shown to affect injury severity which implies that it is a good estimate 
of collision speed (Zajac & Ivan, 2003), and many studies have examined the effect of 
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raising or lowering speed limits. The evidence unequivocally shows that the frequency and 
severity of crashes increase when speed limits are raised.  

The general urban speed limit is 50 km/h in most developed countries. This includes 
Austria, Belgium, Britain, Canada, Denmark, Finland, France, Greece, Hong Kong, 
Hungary, Ireland, Israel, Italy, Korea, Luxembourg, New Zealand, Norway, Portugal, 
Spain, Switzerland, and all States in the USA (Austroads, 1996). Preston (1990) found that 
in countries in Europe and North America with an urban speed limit of 50 km/h or less, the 
average death rate of pedestrians aged 25 to 64 years was 30 percent lower than countries 
with an urban speed limit of 60 km/h. Danish research showed that a change in the general 
speed limit in urban areas from 60 km/h to 50 km/h resulted in reductions in average 
vehicle speeds up to 5 km/h (5 km/h on major roads and only 1 km/h on minor roads which 
had lower speed limits initially) (Engel & Thomsen, 1992). This was estimated to produce 
a 6 percent improvement in cyclists’ safety (Jensen, 1998). In the Netherlands, 30 km/h 
zones generated a 22 percent reduction in personal injury crashes (OECD, 1998). After 
Norway reduced its urban speed limit from 60 km/h to 50 km/h, the average speed fell by 
around 4 percent and the number of fatal crashes was reduced by 45 percent (Jorgensen, 
1994). When the speed limit in Zurich was reduced from 60 km/h to 50 km/h, pedestrian 
collisions fell by 20 percent and pedestrian deaths by 25 percent (Walz, Hoeflinger & 
Felmann, 1983). In France, too, the introduction of a general urban 50 km/h speed limit 
was estimated to have prevented 14,500 injury crashes and 580 fatalities, or three percent 
of the annual French road toll (Page, 1993).  

An Australian evaluation of a 50 km/h default urban speed limit was undertaken by 
MUARC, commissioned by the National Road Transport Commission [NRTC], prior to 
the introduction of 50 km/h speed limits in Victoria (Haworth et al., 2001). They found that 
marked safety gains are possible in urban areas with little noticeable impact on mobility 
and amenity. The authors also predicted that implementing a lower urban speed limit on 
local streets, collectors and arterial roads currently zoned at 60 km/h, would result in an 
average increase in travel time per head of population in Australia of around nine seconds 
per trip (assuming a 5 km/h reduction in cruise speed). If Australians were to accept travel 
time impacts of this order, it is estimated that about 3,000 injury crashes and 12,900 
property damage crashes would be prevented each year. Evaluations of trial 50 km/h speed 
limits showed substantial reductions in crashes and economic benefits for the Australian 
community. The Road Traffic Authority in the State of NSW, Australia (2000) showed that 
over a 21-month period there were approximately 262 fewer crashes on those streets speed-
zoned at 50 km/h than otherwise expected. The percentage reduction in crashes was greater 
in urban than in rural areas. The cost saving to the community was estimated to be 
approximately AUS$6.5 million for the 21-month period. In Queensland, Meers and Roth 
(2001) concluded that, over the period 1998-2000, the introduction of 50 km/h speed limits 
alone saved 19 fatal crashes each year (a decrease of 15% in fatal crashes). An interim 
evaluation of the introduction of 50 km/h speed limit in Victoria, comparing a five year 
pre-implementation period with a five month post-implementation period showed 
reductions in mean and 85th percentile speeds after introduction of the 50 km/h speed limit 
of between 2 and 3 km/h. More importantly, there were significant reductions in casualty 
crashes as a whole and within target groups. These were: 12 percent reduction for all 
casualty crashes; 40 percent reduction in pedestrian death and serious injury crashes; 19 
percent reduction in all casualty crashes involving young drivers (Hoareau, Newstead & 
Cameron, 2002).  
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Oxley et al. (2001) examined the effect of a combination of approaches to moderate 
vehicle speeds in environments where there is high pedestrian activity. These included 
introduction of 50 km/h speed zone and physical measures including a painted median 
between tram tracks, coloured crosswalks at intersections and pram crossings. They found 
a large reduction in average vehicle speed of 7.5 km/h with associated estimated reductions 
of two to three percent in fatal pedestrian crashes and of 15 percent in serious injury 
pedestrian crashes. Mean free-flowing speeds at locations within the survey site also 
reduced by 1.3 km/h. These reductions were associated with expected reductions of 11 
percent in fatal, 8 percent in serious injury and 5 percent in casualty pedestrian crashes. 
Furthermore, a significant reduction in the proportion of vehicles travelling at or above 50 
km/h was found after installation of the 50 km/h speed zone (a 1.7% reduction from 33.3% 
before installation to 31.6% after installation). This reduction was particularly evident as 
vehicles entered the shopping precinct. This was reduced by a further three percent to 28.4 
percent after installation of all treatments. While this study did not elaborate on the benefits 
for older pedestrians, it is assumed that measures to reduce vehicle speeds would benefit 
all-aged pedestrians.  

4.4.3.2. Traffic-calming measures 

In addition to setting appropriate speed limits, there are a number of other ways to achieve 
speed reduction in hazardous locations. For instance, several ‘traffic-calming’ 
countermeasures have been suggested to induce more moderate speeds.  

Traffic-calming techniques have been used extensively in urban areas to reduce the number 
and speed of vehicles in local streets and in areas where there is high pedestrian activity. 
They act to make drivers more attentive to their surroundings and drive more slowly or 
appropriately for the surroundings and this created safety, equity and an enhanced 
environment. The ‘Woonerf’ concept developed in The Netherlands is an excellent 
example of traffic-calming whereby drivers are encouraged by physical modifications to 
the roadway to be more aware of vulnerable road users and drive slowly. Many of these 
treatments are now common throughout the EU and there are many reports of success. In 
Denmark, for example, the EMIL project showed that traffic-calming can lead to speed 
reductions of 5 to 40 percent with an average reduction of 10 km/h in travel speed (ETSC, 
1995). The following techniques have been considered:  

• Pavement narrowing – narrowing can be implemented either by physically creating 
narrower travel ways or by visually decreasing the available width. Figures 9 and 10 
give examples of carriageway narrowing.  

 

Figures 9 and 10:  Examples of carriageway narrowing 
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• Installation of refuge islands – refuge islands that are constructed in the middle of the 
road may slow drivers in high pedestrian and cyclist activity areas as they create a 
change in the physical environment and force speed reduction. This is because of 
lane width reduction (in the order of 3 to 3.5 m) and the resulting curve in the 
carriageway. It is noted, however, that lane width reduction alone does not appear to 
affect speed, it is the extent to which the refuge island causes the lanes to swerve that 
has a significant effect on drivers’ speed. For example, if the lane is designed to 
swerve sharply, definite steering movements are necessary to drive through the 
structure. Figures 11 and 12 give examples of refuge island installations. 

 

Figures 11 and 12:  Examples of median/refuge islands 

• Alteration of the road surface – this countermeasure is also used to achieve a 
perceived optical narrowing of the road and include vertical and horizontal 
deflections, changes in surface colour and texture, and raising of the road surface 
through speed humps. Alteration of the road surface at intersections acts to increase 
the awareness of the presence of an intersection as well as to slow the speed of 
vehicles through an intersection. Figures 13 and 14 shows some examples of road 
surface treatments. 

 

Figures 13 and 14:  Examples of road surface treatments 

• Installation of roundabouts – this measure acts to slow vehicles entering and leaving 
areas where there is high pedestrian and cyclist activity. This treatment also results in 
a significant reduction in crash severity, attributed to reduced traffic speeds and 
elimination of specific types of vehicle conflicts that frequently occur at angular 
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intersections. Some examples of roundabout design are provided in Figures 15 and 
16. 

 

Figures 15 and 16: Examples of roundabout installation 

• Gateway treatments and signing – like roundabouts, these treatments can be used to 
make drivers aware of a change in the road environment, to mark the extremities of a 
high pedestrian and cyclist activity area particularly those around shopping centres, 
and create an image of the shopping centre (Westerman, Black, Brindle, Lukovich & 
Sheffield, 1993). By their design, gateway treatments should bring about the 
perception of passing through a constricted ‘gateway’ opening. Fildes et al. (1993) 
reported that there are safety benefits, particularly in urban settings, to be gained 
from clearly informing drivers of the transition from one environment to another. A 
visual gate can be created through the various combinations of a portal arch or 
canopy, tree canopy, sign-board, flagpole arrangement, special lighting, etc. Figures 
17 to 20 give some examples of gateway treatments. 

 

Figures 17 to 20: Some examples of gateway treatments 
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While many of these techniques are fairly well established and widely used in urban areas, 
there has been little scientific evaluation of their effectiveness in altering behaviour or 
improving safety.  

One study at T-intersections in Helsinki, Finland, evaluated the effect of measures to 
increase driver awareness of the presence of cyclists (Summala et al., 1996). The measures 
included warning signs painted or installed at intersections, installation of a speed hump, 
an elevated cycle crossing and a stop sign prior to the cycle path, and an information sheet 
distributed to householders in the area near intersections. They found that installation of 
speed-reducing countermeasures (presence of speed hump, elevated cycle crossing lane 
and stop sign) resulted in a marked increase in drivers looking to the right (from 8% to 
31%) and a decrease of drivers looking to the left only (from 43% to 25%). They also 
noted that average driving speeds decreased. They argued that these measures changed 
drivers’ visual search patterns more favourably for cyclists approaching the intersection 
from the right and concluded that this was so, in part, simply because drivers were 
provided with more time to focus on traffic in each direction. 

Steinbrecher (1992) assessed the effectiveness of traffic-calming measures on the 
approaches to 13 rural towns in Neuss, Germany by examining crash occurrence, speed 
behaviour of motorists, and residents’ opinion before and after installation of treatments. In 
the first phase of the reconstruction, the widths of the lanes were reduced to approximately 
5.5 m, and strips of pavement stones optically narrowed the road further. Refuge islands 
were included in the second phase, as well as raising the road in asphalt. The raised road 
sections were signed and had a horizontal plane with ramps of 8 cm on a length of 3 m 
with an inclination corresponding to a proportion of about 1:35. The raisings could be 
negotiated at 50 km/h without difficulty.  

Although the benefits to pedestrians and cyclists were not examined separately, the overall 
results were encouraging, with a reduction in the number of all crashes after installation of 
treatments at all 13 town entrances. Specifically, Steinbrecher (1992) reported that prior to 
the reconstruction the average crash rate per year was 1.1, and following the reconstruction 
the average crash rate decreased to 0.6. Furthermore, it should be noted that traffic density 
at the town entrance increased up to 10 percent per year. Therefore, Steinbrecher (1992) 
concluded that on the whole, the restructuring measures were effective in increasing road 
safety. 

In terms of speed reduction, average speeds driven on these roads were between 75 and 85 
km/h. After installation of treatments, speed reduction occurred in every town, with 
average speeds reduced to between 60 and 75 km/h. Steinbrecher (1992) noted that speed 
reduction varied across the sites examined between 2 and 14 km/h, with an average 
reduction of 9 km/h.  Most importantly, Steinbrecher noted that the most significant 
innovation in the reconstruction of these roads was the road raising aspect and, in 
combination with installation of refuge islands, achieved the greatest effect of speed 
reduction.  

Similarly, Pyne et al. (1995) evaluated the effectiveness of speed-reducing measures on the 
approaches to villages in Britain by measuring 85th percentile speeds and speed variance in 
a simulated road environment. They found that the most effective treatments were hazard 
marker posts, countdown signs, Wundt illusion and chicanes. They also noted that 
installation of transverse lines resulted in a reduction of 85th percentile speed, however, this 
was not effective in reducing speed variance. Moreover, they found that the 85th percentile 
speed was not maintained through the village. They also noted that many of these measures 
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could be combined because they are not located in the same places relative to the 
carriageway. Possible combinations include hazard marker posts, countdown signs, and 
chicane, to which the Wundt illusion or transverse lines could be added. While they argued 
that such a combination may exploit the strengths of all the measures, this was not tested.  

Al-Masaeid (1994) investigated the effects of the existence of towns on or near two-lane 
primary rural roads, examining the effects on both the residents of these towns and the 
through-traffic. He found that crash rates, in general, were affected by the number of 
horizontal and vertical curves, the speed of through-traffic, the number of paved accesses 
and employment level within the towns. With regard to the effect of through-traffic speed, 
factors such as the existence of a town along/adjacent to a primary rural road, the length of 
its frontage, the spatial distribution of the town around the road, the town population and 
the town’s setback from the road all significantly influenced through-traffic speeds.   

From this analysis, Al-Masaeid (1994) recommended the development of a number of 
safety precautions for pedestrian crashes and for traffic crashes in general in rural towns. 
For new towns, it was recommended that towns be located entirely on one side of the 
primary rural road, and set back from the roadway to reduce the possibility of conflict with 
through-traffic. This strategy was especially relevant for locating schools within the 
residential areas of such towns. Only one or two direct accesses between the road and the 
town should be provided. In relation to existing towns, several measures were 
recommended to reduce crash risk, especially for pedestrians, and to minimise the 
reductions in the speed of through-traffic. Measures included: restrictions of frontage 
distance of individual properties; closing or redirection of direct accesses, together with the 
use of parallel service roads; prevention or restriction of future development on the side of 
the roadway with lesser development; introduction of speed reduction measures; relocation 
of schools close to the roadway; and, finally, both improvements to sight distances and 
widening of shoulders throughout town frontages. 

From his studies of driver’s searching behaviours at non-signalised intersections, Summala 
et al. (1996) concluded that speed-reducing measures, such as speed bumps, elevated 
bicycle crossings and stop signs helped drivers to begin searching earlier and detect 
bicycles properly.  

In Italy, local authorities have sought to reduce the travelling speed of cars in urban areas 
(and thus pedestrian-vehicle crashes) by installing speed bumps close to marked pedestrian 
crossings. Pau and Angius (2001) investigated the speed reducing effect of speed bumps 
installed within 20-25 m of 23 pedestrian crossings in the city of Caligari in Sardinia, Italy. 
They found that, overall, these speed control devices were insufficient to significantly 
check the speed of vehicles, with one third of drivers travelling over the speed bumps at 
speeds higher than the posted 50 km/h speed limit. In addition, no significant differences 
were found between the speed levels measured at the speed bumps and those measured on 
sections of the road without speed bumps. The authors concluded that road width, and not 
speed bump, is a significant determinant of speed and that travel speed is higher on wider 
roads. They argued that speed bumps by themselves are not effective in reducing travel 
speeds at crosswalks, particularly on wider roads and suggested that the use of the wider 
speed humps may be preferable, and that speed bumps could be employed as one in a series 
of safety interventions at pedestrian crossings. 
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4.4.3.3 Perceptual countermeasures 

Perceptual countermeasures (PCMs) have been identified as potentially effective 
treatments to reduce speeding in urban areas. PCMs refer to low cost road or road setting 
treatments that are likely to influence travel speed by drivers by altering how they perceive 
the road or roadside. The physical road environment and road surface is a primary source 
of information for speed perception on which drivers choose a safe and appropriate speed. 
In short, research has shown that relative coding of the moving environment on the retinal 
surface of the eye is an extremely important cue for the perception of speed (Gibson, 1950, 
1958, 1968; Calvert, 1954; Moore, 1968; Lee & Lishman, 1977; Harrington, Harrington, 
Wilkins & Koh, 1980). PCMs aim to modify the relatively subconscious visual information 
arriving at the driver’s eye. 

Unlike conventional enforcement or engineering traffic management approaches to speed 
reduction, PCMs attempt to bring about a change in behaviour unobtrusively (i.e., without 
the driver being aware necessarily of any change in his or her behaviour). This more subtle 
approach to speed control has several advantages over the traditional methods. First, by 
influencing the visual information on display to the driver, it is attempting to address the 
underlying problem. If drivers subconsciously perceive a particular road situation to be 
safe, then applying cognitive restrictions (involving conscious thought processes) will have 
only a marginal effect on their behaviour. This is evident from the fact that police 
enforcement is only effective in ‘safe environments’, for the most part, as long as the 
deterrent is obvious to the driver. 

In addition, modifying the perceptual environment is less likely to annoy or frustrate the 
driver and, therefore, more likely to be of benefit long-term. A change in the visual input to 
create an illusion of ‘less safe’ will probably go by unnoticed and, therefore, not lead to 
‘crash migration’ by forcing speed deviants onto other roads. It could be argued that subtle 
changes to the road or the environment may be the only effective long- term means of 
influencing drivers who blatantly refuse to obey the law by driving at excessive speeds. In 
any event, removing restraints which people believe to be unnecessary should result in 
safer driving for the total driving population.  

Finally, PCMs, by definition, do not involve introducing additional hazards on the roads in 
the same way as LATM devices have in the past. Most of these treatments simply involve 
painted lines or additional plastic or gravel surfaces applied to the road surface to create the 
desired effect. Apart from the obvious road safety benefit, this can also mean that the 
measure is likely to be relatively inexpensive, may be easier to justify in terms of 
cost/benefit effectiveness, and may enable more treatments per budget than other methods. 

Denton (1973) conducted an early experiment in Britain, showing the effectiveness of 
transverse lines on the approach to an intersection and Helliar-Symons (1981) followed up 
with an evaluation of a number of yellow-bar carriageway marking installations in that 
country. Agent (1980) and Agent and Creasey (1986) reported on driver speed effects from 
transverse pavement markings and from improved delineation of horizontal curves in the 
USA. De Waard, Jessurun, Steyvers, Raggatt and Brookhuis (1995) developed and 
evaluated a trial section of road in the Netherlands (the Drenthe treatment) comprising a 
visual and tactile treatment on an 80km/h section of highway. Others (e.g., Enustun, 1972; 
Emerson & West, 1985) have reported speed reductions from transverse pavement stripes 
and rumble bars on the approach to a hazardous location and on bridges. Lum (1984) 
showed the benefits of using road markings on narrow lanes for controlling speed in 
residential areas in the USA. 
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In their review of European procedures and practices in roadway geometric design, 
Brewer, German, Krammes, Movassaghi, Okamoto, Otto, Ruff, Sillan, Stamatiadis and 
Walters (2001) noted that countries such as Denmark, Sweden, The Netherlands, Germany 
and Britain relied on the physical roadway design to ‘enforce’ operating speeds. They 
noted that this philosophy could be considered as a speed management approach in which 
the objective is not simply to reduce speeds but to provide a roadway planned and designed 
in such a way that an appropriate speed is obtained. They also noted that this approach 
allows the establishment of speed limits close to the expected operating speeds, thus 
avoiding higher travel speeds. 

MUARC in Melbourne, Australia conducted an evaluation trial of a range of PCMs to 
speeding using a driver simulator (Godley, Fildes, Triggs and Brown, 1999). Treatments 
tested included transverse road markings, lane-edge and herringbone markings, the 
‘Drenthe’ treatment from The Netherlands, centre-line and other edge-line markings, and 
several enhanced curvature treatments. Drivers drove a series of ‘test tracks’ in the 
simulator that had been previously validated for use in this environment (Fildes, Godley, 
Triggs and Jarvis, 1997). They reported that a number of these treatments were effective at 
reducing travel speed in the simulator, namely: 

• full-width transverse lines, 

• peripheral transverse lines and lane edge herringbone treatments, 

• hatched median treatments, especially with lanes narrower than 3metres, and with 
and without intermittent gravel edge-lines, 

• enhanced post spacings for curves, with and without ascending height posts. 

While PCMs may have several advantages over other forms of speed control, it would be 
unrealistic to expect these treatments to solve all speeding problems on the road. The 
different findings between the perceptual results and the free speed measurements in Fildes 
et al. (1987), as well as the more recent study reported here, show the subtle relationships 
that exist between speed perception and behaviour and especially the likely limitations in 
the effectiveness of PCMs.  

When drivers' perceptions of speed at particular road sites were in the ‘too slow’ range of 
the response scale (i.e., drivers generally felt quite safe), free speeds at these road sites 
tended to be above the speed limit, but the pattern of the results were generally less 
sensitive to the effects of the independent variables. However, when perceptions were less 
safe (responses were in the ‘too fast’ range of the scale), free speed effects almost mirrored 
the perceptual effects. This suggests that countermeasures aimed at reducing the driver's 
perception of safety at particular road sites may only be effective if perceptions of speed 
are not overly safe to begin with. 

More work is still required to describe finally the precise speed reduction that can be 
attributed to these low cost road treatments. However, preliminary findings suggest that 
carefully selected treatments can lead to speed reductions of up to 5% in some locations. 
While these changes may appear to be small, they can, nevertheless, have significant crash 
reduction and injury mitigation benefits. These treatments therefore do offer another cost-
effective approach to speed reduction for existing roadways and at high crash locations. 



 

 OLDER VULNERABLE ROAD USERS 99  

4.4.3.4 Technologies to enhance speed compliance 

There are a number of ITS technologies that have been developed which have the potential 
to reduce excessive speed and/or reduce average urban travel speeds. In-vehicle systems 
such as speed alerting (both manual and adaptive) and speed limiting devices are two 
systems that have received substantial attention in the literature, although the safety 
benefits of adaptive speed alerting systems are still unclear.  

Carsten and Fowkes (1998) estimate that in-vehicle variable speed alerting devices can be 
expected to reduce the number of injury accidents by around 10 percent. Published 
estimates of crash reductions for adaptive speed alerting systems are generally lower for 
advisory systems than for limiting systems (Várhelyi, 2001). Even among limiting systems, 
estimates of crash reductions depend on whether the system conveys only fixed speed 
limits, both fixed and variable speed limits or is ‘dynamic’ (providing information about 
the appropriate speed for the conditions, even if this is lower than the posted speed limit). 
For systems that convey fixed speed limits, the best estimate of crash reductions is 31 
percent for injury crashes on non-built-up roads, 21 percent for pedestrian injury crashes on 
built-up roads and 15 percent for pedestrian non-injury crashes on built-up roads (Carsten 
& Tate, 2000). Applying these percentages to British crash data, Carsten and Tate 
concluded that the overall reduction in injury crashes was 20 percent for all crashes, 29 
percent for fatal and serious injury crashes and 37 percent for fatal crashes.  

Several large-scale studies have been conducted in Europe, particularly in Sweden and the 
Netherlands, to assess speed alerting and limiting devices and their impact on driving 
performance and safety and many more are currently being planned. In Sweden, the focus 
has been in intelligent speed alerting (ISA) systems, whilst in the Netherlands and Britain, 
the focus has been in intelligent speed limiting systems.  

Brookhuis and de Waard (1999) trialed in-vehicle variable ISA devices in an instrumented 
vehicle in the Netherlands. The aim of the trial was to examine the effects of feedback 
from the ISA system on speeding behaviour, cognitive workload and acceptance of the 
system. Vehicles were driven in speed limit areas of 50, 70, 80, 100, and 120 km/h. Whilst 
the vehicle was travelling within the local speed limit, the speed limit icon was presented in 
green, but if the driver drove faster than the limit, it turned amber in colour – and if they 
exceeded the limit by more than 10 percent, it turned red in colour and an auditory warning 
was also provided. This warning said ‘you are driving too fast, the local limit is …’. 
Vehicles were driven on arterial (‘A’) roads and built-up areas with speed limits ranging 
from 50, 70, 80, 100 and 120 km/h. They found that participants who drove with the speed 
alerting feedback device drove 4 km/h slower than the control group, although earlier 
experiments from the same research group had found larger speed reductions of 10 km/h. 
They also found a reduction in speed variation (0.5 km/h) between drivers. Perceived 
levels of mental workload levels did not differ significantly between the treatment and 
control groups.  

On-road studies currently being conducted by SNRA in four Swedish cities are examining 
a range of safety-related issues relating to the deployment of in-vehicle ISA systems 
(Biding, 1999; SNRA, 1999). Trials of a GPS-based system were conducted in Borlänge in 
inner city areas where the traffic is heavy and there is substantial interaction between 
vehicles, cyclists and pedestrians. When the driver exceeded the speed limit by 2 km/h or 
more, a lamp on the dashboard flashed and an auditory signal was heard. If a driver 
continued to exceed the speed limit for more than 5 s in a 30 km/h or 50 km/h area, or for 
more than 10 s in a 70, 90 or 110 km/h area, the speed was registered. The preliminary 
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outcomes of the trial in Borlänge indicate that drivers only drove over the speed limit for 
6.6 percent of the time. When excessive speeding occurred it was typically within 5 km of 
the posted speed limit (the average speed over the limit was in order of 2 to 3 km/h). These 
results are impressive and may be related to substantial estimated of crash and injury 
reduction (Lind, 2000).  

Trials in the city of Lund, examined an actively supporting speed adapter system. The test 
area included the entire area of Lund, however, the system was only active in the 30, 50 
and 70 km/h speed limit zones. To date, the results from the in-vehicle observations 
revealed that there was a 6 percent increase in yielding behaviour at stop signs and in 
giving way behaviour and bicycle and pedestrian crossing when drivers drove a car 
equipped with the ISA system. There was also a 2 percent increase in correct lane choice 
and safe lane changing behaviours. There was no change in the correct use of indicators 
when driving a test vehicle, however, drivers of test vehicles were overtaken by other 
vehicles more often. Further, there were no changes in speed levels or time headways while 
test vehicles were circulating in traffic, however, there was a general increase in red light 
violations in Lund during the test period (Várhelyi, 2001).  

The Umeå trial examined an informative ISA system in approximately 4,000 vehicles, 
consisting of a flashing light and auditory signal when the vehicle exceeded the posted 
speed limit. The test area included roads with speed limits of 30, 50, 70 and 90 km/h. At 
present, only the results from one-month’s investigation have been published, and are very 
promising. The majority of participants (72%) indicated that it was easier to adhere to 
speed limits on 30 km/h roads with the system installed. However, as road speed increased, 
the proportion of drivers who indicated that the system made it easier to comply with the 
speed limit decreased from 66 percent for 50 km/h roads to 55 percent for 70 km/h roads. 
In addition, 67 percent of the drivers claimed that they totally avoided exceeding the speed 
limit after the system warning was issued. There was general consensus among drivers that 
they had become more aware of the speed limits, that the general speed in the road network 
had decreased and that they were more aware of vulnerable road users. Overall, 88 percent 
of drivers claimed that they supported the ISA system. Results from the speed 
measurements revealed a significant decrease in speed and speed variance within the test 
area (Sundberg, 2001).  

The current ‘SafeCar’ project, undertaken in Melbourne, Australia by MUARC will 
evaluate, not only adaptive ISA systems, but a number of other in-vehicle ITS systems. 
Two variants of the adaptive ISA system have been developed, an ‘informative’ and an 
‘actively supporting’ system and the relative effectiveness of these two variants in reducing 
vehicle speeds will be evaluated. As yet, no results are available (Regan, Mitsopoulous, 
Triggs, Tomasevic, Young, Healy, Tierny & Connelly, 2002).  

Speed limiting systems limit the maximum speed at which a vehicle can travel, typically by 
mechanical devices that directly control the level of fuelling of an engine in order to 
prevent the vehicle from driving faster than the set speed and are designed to never cause 
acceleration and typically allow a tolerance band of 3 km/h around the set speed limit 
(Comte & Lansdown, 1997). Overall, this class of system has been estimated to reduce 
crashes by around 35 percent (Carsten & Fowkes, 1998; Gustafsson, 1997; Lind, 1997; 
cited in Rumar et al. 1999). Hydén et al. (1997; cited in Booz-Allen & Hamilton, 1998) 
claimed that speed limiters in Sweden will reduce pedestrian fatalities and injuries by 20 
percent. Várhelyi (1996) calculated that if all cars are equipped with speed limiters, then 
there should be a 20 to 40 percent reduction in injury crashes, and a 29 percent reduction in 
injury crashes involving pedestrians in Sweden. Várhelyi (1997, cited in Rumar et al., 
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1999) also estimated that variable speed limiting on rural roads would reduce the total 
number of injury crashes in Sweden by about 10 percent. In both conditions of low friction 
and darkness, variable speed limiting has been estimated to reduce the number of injury 
crashes by around 12 percent (Rumar et al., 1999).  

A vehicle-based speed limiter study was conducted in the city of Lund by Almqvist (1991). 
The car used had a driver-set speed limiter that could be set to the maximum speed with the 
push of a button on the dashboard. Once the speed limit was reached the accelerator could 
not be further activated, and hence it was not possible to further increase speed. Seventy-
five test drivers drove a car both with and without the speed limiter in the city of Lund 
where the speed limit was generally 50 km/h. Almqvist (1991) found that the risk of being 
involved in serious traffic conflicts was reduced due to the slower speeds adopted when 
driving with the speed limiter, and that inter-car headway distances increased. Drivers also 
showed an overall positive attitude towards the speed limiter.  

A Finnish simulator study on the effects of compulsory speed limiters for heavy vehicles 
by Kulmala and Beilinson (1993; cited in Várhelyi, 1996) found driving speeds were 
reduced by between 2.2 and 2.9 km/h. Similarly, in a Swedish simulator study where all 
vehicles were assumed to have speed limiters, Gynnerstedy, Risser and Gutowski (1996, 
cited in Várhelyi, 1996) found that mean speeds were lower (although this difference 
diminished in denser traffic), the speed distribution of vehicles became more 
homogeneous, and the number of overtakings was reduced (although the number of critical 
overtaking manoeuvres increased).  

Comte, Dougherty, Gallimore, Jamson, and Anderson (1996) conducted a simulator 
experiment in Leeds, Britain, observing the effects of variable speed limiters in an urban 
environment. They found safety benefits at mid-blocks and intersections, and in particular, 
speed reductions for younger drivers.  However, there were also some disadvantages. 
Drivers reported an increased level of frustration, and drivers accepted smaller yielding 
gaps at intersections.  

As part of the EU MASTER project, Várhelyi, Comte, and Mäkinen (1998) evaluated 
several variants of variable speed limiters using real vehicles in a field trial as well as 
simulator trials. Results from the simulator trials showed that speed limiter systems 
reduced maximum speeds, speed variance, and inappropriate speed at hazardous locations. 
However, there were also negative outcomes of using speed limiters, including higher 
incidence of short headways, delayed braking, and slightly higher numbers of collisions. 
Furthermore, they found negative behavioural adaptation during driving in fog in terms of 
complacency and loss of vigilance. The authors suggest that this could be avoided if speed 
limiters not only determined limits from the posted speeds but also took into account 
weather conditions as well. The advisory system also performed well, especially when the 
driver could perceive the relevance of the information. Subjective feelings of mental 
workload did not differ for the various systems, but drivers preferred the advisory system 
to the control systems.   

The field trials of Várhelyi et al.'s (1998) study used 20 to 24 drivers from each of three 
countries, the Netherlands, Spain, and Sweden. Participants drove an instrumented car with 
and without the speed limiter in a counterbalanced order. The speed limiter worked by 
using a gradual increase in the counter-force on the accelerator when the vehicle 
approached the speed limit, and restricted the engine’s fuel injection when the actual speed 
limit was reached. The speed limiter was always set at the speed limit, automatically 
triggered by transmitters attached to speed limit signs. Driving speeds were slower with the 
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limiter, on average by 5 km/h. Speeds were slower in all urban areas tested using a range of 
speed limits. However, in rural areas, speeds were slower in areas with a 70 km/h speed 
limit, but not when the speed limit was 80 and 90 km/h (possibly due to platoon driving). 
The motorways driven on were very busy and, as such, mean speeds remained below the 
speed limit and so the limiter did not reduce travel speeds. The speed limiter reduced speed 
variation, the approaches to roundabouts, intersections, and curves were smoother in 
deceleration, and speeds were often slower during turns. These differences were not 
statistically significant.   

Corben, Lenné, Regan and Triggs (2001) reviewed the out-of-vehicle technologies 
available world-wide to enhance speed limit compliance.  Traditional speed limit and 
warning signs tend to be static, which can reduce their impact on road users. Dynamic 
messaging, in the form of speed warning signs, variable message signs, or a combination of 
the two, is more vehicle-specific and so has the potential to have a much greater effect on 
the driver. 

Active speed warning signs are predominantly used to make the driver aware of his/her 
own speed as a means of reinforcing the speed limit. Speed Indicator Displays (SIDs) were 
noted by Corben et al. (2001) as a promising technology to reduce vehicle speeds. The 
authors reported that such technology has been shown to reduce average vehicle speeds in 
European trials by between 4 and 8 km/h. SIDs can record the number and speed of 
vehicles, as well as vehicle headways for analysis, and data can be retrieved remotely. 
While mostly used to display drivers’ speeds, permanently mounted SIDs have also been 
used to display mandatory speed limits up to 90 km/h. 

SIDs are primarily used in permanently mounted positions. Detector loops are embedded in 
the roadway 70 m before the SID. This provides a firm distance from which to calculate 
the leeway time, which is the time between detection of the vehicle on the detector loops 
and when the vehicle passes the SID. Unlike radar technology, the detector loops will only 
detect each vehicle once and so is more suited to displaying the speed for individual 
vehicles.  More portable trailer-mounted SIDs can also be deployed for temporary use such 
as during periods of road works, although use of radars rather than embedded detection 
loops is recommended for ease of temporary installation. 

The BCRs for using SIDs in Victoria were predicted for a range of common scenarios in 
Victoria, namely, Case 1 which involved a National Highway on the outskirts of the 
Melbourne metropolitan area; Case 2, a State Highway passing through a township in 
regional Victoria; and Case 3, a State Highway passing through a large provincial city. 
Baseline crash data, together with the results of research on the relationship between crash 
risk, personal injury consequences and travel speed (Nilsson, 1984), for these sites were 
used to predict reductions in crash severity that will result from reduced vehicle speeds. 

These calculations showed that very attractive BCRs can be expected from reductions in 
vehicle speeds in both urban and rural settings, through the use of SIDs in such 
circumstances. The benefits were also considerably greater for Case 1, by virtue of the fact 
that a much higher number of crashes had occurred along that length of roadway. The 
resultant BCRs for 4 km/h speed reductions were 46 (Case 1), 7.9 (for Case 2), and 7.7 
(Case 3). If the 8 km/h reduction were assumed, the BCR values approximately double. 
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4.4.4 Separation of vehicular and non-vehicular traffic 

Heavy and fast moving traffic flows are a major deterrent to walking and cycling and much 
of the literature has stressed the importance of separation of transport modes, particularly 
in terms of providing a safe passage of travel for pedestrians and cyclists.  

There are three broad types of possible treatments to reduce or eliminate conflicts between 
vehicles and pedestrians and cyclists: i) horizontal separation, ii) time separation, and iii) 
vertical separation, and each of these types of separation requires different design and 
planning requirements (Sakar, 1995; OECD, 2001; Hagenzieker, 1996). Horizontal 
separation is used world-wide and includes provision of malls and car-free zones, bicycle 
lanes and paths, footpaths, and provision of barrier fencing, bollards, etc. Time separation 
includes treatments such as formal pedestrian crossings. Vertical separation includes the 
provision of underpasses and overpasses.    

4.4.4.1 Vehicle-free and vehicle-restricted zones 

Conflict between pedestrians/cyclists and vehicles can be reduced substantially by the 
introduction of vehicle-free areas or vehicle-restricted pedestrian/cyclist zones. The closing 
of some roads to vehicles to provide environments totally for pedestrians and cyclists is an 
ideal solution for improving their safety and mobility. Even partial separation of 
pedestrians/cyclists and vehicles can be beneficial. Partial restriction coupled with 
environmental beautification can change road function, slow vehicular traffic and 
contribute to pedestrian/cyclist safety. Many designs include use of innovative pavements 
and landscaping with trees, shrubs, flowers and planter boxes that collectively serve to 
slow traffic. 

Pedestrian/cyclist-priority residential zones were introduced in Europe in the late 1970s, 
and include the Dutch ‘Woonerf’ concept, and the provision of such areas in many 
European city centres continues to grow. This concept emphasises safety and mobility of 
pedestrians and cyclists in urban areas, particularly those with dense retail activity and 
achieves this by re-laying of road surfaces, renewing street furniture, and installing 
treatments to restrict vehicular travel.  

Completely closing off stretches of commercial urban streets to vehicular traffic has been 
used as a means to abolish pedestrian/cyclist-vehicle crashes in these busy areas. Bollards 
are one form of treatment that can be installed to separate vehicles from pedestrians and 
cyclists by preventing vehicles entering or parking in pedestrian/cyclist only zones. This 
treatment is common in Spain. It has also been noted that, for bollards to be effective for 
older, visually impaired pedestrians and cyclists, they need to be conspicuous and of high 
contrast (Dijkstra et al., 1998). In addition to creating a pedestrian/cyclist mall, Ribbens 
(1996) points out that to ensure the safety of these road users as they exit these malls, there 
needs to be a ‘buffer’ zone between the mall and the road.  He suggests a parking area or 
some type of physical barrier will assist pedestrians and cyclists as they make the transition 
from a no-vehicle area to streets that are shared with vehicular traffic. 

Since the late seventies, the Danish have implemented the concept of ‘environmentally 
adapted through roads’ (Danish Road Directorate, 1988). This concept encompasses a 
traffic conversion by which a through town highway is changed with a view to the needs of 
the environment and light traffic. Through a range of traffic-calming measures, vehicle 
speeds are reduced and more space is allocated for pedestrians and cyclists. Traffic islands 
and bike paths are constructed, carriageways are narrowed and staggered, carriageway 
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levels are raised, and road surfaces are changed. After construction of environmentally 
adapted through roads in three towns in the 1980s, the Danish Road Directorate (1988) 
evaluated the consequences of those measures and found that the average speed through 
these roads fell by 18 percent, with a predicted 45 to 67 percent decrease in injuries. In 
addition, proportions of vulnerable road users who indicated that they felt unsafe decreased 
from 43 percent to 14 percent for pedestrians and from 56 percent to 17 percent for 
cyclists. Further, the number of pedestrians and cyclists doubled after reconstruction. The 
Danish Road Directorate considered this an indication that the rebuilding made the street 
area more attractive and safe for vulnerable road users. Despite these benefits, there were 
some disbenefits also noted. These include an increase in travel time of 13.5 second per 
kilometre for motorists, and an increase in single-vehicle collisions with posts, refuges and 
signs. Moreover, this treatment is relatively costly, being approximately €550,000 per 
kilometre of reconstructed road.   

In the Netherlands, ‘cycle-streets’ have been constructed which are essentially streets with 
mixed traffic where the cyclists have a dominant position and motorised traffic is allowed 
but should not be dominant. Concerning the dimensions of the road profile, a distinction 
can be made between a tight profile and a spacious profile. With a spacious profile, there is 
enough room for vehicles to overtake cyclists, but this profile has the risk of higher driving 
speeds and cannot be recommended for cyclists. In contrast, a tight profile means there is 
not enough space for overtaking manoeuvres and drivers that wish to overtake cyclists can 
only do so if the cyclist offers the space. This type of design leads to lower driving speed. 
One negative consequence, however, is the threat of aggressive driving towards cyclists, 
therefore, this treatment can only be considered for streets with low volumes of motorised 
traffic and with relatively short road sections (Dijkstra et al., 1998).  

Some have argued that installing separate cycle lanes in already existing built-up urban 
areas may not always be feasible. Instead, it is argued that a reduction in city speed limits 
and/or marking part of the road as a ‘Bicycle Friendly Zone’ (BFZ) is an effective way to 
maintain mobility for drivers and increase safety of cyclists (Irvine, 1993). The BFZ is an 
example of ‘road sharing’ and is usually marked by an arrow and indicates the place (width 
and direction) that cyclists are likely to use. It may be appropriate to use a BFZ where there 
is insufficient roadway space for both cars and cyclists or there is insufficient cycle traffic 
to warrant a separate bike path. Trials of the BFZ have already been undertaken in the USA 
and Brisbane, Australia. One of the benefits achieved by the use of BFZ’s is a spontaneous 
reduction in vehicle speed, when cyclists have been using the BFZ. In addition, 
constructing a BFZ, instead of widening the road to accommodate separate bicycle paths, 
can overcome increases in vehicle speeds that often accompany wider roads (Pau & 
Angius, 2001). 

While the separation of pedestrian and cyclists from vehicles can overcome the risk of 
collisions with vehicles, allowing the mixing of pedestrians and cyclists does not overcome 
the potential problem of collisions between these two transport modes. Indeed, it is 
recognized that older pedestrians report some difficulties with other footpath users such as 
cyclists, skateboarders, etc. In the city of Odense, Denmark, cyclist tracks were established 
allowing a mix of pedestrians and cyclists. In addition, physical measures were taken to 
help the mix of cyclists and pedestrian traffic such as speed humps at intersections. 
Dijkstra et al. (1998) reported that, despite initial concerns about the consequences of this 
mix, an evaluation showed that the traffic takes place with mutual consideration and that 
only a few crashes involving cyclists and pedestrians have occurred since implementation. 
Total crashes per year decreased from 49.8 per year between 1980 and 1983 to 38.0 per 
year between 1989 and 1990 (after treatment installation).  
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4.4.4.2 Bicycle tracks, paths and lanes 

Another method of separating cyclists and vehicular traffic is the construction of bicycle 
tracks, paths and lanes, and it is argued that provisions for cyclists should not simply be 
seen as additional features of the traffic structure for vehicle traffic, but rather, cyclists 
require a network of their own (Wittink, 2001b). Northern European countries, in 
particular, have emphasised the need to avoid vehicle-bicycle collisions altogether and this 
is attempted by establishing clearly marked bicycle lanes (Osberg et al., 1998). One of the 
main issues is to determine the most appropriate facility for road type and use, i.e., whether 
complete separation is necessary (provision of bicycle tracks), or the provision of marked 
lanes on the roadway is adequate. The ETSC (1999) argued that cyclists can mix safely 
with traffic at speeds below 30 km/h, but where traffic speeds are between 50 km/h and 65 
km/h, segregation or additional lane width is necessary. Above 65 km/h, segregation is 
essential. 

Many municipalities and provinces in the Netherlands, Belgium and Denmark have 
implemented plans for bicycle paths. For example, between 1986 and 1992 the length of 
the Dutch cycle paths increased by 55 percent and that of lanes by more than 70 percent. 
The aim of all plans is to stimulate the use of the bicycle by offering attractive facilities for 
the cyclists, consisting of paths of high quality separated from the motorised traffic, of 
direct connections, and of special green phases in traffic lights for cyclists. In addition, 
there is the aim of safety: to reduce the number of crashes and injuries (Wittink, 1994).  

The ‘Sustainable Safety ‘ philosophy in the Netherlands makes provision for three road 
types, each with distinct provision for cyclists. On through roads, complete separation of 
vehicles, cyclists and pedestrians is provided. Cycle lanes are separated from vehicle traffic 
and pedestrians by median islands and kerbs, and vehicles cannot enter cycle lanes. One-
way cycle lanes are usually provided on both sides of the street. However, there are 
occasions where one wider cycle path is provided for two-way cycle traffic. On access 
roads, bicycle lanes are provided in one of two forms. The most common design is for the 
carriageway to be narrowed and part of the road along the edge (width of between 1.5 m 
and 2 m) is made into a cycle lane. This lane is delineated by a continuous line, and 
standardised bicycle symbols are painted on the path. The cycle lanes are mostly red in 
colour and sometimes provided with a different type of pavement. Here, vehicles can drive 
on cycle lanes when passing other vehicles, however, cyclists have right-of-way. 
Alternatively, cycle lanes are provided on a section of the footpath, again, delineated by 
contrasting pavement. The Danish road authorities have also considered extensive use of 
cycle tracks and lanes (Herrstedt, Nielsen, Ágústson, Krogsgaard, Jørgensen & Jørgensen, 
1994; Jensen et al., 2000). Cycle lanes are mainly used in urban areas, where lack of space 
makes it impossible to establish separate cycle tracks.  

Complete separation of cycles and vehicular traffic is considered the most beneficial in 
terms of safety for cyclists because there is no potential for conflict with vehicles and they 
provide a comfortable cycling environment. Danish studies, for example, show reductions 
of 35 percent in cyclist casualties after the construction of cycle tracks alongside urban 
roads (e.g., Herrstedt et al., 1994; Herrstedt, 1997). In Danish rural areas, too, Hansen and 
Jorgensen found that crash risk of cyclists was reduced by 25 to 60 percent on road 
sections with separate bicycle lanes. 

However, while cycle paths are thought to lead to less cycle crashes on road lengths 
between intersections, this measure does not overcome the problems of collisions at 
intersections, especially on rural roads with only one two-directional cycle path. At these 
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locations, cyclists are required to re-enter the shared space and therefore the potential for 
conflicts arises (see Section 4.4.5.1 for more details of provisions for cyclists at 
intersections).  

Where there is no space on the carriageway for separate cycle lanes, cycle tracks are 
introduced. While they are less safe than tracks, the provision of lanes is preferable to no 
lane (Herrstedt et al., 1994). Three separate studies have shown a ten percent rise in the 
number of bicycle crashes in connection with the establishment of cycle lanes in urban 
areas. This is a result of fewer crashes on road links but more crashes at intersections, 
particularly collisions between turning vehicles (Smith & Walsh, 1988; Nielsen, Andersen 
& Lei, 1996). 

One consideration in the provision of cycle paths is pathway width. Cyclists need space to 
cycle safely and they should not be expected to stay close to the near-side kerb at all times. 
Further, adequate width should be provided for overtaking other cyclists, to be passed 
safely by vehicles, and for cyclists to deviate around road defects and other hazards. In the 
Netherlands and Denmark, guidelines specify that path widths between 1.5 m and 2 m for 
one directional use and between 3 m and 4 m for two-directional use, including a 0.3 m 
edge-line are sufficient (Vis, 1994). However, there are three observations to be made. The 
first is that providing a 2 x 2 m (plus 2 x 0.3 m separation) requires close to 5 m road 
width. This may be provided in suburbs (where cycling intensity is low) but cannot be 
provided in inner cities (where cycling intensity is high). The second observation is that 
widths of less than 1.5 m give cyclists little room to manoeuvre, while a wider lane than 2 
m may be abused by drivers. The third observation is that providing cycle path facilities 
seems to shift crash occurrence to the intersections. The design of safe vehicle-bicycle 
interactions at intersections still requires development (barring the general rule that 
reduction in speed results in reduction in injury). 

The feasibility of implementing cycle path networks – and for that matter of implementing 
wider cycle paths – is also to be considered. Older cyclists tend to have short cycle trips in 
the vicinity of home. In urban areas, space is scarce. For this reason, Dutch sustainable 
safety design recommends merging motorised and non-motorised traffic with additional 
measures to decrease vehicle speed. Whether that approach improves safety is unclear, but 
it certainly is not what older cyclists appear to prefer.   

It should be noted that there are some disadvantages associated with provision of bicycle 
paths. Hansen and Jorgensen (1988) cautioned the use of separate bicycle lanes on long 
sections because they inevitably cross roads at various points and this interaction with 
vehicular traffic places cyclists at heightened risk, particularly if they are on the right of a 
vehicle that is making a right turn in countries that have right-hand drive (in countries that 
have left-hand drive risk is heightened if the cyclist is on the left of a vehicle that is making 
a left turn). Despite their shortcomings, however, separated bicycle paths offer 
considerable protection in many circumstances and, at the very least, identify the points of 
greatest risk (e.g., intersections). This in turn allows for appropriate treatments at these 
locations, for example, use of traffic lights or other protected road-crossings. 

In addition, the OECD (2001) argued that dedicated bicycle paths are inappropriate if they 
do not lead directly to a desired destination. In these situations, it is argued that cyclists 
will reject route deviations and will resort to riding on the main road network. Wegman 
and Dijkstra (1988) argued that placing bicycle lanes on urban arterials is not cost-effective 
and may compromise the safety of cyclists. On the other hand, they argued that separate 
cycle paths have been proven to be cost-effective. 
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In her review of design measures for older road users, Davidse (2002) noted glumly that in 
the literature no measures could be found that are specifically aimed at improving facilities 
for older cyclists. She refers to Goldenbeld (1992) who, on the basis of crash analysis, 
recommended separation of bicycle and motorised traffic, stopping facilities for cyclists at 
intersections and wider cycle paths. Equally glumly, Davidse noted that these 
recommendations are not further elaborated. 

Davidse finds a glimmer of hope in a German study that asked older cyclists which 
measures they consider necessary to improve their safety. Older cyclists reportedly were 
very positive about separation of bicycle and motorised traffic and would appreciate 
extension of the cycle path network. Widening cycle paths and levelling cycle path entry 
and exits were also high on the priority list. 

In conclusion, few facilities are identified that specifically improve safety and comfort of 
older cyclists. At face value, extending the cycle path network can have a safety benefit but 
only if this does not increase conflicts and crashes at entry and exit points and at 
intersections. Separate cycle paths increase visual load for road users who want to merge 
onto or cross roads with separate cycle paths, as cyclists on the path are, for them, also 
visually separate from the motorised traffic. If they concentrate on the motorised traffic, 
cyclists will go undetected. 

4.4.4.3 Footpaths 

Footpaths are an integral part of the pedestrian transport network and the provision of well-
maintained paved footpaths and shoulders is associated with fewer pedestrian collisions, 
injuries and deaths and greater comfort (Institution of Transportation Engineers, 1998). 
Footpaths physically separate pedestrians from vehicular traffic, provide a comfortable and 
safe place for them to walk as opposed to walking on the roadway or shoulder, improve 
pedestrian access and increase positive experiences while walking. Older people with 
reduced vision and limited physical mobility especially need footpaths to offer protection 
from vehicular traffic. Moreover, given that many pedestrian crashes and falls are the result 
of poor road or footpath surfaces, routes of importance to pedestrians should be identified 
for priority maintenance. Narrow uneven pavements, holes and broken surfaces, gaps and 
low friction, obstacles, other footpath users and high kerbs may present serious problems 
for older pedestrians (Fildes et al., 1994b; Hydén et al., 1998; Jordan, 1993). Reducing the 
risk of falling is largely a matter of the detailed design and maintenance of the surfaces 
used by pedestrians and cyclists, not only on footpaths and cycle paths, but also on the 
carriageway, where the parts of the surface most used by crossing pedestrians or cyclists 
should have the highest quality of surface (OECD, 1998). 

McMahon et al. (2001) reported on the effect of footpath construction on a highway in 
Washington, USA and noted the following: a significant increase in distanced walked by 
pedestrians; a significant increase in number of pedestrians walking on the footpath; a 
significant increase in proportion of pedestrians crossing at marked crosswalks (associated 
with a decrease in proportion of pedestrians crossing in unmarked crosswalks and at mid-
block locations); and no effect on traffic volume or vehicle speeds. From these 
observations, McMahon et al. provided some design guidelines on footpath construction 
and maintenance to improve safety and access for all pedestrians. Their recommendations 
include: minimum footpath width (from 1.5 m on local streets to 3.7 m in central business 
areas), provision of a smooth walking surface (concrete is the preferred surface), minimum 
grade of 5 percent or less and maximum grade for a kerb ramp of 1:12, provision of ramps 
at all intersection crossings and mid-block crossings with a grade no greater than 1:12, 
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removal of obstacles along footpaths, removal of snow, placement of bus stops and shelters 
between the footpath and the street, and good lighting.  

In addition, Ribbens (1986) identified problems at bridges in South Africa where there 
were inadequate pathways for pedestrians and cyclists thereby forcing them onto the 
carriageway and suggested improved bridge design with proper road shoulder, drainage, 
and signs to allow more room for pedestrians and cyclists. 

Many countries around the world now recognise the need to provide accessibility for 
people with physical and visual limitations to facilities, to roads and paths, and to public 
transport. When roads are reconstructed, there is often no difference in level between the 
pavement and the carriageway. While this can improve the accessibility for wheelchair 
users, those with visual impairment may be disadvantaged.  

One measure to solve this problem is provision of guidance treatments such as tactile 
paving or flexible tiles integrated into the pavement. This treatment is used to signal to 
pedestrians as they approach a potentially dangerous location, such as ramps and kerb 
extensions, and to provide guidance and orientation to distinguish a change from footpath 
to road surface (OECD, 2001; Jordan, 19913). Savil, Davies, Fowkes and Gallon (1996) 
recommended that this practice be made standard in all OECD member countries. In 
addition to tactile paving, audio messages could be used as a support.   

For locations where the footpath and road surface are constructed at different levels, the 
provision of ramps at formal crossings can eliminate the problems older pedestrians 
experience when stepping off kerbs. In addition, contrasting colour such as yellow paint 
against black asphalt can indicate a change in environment for people with low vision. 
Oxley et al (2001) found substantial vehicle speed reductions associated with the 
introduction of treatments including coloured crosswalks. Dijkstra et al. (1998) noted that 
this treatment increases accessibility and mobility for pedestrians and increases safety since 
sudden changes in path level are eliminated.  

Good winter maintenance is also important. Oberg (1998) noted that, in Sweden, only 
about 50 percent of cyclists who ride during summer also ride in winter. Moreover, crash 
rates of older cyclists (65+ years old) were higher than those of younger adults (16 to 65 
year olds) in all weather conditions, but significantly higher (about 12 times as high) when 
surfaces were covered in ice or snow. Oberg (1998) recommended that footpaths and roads 
be maintained to a high standard during both winter and summer, with particular emphasis 
on areas frequented by adult and elderly cyclists (and pedestrians) and suggested that, to 
improve the safety of cyclists, sand and gravel that have been laid down on surfaces should 
be removed as quickly as possible after winter, especially on hilly areas. Oberg et al. 
(1996) also reported that anti-skid surfaces reduced slipping dramatically: only one in five 
pedestrian injuries occurred when surfaces were dry.  

Björnstig et al. (1997) also suggested the spreading of either sand or salt in areas with high 
incidences of slipping or simply ensuring that the snow is kept cleared. Oberg (1998) made 
similar recommendations for road improvements, including:  

• The sand and gravel used on ice and snow-covered roads in winter needs to be swept 
away as soon as possible after winter; 

• Provision of more ‘heated surfaces’ for pedestrians; 
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• Improved winter road maintenance that is both high and consistent, particularly for 
elderly pedestrians and cyclists; 

• Summer road maintenance that is concentrated on areas that elderly pedestrians 
habitually use. 

In 1989 the Danish Road Directorate (1995) implemented the ‘Route for Everybody’ 
project that was primarily aimed at providing mobility for people with disabilities by 
increasing accessibility and comfort. Road sections in Fredericia and Copenhagen were 
reconstructed to provide a guiding line, constructed of special concrete pavement blocks 
each with a small, protruding, rounded, tactile element in the surface and provision of extra 
pavement at bus stops. Evaluations of these treatments in Frederica consisted of 
questionnaires to local institutions, and users revealed ambiguous results. Users were 
generally positive, however, there were some suggestions that visually impaired 
pedestrians had difficulty in following the guiding line. 

In summary, provision of well-maintained footpaths with ramps leading to formal 
crossings is considered beneficial to pedestrians, but particularly to older pedestrians with 
physical or visual impairments. 

4.4.4.4 Barrier fencing 

Barrier fencing and guardrails have been used for many years around the world to separate 
pedestrians and vehicles. They are effective in limiting access to the road at mid-block 
locations and are usually installed in high-risk areas such as busy shopping centres, at or 
near public transport stops, near intersections and within the vicinity of formal crossings. 
Pedestrians are ‘forced’ to cross at safe locations. Because a substantial number of crashes 
occur within the vicinity of crossings (particularly within the 50 m either side of a 
signalised crossing), some have suggested that installation of guardrails and a stop line a 
few metres before the crossing can reduce the potential for conflict (OECD, 1998; ETSC, 
1999). 

While the presence of side streets and driveways often necessitates breaks in the fence and 
hence, limits its effectiveness, fencing still reduces the incidence of pedestrians crossing at 
risky locations. In some locations, alternative types of barriers can be used, both for 
aesthetic reasons and to achieve greater compliance from pedestrians. Barriers in the form 
of garden beds, raised planter boxes, outdoor seating, etc., may realize higher levels of 
acceptance from pedestrians because they appear as natural elements of the streetscape, 
rather than overt attempts to re-direct pedestrians from their most convenient path (Oxley, 
Dewar & Fildes, in press). 

Barriers installed between opposing lanes of traffic serve to discourage mid-block 
crossings and concentrate pedestrian traffic at formal crossing points. Stewart (1988) 
examined the effectiveness of barriers with a traditional design of closely spaced vertical 
bars at eight sites in London in terms of crash reduction. The results showed a decrease in 
adult casualties of 33 percent. This design, however, can disadvantage short pedestrians, 
since they may have difficulty seeing and being seen by approaching drivers because the 
design of the vertical rails blocks their view. Any movement beyond the guardrail by the 
pedestrian can result in that person and the driver having insufficient time to avoid a 
collision. Stewart (1988) also examined the effectiveness of guardrails with vertical 
‘windows’ that can allow up to 80 percent transparency at 40 m ahead of a driver, and 
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found that this design led to a significant improvement over traditional designs (a casualty 
reduction of nearly 50%).  

4.4.4.5 Crossing facilities 

Crossing facilities are another form of separating vehicles and pedestrians. These facilities 
control pedestrian and vehicle movements, separating their use of the roadway in time, 
concentrating pedestrian movements to selected locations where the conflict between 
pedestrians and vehicles can be more effectively managed, and are commonly regarded as 
a safety initiative.  They not only serve to channel pedestrians and provide them with the 
opportunity to cross the road while drivers give-way to them, but also serve to enhance the 
expectation of drivers of the possible presence of pedestrians. However, there are reports of 
difficulties by older pedestrians in poorly located or poorly functioning facilities. 
Notwithstanding, there are a number of recommendations and technologies available that 
can improve the functioning of crossing facilities to accommodate the needs of older 
pedestrians.  

4.4.4.5.1 Type and location of facilities 

There are a number of crossing facility types, ranging from unsignalised ‘Zebra’ crossings 
which generally provide markings on the road, to ‘Pelican’ type crossings that usually 
provide road markings and flashing warning lights to drivers, to signalised crossings that 
provide fully pedestrian-operated signalised lights to stop traffic in the presence of crossing 
pedestrians.  

Most guidelines specify that the choice of crossing is dependent on safety implications, the 
cost of installation and maintenance needs, and the delay to both pedestrians and vehicle 
occupants. Australian guidelines also state that the requirement for facilities should be 
determined by vehicular volumes and gaps, pedestrian crossing volumes, speed limit, and 
other general conditions such as traffic controls, geometry, crash history, and pedestrian 
visibility (Austroads, 1995). It is generally agreed that signalised facilities are safer than 
unsignalised facilities (Zegeer et al., 1993; OECD, 2001). For example, Ribbens (1996) 
cited research in South Africa that evaluated the use of Pelican crossings at mid-block 
pedestrian crossings using a before and after design. Installation of Pelican crossings 
resulted in reductions in pedestrian-vehicle crashes, rear-end crashes and vehicular delays. 
Janko, Rethati & Vlaszak (2000) reported a high proportion pedestrian crashes (27%) on 
marked Zebra crossings in Hungary during 1998 compared to other forms of crossing 
facilities.  

While formal pedestrian crossings are useful, they must be placed at appropriate locations 
for older pedestrians to use them. Older pedestrians often prefer to take the most direct path 
and are unlikely to walk very far from the intended path to a crossing point far away, 
especially if they experience difficulty walking (OECD, 2001).  

Pivnik (1994) argued that location is an important issue for older pedestrian mobility and 
safety and suggested that the surrounding areas be scouted to ascertain the presence of 
senior citizens’ clubs, retirement homes, social security offices and medical clinics etc. 
(indicating a high proportion of older pedestrian activity) that could guide appropriate 
placement of crossing facilities in the community.  

Zegeer et al. (2001) investigated the effect of uncontrolled marked and unmarked 
pedestrian crossings on the rate of pedestrian-vehicle crashes.  Using police crash reports, 
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their analysis consisted of comparing the number of crashes at 1,000 marked pedestrian 
crossings situated at intersections and midblocks in 30 cities across the USA over a 5-year 
period with those that had occurred at 1,000 unmarked pedestrian crossings over the same 
time period.  Both types of crossings (marked and unmarked) were matched in terms of 
average daily traffic flow (ADT), number of lanes, daily pedestrian volumes, speed limit 
and area type. They reported no difference in the frequency of crashes at sites with marked 
crossings compared to places with unmarked crossings. Furthermore, for those zones with 
high daily traffic volumes (in excess of 12,000 vehicles), the frequency of pedestrian-
vehicle collisions, as well as the severity of those crashes, was higher when a marked 
crossing was in place.   

When the results were broken down according to age, elderly pedestrians aged 65 years or 
more were over-represented in crashes at both marked and unmarked crossings on two-lane 
and multi-lane roads, relative to their exposure. Zegeer et al. concluded that installing 
marked pedestrian crossings in the absence of other supporting traffic-calming and safety 
devices is unlikely to impact on drivers’ behaviour in terms of slowing down and giving 
way to pedestrians. Despite these findings, they recommended that, rather than removing 
pedestrian crossings, they should be considered as one step in an overall traffic safety 
program.   

4.4.4.5.2 Walk and clearance phases 

One of the major concerns for older pedestrians is that the length of walk and clearance 
phases at crossing is too short for slow walking older pedestrians to complete crossing the 
road in the time permitted. This leads to intimidation by impatient drivers. This issue has 
received much attention in the literature.  

In most countries, design and operation standards use 85th percentile walking speeds of the 
general pedestrian population to set walk and clearance phases. For example, in the USA, 
current walking speed used for the design of intersections is 1.22 m/s (FHWA, 1988). 
Similar values are used in other developed countries. However, this value has been 
questioned, particularly in light of research that indicates that many pedestrians, especially 
older ones, do not walk that fast (see Section 3.2.3.2). This value is clearly inadequate for 
older pedestrians to complete the cross and there have been many recommendations world-
wide to extend walking phases to accommodate the slower walking speeds of the majority 
of older pedestrians, in the order of 0.91 m/s to 1.00 m/s, especially in areas with large 
concentrations of older pedestrians (Coffin & Morrall, 1995; Hauer, 1988; Knoblauch et 
al., 1996; Guerrier & Jolibois, 1998; Dewar, 1992; Tarawneh, 2001; Jordan, 1993).  

Hagenzieker (1996) points out that walking times required for elderly pedestrians need to 
be counterbalanced with those of other (younger) groups of road users who might grow 
impatient with elongated waiting times and resort to unsafe practices such as red light 
violations. A reportedly successful innovation for signalised pedestrian facilities that can 
overcome some of these problems is the installation of an optical detection system known 
as Puffin (Pedestrian User Friendly Intelligent) in Britain and Australia, and Pussycats 
(Pedestrian Urban Safety System and Comfort at Traffic Signals) in France and the 
Netherlands. These systems have been found to reduce red light violations by pedestrians 
and to have a positive effect on safety (Carsten, 1995, cited in Cairney & Green, 1999). 

The Puffin signalised crossing system was first developed in Britain (Davies, 1992) and in 
its conventional form, employs a system to detect a pedestrian waiting on the footpath and 
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activate the green phase, and to detect the passage of pedestrians through the crossing zone 
and intelligently vary the length of the clearance interval (not the green phase) according to 
the needs of the pedestrian crossing on each cycle. Two types of detectors are used: an 
infrared detector, designed to be mounted on the primary signal head top support bracket 
with the sensing aperture facing the footpath and crosswalk; and a detection mat on the 
ground that detects any weight over 20 kg.  

Reading, Dickinson and Barker (1995) observed changes in pedestrian crossing behaviour 
and pedestrian detection after installation of Puffin crossings in Scotland. They found that 
the conflict between pedestrians and vehicles during the flashing amber period was 
eliminated and replaced by stages of clearly-defined priority and argued that, for older 
pedestrians especially, the stress and confusion of crossing quickly was removed 
successfully. They did note, however, that installation of the Puffin resulted in an increase 
in delay to vehicle traffic by approximately five seconds, but that this increase was 
compensated for by the automatic cancellation and extension mechanisms when pedestrian 
demand is low.  

In Australia, evaluations of the effectiveness of Puffin crossings were conducted by 
observing pedestrian and driver behaviour at crossings and by interviewing users of the 
crossings (Catchpole, Jordan & Cairney, 1996, cited in Cairney & Green, 1999; Catchpole, 
1998). These studies found an increase in pedestrian compliance with the signals, with a 
significant reduction in the proportion of pedestrians starting to cross before the green 
(10%) and a non-significant increase in people crossing on the green signal. A longer 
display of the green signal for pedestrians resulted in a large increase of completion of 
crossings without being confronted with a flashing red signal. Extending the clearance 
interval did not lead to any change in the length of time taken by pedestrians to cross. In 
addition, the change in signal operation led to a 40 percent reduction in vehicle delays, and 
there was no increase in red light running or other driver behaviours that might adversely 
affect pedestrian safety. It was acknowledged, however, that signal control strategies of 
Puffin crossings could lead to increases in delay to vehicles if used at sites with high levels 
of pedestrian activity. In terms of useability, Catchpole reported that pedestrians seemed 
happy with the change in operation and any concerns about the adequacy of the time 
available for crossing were eliminated. Dijkstra et al. (1998), too, noted the benefits of 
infrared detectors for slow pedestrians but added that pedestrians need to understand how 
the detector operates so they don’t panic when the green phase ends while they are still on 
the roadway. 

One municipality in the Netherlands has introduced an electronic sender for disabled and 
elderly pedestrians. This sender can be used to influence the controller of a pedestrian 
crossing, doubling the pedestrian green and increasing clearance time by 30 percent. Light 
heads were equipped with a receiver and when the system was activated, the light head 
emitted an acoustic signal and traffic was given a red signal. Thirty-two intersections were 
equipped with this device and users of the sender were, reportedly happy with the system, 
subjective safety was increased (more than 60 percent of users indicated they would not 
cross intersections when no sender was available), and very few vehicle conflicts were 
reported (Dijkstra et al., 1998). 

Moreover, it appears that older pedestrians experience difficulty understanding the 
meaning of the clearance interval denoted by flashing ‘Don’t Walk’ signals at signalised 
pedestrian crossings and may become confused and distressed while on the roadway. In 
their survey of over 4,700 pedestrians, Tidwell and Doyle (1995) showed that pedestrian 
laws and traffic control devices are poorly understood. Just under half of the respondents 
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indicated that the flashing ‘Don’t Walk’ signal meant to return to the kerb, while the intent 
of the message is ‘don’t start to cross’. Nearly half of those surveyed thought a ‘Walk’ 
signal meant there were no turning conflicts. Moreover, they found that some pedestrians, 
especially older ones, were sometimes confused about how to respond to the ‘Don’t Walk’ 
signal when it comes on after they are part way across the road.  

Pivnik (1994) states that the most commonly used formula for deciding the pedestrian 
clearance interval at signalised crossings is:  

FDW=D/S 

where ‘FDW’ is the clearance time (in secs) for the flashing ‘Don’t Walk’ signal; ‘D’ 
denotes the distance (in metres) from the maximum kerb to the centre of the furthest lane 
following a direct line through the crossing; and ‘S’ stands for the crossing speed (in 
m/sec) of the pedestrian. To accommodate older pedestrians, Pivnik argued that the ‘D’ 
value should be calculated kerb to kerb to ensure that they are safe during the entire 
crossing event. In addition, the ‘S’ value needs to be measured at a time of day that 
captures the ‘most typical pedestrian’ so that the crossing times are appropriate for them. 
By calculating these values, he concluded that the speed that is eventually set will be one 
that is exceeded by the majority of the pedestrians crossing at the facility, even ones that 
walk slowly.  

One of the ways to overcome the problems of clearance signals is to design the signal so 
that it is clearly understood and unambiguous. Another way may be to inform older 
pedestrians of the meaning of crossing signals. As part of a dual-pronged countermeasure 
program targeting elderly pedestrians, and consisting of an educational and engineering 
component, Cleven and Blomberg (1998) reported that posting signs at crossing facilities 
that explained the meaning of the different crossing signals, was effective in lowering crash 
rates amongst elderly pedestrians over a four-year period. This method of information 
dissemination was also very visible with 66 percent of survey respondents indicating that 
they had seen these signs. 

Janssen and van der Horst (1991) suggested the installation of ‘blinking yellow’ lights to 
indicate to pedestrians that they may cross the road but do so at their own risk. This device 
was suggested in response to the high percentage of pedestrians (45%) who crossed the 
road during the flashing red phase of the pedestrian signals in the Netherlands. An 
evaluation of the impact of this device on pedestrian crossing behaviour and crash rates in 
Delft, the Netherlands revealed an almost imperceptible decline in crash (from 2.7 crashes 
per year prior to installation to 2.6 crashes per year after installation). Crash severity 
remained unchanged. In terms of pedestrian behaviour, Janssen and van der Horst noted 
that the number of people crossing the road outside the green light almost doubled after 
installation of the ‘blinking yellow’ lights, thus reducing waiting time at the lights from 17 
s to 13 s.   

In Montreal, Canada, a digital countdown device has been developed to provide 
pedestrians with explicit information about the amount of time left to complete their 
crossing. This device is displayed alongside the conventional pedestrian signal display, 
showing 18 (for 18 seconds) at the start of the walk time, 6 at the start of the clearance 
time, and 0 at the end of the clearance time.  An evaluation of this system found an overall 
reduction in pedestrian-vehicle conflicts at the sites, however, the authors concluded that 
this seemed to be partly due to factors other than the signals (Belanger-Bonneau, Joly, 
Bergeron, Breton, Laberge-Nadeau, Lamothe & Rannou, 1996). 
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One word of caution when considering innovative countermeasures, particularly those 
using sophisticated technology, however, is the acceptance by older adults. Simoes and 
Marin-Lamellet (2002) pointed out that elderly pedestrians may be unfamiliar or 
uncomfortable with new technology (they term this a ‘generation effect’). Consequently, 
recommendations for various safety interventions must take this effect into account so that 
these measures are not avoided or rejected by older people. 

4.4.4.5.3 Facilities for visually impaired pedestrians 

Visually impaired pedestrians require special design improvements at crossing facilities. 
For the visually impaired person to cross a road, they must first find the kerb (usually with 
a cane), listen to a number of signal cycles to determine what type of intersection it is, and 
then use traffic noise as a cue to decide when it is safe to cross as well as for assistance in 
maintaining a straight line while crossing the road. Unfortunately, a number of engineering 
improvements designed to assist other road users have increased the level of difficulty 
encountered by the visually impaired. For example, kerb cuts or ramps have made it more 
difficult to distinguish between the road and footpath, and actuated facilities, free right 
turns and newer, quieter cars have made it more difficult to detect gaps in the traffic. 

Barlow (2001) suggests a number of design improvements to assist with the navigation 
needs of visually impaired pedestrians, most of which are variations on audible and tactile 
signals and surfaces at crossing facilities (Accessible Pedestrian Signals [APS]), and many 
of these have or will be incorporated into the recommendations and guidelines of bodies 
responsible for pedestrian safety (e.g., The Public Rights-of-Way Access Advisory 
Committee (PROWAAC) and the US Access Board. The four types of APS recommended 
by Barlow are: audible at pusbutton; audible at pedhead; vibrotactile and transmitted 
message.   

The ‘audible at pushbutton’ device commonly consists of a vibrating surface and a speaker 
placed at the pushbutton. The speaker emits a tone, speech message or bird call audible 
from a distance of 2 to 4 m and is intended to be heard at the beginning of the crossing 
only. As well as being capable of responding to the surrounding noise levels, this device 
also features a ‘locator tone’ which emits a quiet tone every second to notify the visually 
impaired pedestrian of the presence of an intersection. This type of APS has been used 
throughout Australia and Europe (Barlow, 2001). 

For the ‘audible at pedhead’ device, the speaker is mounted on top of the pedhead and 
gives out tones resembling, for example, a bell, voice message, bird call, or buzzer. These 
sounds can be heard right across the street and some models may respond to ambient noise 
levels by becoming louder as surrounding sound increases and, conversely, softer as 
ambient noise decreases. This ‘audible at pedhead’ device is common throughout the USA 
(Barlow, 2001). 

A vibrotactile APS consists solely of a vibrating surface to alert visually impaired 
pedestrians as to when the walk signal is green. Either the pedestrian pushbutton or the 
arrow on the pushbutton vibrates and, for it to be effective, the pedestrian needs to know 
where it is located. Britain’s Department of Transport stated that the rotating tactile surface 
that operates during the green phase should be placed on the bottom right-hand side of the 
pushbutton unit and extend 20 mm down and have a diameter of 15 mm. However, the 
report does not recommend vibrotactile surfaces as a substitute for audible signals. Another 
factor to consider with all pushbutton devices is that they should be large enough to be 
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activated by a pedestrian using a closed fist – such a consideration would be helpful for 
older, arthritic hands (Barlow, 2001). 

The fourth type of APS is the transmitted message. Using an infra-red beam, messages 
about the intersection and the phase of the lights are transmitted from the pedhead to a 
hand-held receiver carried by the pedestrian. The pedestrian merely needs to point their 
personal receiver at the pedhead to receive the information (Barlow, 2001). 

To further assist the visually impaired pedestrian, PROWAAC recommended that a 
detectable warning consisting of a section of ‘truncated dome detectable warning material’ 
should be placed on the footpath leading up to ramps and on medians that are ‘cut-through’ 
to alert visually impaired pedestrians of an upcoming hazard (Barlow, 2001).  

The British Department of Transport (2002) suggested that tactile paving surfaces be 
installed at both signalised and unsignalised crossings and recommended that surfaces 
should be constructed of rows of ‘flat-topped blisters’ that are 5 mm high and 25 mm in 
diameter, preferably with a colour that contrasts with the surroundings. 

In Japan, Aotani, Tajima, Yachi, Kurachi and Ohkubo (2001) conducted two separate field 
tests on a transmitter device named the Pedestrian Information and Communication 
Systems-A (PICS-A). In addition to providing visually impaired pedestrians with messages 
regarding upcoming intersections, crossings and signals, PICS-A also relays information 
on train timetables, entrance and exits to the train station, and the position of the nearest 
supermarkets etc. This information is transmitted to the pedestrian’s hand-held receiver via 
infra-red beacons that are installed at the relevant intersections. The evaluation of the 
effectiveness of this device included two field tests and survey of 50 elderly volunteers. All 
participants in the final field test indicated that this device provided them with ‘very good’ 
information on intersections, for example, the status of the signal lights as well as when to 
begin walking across the intersection. Information on the railway station was deemed to be 
appropriate by 96 percent of the respondents and 83 percent felt that it gave them ‘easy to 
find’ directions. Overall, a total of 96 percent of the participants stated that the PICS-A 
made it easier for them to walk into town. Aotani et al. concluded that this device will 
become popular but does need to be standardised to enhance the safety and comfort of 
visually impaired elderly pedestrians when they travel on foot in urban areas. 

4.4.4.5.4 Warnings to drivers of presence of crossing facilities 

In addition to providing adequate crossing times for older pedestrians, there are measures 
that can be taken to improve driver behaviour at crossing facilities, particularly in terms of 
alerting them to the presence of the facility and to reduce speeds and stop at these locations 
when pedestrians are present.  

Huang, Zegeer and Nassi (2000) examined the effectiveness of three types of devices to 
direct approaching drivers to stop or be alert for pedestrians on the crosswalk at 
unsignalised locations in the USA. These included an overhead crosswalk sign to alert 
drivers that there is a crosswalk, pedestrian safety cones that direct drivers to give-way to 
pedestrians, and pedestrian-activated overhead regulatory signs that flash immediately after 
the pedestrian push button is activated. They found that the pedestrian safety cones and 
overhead crosswalk signs resulted in drivers more likely to give-way to pedestrians and a 
reduction of the proportion of pedestrians who were required to run, abort or hesitate while 
crossing. The pedestrian-activated regulatory sign did not prove effective, but was likely 
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limited by the types of locations where the devices were installed. The authors concluded 
that safety cones and overhead crosswalk signs appear to be promising tools for enhancing 
pedestrian safety at mid-block crosswalks on low-speed two-lane roads, and that the 
pedestrian-activated regulatory sign may have been at least effective as the other devices 
had they been installed on low-speed single-lane approach roads. However, they also 
pointed out that while these devices were generally effective in increasing the number of 
pedestrians for whom drivers give-way, there is no clear relationship between the 
proportion of give-way operations and the number of pedestrian crashes.  

Recently, Hakkert et al. (2002) evaluated the effects of a crosswalk warning system on 
pedestrian and vehicle behaviour at four uncontrolled pedestrian crossings. The system was 
designed to detect pedestrians near the crosswalk zone and warn drivers of the presence of 
a pedestrian by means of flashing lights embedded in the pavement adjacent to the marked 
crossing. While behaviour changes were not uniform across sites (reflecting different site-
specific conditions), the overall findings indicated that installation of the warning systems 
result in: i) a decrease in both free speeds and speeds near the crosswalks in the order of 2 
to 5 km/h (only at sites where initial speeds were higher than 30 km/h); ii) a positive 
change in giving way to pedestrians (increases to a level of between 35% and 70%); iii) a 
reduction in the rate of conflicts in the crosswalk area to less than one percent; and iv) a 
significant increase (10%) in the amount of pedestrians crossing at the crosswalk, rather 
than outside the area. 

4.4.4.6 Underpasses and overpasses 

Another way to separate pedestrians and cyclists from vehicular travel is to construct 
overpasses (bridges) and underpasses (subways). These treatments, however, have not met 
with much success, particularly for older pedestrians, because of the difficulties they 
experience walking up and down stairs or long ramps and security issues. To overcome 
these problems, the ETSC (1999) suggested that footbridges or subways should be without 
steps or troublesome ramps, should have good through visibility, brightly lit, and keep 
vulnerable road users on their natural desire-line whilst motorists undergo the changes in 
grade and level. An innovative development in the City of Barcelona is the installation of 
transparent elevator to encourage use of underpasses (Dijkstra et al., 1998).  

Ribbens (1996) developed some guidelines for the construction of underpasses and 
overpasses over arterial freeways in South Africa.  He noted that pedestrians and cyclists 
prefer to cross at road level if it is too time-consuming to use overpasses and underpasses.  
For cyclists, he found bridges and subways become a viable alternative when the cycle 
length at signalised crossings is longer than 110 secs (this requires pedestrians to wait for 
50 secs).  In addition, subways without artificial light are more likely to be used by 
pedestrians if there is a clear line of vision from the entrance to the exit and they are 
located in areas that pedestrians prefer to cross. 

Dijkstra et al. (1998) noted that cyclists prefer tunnels to bridges because less difference of 
level is necessary (cyclists need less height than vehicle, especially heavy vehicles). The 
height of tunnels should be at least 3 m and a gradient of not more than 2 percent is 
recommended for comfortable cycling. Like others, she noted that special consideration 
should be given to social safety, therefore good visibility from outside the tunnel is 
important as well as provision of good lighting within the tunnel. Moreover, curves and 
dark corners should be avoided inside tunnels.  
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4.4.5 Simplification of traffic situations 

A specific problem of older pedestrians and cyclists is that of complex traffic situations 
which demand the processing of multiple sources of information. Complex situations 
include wide, multi-lane roads, intersections, and busy, fast moving traffic and it is 
suggested that the design of the traffic area should offer sufficient time for older 
pedestrians and cyclists to assess the situation and perform the various tasks required in 
sequence. For example, measures aimed at reducing the speed of cars, reducing bi-
directional traffic, and simplifying the design of intersections can assist older pedestrians 
and cyclists (Hagenzieker, 1996; Oxley et al., 1997, Dijkstra et al., 1998).  

4.4.5.1 Intersection design 

Traffic situations involving complex speed-distance judgements under time constraints – 
the typical scenario for intersection operations – are more problematic for older road users 
than for their younger counterparts. Given that older road users are over-represented in 
crashes at these locations, much of the literature is concerned with improving intersection 
design and operation for older road users, particularly providing facilities that 
accommodate the problems experienced in safely negotiating intersections, reduce the 
number of potential conflicts with vehicles and other road users, and support safe crossing 
and cycling behaviour. For example, increasing the conspicuity of the intersection, drawing 
attention to the potential conflict between pedestrians/cyclists and vehicles, providing 
crossing phases that allow for slower walking and cycling, and establishing right-of-way 
can be beneficial to pedestrians and cyclists (Jensen & Nielsen, 1996). 

Walking and cycling networks are only as good as the weakest features and these are often 
intersections because paths are usually interrupted and there is increased potential for 
conflict with vehicles.  

Katamine and Salman (2001) noted that, in Jordan, there are extremely limited pedestrian 
facilities, and argued that pedestrians and vehicles should be separated, particularly at 
intersections. In their analysis of the influence of several urban planning characteristics 
(e.g., population density, road length, total number of intersections, presence of schools, 
etc.,) on pedestrian casualty rates, they found that older pedestrian crashes were 
significantly correlated with higher population densities and the total population. They 
attributed this finding to the fact that in densely populated areas in Jordan more people 
walk as fewer people can afford to own cars.  

4.4.5.1.1 Signals  

As indicated previously, signalised facilities are important road features that can increase 
the safety of older pedestrians and cyclists particularly on wide, multi-lane roads, if they 
increase visibility of pedestrians and cyclists, allow enough time for them to complete the 
road cross, and avoid confusion.  

One suggestion to improve safety at intersections is the provision of a leading green 
(usually of around 3 s) whereby pedestrians and cyclists are able to commence their cross 
before vehicles are able to enter the intersection and make a turn (Griebe, Nilsson & 
Andersen, 1998; Unknown, 1998; Staplin et al., 2001). This system acts to increase 
pedestrian and cyclist visibility, especially to drivers intending turning right in the USA 
and most European countries (equivalent to left-turns in countries such as Britain, Australia 
and New Zealand), and to reduce the potential for crashes between pedestrians and cyclists 
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travelling ahead and vehicles turning. To date, however, there are no evaluations of the 
effect of this measure.  

Like for mid-block crossing facilities, systems to control the duration of green phases such 
as the Puffin technology can also be used at intersections to detect the presence of 
pedestrians and/or cyclists and control the duration of green phases. One such system that 
is widely used in Denmark to detect cyclists is the traffic-responsive control system 
(TRCS). TRCS is used especially in situations with a random distribution of incoming 
traffic. The advantage of this system is that the green phase is always adapted to the current 
need so that, in principle, road users will not encounter a red light unless there is traffic in 
opposite directions and therefore will not be delayed unnecessarily. Some disadvantages 
include: manual detection of cyclists (where they need to push a button) increases waiting 
time; cyclists must stop on a defined but not clearly marked area in order to be detected; 
detection of cyclists usually occurs behind the stop line and cyclists wishing to turn left 
need to make an indirect (large) turn and therefore are not detected if they stop just in front 
of the stop line; waiting phases for pedestrians may be increased because they have to push 
a button. No evaluation, however, of the effect of TRCS on (elderly) cyclist safety or 
behaviour has been carried out (Dijkstra et al., 1998).  

Another treatment to signal phasing that may increase pedestrian safety is signal linking 
which is a system has been used for many years to aid traffic flow on busy arterial roads in 
many countries. There is also some evidence that signal linking reduces the number of 
pedestrian crashes. Ogden and Newstead (1994) found a reduction in pedestrian crashes 
after signal linkage at signalised intersections in Melbourne, Victoria from 13.6 percent 
before linkage to 11.3 percent after linkage. However, they also found that there was a 
higher severity of pedestrian crashes at signals which were linked at the time of the crash; 
these produced 33.3 percent of fatal crashes from 9.1 percent of collisions, compared with 
20.2 percent of fatal crashes from 9.5 percent of collisions at unlinked sites. They 
suggested that it may be that the higher severity of pedestrian crashes in a linked situation 
reflects longer cycle times (resulting perhaps in impatience on the part of pedestrians), 
higher vehicle speeds, or both.  

Not mentioned, but obvious from observation studies (Oude et al., 1984) is that older 
pedestrians would benefit from conflict-free crossing traffic light settings. Traffic light 
settings are conflict-free if turning traffic is given red when straight-on traffic on the same 
road is given green. Thus, pedestrians can cross at the same time as the straight-on traffic 
without possible conflicts between crossing pedestrians and turning traffic. Non conflict-
free crossings are particularly troublesome for older pedestrians as these require the 
pedestrian to look over his/her shoulder while initiating the crossing which involves two 
things older people are not particularly good at: physical flexibility and dual task 
processing. 

 4.4.5.1.2 Pavement markings 

In addition to provision of signal timing and phasing that accommodates older pedestrians 
and cyclists, there are suggestions that pavement markings can improve safety at 
intersections. Provision of pavement markings at intersections acts to stimulate drivers to 
look for cyclists and pedestrians, especially drivers who are turning right. Further, they 
separate the different vehicles and traffic participants from each other and control the 
behaviour of pedestrians and cyclists at intersections. 
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Retting (1993) found that crashes involving pedestrians and large trucks are most likely to 
occur at intersections and suggested that pedestrians and trucks should be better separated 
at these locations by time and space. He noted that there are several inexpensive ways to 
achieve this. First, the holding lines for vehicles could be set farther back from the 
crosswalk than the current US design standard of four feet (AASHTO, 1994). Snyder and 
Knoblauch (1971) noted this problem, too, and argued that the guidelines recommending 
the placement of holding lines about four feet from the nearest crosswalk was not 
sufficient.  

Related to this, is provision of Advanced Stop Lines (ASLs) for cyclists, or recessed stop 
lines for vehicles in the carriageway. Here, the vehicle holding line is set further back from 
the intersections relative to the cyclist’s holding line by 5 m. This treatment increases the 
visibility of cyclists to vehicles, particularly those turning right. Danish and Swedish 
evaluations of this measures report reductions of 35 percent in conflicts between cyclists 
and right-turning vehicles, however, the results are based on a limited number of crashes 
and do not examine age differences (Herrstedt, 1994). 

While cycling paths are considered a safety feature for cyclists on mid-block road sections, 
it is important to consider their function and design at intersections, as these locations are 
the most dangerous parts of the road network. Intersections in Denmark operate essentially 
with four different types of cycle areas: minimum, left-hand edge, international and blue 
surface (Danish Road Directorate, 1993). Minimum cycle crossing facilities are marked 
with broad broken lines, extending to the separation between opposing traffic lanes of the 
intersecting roads. If the width of the carriageway of the intersecting road is less than 5.5 m 
the line should extend right through the intersection. Only the left-hand edge of the cycle 
crossing should be marked. Left-hand edge and international style crossings are provided at 
complex intersections. Here, the line can pass right through the junction and the right-hand 
edge of the cycle crossing can be marked with a wide broken line. Blue surface cycle 
crossing facilities are also provided at complex intersections with high crash risk for 
cyclists and mopeds. Here, the entire cycle crossing can be marked in blue as a supplement 
to, or replacement of, the broad broken lines. An evaluation of cycle crossings (based on an 
analysis of 137 cycle crashes) concluded that the safety of cyclists at intersections 
increases with cycle crossing facility. Blue markings were found to be the safest, with a 
decrease in the number of personal injuries, and a reduction of 57 percent in serious injury 
crashes (Jensen & Nielsen, 1996). Again, however, these evaluations did not examine the 
effect of pavement marking on older cyclist crash risk or behaviour. 

Hunter, Harkey, Stewart & Birk (2000) investigated the effect of painting portions of the 
city cycling paths with a blue colour on both drivers’ and cyclists’ road safety behaviour. 
Cycling paths that crossed intersections were delineated by blue thermoplastic paint and a 
novel ‘Yield to Cyclists’ sign in 10 areas in Portland, USA that were identified as being 
high conflict zones and behaviour observed. The results showed that the behaviour of both 
cyclists and drivers was mostly positively modified after installation of the road markings: 
significantly more drivers slowed down or stopped when approaching the areas marked 
with the blue paint (71% pre-intervention compared to 87% post-intervention), and yielded 
to cyclists; significantly more cyclists used this path (85% pre-intervention compared to 
93% post-intervention). Some evidence of risk compensation by cyclists, however, was 
reported post-intervention: significantly fewer cyclists used hand signals when passing 
through intersections with the blue marked zones; and significantly fewer cyclists turned 
their heads to check for approaching vehicles. 
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4.4.5.1.3 Treatments for turning drivers 

In most countries, drivers of a turning vehicle are required to give-way to pedestrians 
crossing the road into which the vehicle is turning. However, the geometry and traffic 
conditions at some intersections can result in a proportion of drivers either failing to see the 
pedestrian crosswalk, failing to see pedestrians as they commence to cross or being 
uncertain whether they are required to give-way. Such problems can occur when the 
crosswalk is in an unexpected location or when the distance travelled by vehicles through 
the intersection before the crosswalk is unusually long (e.g., on wide multi-lane roads). 
One way to overcome these problems is to increase the conspicuity of the crosswalk and 
the potential for pedestrians to be crossing the road by installing signals reading ‘give-way 
to pedestrians’ (Staplin et al., 2001; Catchpole, 1998). Catchpole (1998) argued that there 
are potential problems with many standard signs, particularly regarding conspicuity and 
legibility and suggested a fibre optic signal that is bigger, brighter and has a longer 
maintenance cycle than the standard Victorian (Australian) signs can effectively reduce 
pedestrian-vehicle conflicts. He developed a new signal with improved illumination and 
three versions of give-way warnings that provided larger, more legible lettering. He 
assessed performance and comprehension by drivers of the three versions of the sign under 
normal driving conditions. The survey of 300 drivers revealed the following: the 
abbreviation PEDS was well understood by drivers, almost all drivers were aware of the 
obligation of turning drivers to give-way to pedestrians, and the ‘walking legs’ symbol was 
associated with pedestrians by over 90 percent of respondents. He concluded that improved 
signs for drivers are likely to be effective reminders of the obligation to give-way and 
therefore contribute to a reduction in pedestrian-vehicle conflicts at intersections. 

From the (older) right-turning drivers’ perspective, Dewar (1995) comments that 
pedestrians may be at increased risk of being hit due to the high attentional demands placed 
on drivers as they negotiate these turns. For instance, drivers must check the traffic signal, 
the presence and speed of oncoming traffic (all on the right hand side line of vision) as well 
as keeping an eye on the Zebra crossing for pedestrians (situated at the left hand corner of 
the field of vision). To help alleviate some of this cognitive load, Dewar (1995) suggested 
placing additional traffic signals on the far left- hand side of the intersection so that all 
relevant visual information can be obtained together without requiring the driver to search 
both the right and left of the field of vision. For left-turning vehicles, Dewar recommended 
that signs, street furniture and trees and plants be kept 50 feet away from intersections so 
that the drivers’ vision is not impeded. In addition, he suggested that traffic signals be 
placed on the far left of the footpath to enable eye contact between pedestrian and driver to 
occur. 

4.4.5.1.4 Widening of footpaths  

Another measure that has been suggested to improve pedestrian safety at intersections is to 
extend the footpath further into the carriageway. The benefits of this treatment are three-
fold: increased visibility of pedestrians, speed reduction, and reduction in distance to be 
walked on the carriageway.  

In an effort to reduce pedestrian-vehicle collisions at busy intersections in South Africa 
widened footpaths were installed (Ribbens, 1996) and have reportedly effectively reduced 
or removed some of the causative factors of pedestrian crashes. For example, wider 
footpaths have eliminated illegal car parking close to pedestrian crossings, increased 
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pedestrian visibility, and reduced the time taken for pedestrians to cross the road which has 
also lessened the waiting time for cars at the red light. 

4.4.5.1.5 Roundabouts 

Roundabouts are designed to control the traffic flow at intersections without the use of stop 
signs or traffic signals and are becoming increasingly popular as safe traffic control 
devices, showing substantial reductions in severe injury crashes (Persaud, Retting, Garder 
& Lord, 2001; Newstead & Corben, 2001; Hughes, 1994). While roundabouts have been 
shown to reduce the number of vehicle-vehicle collisions, particularly rear-end, right-angle 
and left-turn crashes, the evidence regarding their efficacy as a safety measure for 
pedestrians and cyclists is less positive, however.  

Katz and Smith (1994) argued that roundabouts are disadvantageous to pedestrians and 
cyclists. They are considered inconvenient for pedestrians as they often require a 
substantial detour to reach a crossing point. Cyclists are frequently victims of the confusion 
created by roundabouts and inexperienced cyclists may be particularly vulnerable. Jordan 
(1985) investigated the impact of roundabouts installed at intersections in Victoria, 
Australia. This study found a slight, non-significant reduction in the number of pedestrian 
casualties (down 12%) while there was an increase in the number of cyclists’ crashes over 
the same period (28%, although insignificant). However, as the numbers involved in this 
study were small, and exposure data were not collected, the results are not conclusive. 

There are a number of ways to make roundabouts safer for pedestrians and cyclists. For 
pedestrians, Jordan and Jones (1996) recommended that roundabouts incorporate the 
following features to augment pedestrian safety: make the splitter islands as large as 
possible; ban parking near roundabout entries to remove visual obstructions; place signs 
and vegetation in such a way that pedestrians are not obscured; provide adequate street 
lighting at the entry to roundabouts as well as the entire carriageway; and, ensure that 
vehicular speeds are reduced on the approach to the roundabouts by the use of adequate 
deflection. 

For cyclists, improvements to roundabouts include reducing the width of the circular 
carriageway, increasing deflection on entry and improving signing, road markings and 
conspicuity.  

Lane reduction 

The conversion of multi-lane roundabouts to one-lane roundabouts can increase safety of 
both cyclists and pedestrians. Dijkstra et al. (1988) argued that small one-lane roundabouts 
provide a surveyable crossing situation, and more than 80 percent reduction in pedestrian 
injuries. Roadside interviews with pedestrians using small roundabouts with Zebra 
crossings provided in Germany revealed that pedestrians have few conflicts with other road 
users, most (80%) felt safe while using roundabouts, and considered roundabouts to be a 
better alternative to signal-controlled intersections (Lange, 2000).  

For cyclists, too, small roundabouts with cycle paths are safer than larger roundabouts. 
Lange (2000) found that small roundabouts with cycle paths that have large clearances 
between 2 and 6 m are generally the safest solutions for cyclists (a reported 0.04 crashes 
per approach), compared with smaller clearances under 2 m (0.1 crashes per approach). 
Clearances of more than 6 m result in 0.06 crashes per approach, but have other 
disadvantages such as a larger detour for pedestrians crossing an approach and the greater 
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need of space. He also argued that, at small roundabouts with low traffic volumes, the 
safest solution is for cyclists to use the roadway and that roundabouts should be designed 
with special attention to the aim of reducing vehicular speed. 

The Dutch are considered to have made much progress in developing bicycle- and 
pedestrian-friendly roundabouts. In practice, the Dutch have developed some interesting 
single-lane roundabout designs that are much safer for cyclists. At the safe end of the 
spectrum of roundabout design is the single-lane ‘tight’ roundabout with a low design 
speed and protected bike paths around them within 50 km/h default limits on the approach 
roads. At the unsafe end of the spectrum there are the British and Australian multi-lane 
roundabouts that have high design speeds, no separate facility for cyclist and at best a 60 
km/h default limit on the approach roads. There are, however, some options to make these 
roundabouts safer including: 

• Safety and audit procedures that take into account the present and future safety 
requirements of non-motorised users, 

• 40 km/h maximum speed limit applied to all shared roundabouts and any roadway 
within a 50 m radius of the roundabout, 

• speed reducing bumps on the approach lane to the roundabout – the integration of 
pedestrian crossing facilities, such as zebra crossings, into the design of speed-
reducing bumps may assist pedestrian safety further, 

• converting low volume two-lane roundabouts to one-lane roundabouts and providing 
a protected shared footway in what was previously the outer lane; 

• building shared footways connected to pedestrian actuated crossings so that crossing 
markings are near the entrance to the roundabout and set back an additional 10 m at 
the exit lane; and 

• implementing underpasses or overpasses at higher volume roundabouts.  

Signal control 

Signal control, particularly with Advanced Stop Lines, can make large roundabouts safer 
for cyclists. Lines (1995) found a reduction of crashes involving cyclists by 66 percent on 
roundabouts with full-time signals on all or some arms. 

When there is adequate space, separate cycle paths can be implemented. Pedestrian 
crossings can also be implemented with Zebra, which allows pedestrians right-of-way over 
all traffic.  

Priority to cyclists and pedestrians  

During the WWII occupation, Dutch traffic law was changed (allegedly) to accommodate 
German troupe movements and give motorised traffic priority over non-motorised traffic. 
Even though the Vienna convention of 1968 stipulated that all traffic coming from the right 
should have precedence over traffic coming from the left, Dutch traffic law did not adopt 
this convention ruling until 2001. When it did adopt this convention, it did not do so on the 
basis of safety considerations but rather on the basis of the consideration that cyclists 
should be given higher priority to promote cycle usage. Where politics prevail, reason loses 
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and the law change – which potentially has severe safety consequences – has not been 
systematically evaluated in terms of safety cost/benefits. This was not considered necessary 
as this law change was introduced as a comfort rather than a safety measure. On the basis 
of the findings that many drivers yield to cyclists even if not formally required to do so 
(Janssen et al., 1988; Sagberg, 1997) (see Section 3.3 for details) the recommendation was 
made to regulate priority at intersections (giving priority to the major road) before 
changing the law but the government did not adopt this recommendation.  

For older cyclists this poses a problem, as they prefer traffic situations where formal rules 
are adhered. Interestingly, the Finnish government made a move in the opposite direction 
when it abandoned the Vienna convention, this time allegedly to improve traffic safety, and 
ruled that cyclists have to give-way to all traffic when they are coming from a cycle path 
onto a carriageway at intersections without a specific right of way ruling (Räsänen et al., 
1999). The main argument in this case was that the priority-from-the-right rule was 
insufficiently known amongst road users and that the rule was ambiguous given the wide 
variety in intersection design. This law change was evaluated, and the conclusion was 
drawn that the new law was more appropriate than the old one from a safety point of view 
because it simply confirms the prevailing practice. However, the study also notes that the 
law change affected traffic situations not covered by the law change and concludes that that 
the traffic environment should guide road users to follow the rules and that if formal rules 
and/or the traffic environment conflict with informal rules, accidents will happen. 

4.4.5.2 Median islands 

Given that older pedestrians are over-involved in crashes on wide, multi-lane roads (Zegeer 
et al., 1993), a potential countermeasure is to provide a median island. The provision of 
median islands has many benefits for older pedestrians. They separate traffic directions, 
thereby allowing pedestrians to stage the road cross in two phases (only needing to check 
for traffic in one direction at a time thus decreasing the cognitive and physiological 
demands placed on them), provide a refuge to rest after crossing the first half of the road 
and before commencing the second half, and reduce vehicle speeds (Corben & 
Diamatopoulou, 1996; Dewar, 1995; Oxley et al., 1997; Hagenzieker, 1996). There are 
many examples of beneficial effects of median refuges. For example, the City of 
Copenhagen introduced medians in the seventies in conjunction with a major traffic-
calming project. They reported that a 2 m wide median divider installed on a major arterial 
and shopping street resulted in a substantial reduction in the number of pedestrian crashes 
(numbers not given) (Dijkstra et al., 1998).  

Oxley et al. (1997) found that when median strips were installed on busy two-lane roads in 
metropolitan Melbourne, Australia, older pedestrians were better able to select safe traffic 
gaps and react more quickly to the traffic compared to the crossing behaviour they exhibit 
in streets without such refuges.  

Bergman, Gray, Moffat, Simpson and Rivara (2002) suggested that raised median refuges 
are most effective and appropriate when the volume and flow of traffic does not allow 
sufficient ‘gaps’ for pedestrians to cross safely; the road is wide (e.g., four lanes); the 
design of the road will accommodate the placement of a median refuge; and road traffic 
does not need to make left hand turns at the installation site. Moreover, the cost of 
installing median refuges is relatively low (between US$2,000 and US$20,000, compared 
to between US$60,000 and US$250,000 for traffic signals) and is considered a cost-
effective measure. 
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In another study that compared the safety benefits of using marked (e.g., Zebra, parallel 
lines etc.,) or unmarked crossings at a total of 2000 intersections and midblock areas in the 
USA, over a five-year period Zegeer, Stewart, Huang and Lagerway (2001) concluded that 
raised medians on multi-lane roads were significantly associated with lower pedestrian-
vehicle collisions. In contrast, roads with medians that were not raised did not provide any 
safety benefit to pedestrians over and above that found on multi-lane roads with no median. 

The British Department of Transport issued a report in 2002 that provided best practice 
guidelines and recommendations for pedestrian access, with particular emphasis on the 
needs of disabled people (e.g., visually impaired). This report states that the dimensions of 
centre refuge islands must be a minimum of 1200 mm in width but preferably 2000 mm in 
width. 

4.4.6 Other road design improvements 

There are a number of other improvements that do not fall into any of the above categories. 
These include facilities at public transport stops, facilities to improve visibility and 
facilities for resting and waiting. 

4.4.6.1 Facilities at public transport stops 

A sizeable proportion of pedestrian collisions occur at public transport stops and most 
often involve alighting or boarding passengers. There is potential for conflict when 
boarding and alighting is done directly from a cycle path or passengers are required to 
cross in front of vehicles to the centre of the road to board trams. However, if there is a 
passenger safe zone or island from which passengers can board and alight, conflicts should 
be reduced.  

The Danish Road Directorate developed new designs of cycle paths at bus stops on 
stretches where boarding and alighting from buses is done directly from the cycle path. The 
first design is a pedestrian crossing combined with profile marking comprising three areas, 
each of which has three strips painted across the cycle path and resemble pedestrian 
crossing areas. In addition, a broad profile marking is also added to the off-side of the cycle 
path in the form of narrow lateral strips. The second design is a profiled marking on the 
off-side of the cycle area comprising a strip along the off-side of the cycle path that 
visually reduces the cycle path and is physically uncomfortable when ridden over, thereby 
reduces cycle speeds. This gives alighting passengers a small free-area on which to 
descend. The remainder of the conflict area is painted in white. The third design is a 
painted pattern area on the cycle path around the bus stop supplemented with a visual 
brake, a 6 m warning area whose length becomes shorter as cyclists approach the conflict 
area. Dijkstra et al. (1998) noted that these designs make it easy for pedestrians to see 
where they are supposed to cross the cycle path and makes cyclists more aware of 
passengers crossing the cycle path. Behavioural studies showed that the number of serious 
conflicts dropped significantly at bus stops with design 3, but no significant change was 
noted at designs 1 and 2, all three designs showed a reduction in average minimum speed 
of cyclists, and increase in the distance between cyclists’ reaction points and the nearest 
conflict point, and the number of cyclists who did not react dropped.  

In Melbourne, Australia, Tingvall and Corben (2001) examined improvements to 
pedestrian safety at tram stops. They noted that the tram-related injury problems are related 
to i) the design of tram stops, particularly those where passengers have to cross the road to 
board the tram or reach the footpath and need to negotiate roads with heavy traffic, and ii) 
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the design of the tram itself because of the stiff, unyielding frontal structure and open 
frontal gap.  

Tingvall and Corben argued that, to be able to make the tram system safe, it is essential to 
develop a safe design mainly for the tram stops since they are locations where pedestrians 
often mix with other types of road users. Separation of unprotected road users and vehicles 
as much as possible would reduce the exposure to crash risk and this can be achieved 
through provision of safety zones located in the middle of the road where the tram is 
located if the road is wide enough to enable their installation, and provision of fencing 
along the footpath, along the back of the boarding platform or between the tram stops in 
the opposite direction. In October 2001, a new form of tram stop was introduced in the 
central business district of Melbourne. These are known as ‘super stops’ and provide a 
number of positive features to aide passenger comfort and convenience, safe boarding, and 
waiting and access arrangements including platforms that are wheelchair accessible, a safe 
fenced area separated from other vehicles, reduction of vehicle carriageway that acts to 
reduce vehicle speeds, real time information and trip planners, and other facilities 
(telephone, toilet, kiosk and ticketing). While construction costs of ‘super stops’ are 
relatively high, it is recommended that construction of additional ‘super stops’, or at least 
some of their design features, would facilitate wider use of inherently safer design features 
at tram stops. Existing safety zones could be widened and raised to form platforms to 
separate pedestrians from trams.    

Another solution may be to provide roadside tram stops in combination with traffic-
calming measures to reduce vehicle speeds. Road markings, for example painted edge of 
tram reserve with raised pavement markers, rumble strips on approach to tram stop as well 
as narrowing of carriageway can increase driver awareness of potential conflict and reduce 
vehicle speeds. The provision of additional safe and adequate pedestrian crossings would 
reduce the number of pedestrians crossing at unsafe locations. For frontal design of trams, 
the authors suggest that the front of the tram could be fitted with energy absorbing 
cushions or similar devices to reduce the severity of impacts as well as structures to 
prevent falling beneath the tram.  

There are also reports that many pedestrian and cyclist crashes in rural areas occur at or 
close to bus stops. Ribbens (1986) argued that provision should be made for pedestrians 
and cyclists at these location, such as wide paved or gravel areas so that buses can pull off 
the road to allow an unobstructed full view of pedestrians and cyclists by oncoming 
drivers. 

4.4.6.2 Visibility 

Visibility of pedestrians and cyclists is an important safety factor, as many collisions are 
due to the late detection of other road users (Rumar, 1990). The provision of good street 
lighting is essential for drivers to detect pedestrians and cyclists in time to avoid a 
collision. 

Zegeer et al. (1993) noted that the installation of road lighting has been associated with up 
to a 43 percent reduction in crashes. Unknown (1998) also recommended the installation of 
street lighting at intersections and other areas such as dangerous curves where sight 
distances are reduced. This report noted that increased street lighting has a higher benefit-
cost ratio than either installing new traffic signals or median refuges (no actual figures 
were provided).  However, it has also been reported that in response to higher levels of 
illumination, some drivers reduce their concentration and increase their speed at night 
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although this effect does seem to be related to the age of the driver (Assum, Bjornskau, 
Fosser & Sagberg, 1999). For example, Assum et al. found that, as a group, elderly drivers 
(65+ year olds) increased their concentration levels during both day and night-time driving 
following the street light installation. Risk compensation, therefore, does appear to operate 
for some groups of drivers but not others after the introduction of safety countermeasures.   

Whilst the visibility of pedestrians and cyclists to drivers is an important issue, so too is the 
provision of good lighting to aid pedestrians and cyclists themselves to see where they are 
walking or cycling. Pivnik (1994) cites research that indicates that the visual acuity of 
older people declines to such an extent that the average 70 year-old receives only 
approximately one-third of the light into their eyes as the average 20 year-old does.  
Consequently, older people have greater difficulty in reading signs, particularly after dark.  
A number of researchers have, therefore, called for greater street lighting at night, 
especially around intersections frequented by the elderly. Increased levels of night-time 
illumination would make it easier for elderly pedestrians to avoid obstructions in their path, 
read signs and find the push-buttons at intersections. 

4.4.6.3 Facilities for resting or waiting 

As a consequence of reductions in physical agility, older pedestrians require more frequent 
stops than younger pedestrians while walking. Martin, Meltzer and Elliot (1988) reported 
that about ten percent of the adult population can not walk more than 400 m without 
resting. Provision of facilities for resting or waiting therefore becomes important for older 
pedestrians.  

4.4.7 A final note on funding concerns 

In addition to the relative safety benefits of the countermeasures discussed above, policy 
makers and other government officials need to take into account the financial outlay 
required to install various pedestrian safety interventions. Given the competing demands 
placed on road safety funds, it is important to carefully target monies to countermeasures 
that are appropriate and effective.  It would appear that, in some countries, pedestrian 
safety and cyclist safety are not high-visibility or high-priority areas, as greater emphasis 
appears to be placed on the prevention of vehicle crashes. Matlick & Nuse (1999) comment 
on the relatively low level of funds spent on efforts to reduce the frequency of pedestrian-
vehicle collisions in Washington State, USA. They state that, in 1996, these types of 
collisions cost society approximately US$450 million. However, less than one percent of 
the safety budget of the Department of Transportation in that State was allocated to efforts 
to reduce these collisions.   

From the research reviewed above, it would appear that both the effectiveness of 
countermeasures as well as an effective and efficient allocation of funds could be achieved 
through the ‘zoning’ method of targeting areas that comprise the group of people who are 
to benefit from the safety intervention (Cleven & Blomberg, 1998). This approach saw a 46 
percent decrease in older pedestrian crashes within the ‘zones’ whilst overall pedestrian-car 
crashes for all ages outside the ‘zone’ increased. The researchers estimated that targeting 
the safety countermeasures to ‘zones’ cost approximately US$24,000. They also estimate 
that if the intervention program had been implemented across the general population it 
would have cost over US$250,000.  

Although systematic evaluations of the relative effectiveness of different countermeasures 
in reducing crash frequency and severity are rare, the cost of installing these 
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countermeasures varies widely. Some examples of costs have been given in the above 
discussion, however, until more comprehensive evaluations of all of the above 
interventions have been conducted, along with thorough cost-benefit analyses, these 
costing figures can only be viewed as general indicators. 

4.5 SUMMARY OF COUNTERMEASURES  

While many road safety strategies and concepts around the world recognize the need to 
improve the safety of vulnerable road users, in general, facilities are not automatically 
integrated in the planning for traffic and transport to the same extent as facilities for 
drivers. Nevertheless, there are some initiatives that are directed to achieve a safer traffic 
system for pedestrians and cyclists through innovative behavioural, educational and 
engineering measures. While the effectiveness of many of these measures has not been 
evaluated, some show promising benefits for the safety and mobility of older vulnerable 
road users. 

4.5.1 Education, awareness and enforcement  

Given that the behaviour of older road users is thought to contribute to their increased risk 
of collision, it is suggested that education, awareness and training programs as well as 
enforcement of safe walking and cycling practices can assist in reducing crash and injury 
risk. While the effectiveness of these types of programs has been questioned in the past, 
recent thinking is that these programs may be beneficial to improve the safety of older road 
users.   

In terms of behavioural and educational programs, there are a number of programs in the 
EU that have invested much effort into promoting alternative modes of transport, 
particularly walking and cycling for all aged road users. These strategies have identified 
measures that can be used to promote the mobility of pedestrians and cyclists, and 
incorporate some measures specifically for older pedestrians and cyclists. Only a handful 
of policies, however, explicitly take safety into account.  

Some awareness and education initiatives have been successful in raising the awareness of 
safety for older pedestrians, particularly in terms of adopting safe behaviours while 
crossing roads, being more conspicuous to drivers and understanding signals, signs and 
road rules. No programs targeted at modifying the behaviour of older cyclist were found, 
nor were there any initiatives aimed at educating drivers on the needs of vulnerable road 
users. 

The importance of helmets for cyclists’ head protection was also highlighted. While there 
is some opposition to introduction of mandatory helmet-wearing legislation, the evidence is 
clear that the use of bicycle helmets achieves substantial reductions in head, brain and 
facial injuries to all-aged cyclists. The introduction of mandatory helmet legislation, 
supported by widespread multi-faceted mass media helmet promotion campaigns and 
enforcement have been successful in countries such as Australia and New Zealand in 
reducing head injury-related trauma with only a small impact on cycling rates.  

Given that walking and cycling are highly risky forms of transport for older road users, 
there are some initiatives that address the issues of maintaining safe driving practices for as 
long as possible. It appears that there are many good reasons to encourage older drivers to 
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maintain safe driving for as long as possible, while also educating them on the dangers of 
walking and cycling.  

4.5.2 Vehicle design 

There are a number of vehicle design improvements that can reduce serious injury to 
pedestrians and cyclists including frontal design, prohibition of rigid bull-bars, and use of 
in-vehicle ITS applications.  

There is currently an international effort to modify the design of frontal structures of 
vehicles through the introduction of pedestrian component testing for all new cars to 
effectively provide pedestrians and cyclists with ‘optimum’ crash conditions. There are a 
number of design changes to the frontal structure of passenger vehicles that can benefit 
pedestrians and cyclists including lowering of bumper position, repositioning of hard 
structures under the bumper, installation of material on bumpers that can absorb some of 
the impact energy, redesign of bonnet to cushion impact, reduction of bonnet stiffness to 
provide crash depth, provision of a clearance space between bonnet and underlying engine 
parts, provision of airbags, and modifications to windscreen wiper spindles and 
windscreens.  

It is widely acknowledged that rigid bull-bars impact negatively on pedestrian and cyclist 
safety, and there are moves to ban aggressive bull-bars fitted to the front of on-road 
vehicles. There are also suggestions of design rules that specify low profile bull-bars that 
are contour-hugging, conforming to the shape of the front of the vehicle and made of 
materials that offer better impact absorption protection. 

In-vehicle ITS applications, while not specifically designed to enhance the safety of 
pedestrians or cyclists, can act to improve their safety. These include speed alerting and 
limiting devices, systems that detect objects and warn drivers or intervene to prevent a 
collision, and systems to increase conspicuity of vehicles to other road users. Most of these 
systems are still in the development stages, but provide promising approaches to 
preventing collisions. The use of daytime running lights is one technology that is available 
now and, those countries that require the use of daytime running lights by law, have found 
them to be effective in reducing daytime crashes in general.  

Improvements to bicycle and equipment design can also influence the safety of older 
cyclists. Modifications include fitting of rear-view mirrors, use of tricycles, appropriate 
light fittings, and minimum standards for brake function. 

4.5.3 Infrastructure and road design  

While traditional models of road design attempt to strike a balance between mobility and 
safety, more recent philosophies view safety as the over-riding consideration. The road 
transport system can only be safe when the road infrastructure is designed in a way that 
recognizes the needs and capabilities of all its road users, that there is a limit to human 
tolerance to violent forces, and that humans make errors. Road features play a vital role in 
determining not only the risk of crashing but, more importantly, the severity of injuries 
sustained in a crash and there are a number of improvements to road design that can create 
a safer, more ‘crashworthy’ traffic environment for older pedestrians and cyclists, whilst 
maintaining their mobility.  
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4.5.3.1 Speed reduction 

Measures to reduce vehicle speeds in areas where there is high pedestrian and cyclist 
activity are required to minimize crash frequency and severity. Indeed, there is strong 
evidence to suggest that even small reductions in vehicle speeds result in substantial 
reductions in serious injury crashes.  

The posted speed limit is a powerful determinant of vehicle speed and speeding behaviour 
and general urban speed limits are 50 km/h in most developed countries. While the 
guidelines for setting speed limits generally aim to achieve a balance between safety, 
mobility and amenity, there may be inadvertent trade-offs that favour mobility and 
compromise safety. For example, drivers often drive at speeds that are not appropriate for 
the environment and the practice of using 85th percentile speeds to determine speed limits 
means that a ‘credible’ speed limit will be too high for the inherent safety of the road 
environment.  Given that the risk of serious injury and death rises rapidly at speeds above 
35 km/h for all-aged pedestrians, and even more rapidly for older pedestrians, (and 
presumably for cyclists), it may be worth considering reducing speed limits to 30 to 40 
km/h in areas that are frequented by older pedestrians and cyclists.  

Traffic-calming techniques have been successful in encouraging drivers to moderate their 
speeds in residential areas and areas where there is high pedestrian and cyclist activity. A 
continued effort to introduce measures such as pavement narrowing, installation of refuge 
islands, alterations to the road surface, installation of roundabouts, and installation of 
gateway treatments to indicate to drivers that they are in an area where there are vulnerable 
road users and that they need to drive slowly, would be beneficial to older pedestrians and 
cyclists. 

Perceptual countermeasures are another speed-reducing measure that are usually low-cost 
and are likely to influence travel speed by altering how drivers perceive the road and/or 
roadside. Treatments such as transverse lines, lane-edge herringbone treatments, median 
treatments, and enhanced post spacings have been shown to successfully reduce travel 
speeds.  

In addition, there are some ITS technologies that can enhance speed compliance, including 
in-vehicle speed alerting and speed limiting devices, out-of-vehicle variable message signs. 
Although in-vehicle systems are still under development and assessment, preliminary 
estimates regarding their effectiveness in reducing travel speeds are promising. Out-of-
vehicle dynamic speed indicator displays are also promising, showing attractive benefit-
cost-ratios in both urban and rural settings.  

4.5.3.2 Separation of travel modes 

Considering that a high proportion of pedestrian and cyclist serious injuries and deaths 
occur following a collision with a vehicle, the separation of these travel modes has been 
successful in reducing these conflicts.  

The introduction of vehicle-free areas or vehicle-restricted pedestrian/cyclist zones can 
provide either complete or partial separation. These areas are achieved through a change in 
road function, environmental beautification and physical structures (such as restrictive 
fencing or bollards) to prevent vehicles entering or parking in the restricted area.  

Bicycle tracks, paths and lanes are another way of either fully or partially separating 
cyclists from vehicular traffic and are widely regarded as beneficial for cyclists. Complete 
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separation through the construction of a network of bicycle tracks alongside roads is 
considered the most beneficial and is recommended on roads where the traffic speed is 65 
km/h or over. Provision of a separate lane on the carriageway is also beneficial and is 
recommended on roads where the traffic speed is between 50 and 60 km/h. Only on roads 
where traffic speeds are below 30 km/h can cyclists mix reasonably safely with traffic. 
Pathway width should be taken into consideration and guidelines generally recommend a 
minimum of 1.5 to 2 m for each direction of travel. No measures were found that are 
specifically aimed at improving cycle path facilities for older cyclists.  

Footpaths are provided for pedestrian transport and are generally regarded as a safety 
initiative as well as providing access and comfort. Unlike cyclists, there is general 
recognition of the impact of good construction, condition, maintenance, and access of 
footpaths for the safety and comfort of older pedestrians and pedestrians with physical and 
visual impairments. Recommendations for footpath facilities to accommodate older 
pedestrians include minimum width, provision of a smooth surface, minimum grade, 
removal of obstacles, good lighting, guidance treatments such as tactile paving or flexible 
tiles, provision of access ramps and good winter maintenance.  

Barrier fencing and guardrails are another form of treatment that can effectively separate 
pedestrians from vehicular traffic and limit pedestrian access to the road at mid-block 
locations. They have been used extensively in high-risk areas such as shopping centres, at 
or near public transport stops, near intersections and within the vicinity of formal 
crossings.  

Crossing facilities, too, are regarded as safety features to separate vehicles and pedestrians 
in time, allowing them a safe passage to cross the road. However, there are some design 
features of these facilities that may cause problems for older pedestrians (particularly those 
with visual impairments) including the type and location, walk and clearance phases, and 
types of signals and pavements. Some of the recommendations include: appropriate placing 
of facilities to limit the amount of walking required to reach facilities; use of signalised 
facilities in preference to other forms such as Zebra or Pelican crossings; installation of 
Puffin/Pussycats detection system facilities in areas where there are high numbers of older 
pedestrians; reduce confusion about the meaning of the clearance interval by posting signs 
that explain the meaning and installing ‘blinking yellow’ lights; use of a countdown device 
indicating how much time is left to complete the cross; use of audible and tactile signals 
and tactile surfaces on ramps at crossings; and, use of signs and flashing lights to warn 
drivers of the presence of the crossing facility.  

Finally, the construction of overpasses and underpasses are another effective method of 
separating pedestrians and cyclists from vehicular traffic. However, these treatments have 
not met with much success. They are not likely to be used effectively primarily because of 
difficulties walking up and down stairs or long ramps and security issues. Moreover, they 
are expensive to install. Tunnels with ramps are preferable to overpasses because less 
difference of level is necessary and are more likely to be used if the gradient is not too 
steep, there is good visibility and curves and dark corners are avoided.  

4.5.3.3 Simplification of traffic situations  

Complex traffic is one of the main problems for older road users, particularly complex 
intersections, wide multi-lane, bi-directional and fast moving traffic because of the 
demands placed on (limited) cognitive processes. Given that older road users are over-
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represented in crashes at these locations, there are suggestions on ways to simplify these 
situations to accommodate their declining skills.  

Intersections are the most dangerous parts of the roadway network for older pedestrians 
and cyclists because of the potential conflict with vehicular traffic. While cycle paths and 
footpaths are beneficial, there will always be the need to cross traffic at intersections. Some 
of the ways in which intersections can be improved include: improved signal phasing such 
as provision of a leading green phase for pedestrians and cyclists to increase visibility; use 
of Puffin/Pussycats detection technology to control green phasing for pedestrians and 
cyclists; signal linking; holding lines set back for vehicles with advanced holding lines for 
cyclists to increase visibility; painting of conspicuous bicycle lanes and crosswalks with 
conspicuous ‘give-way’ signs to drivers; widening of footpaths to increase visibility, 
decrease distance to be walked and decrease vehicle speeds; installation of ‘tight’ one-lane 
roundabouts with additional features for pedestrian and cyclist safety including low design 
speed, speed humps on approaches, large splitter islands, no visual obstruction, provision 
of protected cycle path and footpath, and footpaths connected to actuated crossing 
facilities; and, implementation of traffic laws giving priority to pedestrians and cyclists.  

Multi-laned, bi-directional traffic is also problematic for older pedestrians and the 
provision of median islands can benefit older pedestrians in a number of ways. First, they 
provide a safe place to rest after crossing the first half of the road and, most importantly, 
they simplify the road-cross. Medians separate traffic directions thereby allowing 
pedestrians to stage the road-cross in two phases (only needing to check for traffic in one 
direction at a time). In addition, they can result in reduced vehicle speeds on road lengths.  

Last, public transport stops are hazardous areas and provision to separate pedestrians, 
cyclists and vehicles while boarding or alighting buses and trams can improve their safety.  

4.5.3.4 Other design improvements 

There are a number of other design improvements that can improve the safety of older 
pedestrians and cyclists including provision of facilities at public transport stops (such as 
passenger safe zones painted and fenced to restrict vehicular access), provision good street 
lighting (for good visibility of pedestrians and cyclists by drivers, and so that pedestrians 
and cyclists can see where they are walking or cycling), and facilities for resting and 
waiting.  
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5 SUMMARY AND RECOMMENDATIONS 

Walking and cycling are forms of transport that are undertaken frequently by older road 
users and walking especially is an essential part of most trips. While car travel is the 
dominant transport mode for most older people, walking and cycling are vital to their 
mobility, particularly for short trips and carrying out essential daily tasks. Moreover, there 
are noted environmental and health benefits associated with walking and cycling for all 
aged adults, but particularly for older adults. For these reasons, many countries, 
particularly those in northern Europe, have actively promoted the replacement of short 
vehicle trips with walking and cycling.  

However, there are safety concerns. Walking and cycling are risky transport modes at any 
age, accounting for around 20 to 30 percent of all traffic serious injuries and deaths. 
Moreover, older pedestrians and cyclists account for a large proportion of these crashes. 
Car travel is the safest travel mode for older adults while walking and cycling are more 
dangerous, with an estimated 9-times and 8-times respectively, higher risk of death than 
car travel. These heightened levels of risk are accentuated when exposure measures are 
taken into account. Given that there are relatively few older people in the community, they 
tend to travel less, and may limit their travel to familiar areas only, the adjusted figures 
show an even greater risk to older road users who use these travel modes. Furthermore, the 
ageing of society means that in the coming decades there will be more older people in the 
community in both absolute and relative terms, and they will be strongly interested in 
maintaining their mobility. Given the ‘greying’ of society, there is an urgent need to 
change policies and strategies to, first, recognise the problems, and secondly, to develop 
appropriate facilities and programs to support continued mobility, safety and well-being of 
the oldest members of our communities.  

5.1 THE PROBLEM 

To assist these changes, it is necessary to understand the issues surrounding the problem, 
including travel patterns, types of crashes and injuries, and contributing factors. The types 
of crashes that older pedestrians and cyclists are involved in tend to differ from those of 
younger pedestrians and cyclists and may reflect their frailty, when and where they travel 
and their behaviour. Like for older drivers, older pedestrians and cyclists tend to have 
collisions with vehicles at intersections, and at crossing facilities. Older pedestrians are 
also over-represented at mid-block crossing locations. In addition to collisions with 
vehicles, older pedestrians and cyclists are over-represented in non-vehicle collisions, 
many occurring as a result of a fall, colliding with an obstacle, poor road condition or 
footpath surface.  

Much of this increased risk is due to both the unprotected nature of these travel modes and 
the increased frailty that is associated with ageing. Once involved in a crash, an older 
person is more likely to suffer serious injuries or die compared to a younger person, given 
the same physical insult. Pedestrian and cyclist collisions with vehicles generally result in 
severe injury outcomes, while non-vehicle collisions are less severe. If a minor collision 
results in scratches and bruises in younger adults, for older people it likely implies 
permanent injury or even death. Recovery after injury, moreover, takes much longer than at 
a younger age. 

It is often argued that older road users precipitate their own crashes by the way they behave 
while using the transport system. While the evidence still remains unclear, and it is 
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generally accepted that older road users are cautious, conservative and law-abiding, there 
are some suggestions that some older road users are at increased risk of collision because 
age-related behavioural and functional declines overwhelm normal attempts at 
compensation. Older people face reducing capabilities with increasing age. This applies to 
the visual system, it applies to the motoric system and it applies to the cognitive system. 
Many older adults experience difficulty perceiving, processing information and acting on 
that information in order to participate safely in complex traffic because of these age-
related declines. In particular, the problem of selecting a safe gap in which to cross in front 
of oncoming traffic seems to be a major problem and one that requires intact cognitive-
motor skills. Pedestrians and cyclists experience great problems interacting in fast-moving, 
complex traffic, they are inconspicuous, walking is difficult for many older pedestrians and 
maintaining balance on a bicycle is difficult for many older cyclists. 

In addition, there are a number of vehicle design features that increase the severity of 
injuries sustained by pedestrians and cyclists once involved in a crash. The frontal 
structures of vehicles are the most likely parts to impact a pedestrian or cyclist and, while 
there have been some changes in the overall frontal shapes of passenger vehicles, current 
bumper, bonnet and windscreen design can affect injury outcomes. Moreover, the trend of 
increasing numbers of sports utility vehicles, four-wheel-drives and vans (often fitted with 
rigid bull-bars) in the vehicle fleet will adversely affect the safety of pedestrians and 
cyclists.  

Last, the effect of road infrastructure and design on pedestrian and cyclist safety has 
received much attention in the literature. Many road systems have been designed primarily 
for vehicles and little thought has been directed to the provision of safety features for 
pedestrians and cyclists. This is not surprising because almost all travel is motorized. 
However, this has created an attitude that vehicle drivers have higher status on the road 
compared with pedestrians and cyclists and behave in a way that is not conducive to their 
safety. There is clear and powerful evidence that speed and speeding have a great impact 
on pedestrian and cyclist safety in terms of the frequency and severity of crashes and that 
lowering of vehicle and impact speeds can substantially reduce the severity of injuries 
sustained by pedestrians and cyclists. In addition, older people appear to experience 
problems in complex road and traffic situations such as at intersections, on multi-lane roads 
with bi-directional and fast moving traffic. Intersections are major points of conflict 
between road user groups and the potential for collisions is high, particularly collisions 
between turning vehicles and pedestrians or cyclists continuing in a straight line.    

5.2 THE SOLUTIONS 

Unless there is a fundamental reconsideration of the traffic and transport system to ensure 
that the mobility and safety needs of older vulnerable road users are met, the problems and 
risks associated with older road users will worsen in the coming decades. While many 
governmental policies and strategies acknowledge the need to accommodate vulnerable 
road users, little effort has been made to find innovative and effective solutions. However, 
when one considers the argument that the community should not accept any deaths and 
serious injuries sustained in the roadway system, then the safety of vulnerable road users 
should be a priority of any policy.  

Meeting the mobility and safety needs of older people in the future will require a 
comprehensive strategy, one which will encompass policy at all levels and include 
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educational and awareness initiatives, improving vehicle design and ensuring a safe and 
comfortable road environment in which to walk and cycle.  

5.2.1 Behavioural change programs 

While the safety benefits of educational programs are difficult to assess, programs that 
target the special needs of older road users and aim to raise the awareness of safety and 
promote the adoption of safe behaviours among the older community, are an essential 
component of any strategy. There is a range of steps that individuals can take to ensure 
their own safety while walking or cycling including: walking and cycling only in safe 
areas; adoption of safe behaviour while interacting with vehicular traffic such as selecting 
safe gaps; wearing of highly visible clothing and other devices such as retro-reflective 
markers, and lights on bicycles; taking measures to avoid injuries as a result of falling, 
slipping or tripping such as wearing anti-slip footwear, hip and wrist protection; 
understanding traffic laws and meanings of signs at crossing facilities.  

Moreover, given that walking and cycling are considerably more risky forms of transport 
than car travel, and this is the preferred mode of travel for many older adults, educative 
programs that place emphasis on maintaining safe driving practices for as long as possible 
are worth consideration, as well as the provision of alternative transport options for those 
who can no longer drive. Two types of education, awareness and behavioural programs are 
recommended: 

• Continued development and support for community awareness and education 
campaigns to increase the awareness of the dangers associated with walking and 
cycling by older adults and promotion of ways to improve safety by adoption of safe 
behaviours; 

• Continued emphasis of educative programs that support the maintenance of safe 
driving practices along with development and support of alternative transport options 
for those who cease driving. 

Wearing of safety helmets can achieve substantial reductions in head injuries and 
consideration of mandatory helmet wearing legislation is of paramount importance to 
cyclists’ safety. While there are few studies that have assessed the cost-benefit of helmet 
promotion campaigns and introduction of helmet wearing legislation, the medical expenses 
associated with treating head injuries that result from bicycle crashes are substantial and 
any reduction in head trauma would reduce injury costs enormously. It is recommended 
that: 

• Consideration should be given to legislation for mandatory helmet use for all aged 
cyclists, coupled with mass-media campaigns promoting the safety benefits of helmet 
use. 

5.2.2 Improved vehicle design 

An effort should also be placed on improving vehicle design, particularly aimed at 
providing ‘optimum’ crash conditions in the event of a pedestrian-vehicle or cyclist-vehicle 
collision. It is recommended that: 

• Improvements to frontal structures of passenger vehicles should include: 
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o Continued development of test procedures for use in assessing the degree of 
protection afforded by modern day vehicles to include older pedestrians and 
cyclists and introduction of policies to ensure that all new vehicles comply with 
test specifications; 

o Design of bumpers to reduce lower limb injuries such as positioning of 
bumpers that are lower than knee level, provision of a clearance space between 
front plastic bumper and rigid cross member behind bumper, and covering of 
bumper with energy absorption material; 

o Design of bonnet leading edge to cushion upper leg and pelvis injuries 
including reduction of stiffness and provision of sufficient crash depth by 
weakening or moving back the under-bonnet reinforcement to allow 
deformation; 

o Design of rear part of bonnet and windscreen to reduce upper body and head 
injuries such as provision of a clearance space between the bonnet and 
underlying engine parts to a crush depth of between 5 and 10 cm, installation of 
a ‘pyrotechnic device’ that causes the bonnet to quickly rise during a crash; 
placement of airbags near hard structural pillars of the windscreen; 
modifications of windscreen wiper spindles; and laminated windscreens; 

• The use of large, aggressive vehicles in the vehicle fleet should be discouraged.  

• The fitting of rigid structure bull-bars should be banned from all on-road vehicles. 
Instead, manufacturers should be encouraged to produce and fit less aggressive bull-
bars made of plastic or composite metal/plastic materials, and designed so that they 
are low profile, and hug the contour of the vehicle. 

• Further development of in-vehicle ITS applications that can improve the safety of 
pedestrians and cyclists, including:  

o Vision enhancement technologies and rear collision warning and avoidance 
systems should be developed further and installed in vehicles.  

o The continued and expanded requirement of daytime running lights should be 
encouraged.  

• Consideration should be given to improving bicycle and equipment design to 
accommodate the special needs of older cyclists: 

o Fitting of rear-view mirrors; 

o Use of tricycles; 

o Fitting of lights and rear reflector lights to bicycles that can be easily fitted and 
removed, or designed into the cycle frame to avoid theft; 

o Introduction of minimum safety standards for all new bicycles, including 
minimum standards for proper functioning brake systems. 
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5.2.3 Improved infrastructure and road design  

While educational programs and vehicle design changes are important considerations, 
these initiatives are limited to some degree. The safety benefits of health promotion 
campaigns, and behaviour and attitude change are long-term and, while essential, require 
continued community support. In addition, ageing is inevitable and at some point in 
everyone’s life it becomes increasingly difficult to adopt safe walking and/or cycling 
practices. Moreover, improved vehicle design also requires a long-term, costly effort and 
ultimately vehicles are limited in their ability to protect vulnerable road users.  

Improved infrastructure and road design, on the other hand, can achieve immediate and 
cost-effective results. The provision of a safe road environment can markedly improve the 
mobility and safety of vulnerable road users. There are many recommendations to road 
design that can improve the safety of pedestrians and cyclists, however, only a handful 
address the particular problems of older pedestrians and cyclists, yet they need to address 
their special needs. It is recommended that: 

• More attention should be given to reducing numbers of vehicles travelling at 
excessive or high speeds in areas of high pedestrian and cyclist activity. This requires 
a rethinking of road structure and function. There are a number of ways to reduce 
vehicle speeds in high-risk locations: 

o Setting of appropriate speed limits in high-risk areas – in general speed limits 
between 30 and 40 km/h and no higher than 50 km/h are recommended; 

o Extensive use of traffic calming techniques in high-risk areas – consideration 
of pavement narrowing, installation of refuge islands, alteration to the road 
surface (vertical and horizontal deflections, changes in surface colour and 
texture, particularly at intersections), installation of roundabouts, and 
construction of gateway treatments and signing are recommended; 

o Use of perceptual countermeasure treatments in high-risk areas – consideration 
of low-cost road-markings such as full road width and peripheral transverse 
lines, improved delineation of horizontal curves, improved centre-line and 
edge-line markings, hatched median treatments, and post placements and 
height; 

o Use of in-vehicle and out-of-vehicle ITS technologies – consideration of wide-
spread marketing of vehicles fitted with speed alerting and speed limiting 
devices, and consideration of out-of-vehicle dynamic messaging to drivers in 
the form of speed warning signs and/or variable message signs in high-risk 
areas. 

• More attention should be given to reducing pedestrian-vehicle and cyclist-vehicle 
interactions along roads, within curves and at intersections. This can be achieved 
through complete or partial separation of vehicular and non-vehicular traffic: 

o Provision of vehicle-free or vehicle-restricted pedestrian/cyclist zones in high-
risk areas. These areas should emphasise pedestrian and cyclist priority on road 
sections through innovative designs such as pavement improvements, 
landscaping, environmental beautification, renewing street furniture, installing 
treatments such as bollards to restrict vehicular traffic, and installing a 
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‘transitional’ area between vehicle-free zones and roads on which vehicles are 
permitted; 

o Provision of bicycle tracks, paths and lanes. Provision of these facilities 
requires the construction of a cyclist network emphasising i) the need to avoid 
vehicle-bicycle interactions altogether, or at least ensuring that points of 
contact (such as intersections) are designed in such a way that serious injuries 
do not occur, ii) the need for paths to lead to a desired destination, and iii) the 
need for paths to be free of obstacles and hazards. Complete separation of 
cycles and vehicular traffic is considered that optimum alternative, however, is 
not always practical. As recommended by the ETSC, where traffic speeds are 
above 65 km/h, complete separation is essential, where traffic speeds are 
between 50 km/h and 65 km/h, separation or additional lanes are necessary, 
where traffic speeds are below 30 km/h, cyclists can mix safely with traffic. In 
addition, wide paths that allow deviation from a straight travel path, overtaking 
of slower cyclists, and deviation around road defects and other hazards should 
be provided – a minimum width that can accommodate the instability of older 
cyclists should be determined. 

o Provision of a pedestrian footpath network that is: comfortable, safe, and well-
maintained; of sufficient width to allow free passage; free of obstacles and 
other footpath users, free of high kerbs, and free of slippery ice and snow; of 
minimum grade; with good lighting; and, with good access to crossing facilities 
particularly for those with physical and visual impairments including guidance 
treatments such as tactile paving or flexible tiles, and conspicuous ramps. 

o Provision of barriers or guardrails to limit pedestrian access to the road at 
unsafe mid-block locations and to encourage pedestrians to use formal crossing 
facilities. 

o Provision of crossing facilities in high-risk areas. These facilities need to be 
well-placed for older pedestrians to use them. The type of facility should be 
dependent primarily on safety implications but also with consideration for the 
cost of installing and maintenance needs and the delay to both pedestrians and 
vehicles. Signalised facilities that provide fully pedestrian-operated lights are 
recommended because they are generally safer than unsignalised ‘Zebra’ and 
‘Pelican’ crossings. There are also devices to alert drivers of the presence of a 
facility, direct them to stop or be alert for pedestrians – installation of safety 
cones and overhead flashing lights that direct drivers to give-way to pedestrians 
are recommended. Standards for walk and clearance phasing should also 
consider older pedestrians and it is recommended that walking speed values 
used in guidelines be extended to between 0.91 ms/ to 1.00 m/s to 
accommodate slower walking speeds. Consideration should be given to the 
installation of ‘Puffin/Pussycats’ devices where there is a high proportion of 
older pedestrians. The meaning of the clearance phase should not be confusing 
to pedestrians. This can be overcome by the installation of ‘blinking yellow’ 
lights, posting of explanatory signs at crossings, or by installation of a digital 
countdown device that provides pedestrians with explicit information about the 
time left to complete their crossing. Facilities for visually impaired pedestrians 
should also be considered. These include: audible and tactile signals to indicate 
the walk and clearance phases, and tactile surfaces to alert pedestrians of 
hazards and guide them across the road.   
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o Provision of underpasses or overpasses that do not require much deviation in 
travel path, without steps or troublesome ramps, with good through visibility, 
with no dark corners inside tunnels, and are brightly lit, 

• More attention should also be given to reducing the complexity of traffic 
environments.  

o The design of intersections should take into account the difficulties older 
pedestrians and cyclists experience when negotiating busy traffic and making 
gap selection decisions. Treatments to increase conspicuity of the intersections 
and waiting pedestrians/cyclists, allowing for slower walking and cycling, and 
establishing right-of-way can be beneficial to older pedestrians and cyclists. It 
is recommended that pedestrians be provided with a leading green phases 
(approximately 3 secs.) and consideration be given to installation of 
technologies such as ‘Puffin/Pussycats’ or ‘TRCS’ to control the operation and 
duration of green phases to allow for pedestrians and cyclists. In addition, 
extension of footpaths and conspicuous pavement markings can improve the 
detection and visibility of pedestrians and cyclists. It is recommended that 
wider footpaths should be provided at intersections along with holding lines for 
vehicles be set back from crosswalks, as well as provision of advanced holding 
lines for cyclists. It is also recommended that cycle areas be designated by 
painting of cross-lanes in a high contrast colour at large and complex 
intersections. Warning signs to drivers indicating that they should give-way to 
pedestrians and cyclists should be installed at high-risk intersections. Last, it is 
recommended that consideration be given to installation of pedestrian and 
cyclist-friendly one-lane roundabouts where appropriate. The safety of 
pedestrians and cyclists at roundabouts can be improved by: application of 40 
km/h maximum speed limits, installation of speed humps on the approaching 
lane to roundabouts, provision of separate cycle lanes, and provision of 
separate footpaths that lead to crossing facilities set back from the intersection.  

o Medians should be installed so that older pedestrians, unable to cross busy 
two-way roads in one stage, may stop in the middle and wait for traffic in the 
other direction. This simplifies the crossing task so that pedestrians need only 
assess the approach of one direction of traffic at a time. 

• In addition to separating vehicular and non-vehicular traffic and simplifying complex 
traffic situations, other road design improvements that can assist older pedestrians 
and cyclists should be considered, including: 

o Provision of improved facilities at public transport stops, including: provision 
of passenger safe zones consisting of traffic islands and barrier fencing; 
provision of a free-area (painted strips resembling pedestrian crossing) at bus 
stops where boarding and alighting are done directly from cycle paths. 

o Provision of good street lighting in high-risk areas for drivers to detect 
pedestrians and cyclists and also for pedestrians and cyclist to see where they 
are walking or cycling.   



140 MONASH UNIVERSITY ACCIDENT RESEARCH CENTRE  

5.3 CONCLUSIONS 

Traffic crashes are generally serious for pedestrians and cyclists, and even more so for 
older pedestrians and cyclists because of increased frailty. Walking and cycling can be 
highly dangerous transport modes for older people, but are essential parts of many trips. 
Therefore, the quality of mobility and safety to older pedestrians and cyclists, whether they 
are walking or cycling for pleasure, to access services and facilities, to catch public 
transport, or walking to and from a car park, must be a major focus of any road safety 
strategy or policy.  

While older road users may adopt some compensatory strategies that can increase their 
safety, the evidence suggests that walking and cycling are demanding in complex traffic 
and the risks of collision and severe injury or death are high. Older people must therefore 
be aware of the dangers of walking and cycling and be aware of the steps they can take to 
avoid collision. Moreover, from a safety point of view, they would be much better off to 
continue to drive or be driven by others, which is a task they are familiar with, allows them 
to compensate for their diminished capabilities, and provides them with an environment – 
the car – which is much less likely to inflict permanent injury or death on its occupants 
should they make an error. However, such a solution denies individuals and society the 
major health, environmental and economic benefits that walking and cycling provide. 
Nevertheless, walking (and cycling for some) are  essential parts of many trips and 
therefore the road environment must be designed and the traffic system operated in a way 
that allows them safe passage while using the road system and future vehicle and road 
improvements should begin with consideration of the requirements of all road users and a 
combination of the best, innovative and most appropriate technology should be applied to 
meet them.  
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